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Disclaimer

Mention of commercial names, products, service or data herein, does not
represent endorsement by NICSH.



Abstract

Data supplied to NIOSH by manufacturers or distributors of hearing protection
devices are presented. These data include: supplier, model, type, weight,
headband force, average attenuation values and standard deviations at test
frequencies 125 to 8000 Hz, test standard, and test laboratory. Also
presented are methods for calculating noise reduction factors for hearing

protectors and a discussion of factors to be considered in the selection and
use of these devices.






Introductiocon

A list of hearing protector data and methods for computing noise reduction
were published in September 1975 by the National Institute for Occupational
Safety and Health (NIOSH)! in response to requests for information regarding
the types of hearing protectors available for use in hearing conservation
programs. Since that time, a modification (ANSI 83.19-1974)2 of the

standard laboratory method (ANSI Z24.22-1957)3 for testing hearing

protection devices has resulted in the retesting of most products. Also, some
‘companies have left the market, and several new companies have asked that
their products be incorporated. For these reasons, a new list has been
compiled and is presented in this report.

Data supplied to NIOSH by manufacturers or distributors of hearing protection
devices for inclusion in this report are presented in Appendix I as received
from the suppliers. 1Included in Appendix I are: supplier, model, type,
weight and headband force in ounces (oz.), average attenuation in decibels
(dB) for the test frequencies from 125 to 8000 hertz (Hz), and standard
deviations in dB of these attenuation data. With few exceptions, the hearing
protectors listed were tested by Paul L. Michael and Associates, Imnc.,, State
College, Pennsylvania, using the new standard method. In those cases where a
different test method or a different laboratory was used, the information is
given in the footnotes referenced in the ID number column of Appendix TI.

—

In the earlier NIOSH reportl, the majority of suppliers had their hearing
protectors tested according to the American National Standards Institute
(ANSI) standard 224.22-1957, '"Method for the Measurement of the Real-Ear
Attenuation of Ear Protectors at Threshold."3 Almost all products reported
herein have been tested in accordance with the new standard, ASA STD 1-1975
(ANSI §3.19-1974), '"Method for the Measurement of Real-Ear Protection of
Hearing Protectors and Physical Attenuation of Earmuffs."2 The main
differences between the ASA 1973 standard and the old standard are that the
new standard requires use of third-octave bands of noise instead of discrete
tones as the test stimuli and it requires a reverberant test room instead of
an anechoic test room. Rigorous comparison of attenuation data obtained re
Z24.22 presented in the previous (1975) reportl, with that obtained re
§3.19-1974 presented in this report, has not been made. However, in general
it appears that data obtained using the new standard show lower mean
attenuation values as well as lower standard deviations. Also, attenuation
data are presented in this report for "nonlinear" hearing protection devices,
whereas such data were not available for inclusion in the previous (1975)
report.l While standard methods for the real-ear evaluation of noanlinear
devices, amplitude sensitive devices, and other hearing protection devices
with features designed to operate exclusively against impulse noise are not
yet establishedz, there is insufficient data to determine the existence of
nonlinearity in continuous noise.

The results from tests using the procedures specified in the above mentioned
standards are expressed in terms of the means and standard deviations of the
attenuation in dB for each test frequency. These data can be used to make
calculations of the noise reduction capabilities of the hearing protectors.






Three methods of making such calculations are presented in this report, along
with examples. The attenuation values presented in Appendix 1 were measured
under "experimenter (best) fit"2 conditions in the laboratory. Even under
these conditions, there is variation in attenuation from person to person and
from test to test. In order to account for this variability, standard
deviations can be included in the noise reduction calculations, as has been
done in the examples, For each method, the limitations, advantages, and
disadvantages are discussed. Except for two changes, these noise reduction
computation methods are identical to these presented in the 1975 NIOSH
report.l The two changes are: 1) the A-weighting* values for octave band
sound levels have been reduced by 0.1 4B at 125, 250, and 500 Hz to conform
with the weighting values in ANSI S1.4-1971 (R1976) "Specification for Sound
Level Meters"%, and 2) the C-weighted** value for "pink" noise, or noise

that has equal sound pressure levels at all octave bands, used in the second
method has been reduced by 0.6 dB (see footnotes on page 14). With these two
changes, the noise reduction constant designated R. in the previous NIOSH
reportl has been converted to the Environmental Protection Agency's Noise
Reduction Rating (NRR)3 to minimize possible confusion.

In the following section, the calculations of the reduction factors will be
presented, followed by a section on selection and use of hearing protectors.

Determination of Noise Reduction for Hearing Protectors

The attenuation data listed in this report show how the effectiveness of each
hearing protector depends upon the frequency (Hz) x sound exposure level (dB)
content of the assaulting noise. In industrial situations one usually needs
to determine the amount by which the total workplace noise, usually expressed
in sound levels on an A-scale, is effectively reduced by the hearing
protector. 'Since industrial noise is usually made up of a mixture of
individual sounds of various frequencies and strengths, termed its '"spectrum',
it is necessary to employ some sort of formula in computing the noise
reduction to take account of its spectrum. If information regarding the
workplace noise spectrum (typically expressed in octave band noise levels) is
not available, then safety factors must be included to adjust for this
spectral uncertainty. The performance of a hearing protector cannot be
predicted exactly because of person to person and test to test variations, and
it is appropriate to adjust for these measurement uncertainties as well. The
purpose of this section is to provide the reader with the information needed
to estimate the effective nolse exposure level expected in a workplace when a
hearing protector is worn in optimum fashion.

Through a series of caltulations a dBA-reduction factor, '"R'", is determined.
After R has been calculated, it can be subtracted from the measured workplace
dBA noise level to predict the effective noise exposure level of the worker.

*A-weighting is a method of adjusting the noise levels to the response of the
human ear.

**C.weighting gives essentially equal weight to noise levels that can be heard
by the human ear.



For example, if the measured workplace noise is 102 dBA and the R factor is

17 decibels, then the worker's effective noise exposure ievel should be

no higher than 85 dBA. EHowever, actual field performance may be substantially
poorer than the expected performance if the protector is ill-fitted (see
Considerations in Selection and Use of Hearing Protectors),

Three methods for calculating reduction factors will be presented with
examples to illustrate how they are used. For all three methods, the
calculations are similar, using logarithms and antilogarithms which many
electronic calculators can compute with the "log x" button for logarithms and
with the "10%" or "yX" button for antilogarithms. In general, the

reduction factor equals the measured workplace noise level minus the effective
noise level when wearing the hearing protector. The effective noise level is
calculated differently in the three methods, depending upon the workplace
noise data available. However, common to the three methods are: (1) the
average attenuation at each octave band and a correction for uncertainty in
measuring the attenuation; and (2) the dB A-weighting factor for each octave
band. When taken together and subtracted from the octave band noise level in
dB, these elements reduce the octave band noise level to the effective octave
band noise level in dBA. In the equations to follow, these elements have been
conveniently combined into a factor, Q, for each octave band.

A scheme for computing ¢ factors, using the data for the first hearing
protector listed in Appendix I as an example, is presented in Table 1. Note
that the average attenuation data for 3150 and 4000 Hz in Appendix I are
averaged for computing Q factor 6, and similarly the data for 6300 and 8000 Hz
have been averaged for computing Q factor 7. Twice the standard deviation has
been used as the measurement uncertainty correction except for Q factors 6 and
7 where the standara deviations associated with the two frequencies involved
have been added. The Q factors so calculated are listed in lime 1 of Appendix
II, where the Q factors for all the hearing protectors listed in Appendix I
are presented.

Table 1. Scheme for calculating Q factors.

Factor Octave Band Average A-weighting Measurement 0
Number Center Frequency Attenuation Factor Uncertainty Factor
Hz
A B C A+B-C
1 125 21 16.1 (2)(2.4) 32.3
2 250 22 8.6 (2)(2.0) 26.6
3 500 24 3.2 (2)(2.1) 23.0
A 1000 30 0 (2)(2.4) 25.2
5 2000 36 -1.2 (2)(2.5) 29.8
6 4000 (41+39)/2 -1.0 3.444.8 30.8
7 8000 (37+35)/2 1.1 2.5+2.7 31.9




The three methods of calculating noise reduction factors differ in the type of
noise data used and the resulting accuracy of the estimate. . Eor method 1, the
most accurate method, octave band noise levels, the dBA noise level (which can
be computed using the octave band levels), and the Q factors are required.

For method 2, the next most accurate method, octave band noise levels are not
needed; what is needed is the difference between the dBC and dBA noise levels
and the Q factors. For method 3, only @ factors are needed. Method 2 yields
a NRR for each hearing protector, The NRR, calculated as shown in the example
for Methed 2 for each hearing protector, is listed in Appendix II along with
the Q factors for each hearing protector. It is required under 40 CFR 211,201
that each hearing protector be labeled with a NRR, however, the values listed
in Appendix II may be different from those used by the manufacturer for a
number of reasons: 1) an approximate tabular method for combining the
effective (or "protected ear") octave band ncise levels may be used instead of
the more exacting method of using logarithmic calculations as shown in

Method 2; 2) mean attenuation values for each product shown in this report are
rounded to the nearest integer (values of .5 have been rounded down) and these
rounded values were used to compute the NRR value shown in Appendix II; 3) the
manufacturer may label the protector at values different than indicated by the
test results and by the computation procedure presented in this report; and 4)
changes in the manufacturer's product and variability between different
laboratory tests of the product.

The three computational methods usually yileld different R factors for a given
hearing protector/noise combination. The less precise methods are principally
based on assumptions concerning possible noise spectra encountered in
industry. These less precise methods include adjustments to guard against
overestimating the R factor or underestimating the expected noise exposure
when the hearing protector is used. As a general rule: the greater the
accuracy of a method, the greater the computed value of R. Another
consideration which affects the value of R in all methods is the adjustment
factor to account for statistical variations from person to person. The
adjustment procedure which has been used throughout this report is to reduce
the listed attenuation values by subtracting twice the standard deviation
values {or the equivalent when combining data; see Table 1) obtained in the
laboratory measurements., This procedure should assure that most wearers will
obtain the expected benefits from the hearing protector most of the time, when
it is worn under the test conditions of best fit. If the standard deviations
for a particular hearing protector are not available, then it may be suitable
to use the worst-case data listed in Appendix I for other protectors of
similar design. Alternatively, the reader may choose some adjustment for
measurement uncertainty other than twice the listed standard deviation. (See
Considerations in Selection and Use of Hearing Protectors.)

A guide for choosing z method for calculating noise reduction factors is
presented in Table 2, and the detailed presentations and discussion of each
method follow.



Table 2. Guide tc choosing a method for computing noise reduction.
Method 1 (MOST ACCURATE METHOD; RECOMMENDED)

Data required: Oc¢tave band noise levels at 125, 250, 500, 1000, 2000, 4000 and
8000 Hz, denoted by Ly, Lp, L3, L4, Ls, Lg, and Ly,
respectively.

The dBA noise level (which can be computed using the octave band
noise levels),
Q factors,

Comments: Most precise of the three methods.
Does not require an adjustment for spectral uncertainty.
Computed R factor is appropriate only for a given noise
spectrum, but the same R can be used for different dBA
levels if only the intensity of the given noise changes.
R factor is subtracted from the workplace dBA level to give
the effective dEA level when the hearing protector is worm.

Method 2

Data required: The difference (§) between the dBC and dBA levels is needed to
compute R, but not for the modified R described below.
§ (delta) = Lo = Ly
Q factors.

Comments: Second-most precise of the three methods.,

Incorporates an adjustment of minus 3 dB to account for
spectral uncertainty.

The effective dBA level can be computed by using R or a
modified R factor called "NRR". NRR is subtracted from
the workplace dBC level, whereas R is subtracted from
the dBA level.

NRR is a constant, however, R will change for
each situation in which the & is not the same.

Method 3 (LEAST ACCURATE)
Data required: @ factors.

Comments: Least precise of the three methods.

Incorporates an adjustment of minus 8.5 dB to account for
spectral uncertainty. (A less constraining procedure
may be used if a certain assumption can be made - see
"Discussion"” for method 3.).

R factor can be computed without noise level data.

R factor is subtracted from workplace dBA level to give the
effective dBA level.




METHOD 1: Detailed presentation and discussion

Formula

R =1Ly - 10 log §

where R = dBA-reduction factor

Ly
s

+++ 0

workplace dBA noise level

antilog [(0.1)(L1-Q1)] + antilog [(0.1)(L-Q2)]
antilog [(0.1)(L3-Q3)] + antilog [(0.1)(L4-04)]
antilog {(0.1)(L5-Q5)] + antilog [(0.1)(Lg-0g)]
antilog [(0.1)(Ly=Q7)]

Ly, Ly, L3, L4, Ls, Lg, and Ly, denote octave band sound levels
at 125, 250, 500, 1000, 2000, 4000, and 8000 Bz, respectively

Q1, Q2, Q3, Q4, Os, Qg, and Q7 account for the attenuation of a
given hearing protector (method for computation shown on page 6 )

Notes: 1. Q FACTORS FOR HEARING PROTECTORS IN APPENDIX I ARE IN

APPENDIX II.

2. antilog [x] = 10%,

Example

Suppose a hearing protector is needed in an area with a noise level of
95 dBA and octave band noise levels of

125

250 500 1000 2000 4000 8000 Hz

88

89

85

85

89 89

80 dB

and a fictitious hearing protector with the following attenuation

characteristics is used:

125 250 500 1000 2000 3150 4000 6300 8000 Hz
Mean Attenuation 2 22 23 29 41 47 43 40 37 dB
Standard Deviation 3.7 3.3 3.8 4,7 3.3 4,0 2,7 6.0 6,6
The "Q" (see page 6 and Appendix II) and "L-0" values in S are:
Q1 = 21 + 16.1 - (2) (3.7) = 29.7 (L1-Q;) = 88 - 29.7 = 58.3
Qy = 22 + 8.6 - (2) (3.3) = 24.0 (Ly-Q7) = 89 - 24,0 = 65.0
03 = 23 + 3.2 - (2) (3.8) = 18.6 (L3-Q3) = 85 - 18.6 = 66.4
Q4 = 29 - (2) (4.7) = 19.6 (Ly-Q) = 89 - 19.6 = 69.4
Qg = 41 - 1.2 - (2) (3.3) = 33,2 (L5=0g5) = 89 - 33.2 = 55.8
Qg = (47 + 43)/2 - 1.0 - 4.0 = 2,7 = 37.3 (Lg=Qg) = 89 - 37.3 = 51.7
Q7 = (40 + 37)/2 + 1.1 - 6.0 - 6.6 =27.0 (Ly=Qy) = 80 - 27.0 = 53.0

9



Applying the formula for the dBA reduction factor,
R =14 -~ 10 log S
where Ly = 95

and § antilog f
antilog [
antilog [

(

antilog

0.1)(58.3)] + antilog [(0.1)(65.0)]
0.1)(66.4)] + antilog [(0.1)(69.4)]
0.1)(55.8)] + antilog [(0.1)(51.7)]
0.1)(53.0)]

+ + +
Ea T T T

676,083 + 3,162,278 + 4,365,158 + 8,709,636
380,189 + 147,911 + 199,526

+

17,640,781
R=95 - 10 log (17,640,781) = 95 - 72.5 = 22.5 dB
The effective dBA level is
1p - R =95 - 22.5 = 72.5 dBA,
which, incidently, is eqﬁal to the value of the temm "10_log g."

Alternatively, the effective dBA level can be estimated using the "L-Q'" values
and Table 3, as shown in Table 4. Use of Table 3 to determine the effective dBA
level can result in an overestimate of the R factor of 0.3 dB.

Discussion

The R factor calculated by this method only has an adjustment to account for
measurement uncertainty which is accomplished by subtracting twice the standard
deviation values from the corresponding attenuation values, No adjustment for
spectral uncertainty is needed because the attenuation data are subtracted
directly from the octave band levels of the noise. This is the most precise
method and may be used an an ideal reference against which other methods can be
compared. ¢

This method has the drawback that a differemt R has to be calculated for each
noise spectrum, but the same R can be used for different dBA levels if only the

intensity of the given noise changes.

The use of this method is strongly recommended when speech communication or the
ability to hear other envirommental information is an important concern.

10



Table 3. Values used for summing two decibel (dB) levels.

ADD TO
HIGHER MINUS HIGHER
LOWER LEVEL LEVEL

0.0 TO 0.1 3.0
0.2 TO 0.3 2.9
0.4 TO 0.5 2.8
0.6 TO 0.7 2.7
0.8 TO 0.9 2.6
1.0 TO 1.2 2.5
1.3 T0 1.4 2.4
1.5 T0 1.6 2.3
1.7 T0 1.9 2.2
2.0 TO 2.1 2.1
2.2 T0 2.4 2.0
2.5 T0 2.7 1.9
2.8 TO 3.0 1.8
3.1 T0 3.3 1.7
3.4 TO 3.6 1.6
3.7 TO 4.0 1.5
4.1.T0 4.3 1.4
4.4 TO 4.7 1.3
4.8 TO 5.1 1.2
5.2 T0 5.6 1.1
5.7 T0 6.1 1.0
6.2 TO 6.6 0.9
6.7 TO 7.2 0.8
7.3 T0 7.9 0.7
8.0 TO 8.6 0.6
8.7 TO 9.6 0.5
9.7 TO 10.7 0.4
10.8 TO 12.2 0.3
12.3 TO 14.5 0.2
14.6 TO 19.3 0.1
= OR > 19.4 0.0

Table 4. Example for using Table 3 to sum seven octave band levels in
method 1 example (seven octave band levels shown are seven "L-Q" values).

Octave Add to
Band Previous Higher Minus Higher Higher

Level Result Lower Level Level Level Result
58.3 - - - - 58.3
65.0 58.3 6.7 0.8 + 65.0 = 65.8
66.4 65.8 0.6 2.7 +  66.4 = 69.1
69.4 69.1 0.3 2.9 + 69,4 = 72.3
55.8 72.3 16.5 0.1 + 72.3 = 72.4
51.7 72.4 20.7 0.0 + 72.4 = 72.4
53.0 72.4 19.4 0.0 + 72.4 = 72.4

11



METHOD 2: Detailed presentation and discussion.
Formula

R

NRR - §

i

(6.9 - 10 log T) - &

where R = dBA-reduction factor
NRR = 4.9 - 10 log T (see discussion of NRR on page 1l4)
T = antilog [(-0.1)(Q1)] + antilog [(-0.1)(Q2)}]

+ antilog [(=0.1)(Q3)} + antilog [(-0.1)(Qz)]

+ antilog [(-0.1)(Qg)] + antilog [(~0.1)(Qg)]

+ antilog [(-0.1)(07)]

Q1, Q2, Q3, Q4, Qs5, Qg, and Qy account for attenuation of a
given hearing protector (method for computation shown on page 6)

§ = Lc - Ly

Lg = workplace dEC noise level

[l}

Lp = workplace dBA noise level

Notes: 1. NRR values are given in Appendix II for hearing protectors in
this list,

2. The expression antilog {(-0.1)(Q)] is equivalent to
antilog [(0.1)(L-Q)], where L=0,

3. antilog (x) = 10%,

Example

Suppose a fictitious hearing protector with the following attenuation
characteristics is used:

125 250 500 1000 2000 3150 4000 6300 8000 Hz

Mean Attenuation 21 22 23 2% 41 47 43 40 37 dB
Standard Deviation 3.7 3.3 3.8 4.7 3.3 4.0 2.7 6.0 6.6

If this hearing protector were actually in the list, NRR could be found by
using the protector's I.D. No. to locate the value in Appendix II. In this
case, however, the "10 log T" value must be computed as shown on page 13 and
is equal to -14.9. -

12



Workplace noise levels are: Lg = 96, Ly = 95
Applying the formula,
R = NRR - §

where NRR 4,9 - 10 1log T

4.9 - (-14.9)
19.8 dB

nmonon

and § = 96 - 95 = 1

p2e
3

19.8 - 1

18.8 4B

The effective dBA level is
Ly - R =295~ 18.8 = 76,2 dBA
or, using NKR and the dBC ncise level, the effective dBA level is

Lo - NRR = 96 -~ 19.8 = 76.2 dBA

Computation of 10 log T

The "Q" values are:

Q1 = 21 + 16,1 - (2) (3.7) = 29.7
Qg = 22 + 8.6 - (2) (3.3) = 24.0
Q3 = 23 + 3.2 - (2) (3.8) = 18.6
04 = 29 - (2) (4.7) = 19.6
Og5 = 41 - 1.2 - (2) (3.3) = 33.2
Qg = (47 + 43)/2 - 1.0 - 4,0 - 2.7 = 37.3
07 = (40 + 37)/2 + 1.1 - 6.0 - 6.6 = 27,0
and T = antilog {(-0.1)(29.7)] + antilog [(-0.1)(24.0)]
+ antilog [(-0.1)(18.6)] + antilog [(~0.1}(19.6)1]
+ antilog [(-0.1)(33.2)] + antilog [(~0.1)(37.3)]
+ antilog [(-0.1)(27.0)]

0.00107 + 0.00398 + 0.01380 + .01096
+ 0.00048 + 0.00019 + 0.00200

= .03248
10 log T = 10 log (0.03248)
= (10)(-1.49)
= =14.9

13



Discussion

This method is based upon a simplifying assumption which is applied to a
procedure developed by J. Botsford®, A '"sound level conversion" value, or a
modified R factor (denoted herein as NRR), is computed by using the
attenuation data of a hearing protector and a single noise spectrum which is
composed of equal sound pressure levels for all octave bands ("pink" noise).
(This noise spectrum represents the median "shape,” with § equal to
approximately 1.5, of the sample of 100 noise spectra shown in Figure 1 of the
previous (1975) reportl, which were chosen to correspond to the distribution
of noise exposures found in major industries in the U.S.). The computation of
NRR involves subtracting the effective dBA level from the dBC level of the
assumed pink noise. The result of this subtraction can be shown to equal "7.9
- 10 log T", where T is derived from the hearing protector attenuation data
including adjustments for measurement uncertainty.* However, an additional
adjustment** of 3 dB is then required to protect against overestimation
because of the possible variations in the spectra of actual workplace noises,

The dBA-reduction factor, R, is then just NRR minus § , Thus, the expression
for R is :

R=7.9-101og T~-8 -3
4,9 - 10 log T - 8§
=NRR—5

As shown in the example for this method, the effective dBA level can be
computed using NRR as well as R. The only difference is that NRR is
subtracted from the dBC level whereas R is subtracted from the dBA level.
Being a constant for a given hearing protector, NRR is convenient to use if
the workplace dBC noise level is known; furthermore, it makes determination
of § unnecessary. R, however, is dependent on the value of § (i.e. L¢ -
Ly) for the workplace noise and is not necessarily comstant for a given
hearing protector.

*The value 7.9 dB corresponds to the dBC level for pink noise used in the EPA
Noise Reduction Rating (NRR) which was computed over the octave bands 125 to
8000 Hz. In the previous NIOSH (1975) reportl, dBC levels were computed

over the 63 to 8000 Hz octave bands {for all noise spectra used in the
determination of correction factors for spectral uncertainty; see footnote
below) and the pink noise value was 8.5 dB,

**This adjustment factor is the 98th percentile point in the error
distribution of values of R computed using § as an index of the noise spectrum
versus values of R computed using octave band sound pressure levels. This
factor was determined using the attenuation data and the 100 ncise spectra
presented in the previous (1975) reportl and a pink noise dBC level of

8.5 dB. If the pink noise value of 7.9 dB had been included in the
determination of the 98th percentile adjustment factor, then this factor would
have been 2.4 dR instead of 3 dB. Thus, an additional adjustment factor of

.6 dB has been included.

14



Since a variable R factor could cause some difficulty in its use, a
conservative procedure can be used to calculate a constant value of R if one
has sufficient knowledge of the § values of noise in the workplace. The
procedure is to determine the highest value of § at the workers' positions of
concern and use that value in the equation for R. The resulting R factor can
be subtracted from dBA levels throughout the workplace to determine the
effective dBA noise levels. As an example, if one were sure that the value

of § were no greater than 5.0 at all locations in his factory, then a single R

factor of 14.8 dB could be used for the hearing protector of the above example
(R =NRR - § = 19.8 - 5.0).

15



METHOD 3: Detailed presentation and discussion.

Formula
R=-1.5-10 log T
R =NRR - 7

where R = dBA-reduction factor
NRR = 4.9 ~ 10 log T (see discussion of NRR on page 14)

antilog [(-0.1)(Qy)} + antilog [(-0.1)(Q2)]
antilog [(-0.1)(Q3)] + antilog [(-0.1)(Q4)]
antilog [(-0,1)(Qs5)] + antilog [(-0.1)}(Qg)]
antilog [(-0.1)(Q7)]

4

Q1» Q2, Q35 Q45 Q5, Qp, and Qy account for attenuation of a
given hearing protector (method for computation shown on page 6 )

Note that antilog (x) = 10%,

ExamEle

As an example, the fictitious hearing protector used in the example of
method 2, with a "10 log T" value of -14.9, is used below.

Applying the formula,

R=~«1.5-10 log T
-1.5 - (-14.9)

13.4 dB

For a workplace dBA level of 95, the effective dBA level is

Ly - R =095 - 13.4 = 81.6 dBA
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Discussion

This method requires no noise measurements to compute R. The formula has been
derived by assuming a noise spectrum which is composed of equal sound pressure
levels for all octave bands ("pink' noise). (This noise spectrum represents
the median "shape” of the sample of 100 noise spectra shown in Figure 1 of the
previous (1975) reportl, which were chesen to correspond to the distribution
of noise exposures found in major industries in the U.S.). The computation of
R involves subtracting the effective dRA level from the dBA level of the
assumed pink noise. The result of this subtraction can be shown to equal

"7.0 - 10 log T'", where T is derived from the hearing protector attenuation
data including adjustments for measurement uncertainty. However, an
additional adjustment* of 8.5 dB is then required to protect against
overestimation of R because of variation in the noise spectra of actual
industrial noises. The resulting expression for R is:

R=7.0-10 1log T - B.5
= = 1.5« 10 log T

Once the value of "10 log T" is determined, R is computed by a single
subtraction. A possible disadvantage with this method is that too low of a
value of R might result because of the necessity for having a large adjustment
factor (8.5 dB). To demonstrate differences that can occur between the
methods, the R factors in the examples for methods 1, 2, and 3 were computed
using the same hearing protector and the same noise data., The results are:
method 1 (22.5 dB), method 2 (18.8 dR), and method 3 (13.4 dB). If an
unsatisfactory R is computed using method 3, several alternatives are
available to the user. Possibly a different hearing protector with a larger R
factor could be selected, or additional noise data (octave band sound levels
or dBC levelsg) can be obtained in order to use method 1 or method 2, which
will usually yield greater values of R. However, given the likelihood that
the true noise reduction factor is typically at least 6 dB higher (possibly as
much as 12 dB higher depending on the actual noise spectrum), use of dBC
levels or octave band levels is strongly recommended when speech communication
or other enivronmental information is an important concern.

Even if the noise data needed to compute R by method 2 is not directly
available, the method may still be used if a certain assumption can be made
about the term § (delta), which is the difference between the dBC (Lg) and
dBA (L) levels of the workplace noise (§ = Ls - Ly). The procedure is

to assume the highest value of § expected for actual noises within a given
workplace and use that value in the formula for R presented in method 2 (i.e.
R=4.9-1010og T -6). The assumed value of § should be based on actual
noise measurements, noise data from a similar operation, or scme other
well-founded reason.

* This adjustment factor is the 98th percentile point in the error :
distribution of values of R computed by the method 3 procedure versus values
of R computed using octave band sound pressure levels, This factor was
determined using the attenuation data and the 100 noise spectra presented in
the previous (1975) report.l
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The formula for R in method 3 can be rearranged to illustrate how it is
similar to the method 2 formula:

R==1.5=10log T
= 4.9 -101log T - 6.4
= NKR - 7

In this form, the method 3 formula is shown to be equal to the method 2
formula for a § value of approximately 7.%* This point is important because a
certain amount of caution should be exercised in using method 3 in workplaces
where dBC(L.) - dBA(Lp) differences might be greater than 7. This

situation is relatively easy to recognize because it implies dominant low
frequency noise, with a hearty rumble or deep roar. This sligiht restriction
in the application of the formula emerged out of the development of the
method. Method 3 was designed to meet the requirements of (1) having a
simple, short procedure for calculating R without knowing any noise levels;
(2) obtaining a constant R factor (for a given hearing protector) which can be
subtracted from measured dBA levels to give the effective dBA level; and (3)
having a value of R which is not unreasonably small for most protectors.
Without tne indicated restriction, an adjustment factor larger than 8,5 dB
would be needed which could result in values of R being almost toco low toc be
useful. Therefore, use caution in applying a method 3 R factor if low
frequency noises are present, and when in doubt, use method 1 or 2, if
possible.

This couwpletes the presentation of metheds 1, 2, and 3. The following section
provides additional information concerning the evaluation of hearing
protectors.

** Although tne formula R = MRR - 6.4 is consistent with the correction factor
of 8.5 dB for spectral uncertainty, the "approximate" formula R = NRR - 7 is
presented to avoid undue confusion with applications of method 3 as presented
in the previous (1975) report.t
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Considerations in Selection and Use of Hearing Protectors

Calculated noise reduction factors are based on experimunter (best) fit data,
To investigate the attenuation achieved in actual use, a field test method was
developed bg NIOSHE and research studies were conducted, using this

method.’s s The results of these In-situ attenuation tests of workers

using preformed, acoustic wool, custom-molded, and acoustic foam earplugs,
when compared to manufacturer's best-fit laboratory test results, indicated
that 50% of the workers tested were receiving less than half the potential
attenuation in dBA of the earplugs (determined using experimenter (best) fit
mean attenuation values). Approximately 10% of the werkers tested received
less than 3 dB of protection, regardless of the type of earplug used.

In the area of muff-type protectors, the Mine Safety and Health Administration
has conducted a study where the noise was recorded simultaneously through
microphones placed inside and outside the protective cup as the worker
performed his normal work tasks.10 The results, when compared to
manufacturers' best-fit laboratory test results, were similar to those of the
NIOSH studies.

In order to appropriately estimate the actual noise reduction that will be
achieved in actual use, there are several options. Some type of
"user-informed fit'" could be employed in the standard laboratory method;
however, at present there is no concensus as to how to achieve consistency
using such a procedure. Fileld data as those mentioned above could be used to
calculate noise reduction factors: however, substantially more data would need
to be collected gnd, if two standard deviations were subtracted from the mean
attenuation values in order to estimate the minimum noise reduction that would
be achieved by 98% of the population, then the amount of nocise reduction would
be zero dB in most cases., Lastly, "derating" factors could be used in
conjunction with the noise reduction factors presented in methods 1, 2, and 3;
however, more work must be done to arrive at a consistent and meaningful
scheme for determining such factors.

Thus, in selecting a hearing protector, calculated noise reduction factors are
an important consideration, but several other aspects must be considered which
can effect the actual reduction achieved and the acceptance of the device by a
worker. The pessibility of wearer adjustment should be evaluated in terms of
reliability of performance. Additional considerations are durability (shelf
life or use life), sanitation-hygienic characteristics, the need of the worker
to communicate verbally and to hear warning signals, environmental conditions
such as heat, the time needed to install the device, and the amount of time(s)
during the day that the device will be worn. If muff type hearing protection
devices are used in a position other than "over-the-head" and a retaining
strap is available, then it is important to utilize this option which should
improve the reliability of the performance of the device. If custommolded
hearing protectors are to be used, the expertise of those persons who will
prepare the impression materials and form the final mold should be considered;
the performance of these devices can be outstanding when they are properly
made, :
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In use, factors which usually degrade the noise reduction are improper fitting
at the time of distribution, interference by hair or eyeglasses, and improper
wearing by the worker, Proper fit of a hearing protector is most important in
realizing the expected attenuation because it is on this basis that the
attenuation data presented in Appendix 1 were derived., Improper fit is often
a result of atrempts to improve comfort and reduce the time needed to install
the device. Many companies have found that the practices of personally
fitting each worker, offering a variety of types to the workers, and providing
regular and frequent monitoring of the proper use and fit of the protectors,
have greatly improved acceptance of wearing hearing protectors.
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Appendix ll. VYalues of "Q" and "NRR" for Hearing Profection
Devices In Appendix |

leDa
No« Type Q1 Q2 Q3 Q4 Q5 Q6 Q7 NRR
1 PLUG 32,3 26.6 23.0 25,2 29.B 30.8 31.9 24
2 PLUG 32.9 28.6 26.0 28.4 30.2 34.7 34.8 26
3 MUFF 24.7 23.6 21.6 26,8 25,4 23.2 28,1 21
4 MUFF 25,5 21.8 24.6 27.8 30.0 34,3 33.5 23
5 MUFF 19.3 1842 174 22.6 29,2 29.3 26,5 17
6 PLUG 22,1 19,6 16.6 16.2 24,2 27.4 26.8 16
7 MUFF 29,9 26.2 27.0 34.8 31.8 31.5 38.3 28
8 MUFF 24,7 22.4 25.0 31.6 3l.6 30.8 33.9 23
9 MUFF 26.5 23.8 24.8 29.4 34.0 31.3 35.1% 24
10 MUFF 30,3 28.4 25.2 31.6 31.4 36.2 37.1 26
[} MUFF 24,9 24.6 22.2 27.0 29.4 35.0 32.6 23
12 MUFF 2.9 21.2 19.4 23.8 25.4 J34.8 30.0 20
13 MUFF 24,3 23.0 20.8 29.8 26.2 34.1 30.8 22
14 MUFF 27.1 2146 22,2 28.0 2942 37.3 35.2 22
15 MUFF 24.9 18.2 19,8 28.0 28.4 34,3 34.3 20
16 MUFF 22,9 19.4 19.4 27.0 26,0 35.3 33.2 20
17 MUFF 21.7 17.2 18.4 23,2 23.8 31.7 31,2 18
18 MUFF 28.5 22.6 21.0 25,0 26.0 34.5 37.3 ¥
19 PLUG 22.1 16.6 16.6 16,2 24,2 27.4 26.8 16
20 PLUG 28,9 23.2 16,8 20,4 23.0 25.2 28,5 18
21 MUFF 27.5 25.2 26.0 28.2 30.6 33.0 36.0 25
22 MUFF 19,3 |9.2 8.2 22.0 29.8 30.4 32.6 18
23 MUFF 20,5 20.0 21.8 27.4 30.0 32.4 32.4 20
24 MUFF 18.5 17.0 168 21.0 26.4 27.9 32.3 17
25 MUFF 24,1 18.6 23.8 30.4 33.8 31.4 31.3 21
26 PLUG 27.3 20.0 16.8 19.6 24.4 28.5 24.2 18
27 PLUG 30.9 22.0 1546 19,2 23.2 25.3 23.3 17
28 PLUG 30.7 23.4 160 19.0 22.0 25.3 23.1 17
29 PLUG 36,3 28.8B 22.4 25.2 30.2 31.0 29.! 24
30 PLUG 3147 272 23.6 25.4 29.8 32.7 33.5 24
31 MUFF
32 PLUG 15.5 8.8 11.8 14.8 21.8 29.8 23.6 11
33 PLUG 35.1 27.8 25.8 24.4 31.0 34,7 31,1 25
34 PLUG 31.9 27.0 24.2 20.0 26.8 33.5 33.8 22
35 PLUG 36.5 30.2 26.0 27.2 30.2 38.1 37,5 27
36 PLUG 21.3 18.4 15.4 1642 26.0 D31.5 33.6 16
37 PLUG 37.7 30.0 26.8 27.8 30.8 32.4 30.4 26
38 MUFF 29.3 26.0 24.4 29,6 35,8 41.7 40.9 25
39 MUFF 25.3 23.4 23.8 27.6 34.8 38.3 36.8 23
40 MUFF 26.1 24.0 24,4 28,8 36.4 40,9 38B.1 24
41 MUFF 34,7 29.6 30.4 31.6 34.8 35,0 32,9 29
42 MUFF 33.5 2940 29.0 32.6 32.6 34.2 34,2 28
43 MUFF" 30,9 28.8 30.8 32,2 31.8 35,1 33,3 28
44 MUFF 28,9 25.8 23.2 32.4 33.2 36.5 34,2 25
45 MUFF 27.9 22.8 23.4 29.6 33,0 35,5 34,1 24
46 MUFF 26,3 22.2 23.4 30.4 32.4 33.6 32.6 23
47 MUFF 24.5 22.6 23.2 29.0 27.8 34,8 35,1 22
48 MUFF 27.5 25.6 2542 31.4 31.8 33.7 34,3 25
49 MUFF 27.3 20.6 20.4 24.2 31,0 37.9 34.5 21
50 MUFF 23.7 15.8 17.6 27.4 30.0 35.4 38.0 18



1.0,

NO. Type A Q2 Q3 Q4 Q5 Q6 Q7 NRR
51 MUFF 2647 21.8 20.2 28.6 33.2 33.7 32.0 22
52  MUFF 2507 22.2 19.8 2642 32.2 34.4 32.5 21
53  MUFF 26,1 22,6 23.2 26.0 30.2 35.0 33.2 23
54 PLUG  31.7 27.2 23.6 25.4 29,8 32.7 33.5 24
55 PLUG 33,9 29.6 27.0 29.4 31.2 35,7 35.8 27
56  MUFF 3105 2746 21,8 23.6 23.2 24,6 27.9 21
57  MUFF 24.3 2444 25.0 27.8 32.0 32.6 33.3 23
58  MUFF 21.% 23.4 24,8 32.4 31.4 30.8 32.0 23
59 MUFF 271 22.8 21,0 23.8 26.0 25,5 27.8 21
60  MUFF 23.1 19,6 24,0 23,8 24.8 27.0 25.1 20
61 MUFF 24.7 25,2 25,0 31.4 34,6 37.1 34,9 24
62  MUFF 19.9 19.0 21.6 27.6 3i.6 34.8 35.0 20
63 MUFF  20.5 19.2 23,0 28.8 32.0 34.7 33.8 20
64  MUFF 23,7 22.0 23.4 26.0 28.2 28.5 27.7 21
65  MUFF 22.9 23.2 22.2 26,2 27.0 30.0 28.7 21
66  MUFF 21,5 20.4 20.6 22.2 23.6 27.9 23.8 19
67 PLUG 46.7 39.8 38.6 35.2 30.6 35.1 34.3 32
68 PLUG  31.9 25.2 21.6 23.2 25.2 55.1 32.4 22
69 PLUG  30.9 24.6 21.6 22.6 25.5 30.7 31.7 22
70 MUFF  30.3 27.0 26.6 30.2 29.8 31.3 34.1 26
71 MUFF 22.7 24.2 25.6 35.2 35.2 31.2 34.3 24
72 MUFF 29.1 23.6 29.0 34.4 31.0 29.1 31.6 25
73 PLUG  44.3 40.6 39.6 33.6 30.2 36.2 36.6 32
74 PLUG  32.1 2646 23.2 24.0 28.8 29.5 32.1 23
75 PLUG 22.1 19.6 16.6 16.2 24.2 27.4 26.8 16
76  MUFF  29.1 23,6 28.0 34.4 31.0 29.1 31.6 25
77 MUFF 24.5 17.8 20.2 25.4 28.6 29.5 26.2 19
78 PLUG 35,9 29.8 24,0 25.8 29.4 33.3 30,4 25
79 PLUG 213 1844 15,4 16.2 26,0 3t.5 33.6 16
80 PLUG  34.9 30.2 26.6 26.2 30.8 37.6 30,9 26
81 PLUG 33,7 28.0 25.0 27.4 29.2 31.2 29.1 25
82 PLUG 31,7 27.2 23.6 25.4 29.8 33.2 33.5 24
83 PLUG 33.9 29.6 27.0 29.4 31.2 35.7 35.8 27
84 PLUG  22.1 19.6 16.6 16.2 24.2 27.4 26.8 16
85 PLUG 27.3 20.0 16.8 19.6 24.4 2B.5 24,2 18
86 PLUG 30.7 23.4 16.0 19.0 22.0 25.3 24.1 17
87 PLUG 30.9 22.0 15.6 19.2 23.2 25.3 23.3 17
88  MUFF 28.5 25.8 26.4 34.0 32.2 35.7 33.9 26
89  MUFF 27.3 24.2 24.4 30.0 30.2 37.0 31.2 24
90  MUFF 25.5 24.4 23.8 31,0 29.8 35.2 31.1 24
91 MUFF 25.1 21.6 20.6 26.0 2B.8 34.8 31.8 24
92  MUFF 29.1 23.6 28.0 34.4 31.0 29.1 31.6 25
93 MUFF 21.1 17.4 14,8 21,6 23.6 28.7 33.2 16
94 MUFF 20.3 17.2 15.4 20.6 24.0 24.8 33,2 16
95  MUFF 26.7 21.8 23,4 31,0 33.0 36.1 34.5 23
96  MUFF 25.5 2048 2240 2846 30.2 32.6 33.3 22
97 MUFF 26.7 22.0 21.4 27.2 32.0 3643 33.3 22
98  MUFF 19.9 16.8 22.2 29.4 29.8 33,9 34.1 19
99 MUFF 21.5 17.8 22.2 27.4 30.0 33.0 34.2 20

100  MUFF 21.7 19.0 23.2 29.4 28.2 32.3 32.6

20



l.D.

No. Type Q1 Q2 Q3 Q4 Q5 Q6 Q7 NRR
101 MUFF 17.5 13.4 15.8 21.0 22.8 19,4 22,7 14
102  PLUG  41.5 36.8 33.4 31,2 32.8 37.0 38,0 31
103  PLUG  31te5 21¢8 15,4 17.4 24,6 2647 21.2 17
1604 PLUG 18.9 10.0 8.2 10.6 20.4 20.3 11.8 9
105 PLUG 35.9 30.2 28.2 2B8.0 28.4 35,5 34,0 27
106 PLUG 39.9 32.0 29.8 26.8 24.2 31.6 35.9 26
107 PLUG  32.! 25.8 24.0 26.6 32.2 36.2 37.2 25
108 PLUG  31.9 24.6 22.8 25.8 31.6 32.9 33.9 24
109 PLUG 22.5 18.2 20.8 25.8 29.2 36.5 28.5 20
110 PLUG  39.5 33.6 34.4 33.8 32.2 38.5 32.8 31
11 PLUG  30.1 2640 19.2 16.2 33.8 32.8 33.6 19
112 PLUG  31.7 27.2 23.6 25.4 29.8 32.7 33.5 24
113  PLUG 33,9 29,6 27.0 29.4 31.2 35.7 35.8 27
114  PLUS  45.1 39.4 36.6 33.6 32,8 35.8 37.9 32
115  MUFF  29.5 24.4 23.6 29,2 31.6 31.4 30,0 24
116 MUFF  23.3 17.6 22.8 26.6 27.8 28.5 24.3 19
117 MUFF 21,7 17.0 19.8 26.8 27.8 27.9 23.3 18
118 PLUE  34.9 27.8 20.6 24.2 26.6 29.9 24.8 22
119 PLUG 38.1 31.2 27.8 29.2 28.8 29.9 30.7 26
120 PLUG  39.5 32.2 2646 2B.2 31.0 33.3 30.3 27
121 MUFF 22.3 21.0 20.0 21.4 25.6 30.4 27.8 19
122 MUFF  22.9 18.2 1946 19.6 24.8 27.6 25.6 18
123 MUFF  21.9 18.4 20.2 19.2 24.6 29.9 27.0 18
124 MUFF 26,7 26.0 28,2 31.8 31.6 31.7 32.3 25
125 MUFF  25.7 24.8 27.4 30.6 30.4 33,0 34.6 25
126  MUFF  26.7 26.6 23.6 26.6 31.4 38.0 35.2 24
127 MUFF 2741 24.4 22.8 27.6 29.2 36.8 34.1 23
128 MUFF  26.5 26.4 27.4 33.4 35.8 35.0 37.6 26
129  MUFF  21.5 19.6 23.6 28.8 30.8 32.6 35.4 21
130 MUFF 18,5 19.0 24.0 29.6 31.4 33,5 33,3 20
131 MUFF  25.7 23.4 26.6 35.0 35.4 37.3 36.8 25
132 MUFF 25.9 25.6 27.4 30.0 27.6 27.6 27.9 24
133 MUFF  27.7 28.6 29.6 33.8 31.2 33.0 31.8 27
134  WUFF  28.1 25.4 2846 33.0 3142 32.7 31.3 26
135 MUFF  2B8.3 26.4 30.0 31.8 32.4 32.2 32.0 26
136  MUFF 2443 26¢8 27.2 3148 31.6 33.6 31.4 25
137  MUFF  25.3 27.8 29.0 33.6 31.6 34.1 31.6 26
138  MUFF 28,3 27.6 28.6 32.2 30.4 32.4 32.0 26
139  MUFF 24,9 26.6 27.6 29.6 27.2 2B8.8 25.3 23
140  MUFF 26,9 24.4 26.4 31.8 28.6 33.5 33.6 25
141 MUFF 24.1 2t1.2 22.8 28,0 29,0 30.9 27.1 21
142 PLUG 44.3 40.6 39.6 33.6 30.2 36.2 34,6 31
143 MUFF  25.9 23.6 25.2 31.8 30.4 31,1 32.1 24
144  MUFF 2341 2148 24,6 31.4 30.8 30.3 27.9 22
145 MUFF 21.5 18.8 20.8 27.6 28.4 30,4 26.7 19
146  MUFF 23.5 22.4 24,0 31.8 29.8 29.3 26.8 22
147  MUFF  24.7 23.0 22.8 30.6 29.6 30.8 26.8 22
‘148 MUFF  24.3 17.2 23.0 27.0 27.4 34,3 33.9 20
149  MUFF  24.9 18.8 23.4 27.6 29.2 36,5 33,1 21
150 MUFF  22.9 1848 23.4 26.2 28.2 34.1 31.6 20



l.DI

No+ Type Q1 Q2 Q3 Q4 Q5 Q6 Q7 NRR
151 MUFF 20.9 18.6 20.4 24.8 26.8 35.7 31.1 19
152 MUFF 27.5 29.0 29.4 33.6 34.6 35.2 31.9 27
153 MUFF 26.3 19.2 23.8 28,0 31.2 34.3 31.0 21
154 MUFF 26,3 19.2 23.8 28.0 31.2 34.3 31.0 21
155 MUFF 24.9 8.8 23.4 27.6 2%.2 36.5 33.1 21
156 MUFF 27.5 29.0 29.4 33.6 34.6 35.2 31.9 27
157 PLUG 1.7 27.2 23.6 25.4 29.8 32.7 33.5 24
158 PLUG 33.9 29.6 27.0 29.4 31.2 35.7 35.8 27
159 PLUG 45.1 39.4 36.6 33.6 32.8 35.8 37.9 32
160 MUFF 24,3 24.4 25,0 27.8 32.0 32.6 33.3 23
161 MUFF 23.1 19.6 24,0 23.8 24.8 27.0 25.1 20
162 MUFF 21.9 23.4 24.8 32.4 31.4 30.8 32.0 23
163 PLUG 34.9 30.2 26.6 26.2 30.8 37.6 30.9 26
164 PLUG 22.1 19.6 1646 19.2 24.2 309 30,3 17
165 MUFF 22.7 24.2 25.6 35.2 35.2 31.2 34.3 24
166 MUFF 22.9 23.0 24.2 31.4 32.4 32.0 32.9 23
167 MUFF 22.3 22.8 26.0 32.0 34.0 31.9 31.6 23
168 PLUG 33.9 29.6 27.0 29.4 31,2 35.7 35.8 27
169 MUFF 22.7 1740 1648 22.6 25.6 28.0 24.4 17
170 MUFF 223 2046 22.0 27.8 30.6 32,5 27.7 21
171 MUFF 28,5 2344 23.4 2842 31.86 33.9 30.7 23
172 MUFF 24.7 20.8 21.2 31.4 32.8 31.5 28,2 21
173 MUFF 2649 23.6 22.2 28,0 28.6 28.7 28.1 22
174 MUFF 323 31.2 32.4 37.0 36.0 34.7 31.0 29
175 MUFF 24.1 23.8 26.8 30.4 27.8 33.4 30.0 23
176  MUFF 28.5 26.6 24.8 31.4 32.0 34.4 32.8 25
177 MUFF 28.9 24.0 25.0 31.4 33.4 34.4 32.4 25
178 MUFF 24.3 22.8 24.6 3042 31.6 32.5 31.4 23
179 MUFF 3145 29.6 29.6 33.6 35.0 33.4 32.7 28
i80 MUFF 24,5 20,6 22.2 24,6 27.8 29.3 31.9 21
181 MUFF 2749 22.0 35.6 27.8 30.8 32.3 31.9 23
182 PLUG 3563 2148 2842 27.0 27.8 36.0 30.6 24
183 MUFF 23«1 19.8 24,2 28.8 27.8 36.1 32.7 21
184 PLUG 40,1 30.0 26.2 27.6 28.8 33.4 38.0 26
185 PLUG 28.5 27.6 26.4 26.8 30.8 37.9 39.2 26
186 PLUG 21,5 19.0 14.6 16.2 23.0 28.2 24.2 15
187 PLUG 18,1 8.6 3.4 8.4 16.2 16.0 20,5 6
188 PLUG 27.3 27.4 27.2 26.4 31.4 37,5 38.2 25
189 PLUG 29.9 27.0 25.6 26.B 32.2 36.8 35,5 25
190 PLUG 29.3 27.2 24.8 26.0 31.8 36.6 36.7 25
191 MUFF 23.9 26.2 30.2 35.2 29.8 28.0 33.6 25
192 MUFF 24.1 24.2 29.4 32.2 27.0 27.2 25.8 23
193 MUFF 26.5 26.6 27,2 32.0 27.0 25,9 30.9 24
194 MUFF 26.9 24.8 27.6 35.0 35.8 35.1 33.6 26
195 MUFF 24,7 22.4 23.2 32.0 33.2 33.7 35.7 23
196 MUFF 24,1 22.4 25,4 30.6 D31.4 33.0 33.8 23
197 MUFF 22.5 21.0 23.0 29.8 31.8 33,5 33,5 22
198 MUFF 22.1 22,2 23,8 31.0 31.4 31.9 30.8 22
199 MUFF 22.9 21.0 21.8 29.8 31.4 30.5 32.0 21
200 MUFF 22.7 24,2 25.6 35.2 3%.2 31.2 35.3 24

e



I.D.
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No. Type Q1 Q2 Q3 Q4 Q5 Q6 Q7 NRR
201 MUFF 22.9 23.0 24.2 31.4 32.4 32.0 32.9 23
202 MUFF 22.3 22.8 26.0 32.0 34.0 31.9 31.6 23
203 PLUG 22.1 19.6 16.6 16.2 24.2 27.4 26.8 16
204 PLUG 27.3 200 16.8 19.6 24.4 28,5 24.2 18
205 PLUG 30.7 23.4 16.0 19.0 22.0 25.3 23.1 17
206 PLUG 309 22.0 156 19.2 23.2 25.3 23.3 17
207 MUFF 19.3 1842 17.4 22.6 2942 29.3 12645 17
208 MUFF 19.3 17.8 15.0 18.0 20.0 20.8 19.5 15
209 PLUG 3603 28.8 32.4 25.2 30.2 31.0 29.1 26
210 PLUG 32.1 26.6 23.2 24.0 28.8 2§.5 32.1 23
211 MUFF 2043 21.2 22.6 29.0 30,0 28.9 30.7 21
212 PLUG 32.9 28.6 26.0 28.4 30.2 34.7 34.8 26
213 MUFF 2.7 23,2 20,6 28.8 26.2 29.6 30.7 21
214 MUFF 27.5 25.0 21.8 28.6 25.8 24.8 29.4 22
215 MUFF 29.5 26.6 21.0 29.2 28.2 27.7 31.0 23
216 MUFF 27.3 22.0 20.2 28B.6 17.6 24.0 26.3 21
217 MUFF 30.3 26.6 19.6 25%.0 29.2 28.0 30.8 22
218 MUFF 22.3 22.2 24.2 30.6 19.2 28B.7 30.4 22
219 MUFF 271 22.6 24.8 31e2 32.8 29.2 31.3 23
220 MUFF 24,7 2044 25.4 31.0 32.6 33.3 37.7 23
221 MUFF 2441 20.6 23.4 2642 3l.4 32.4 36.1 22
222 MUFF 235 1948 20.8 2642 30.6 31.2 33.0 20
223 MUFF 22.3 18,0 19.2 26.4 28,0 31.9 37.4 19
224 MUFF 21.7 1%.0 19.8 24.6 29.0 32.1 34.9 19
225 MUFF . 20.9 17.6 18.6 25.0 29.6 3i1.0 33.0 i9
226 MUFF 34.1 25.2 26.4 32.4 33.8 33.7 36.9 26
227 MUFF 27«1 28.0 27.6 31.6 32.0 32.6 35.8 286
228 MUFF 29.1 24.4 28.6 28.4 31.4 31.2 35.4 25
229 MUFF 29,3 23.6 26.0 32.2 33.8 33.2 35.7 25
230 MUFF 24.7 22.0 26.0 2848 31.6 31.5 33.5 23
231 MUFF 24.3 20.8 22.2 27.4 31.0 31.3 35.2 22
232 MUFF 263 21.6 22.2 30.8 27.2 27.7 26.8 22
233 MUFF 26.9 25.0 24,0 28.8 29.8 27.7 25.4 23
234 MUFF 22,7 19.2 21.4 27.0 27.8 29,0 20.6 19
235 MUFF 2149 20.4 20,0 26.8 29,0 32.6 27.7 20
236 MUFF 26.5 23,0 24.0 28.8 30.4 31.6 28.8 23
237 PLUB 353 31.8 28,2 27.0 27.8 36.0 30.6 26
238 PLUG 34,7 29,2 30.6 34.0 31.6 36.1 33.6 29
239 PLUG 37.1 27.2 18.6 16.8 28.8 39.2 39.3 19
2490 PLUG 35.9 2B.4 21.2 20.4 30.0 39.3 39.5 22
241 PLUG 3247 24.8 1640 17.0 29,0 41.8 32.2 18
242 PLUG 3367 24.4 17.6 16.4 30.4 40,0 32.3 18
243 PLUG 34.1 2242 152 17.6 31.8 39.1 31.5 17



