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Eval uation of Muff Type Hearing Protectors as Used in the Mning
| ndustry

By Dennis A @G ardino* and George Durkt, Jr.**

ABSTRACT

Studi es were conducted for the evaluation of nuff type hearing
protector devices (HPDs) as worn by mners working in a mning
environment. Noi se reduction neasurenents were nade using a
physi cal nethod conposed of an instrunentation systemwth

m ni ature mcrophones inside and outside the HPD cup. Prior to
performng field evaluations, |aboratory tests were conducted

whi ch showed that the results of the physical nethod
instrunmentation system were simlar to the results of the
American National Standards Institute §ANSI)_ReaI-Ear-Attenuation
at-Threshol d (REAT) method. A total of 23 different nodels of
HPDs and 545 different nachines (20 different machine types) were
evaluated in the field phase of the study. This resulted in 1265
separate HPD evaluations. The effectiveness of each nodel of

HPD, in ternms of the dBA noise reduction, is presented as a
function of the netric (C-A), which characterizes the spectrum of
the machi ne noise. The dBA reductions for various conbi nations
of HPD npdel s and machine types are also presented. The results
show that the field ﬁerfornance of nuff type HPDs is
significantly less than that predicted by the Environnental
Protection Agency Noi se Reduction Rating (EPA NRR), especially
for | ow frequency noi se sources such as equi pnent powered by
internal conmbustion engines. Fully 32% of the operators of

i nternal conbustion engi ne powered machi nes had noi se reductions
of 10 dBA or less. Across all machine types 20% of the workers
had a noi se reduction of 10 dBA or less. Fromthe results it is
concluded that the EPA NRR grossly overesti mates HPD performance.
In addition the EPA NRR is not a good indicator for conparing one
nmodel of HPD to another since--in many instances HPDs with | ower
NRR out perforned those with higher NRR val ues.

| NTRODUCTI ON

The Environnmental Protection Agency Noi se Reduction Rating (EPA
NRR) met hod for the evaluation of hearing protection devices

*Supervisory Physicist, Physical and Toxic Agents Division
Pittsburgh Safety and Health Technol ogy Center

**Industrial Hygienist, Physical and Toxic Agents Division
Pittsburgh Safety and Health Technol ogy Center
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(HPDs) has been in use for a nunber of years. The NRRrating is
based on Real -Ear-Attenuation at-Threshold (§EﬁT) using an
Anerican National Standards Institute (ANSI)“ °, |aboratory,
psychophysi cal met hod. It was originally conceived as a standard
rating method for conparing the optinmm effectiveness of

different nodels of HPDs given a standardi zed noi se spectrum As
such, the variability of parameters involved in the ANSI testing
met hod and subsequent NRR cal culation are ti?htly control | ed.
These include, trained subjects, professional fitting, m ninum
subj ect nmovement, and a pristine |aboratory setting. The REAT
results are then used in coqjunction wi th a standardized spectrum
(pink noise) for the NRR cal cul ati on. Because of these
unrealistic test conditions the NRR value ascribed to a
particular HPD is not necessarily achievable in a real-world work
envi ronnent .

HPDs jhave becone an integral part of nost hearing conservation
plans”. They are assuned to provi de a conveni ent and econom cal
way to reduce worker noise exposure. Several agencies,
recognizing that the NRR is an inaccurate predictor of HPD
effectiveness, provide a nmethod for adjusting the NRR  Sone
derate the NRR by subtracting a constant such as 7 or 10, while
others derate it by 50% or assign a constant_ value of 15 as the
noi se reduction value for every nodel of HPD’. [t will be shown.
that even with these NRR adjustment nethods, the protection
afforded the worker is often grossly overestimated, especially
for Iom/freguency noise. This can result in worker overexposure
to noise and subsequent hearing | oss.

Recently an extensive study was undertaken by two separate
Divisions within the Mne Safety and Health Adm nistration (MSHA)
to neasure the on-the-job effectiveness of muff type HPDs as used
in mning industry. This report describes both methods used in
performng the tests, the data analysis, and the results of the

I nvestigation. Because nany of the machine types used in the
study are conmon to other industries and since the analysis is
made with respect to spectrumas well as machine type, the
results should be applicable to other industries.

| NSTRUMENTATI ON

A physical, non subjective nethod was used to evaluate the HPDs
in this study. It was based on a nethod devel oped by Stewart and
Burgi". Basically, it is a physical-noise reduction

measurenent.  Psychophysi cal or physical-insertion |o0ss
measurenents are too cumbersome in the field. Psychophysica
tests require the subject to evaluate the perceived noise in
third octave noise bands. Physical-insertion |oss neasurenents
woul d require the machine to operate at the same noise |evel and
nmode of operation for both the occluded ear as well as the
unoccluded ear for the data to be neaningful. Because of these
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constraints, the physical-noise reduction neasurement nethod was
chosen. There are conversion factors' that can be applied to
the physical- noise reduction data for conversion to physical-
insertion |oss data. Because the third octave band data for the
western team tests are no |onger available these conversion
factors were not used in this report.

The instrunentation system selected for the physical-noise
reduction method permtted the sinultaneous measurement of the
noi se level inside and outside the nuff cup. Figure 1 is a block
di agram of the system used by the Eastern MSHA Team

figure 1. Block Diagram of Instrunentation System Used for
Hearing Protector Evaluation

<C%§@N€C<C CTC (G

RECEIVERS TRANSMITTERS [inaibe ouTaing

BYSTEM BYSTEM

INSIDE OUTSIDE

F.E.T. PREAMPLIFIERS
(Incorporated into
microphones)

L— fos
MICROPHONES

(3/8 inch Ceramic
7 O

Both the inside and outside neasuring systens consisted of a
mniature 3/8" ceramic mcrophone and signal conditioning pre-
amplifier. Care was taken to match the response of the two
measuring systems. For the inside systemthe m crophone and
cabling were small enough so that placenment under the earnuff
cup, next to the ear canal, did not significantly alter the fit
of the HPD. For the outside system the m crophone was taped to
the earnuff cup being tested.

To allow the worker to performhis normal duties unencunbered by
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the testing apparatus, a dual channel VHF frequency nodul ated
(FM telenetric link with an effective range of 500 feet was used
to record inside and outside sound pressure levels (dB linear) on
a dual channel magnetic tape recorder. Analysis was perforned on
a dual channel real tinme spectrumanalyzer in 27 third octave
bands in the frequency range of 25 to 10,000 Hertz (Hz).

Prior to performng any field testing of HPDs a series of noise
reducti on neasurements were conducted in the | aboratory for the
pur pose of conparing the physical field measuring systemto the
ANSI REAT method for HPD eval uation. Seven subjects and 11
earnuff type HPDs were tested in a reverberant chanber

Different conbi nations of subjects and HPDs, with three
repetitions each, produced 21 tests for each HPD. A good exanple
gf a response for a broadband noise stinulus is shown in Figure

figure 2. Conparison of ANSI REAT and Physical Laboratorv Test
Results for the EAR-3000 Hearing Protector

STANDARD DEVIATTON e

10F
AVERAGE ATTENUATION

20

ATTENUATION (DB)

30~

40+ [3—F1 ava. ANSI REAT

o, -+ A/VG. PHYBICAL LAB

50 1 L L 1 1 L H 1 Il
1256 250 600 1K 2K 3.15K 4K 6.3K 8K
THIRD OCTAVE BAND FREQUENCY (HERTZ)

Except for the 125 and 250 Hz bands, the physical and ANSI REAT
nmet hods produced simlar results, differing by about + 2.5 dB in
most bands. The standard deviations associated with each nethod
tracked fairly well with frequency. The difference in attentjaqn
at low frequency has also been observed by other researchers °,
and is thought ,to be due to physiological noise interfering with
the subjects response to the ANSI REAT nethod.

METHODOL OGY

When the teans arrived at a mne site, a quick wal k-around was
performed to determ ne those machines that were fully engaged in
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normal mning activities. Fromthis pool, machine operators were
sel ected as participants in the study. Once selected the worker
was instructed to wear the HPD in the usual manner. No specia
instructions were given and no special care was taken to fit the
HPD. The HPDs used were either newy purchased units brought by
the teamto the site or the worker's personal HPD. If the
worker's HPD was to be used it was first inspected for wear. If
the unit was not in good condition, it was rejected for the test
and a replacement was provided. Rejection was based on several
factors. These were weakened headbands, cracked earcups, torn or
m ssing earcup pads, as well as deteriorated earcup foam
material. After the instrunentation package was installed and
calibrated the worker was told to operate the nachine in the
usual manner.

During the course of the test the inside and outside noise
spectruns were recorded on a dual channel tape recorder in the dB
|1 near node using the VHF RF-telenmetric link. Each of the tests
was approximately 40 minutes in duration. At the l[aboratory the
tapes were anal yzed through a dual channel real tine analyzer
using 27, |/3 octave bands in the frequency range of 25 to 10000
Hz. Fromthe two noise spectra the overall A-weighted outside
noi se level, L,(out) and inside noise level, L, (in) were

obtai ned. The A-weighted noise reduction, NR,, for the HPD was
cal cul ated as:

NRy, = L, (out) - L,(in) (1)

The NR, for a particular HPD-machi ne test, was evaluated only for
t hose nodes of operation when the nachi ne was under |oad, those
portions of the spectrum corresponding to down tine or idle tine
were not included in the evaluation. Fromthe outside spectrum
the value of L,(out) - L,(out) was obtained. This metric is used
as an indicator of spectral content for the calculated NRy and is
referred to as the C-A value, denoted (CA).

To facilitate the collection of field data, a second MSHA team
eval uated HPDs, at geographically different mne sites
concurrently with the first team This teamused simlar
instrumentation and anal ysis techni ques except that the data
acquiring system was hard-wired instead of telenmetered. The

i nside noise level L,(in) and outside noise level L, (out) and
L,(out) were recorded. The laboratory analysis was perforned in
25, |1/3 octave bands wthin the freqqut L ange of 31.5 to 8000
Hz.  Subsequent analysis of the reports™, witten by both
teans showed the results to be simlar.

A total of 23 different nodels of HPDs and 545 different machines
(20 different nachine type%) were evaluated in the study. This
resulted in 1265 separate HPD evaluations. The matrix given in
Table 1 shows the distribution of the tests conducted as a
function of HPD nodel and machi ne type.



6

Table 1 - Distribution of HPD Eval uations per Machi ne Type
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The majority of HPDs eval uated were the personal nodels of the
resulted i
an uneven distribution in the nunber of tests anong nodels of
HPDs. The distribution may not reflect the population of nuff

workers that were being worn at the work site. This

type HPDs used in mning.

The large number of tests conducted on surface diesel
equi pment operators was intentional since the Agency

power ed

IS

particularly interested in the effectiveness of HPDs for this

category of machi ne operator

RESULTS/ DI SCUSSI ON

n

All of the field data collected is shown graphically in Figure 3.
Here the ordinate is given as noise reduction in dBA while the
abscissa is given in terms of (C-A). The netric (CA),
the difference between the C weighted outside noise |evel and t
A-wei ghted outside noise level, is a convenient paraneter for

characterizing the nmachine noise.

whi ch i

S
he



Wher e:

1
PREDOM NATE FREQUENCI ES

(GA =L, (out) - L, (out)= (2)

So that when (C-A) is large, the radiated noise is predom nately
| ow frequency and when (C-A) is small, the major conponents of
the noise are predominately high frequency. he abscissa is also
| abel l ed with some of the machine types studied show ng the range
of (C-A) values expected for these machines.

figure 3. Scattergraph Results of Al Hearing Protector
Field Evaluations
40
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There are 1265 data points in this graph with different synbols
used for the data fromthe two teans. Wth the exception of sone
outliers the two data bases are simlar to each other
The best fit average line for the data was cal cul ated using a
| i near regression technique as:

NRy = -.86(CA) + 22.42 (3)

The square of the correlation coefficient for the regression is
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R = 32% This indicates that 68% of the variation in the data
i's not explained by Equation (3).

vari abl e,

techni que did not

NRy =

the square of the correlation coefficient _
y, the field nmeasured noise reduction
wth the NRR val ues ascribed to different

i ndi cates that,

does not correlate well

nodel s of HPDs.

A simlar regression anal ysis,
each HPD nodel

exanpl es,

the data for
two typical

The introduction of a second

NRR, and the utilization of a multiple regression

_ t appreciably increased the explained variation.
For this regression:

.. 88(C-A) +

mar gi nal |y,

shown 1n Figures 4 and 5.

Figure 4. Regression Results on MSA Mark IV Field Evaluation Data
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based on equation 3, was done on
evaluated in the study.
the MSA Mark |V and the Bilsom UF2, are
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“ z
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as
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Figure 5. Regression Results on BilsomUF2 Field Evaluation Data
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In Figures 4 and 5 the noise reduction is Plotted as a function
of (GA). Shown are all the data points along with the average
regression line and the upper and | ower 80% prediction limt
lines. 80% was chosen as an arbitrary value. It Is apparent
fromthe negative slopes that the effectiveness of the HPDs
decreases with increasing values of (C-A) approaching m nimal
effectiveness for large values of (CA), |low frequency noise,
such as that encountered in equi pment powered with internal
combustion engi nes.

As can be seen from both graphs, uncertainty in the regression
estimate is quite large. For exanple consider a noise source
havinga spectral content such that (C-A)=I O  For the MSA Mark
|V (R=25% the 80%Ilimts define a predictgg noi se reduction of
between 3 to 25 dBA. For the Bilsom UF2 (R=79%, the sane
limts predict a noise reduction between 6.5 to 16 dBA. This

| arge variation in noise reduction is due to paranmeters which
were not measured in the evaluation. Physical characteristics
such as head size, head shape and anount of hair can affect HPD
performance from individual to individual. The physical activity
of the worker can induce a relative notion between the cup seal
and the side of the head which degrades the inte?rity of the seal
and reduces HPD performance. This effect is further enhanced due
to perspiration and/or use of safety glasses. All of these

paraneters whi ch degrade HPD perfornmance are_in nost part
uncontrol lable during the normal work day. They are the
realistic conditions encountered in a real |ife working
environnent as contrasted to the controlled ANSI test conditions.

The regression results for al

_ of the nodels of HPDs eval uated
are shown in Table 2.
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Table 2. Summary of Regression Analysis on the HPD Data

Regression Equation

HPD EPA for Average Fit Numberof
Mode 1 WRR NR, = m(C-A)+b R"2 Evaluations
MSA Hark IV 24 -.81(C-A)+22.01 25% 184
Bilsom Viking 28 -.81(C-A)+25.30 33% 152
David Clark 310 20 -1.70(C-A)+31.28 75% 104
David Clark 805V 23 -.80(C-A)+26.57 33% 98
EAR 3000 27 -.86(C-A)+22.60 30% 97
Uilson 365 23 -.70(C-A)+20.28 42% 88
EAR 1000 21 -.98(C-A)+21.79 39% 76
Bilsan UF2 22 -1.09(C-A)+21.63 79% 62
MSA 500 18 -1.33(C-A)+25.90 59% 59
Wilson 381 19 -1.0I(C-A)+25.11 48% 47
Am. Optical 1720 18 -.82(C-A)+20.05 35% 45
Allsafe 1820 20 -.70(C-A)+17.57 41% 34
Norton 4530 23 -.53(C-A)+13.32 36% 31
Wilson 365A 2 6 -1.O7(C-A)+27.78 64% 26
Tesco 23 -.55(C-A)+20.64 17% 26
Flents 085 16 -.61(C-A)+14.83 42% 24
Safe Ear 15 -.59(C-A)+14.20 41% 22
Glendale Optical 24 -.94(C-A)+19.51 56% 20
Flents SE 24 -.63(C-A)+17.72 51% 19
Glendale 900 23 -.79(C-A)+24.88 10% 16
Am. Optical 1275 18 -.62(C-A)+16.06 5% 16
Allsafe 2023 20 -.92(C-A)+19.96 62% 14
Wilson 155 20 -.42(C-A)+ 9.92 47% 10

In Table 2 the intercept b, of the regression equation, describes
the limting high frequency performance of the HPD when (C A) =0
For sone of the HPDs the value of the intercept exceeds the NRR
This indicates that on average, the high frequency performnce of
the HPD is better than that predicted by the NRR ~ The David

A ark nodel 310, for exanple, has an average neasured noise
reduction at high frequency of 31dBA. This by far exceeds the
NRR of the unit given as 20 dB.

For all of the HPD nodels the estimated coefficients of (CA), m
IS negative, ranging in value from-1.7 to -.42 dBA per unit (C
... The HPD nodels with [ arger negative mval ues have a | arger
rate of performance degradation with increasing values of (CA).
The ability of a unit to reproduce performance characteristics
from worker to worker is expressed in the val ue of the
regression. For exanple, the Bilsom UF2 Qg? =79% perfprned nore
consistently across workers than did the MSA Mark LV (R = 25%.
This disparity is evident throughout the list of R values in
Table 2. It is not known if this is due to an experimental
aréi{act or the test subjects work novenments and/ or HPD design
and fit.

The evaluation results for all HPD nodels with nore than 30
evaluations is presented in Table 3. Table 3 is divided into 3
main sections. The first gives the HPD specifications. The
second shows the average noise reduction predicted for 5
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different values of (C-A). Fifty percent of workers are
Predicted b% the nodel to experience noise reductions equal to or

ess than the values shown in this section. The third section
shows the noise reductions at the |ower 80%prediction limt for
5 different values of (CGA). At the |ower 80% prediction limt,
at nost 10% of the workers tested are predicted by the nodel to
eﬁperience noi se reductions equal to or less than the val ues
shown.

Table 3. Performance of Selected HPDs as a Function of (CA)

HPD Predicted Average Lower 80% Prediction Limit

Specifications Noise Reduction (dbA) Noise Reduction (dbA)

HPD EPA (C-A) Values (C-A) Values

Model NRR -2 5 10 15 18 -2 5 10 15 18
HSA Mark IV 24| 23.6 17.9 13.9 9.8 7.4 14.7 8.0 6.0 20 0.0
Bilsom Viking 281 26.9 21.2 17.2 13.1 10.7 20.5 15.0 11.0 6.9 45
David Clark 310 20| 34.6 22.8 14.3 5.8 0.7 28.4 16.2 8.0 0.0 0.0
David Clark 805V 23| 28.2 22.6 18.5 14.5 121 21.0 16.0 12.0 8.0 5.0
EAR 3000 27| 24.3 18.3 14.0 9.7 7.2 16.0 10.0 5.8 1.0 0.0
Wilson 365 23] 21.7 16.8 13.2 9.7 7.6 17.0 12.0 8.5 5.0 2.7
EAR 1000 21| 23.7 16.9 12.0 7.1 4.1 18.2 11.8 7.0 2.0 0.0
Bilsom UF2 221 23.8 16.2 10.8 5.3 2.1 20.0 12.8 7.2 15 0.0
MSA 500 18| 28.6 19.2 12.6 5.9 1.9 22.2 13.0 6.5 0.0 0.0
Wilson 381 19| 27.1 20.1 15.0 10.0 7.0 215 14.7 9.5 4.7 18
Am. Optical 1720 18| 21.7 15.9 11.8 7.7 5.2 14.0 8.5 4.0 0.0 0.0
Allsafe 1820 20| 19.0 14.1 10.6 7.1 5.0 12.0 7.5 4.0 0.5 0.0
Norton 4530 23| 14.4 10.7 8.0 5.3 3.7 8.0 45 15 0.0 0.0

To nore easily conpare the performance of different nodels of
HPDs the data of Table 3 are graphically presented in Figures 6
and 7. Figure 6 shows the average noise reduction predicted bK
the regression nodel while Figure 7 shows noi se reduction at the
| ower 80% prediction imt (projected to be unnet by at most 10%
of the workers).
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As expected, Table 3 and Figures 6 and 7 show that the noise
reduction decreases, in every case, Wth increasing values of (C
A - In addition they show that the NRR is not a good predictor
of relative HPD performance. Many HPDs with | ower NFWval ues out
performed those with higher NRR values. Except for extremely
smal | values of (C-A), the noise reduction received is
substantially less than that predicted fromthe NRR  For

exanple, with a (CA) value of 15, 50%of the workers are
predicted in the regression nodel to receive a noise reduction
within a range of 5-15 dBA (bars 2nd fromthe front, Figure 6),
while for 10% of the workers, there is no assurance that noise
reduction wll exceed 8 dBA (bars 2nd from the front, Figure 7).

The performance of the HPDs for the operators of various machine
types is illustrated in Figures 8 through 19. These graphs are
derived fromthe data tables in Appendix A which present the
results of the field HPD eval uations for 20 categories of machine
operators. For the graphs, however, only those HPD nodel - machi ne
type conbinations with the |argest nunber of tests are shown. In
each graph the ordinate is in terns of noise reduction (dBA)

while the abscissa lists the various nodels of HPDs tested.
Presented in each graph is the NRR of the HPD, the average noise
reduction neasured, the average noise reduction mnus 1.28 tines
the standard deviation (SD), and the average noise reduction
mnus 1.65 tines the SD. The legend at the bottom of each graph
expl ains the assignnment of the bars to each of these paraneters.
It should be noted that the Average mnus 1.28 SD, (Avg-1.28 SD)
bars can be interpreted as neaning that 10% of the operators
received a noise reduction less than or equal to the values

shown. The Avg-1.65 SD bars can be interpreted as neaning that 5
% of the operators received a noise reduction less than or equal
to the val ues shown.
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Figure 12. Hearing Protectot Results for Figure 13. Hearing Protector Results for
Truck Operators Pneumatic Drill Operators
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From the graphs and the data in Appendix A the follow ng
observations can be made concerning the performance of HPDs in
the field tests conducted:

1. For nost nachine tyPes and HPD nodel s the average neasured
noi se reduction is less than the NRR val ue assigned to the
HPD.

2. For operators of machines powered by internal combustion
engi nes such as bul | dozers, front end | oaders, trucks, power
shovel s and dragline (operators), the average neasured noise
reduction is substantiaIIY | ess than for other categories of
machines. This undoubtedly is due to the predom nately | ow
frequency noise emtted by these machine types (large (C A
val ues) and the ineffectiveness of HPDs for these |ower
frequencies. This effect is also apparent for rotary drills
which are driven by diesel powered air conpressors.

3. Fully 32% of the operators of internal conbustion
engi ne powered nmachines were neasured as having noise
reductions of 10 dBA or less while 8% were found to have a
noi se reduction of 5 dBA or |ess.

4. For bulldozers, trucks, power shovels and rotary drills |ess
than 5 dBA noi se reduction was neasured for 14% of the
operators.

5. Froma study of the percentiles across all machine types and
all HPD nodels, it can be concluded that 50% of the workers
had a noi se reduction of 16 dBA or |ess while about 20% of the
wor kers had a noi se reduction of 10 dBA or less and 5% of the
workers had a noise reduction of 5 dBA or |ess.

CONCLUSI ONS

This study has shown that the performance of nuff type HPDs as
used in a work environnment is significantly |less then that
predicted by the EPA NRR  For |ow frequency noi se sources, such
as equi pment powered by internal conbustion engines, the
resulting noise reduction is mnimal. It was also shown that the
EPA NRR 1s not a good indicator for conparing one nodel of HPD to
another since in nmany instances those HPDs with |ower values of
NRR out-perforned those with a higher value of NRR

The on-the-job performance of earplugs or insert type devices s
been studied by others with findings that are simlar to ours

P Their results also show that the performance of these
devices, in a working environnent, is substantially |less than
that predicted by the EPA NPR

In light of these results i.e., the effect of (CA), the current
practice of adjusting the NRR by subtracting 7 or 10 or by
assigning a constant value of 15 for all HPD nodels may not be a
realistic derating for the NRR value. Continuation of this
current practice can result in a gross overestimation of the
protection afforded the worker and thus increase the risk of
occupational hearing |oss.
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APPENDI X
Table 1. Hearing Protector Results for Table 2. Hearing Protector Results for
Bulldozer Operators (N=214) Crusher Operators (N=75)
# #
HPD MODEL NRR NRA * SD (C-A) + SD TESTS HPD MODEL NRR NR, + SD (C-A) = SD TESTS
ALLSAFE 1820 20 a.5 £ 4.0 8.7 + 29 11 ALLSAFE 1820 20 20.5 = 2.5 3.6 * 0.1 2
ALLSAFE 2023 20 7.8 £ 5.9 8.3 x 2.7 4 ALLSAFE 2023 20 19.5 £ 3.5 4.8 *+ 1.0 2
AM. OPTICAL 1720 la 12.6 + 5.1 a.9 £ 3.3 11 AM. OPTICAL 1720 la 15.3 + 5.0 3.4 + 0.5 4
BILSOH VIKING 28 17.7 £ 7.1 10.3 £ 2.2 26 BILSW UF-2 21 30.0 £ 0.5 -1.2 £ 0.1 3
DAVID CLARK 310 23 12.8 * 5.2 12.2 £ 1.7 25 BILSCM VIKING 28 27.2 + 4.7 0.3 £ 2.8 4
DAVID CLARK aO5V 23 16.2 * 6.5 12.4 £ 1.4 30 DAVID CLARK 310 20 11.4 = 1.5 9.1 * 1.2 a
EAR-3000 27 13.2 + 3.1 8.3 £2.7 10 DAVID CLARK aO5V 23 19.2 + 1.4 6.6 + 1.0 a
FLENTS 085 16 7.2 = 4.2 10.1 £ 2.6 10 EAR-3000 27 25.8 + 4.8 0.9 £ 2.5 5
FLENTS-SE 24 12.3 + 1.2 a.l + 1.3 3 GLENDALE OPTICAL 24 17.0 = 3.0 2.8 + 0.1 2
GLENDALE OPTICAL 24 9.8 = 3.6 8.6 + 1.3 4 HSA-500 18 13.2 + 1.8 6.6 + 0.8 a
HSA-500 186.4+1.3 12.9 £ 1.1 6 WA-HARK 1V 24 13.8 + 6.8 5.2 + 4.0 18
HSA-MARKI1V 25 12.6 + 5.6 10.8 + 3.0 44 NORTON 4530 23 20.0 £ 2.0 3.9 £+ 0.1 2
NORTON 4530 23 6.4 £ 2.8 10.5 £+ 2.9 8 WILSON 365 23 28.9 + 0.1 -1.1 £ 0.0 3
SAFE EAR 15 8.2 + 4.2 9.5 + 2.8 9 WILSON 365A 26 29.4 + 0.1 -1.2 £ 0.1 3
TASCO 23 16.2 = 6.4 9.4 £+ 2.2 5 WILSON 381 19 31.0 + 1.2 -1.0 £ 0.1 3
WILSON 365A 26 9.7 £ 0.8 12.0 + 0.8 8
Table 3. Hearing Protector Results for Table 4. Hearing Protector Results for
Hydraulic Drill Operators (N=180) Front End Loader Operators (N=194
#
HPD MODEL NRR NR, = SD (C-A) £ SD TESTS HPD MODEL NRR NR, = SD (C-A) = SD TESTS
BILSOM UF-2 22 19.1 + 1.9 3.8 £+ 1.1 8 AM. oPTIcAL 1720 la 13.0 £ 5.0 4.4 * 2.1 2
BILSOM VIKING 29 21.7 £ 5.8 5.1 £ 2.7 12 BILSOM UF-2 22 11.8 + 2.8 9.6 + 3.4 20
DAVID CLARK 310 24 26.0 + 11.8 3.2 + 4.0 28 BILSDM VIKING 29 la.5 £ 1.1 10.1 + 2.2 15
DAVID CLARK 805V 23 26.6 = 2.4 4.3 £ 3.6 23 DAVID CLARK 310 24 16.4 + 2.8 9.5+ 2.7 23
EAR-1000 23 19.5 £ 2.7 3.3 £ 0.9 16 DAVID CLARK 805V 23 19.0 + 3.7 11.0 + 3.2 22
EAR-3000 26 26.8 + 3.2 2.7 +2.115 EAR-1000 24 12.9 + 3.2 7.9 £ 2.7 22
FLENTS 085 16 11.7 + 3.7 3.0 £ 1.6 3 FLENTS 085 16 10.0 £ 4.0 8.2 *x 0.7 2
WA-500 19 23.3 £ 5.7 4.2 + 3.8 22 GLENDALE OPTICAL 24 6.5 + 1.5 9.8 *x 4.2 2
HSA-HARKI1V 25 24.7 + 9.9 3.8 + 3.7 27 HSA-500 19 12.9 + 1.3 9.1 £ 2.0 15
TASCO 23 12.8 + 3.7 5.5 + 2.8 4 USA-MARKIV 25 16.7 £+ 3.7 10.6 = 3.3 31
WILSON 365 25 17.1 £ 1.7 3.3 £ 0.9 8 UILSON 365 25 12.4 £ 4.2 12.9 £ 1.5 31
WILSON 365~ 26 23.9 + 2.7 3.5+ 1.6 7 WILSON 381 19 14.9 £ 0.7 12.4 £ 0.7 9
WILSON 381 19 26.2 + 1.8 3.1 £ 1.2 7 e
Table 5. Hearing Protector Results for Table 6. Hearing Protector Results for
Truck Operators (N=69) Pneumatic Drill Operators (N=104)
# #
HPD MODEL NRR NR, = SD (C-A) * SD TESTS HPD MODEL NRR NR, £ SD (C-A) = SD TESTS
ALLSAFE 1820 20 7.8t 4.1 15.9 + 2.0 4 ALLSAFE la20 20 17.4 = 6.3 4.8 £ 7.7 5
ALLSAFE 2023 20 6.0 + 3.7 17.2 + 1.4 5 ALLSAFE 2023 20 19.0 t 4.0 2.5, 2.2 2
AM. OPTICAL 1720 18 10.8 + 8.5 10.4 + 7.6 6 AM. OPTICAL 1275 18 15.9 + 7.4 3.4 £ 2.0 9
BILSOM VIKING 28 13.4 £ 5.1 9.3 £ 3.2 18 AM. OPTICAL 1720 18 22.2 + 2.5 3.1 1.9 10
EAR-3000 27 9.6 £+ 5.7 12.7 £ 4.1 10 BILSOM VIKING 28 23.7 £ 4.1 3.8 2321
FLENTS 085 16 7.3 £ 4.6 14.6 + 4.4 4 EAR-3000 27 18.9 + 6.3 4.2 + 2.0 11
FLENTS-SE 24 8.0 + 2.9 15.9 + 0.8 3 GLENDALE OPTICAL 24 18.7 = 0.9 2.0 £ 1.1 3
GLENDALE OPTICAL 24 16.3 + 7.0 6.5 £+ 5.0 3 MSA-MARK IV 25 17.1 £+ 7.2 3.2 + 2.0 25
MSA-HARKI1V 25 8.6 + 5.6 6.4 + 2.9 7 NORTON 4530 23 14.4 + 6.7 6.3 £+ 9.0 5
NORTON 4530 23 5.4+ 23 15.5 + 3.6 5 TASCO 23 20.3 + 5.3 5.0 x 2.7 11
SAFE EAR 15 7.8 + 3.3 15.3 £+ 2.7 4 UILSON 155 20 7.0 = 3.0 2.2 £+ 1.3 2

Table 7. Hearing Protector Results for
Dredge Operators (N=2)

HPD MODEL

NRR NR,

#
SD  (C-A) * SD TESTS

Table 8. Hearing Protector Results for

Grader Operators (N=16)

#
SD  (C-A) + SD TESTS

HPD MODEL NRR NRa
DAVID CLARK 310 24 6.6
MSA-MARKITV 25 9.1
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APPENDI X A
Table 9. Hearing Protector Results for Table 10. Hearing Protector Results for
Panel/Tipple Operators (N=143) Mucker Operators (N=38)
# #
HPD MODEL NRR NR, + SD (C-A) + SD TESTS HPD MODEL NRR NR, + SD (C-A) £ SD TESTS
BILSOM VIKING 28 19.7 £ 2.9 6.4 £ 2.1 28 ALLSAFE 1820 20 19.7 £ 0.5 1.1 £ 1.1 3
DAVID CLARK 310 20 22.7 + 1.6 2.9 + 0.1 8 AM. OPTICAL 1720 18 19.7 + 5.3 1.1 £ 1.1 3
DAVID CLARK 805V 23 24.0 + 1.4 3.0 £ 0.5 7 EAR-3000 27 21.3 + 6.6 1.1 £ 1.1 3
EAR-1000 21 17.4 £ 1.6 8.6 £+ 1.2 14 FLENTS-SE 24 18.1 + 3.4 2.1 + 1.2 7
EAR-3000 27 11.7 + 4.7 4.0 £ 2.3 14 MSA-MARK IV 25 18.2 + 2.7 0.6 £ 1.4 6
MSA-500 18 20.9 + 1.6 3.2 £+ 0.7 8 NORTON 4530 23 8.9 £ 4.0 0.9 £+ 0.8 7
MSA-HARKI1V 24 22.8 + 2.3 2.9 + 0.4 8 TASCO 23 16.5 = 3.5 0.4 £ 0.6 2
UILSON 365 23 14.2 + 3.5 7.2 £ 2.4 28 UILSON 155 20 9.4 £ 2.2 2.4 + 1.5 7
WILSON 381 19 17.1 + 3.6 5.6 + 1.7 28
Table 11. Hearing Protector Results for Table 12. Hearing Protector Results for
Rotary Drill Operators (N=27) Power Shovel Operators (N=17)
# #
HPD MODEL NRR NR, = SD (C-A) + SD TESTS HPD MODEL NRR NR, + SD (C-A) + SD TESTS
ALLSAFE 1820 20 12.8 + 3.3 11.3 + 3.5 4 ALLSAFE 1820 20 7.0 £+ 4.1 11.1 £+ 4.1 3
aM. OPTICAL 1720 la 5.0 + 2.0 a.9 + 7.9 2 AM. OPTICAL 1720 18 9.5 * 3.5 4.3 £ 2.7 2
EAR-3000 27 13.0 = 3.7 10.7 + 4.5 4 BILSOM VIKING 28 14.5 + 2.1 11.7 £ 5.1 4
FLENTS 085 16 9.8 + 3.0 11.4 + 5.3 4 EAR-3000 27 12.0 + 8.5 6.5 + 2.7 4
FLENTS-SE 24 10.8 + 1.5 10.8 + 4.5 4 SAFE EAR 15 10.5 + 1.5 5.5 + 0.7 2
GLENDALE OPTICAL 24 11.8 + 6.0 9.4 £+ 545 TASCO 23 10.0 = 0.0 16.6 £ 1.3 2
SAFE EAR 15 4.8+ 1.1 11.3 + 3.4 4
Table 13. Hearing Protector Results for Table 14. Hearing Protector Results for
Dragline Oilers (N=25) Scaler Operators (N=ID)
# #
HPD MODEL NRR NR, + SD (C-A) + SD TESTS HPD MODEL NRR NR, = SD (C-A) + SD TESTS
BILSOM UF-2 22 17.9 £ 1.5 1.4 £ 0.2 9 AM. OPTICAL 1275 18 10.8 = 7.0 1.4 + 0.3 4
BILSON VIKING 29 29.1 £ 1.1 1.5 + 0.0 4 AM. OPTICAL 1720 18 22.0 + 1.0 0.6 £ 0.4 2
DAVID CLARK 310 24 27.9 + 0.4 1.9 + 0.2 4 BILSOM VIKING 28 19.0 + 6.4 0.9 £ 0.4 3
EAR-3000 26 25.4 + 1.2 0.9 + 0.2 4 MSA-MARK IV 25 8.0 £ 3.0 2.5 + 0.9 2
GLENDALE 900 23 22.2 + 2.5 1.4 + 0.3 4
Table 15. Hearing Protector Results for Table 16. Hearing Protector Results for
Scraper_Operators (N=8) Face Drill Operators (N=14)
# #
HPD MODEL NRR NR, + SD (C-A) + SD TESTS HPD MODEL NRR NR, + SD (C-A) + SD TESTS
AM. OPTICAL 1720 18 11.5 + 0.5 5.7 + 1.4 2 BILSOM UF-2 22 15.9 + 2.9 4.2 + 2.0 14
EAR-3000 27 19.5 + 2.5 5.6 + 1.4 2 EAR-1000 24 21.0 = 1.7 2.1 + 1.1 17
NORTON 4530 23 11.5 + 2.5 5.5 1.2 2 GLENDALE 900 23 23.8 + 2.3 2.1 £1.1 12
SAFE EAR 15 13.0 + 1.0 5.7 £ 1.4 2
Table 17. Hearing Protector Results for Table 18. Hearing Protector Results for
Drasline Operators (N=24) Drill Helpers (N=14)
# #
HPD MODEL NRR NR, + SD (C-A) + SD TESTS HPD MODEL NRR NR, £ SD (C-A) + SD TESTS
BILSOM UF-2 22 6.2 £ 1.4 13.1 + 0.7 8 DAVID CLARK 805V 23 12.7 + 2.2 5.4 + 1.5 8
EAR-3000 26 17.4 + 0.9 12.6 £+ 0.9 8 EAR-1000 21 7.3 £ 2.0 4.9 + 1.2 7
WILSON 365A 26 19.8 + 2.2 12.3 + 1.5 8 WILSON 365 23 16.4 + 2.1 4.0 £ 1.3 9
Table 19. Hearing Protector Results for Table 20. Hearing Protector Results for

Load Haul Dump Operators (N=21)

#
HPD MODEL NPR NRy = SD (C-A) £ SD TESTS
BILSOM VIKING 29 19.9 £ 0.9 12.0 + 1.4 5
EAR-3000 26 11.8 £ 0.8 11.4 = 0.6 7
WILSON 365 25 10.8 £ 0.7 11.0 + 0.6 9

Exhaust Fan Exposure (N=16)

#
HPD MODEL NRR NR, + SD (C-A) = SD TESTS
AM. OPTICAL 1275 18 15.0 = 0.8 5.4 + 3.0 3
BILSOM VIKING 28 23.3 £ 1.8 1.4 + 0.6 10
MSA-MARKITV 25 16.3 £ 6.2 4.6 £ 2.5 3
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