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FOREWORD

In accordance with Title |, Section 402(b) o the Omnibus Crime Control and Safe
StreetsAct of 1968, P.L. 90-351, the Nationad Institutedf Law Enforcement and Criminal
Justice (NILECJ) has established the Law Enforcement Standards L aboratory (LESL ) at
the National Bureau of Standards.

LESL has been established to conduct research leading to the development and
promulgation of nationa voluntary equipment standards that will assist lav enforcement
and crimind justiceagenciesin the selection and procurement of quality equipment. Inthe
course o standards development, LESL is defining minimum performance levels and
developing methods for measuring the required performancedf equipment designated by
NILECJ.

This document, NILECJ Standard for Hearing Protectors for Use on Firing
Ranges, is a lawv enforcement equipment standard developed by LESL and issued by
NILECJ. Additiona standards, as wdl as user guiddines, state-of-the-art surveys, and
other reportsare planned for issuance under the LESL program in the areasdf protective
equipment, communications equipment, security systems, weapons, emergency equip
ment, conceal edobjectsdetectors, and vehicles.

NILECJ Standards are subjected to continuing review. Technical comments and
recommended revisonsare invited from all interested parties. Suggestions should be ad-
dressed to the Program Manager for Standards, Nationd Institute of Law Enforcement
and Crimind Justice, Law Enforcement Assistance Administration, U.S Department of
Justice, Washington, D.C. 20530.



NILECJ-STD-0102.00

NILECJ STANDARD
for
HEARING PROTECTORS FOR USE ON FIRING
RANGES

1. PURPOSE AND SCOPE

The purposed this standard is to establish performance requirementsand methods
of test for wearable devices usd to protect the auditory system againg the excessve
sound encountered onfiring ranges

The described test method messures hearing protection by meansd psychoacoustic
tests on humen subjects, and is bassd on a method longin useto eva uate protectorswomn
in continuous steady noise Stuations. No practical procedureis yet available to directly
determine protection againg the impulsve noise encountered on firing ranges, a brief
discussond thestate-of-the-art isgivenin gopendix A.

Nonlinear or amplitude-sengtive devices are not evauated by the. psychoacoudtic
procedure contained in this standard, and consequently the effectivenessd their specid
featurescannot be determined.

2. CLASSIFICATION

Thefadlowingtypesd heering protectorsarecoveredin thisstandard.
2.1 Earplugs
2.2 Earmuffs
23 Earplugs and Earmuffs Worn in Combination

3. DEFINITIONS

31 Ear Implantation
Thejoin between theear and the heed.

32 HearingLevel (of an ear)

Theamount in decibasby which the threshold o audibility for an ear exceedsastan-
dard normd threshold.
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3.3 Hearing Protector

A devicethat iswornto reducetheeffect of sound on theauditory system
3.4 Impulsive Noise
A noise characterized by brief excursions of sound pressure (acoustic impulses)

which significantly exceed the ambient noise. The duration of asingleimpulseis usually
lessthan 1 second.

3.5 Nonlinearor Amplitude-SensitiveHearing Protector

A hearing protector whoseattenuationisafunctionof the sound pressureleve.

3.6 Occluded Threshold of Audibility

The minimum sound pressure level of a specified signal that is capable of evoking an
auditory sensationin aspecificfractionof trialswhen ahearing protector isworn.

3.7 Open Threshold of Audibility

The minimum sound pressure level of a specified signa that is capable of evokingan
auditory sensationin aspecifiedfractionof trial swhen a hearing protector isnot worn,

3.8 Real-Ear Protection at Threshold

The mean value of the occluded threshold of audibility in decibels minus the open
threshold of audibility indecibelsfor all listenersonal trials.

3.9 Sound Pressure Level (in decibels [dB])

Twenty timesthelogarithmtothe base 10 of theratioof the pressure of asoundtothe
reference sound pressure. Unless otherwise specified, the effective (root-mean-square)
pressureisto beunderstood. The referencesound pressureis 20 micropascal s(20uPa).

3.10 Steady Noise

A noise whose sound pressure level remains essentially constant (thatis, fluctuations
are negligibly small) during the period of observation.

4. REQUIREMENTS

41 Sampling for Test

A sampleof at least 10 sets of hearing protectors, consistent with the requirementsof
sections5.4.1 and 5.6, shall be selected for test at random, usinga set of random numbers
or an equivalent procedure.

42 Real-Ear Protection at Threshold

The hearing protector, when used in accordance with the manufacturer's instructions
and tested in accordance with section 5, shall provide minimum real-ear protection at
threshold assetforthintable 1.



TABLE 1.— Real-Ear Protection at Threshold Requirementst

Test Minimum group protection** Minimum single frequency
Group frequencies (decilbels) protection (decibels)
(Hz)
Muffs Plugs Muffs Plugs
Y NI 125 25 25 None None
250 None None
= SR 500 185 135 25 20
1000 35 None
2000 35 None
3000 35 None
4000 35 None
Crrvrreerrenes 6000 60 55 None None
8000 None None

*This standard does not apply to nonlinear or amplitude-sensitivedevices.
**The group protection is the sum of the real-ear protections at threshold for all ‘of the test frequencies
in that group.

4.3 Materials

431 Hearing protectorsintended to beused more than once shall be made of materias
that are capableof being easily cleaned and disinfected.

432 Materialscominginto contact with the body shall not behharmful or irritating, and
shall beresistant todamageby skin il hair oil, and ear wax.

4.3.3 \Where applicable, protectors shall comply with anthropometric dataf or head and
ear sizes falling within the 5th and 95th percentile range, as given infigure 1. Thisis
not intended to exclude earmuffs whose dimensions are based upon ear implantation
measurements.

4.4 User information

441 User Manval

Thefollowingitems of information regarding the construction, performanceand use
d hearing protectorsshall be provided by the manufacturer totheuser:

(@ Real-ear protection at threshold at the nine test frequencies given in table |, in-
cludingidentificationdf the testing organization.

(b) Overall weight.

(c) Any conditions such as temperature under which the protector should not be
used.

(d) Instructionsfor cleaning, disinfecting, maintenance, and use.

(e) Listof availablespare parts.

4.4.2 Marking

Hearing protectors shall be permanently marked with the model number and manu-
facturer's name. Earplugs shall be marked on the container and earmuffs shall be marked
on the muffsthemselves.
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CENTER OF HEAD

5th percentile 95t h percentile
Dimension
mm in mm in
Head height=H......ceeururrarsansand 117 461 142 5.59
Head width =D..ceeereersnerreannnasd 128 5.04 156 6.14
BEar length =L..ciiiiiriviiiininandd 56 221 72 284
Ear breadth =B...cccccevrenvnnnncecd 30 119 41 161

FI GURE 1. = Anthropometric D nensi ons
5. TEST METHODS
5.1 Test Room

5.1.1 Ambient Noise

Theambient noiseat the position o thelistener (see5.4) inthetest r oomshall not ex-
ceed the values given in table 2 with the listener absent f romthe room, with instrumen-
tationonand notest signal present.

I n addition, there should be no noiseaudibleto thelistenerwhenthelistenerisseated
inthetest room, with instrumentationon and notest signal present

5.1.2 Room interior Characteristics

The objective should be a sound field such that, with reasonabl e unavoidable move-
ment of the head, the sound leve at the listener's ears does not change significantly. An
anechoicor anechoic-like chamber is required to obtain this sound field. A roominterior
and the positions o the listener and loudspeaker will satisfy requirements if, at all test
frequenciesup to and including4000 Hz, the sound pressureleve remainswithinarange
of 6 dB as a microphoneis moved, relative to the position of the center d the listener's



heed (seefig. 1), = 3 inchesin thefront-back, =6 inchesin the up-down and =6 inchesin
the left-right dimensions. The difference between sound pressure levels & the extreme
left-right positions shall not exceed 2 dB. These measurements are to be made when the
listener isabsent from the room.

T ABLE 2.— Maximum Permissible Ambient Noisein Octave Bands

Frequencyin hertz Leve in decibes
(reference20uPa)
Limits Center
90 180 125 24.5
180 355 250 18.5
355 710 500 16.0
710 1400 1000 16.0
1400 2800 2000 14.0
2800 5600 4000 9.5
5600 11000 8000 21.0

5.2 Test Signals

Puretones shal be used astest signasfor measuringreal-ear protection at threshold
for at least the following frequencies: 125,250,500, 1000,2000,3000,4000,6000 and
8000 Hz. Interrupted tones, or pulsed tones with a 50 percent duty cycle, without audible
transientsand withan *"on time'* o 1 second shall be used.

5.3 Apparatus

5.3.1 Signal Generator

A pure-tone oscillator shal be used which is capable o supplyingsinusoida voltage
at each of the test frequencies specified in 5.2. Thefrequency provided shdl be accurate
within = 1 percent.

5.3.2 On-Off Switch

The sgna on-off switch shal operate in such a manner that no transients or extrane-
ousfrequenciesare audibleto thelistener. After operationd theswitch,thetime required
for the sound pressure o the test sgnd to risefrom —20 dB to—1 dB rdativetoitsfina
steady vaue shdl be not less than 0.02 second and not more than 0.1 0 second, and the
time required for the sound pressure of thesigna to decay by 20 dB shall be not |essthan
0.005 second and not more than 0.10 second. The operationd the switch shall not cause
the output voltage level operating the loudspeaker to attain a vaue more than one dB
aboveitssteady Sate.

5.3.3 Power Amplifier

The power amplifier shal be capable d furnishing sufficient electrical power to the
loudspeaker to produce the signd levels required in 5.3.5. (See 5.1.1 for noise levd
requirements.)

5.3.4 Attenuator

The attenuator shall includestepsd 2 dB or smdler. Thechoicedf attenuator will de-



pend upon the audiometric procedure used (see5.7.2). If thelistenercontrolsthe attenua-
tor, a Bekesy-type continuous recording attenuator or a step attenuator may be used In
thelatter case, an additional attenuator should be controlled by the experimenter. Theat-
tenuator shall be calibrated within 1.0 dB or less, and thetol erancebetween adjacent 2 dB
stepsshall be no greater than 05 dB.

535 Loudspeaker

Theloudspeaker shdl be capableof producingasound pressurelevd at thelistener's
position that rangesfrom 10 dB below the open thresholdof audibility at al test frequen-
ciesto 10 dB abovetheoccluded threshold of audibility at 125 Hz and 20 dB abovetheoc-
cluded threshold of audibility at the remainingtest frequencies.

5.3.6 Distortion

Each component of the apparatus shall be selected so that theentire system produces
less than 5 percent total harmonic distortion, measured d the listener's position. No ex-
traneousnoiseshall be audible under the conditionsof use.

5.3.7 SignalingDevice

If the experimenter controls the attenuation throughout the test, the listener will
require a means of signaing when he hears. Any smple device such as a pushbutton
switch that controlsa light may be used. If the listener adjusts his own attenuator, the
signa could be used toindicatethat he has completed athreshold

5.3.8 Head-Positioning Device

Some means shal be provided for maintaining the listener's head in a constant posi-
tion, facing the center o the loudspeaker. The device shall not transmit to the listener's
head any vibrationsthat might affect the measurements.

5.4 Listeners
5.4.1 Notlessthan 10 qualified subjectsas defined below shall be used

542 Listeners to be usedin the tests described below shall have no more than 10 dB
hearing level at any test frequency in either ear as measured by a standard audiometer
(ANSI S3.6-1969).

5.4.3 No listener shall be selected asa subject for these tests whose variability for the
open threshold of audibility described under 5.7 is such that ther ange on three successive
open threshold measurements at any single test frequency from 500 through 4000 Hz
isgreater than 6 dB.

5.4.4 Listeners who obtain an adequate acoustic fit with the test item (5.6) may not be
dismissed for reporting small amounts of protection if they satisfy the other require-
mentsof thisstandard.

545 Listenersshall be completely informed regarding the test situation, procedure and
their expected performance(5.4.3).

55 Positioning for Test
The listener shdl be seated facing the loudspeaker, with his head fixed by the head-



positioning device. The loudspeaker shall be mounted in such away that its axisisessen-
tialy horizontal and directed toward the center of the listener's head. In many roomsit
will befound advantageousto place the loudspeakerin one corner so that its axisisaong
oneof thediagonalsaf theroom.

5.6 Installationof Hearing Protectors

Each listener isto be provided with his own persona set o hearing protectorsto be
used throughout the test. Earplugs shall be inserted or earmuffs .shall be put on by the
listener himsdlf, while heis seated in the test chair and while in the presence o a white
noise over the audiblefrequency range whoseoverall sound pressurelevd at thelistener's
position is approximately 70 dB above20uPa. |t shall be the responsibility of the experi-
menter in charge df the tests to see that the proper sizedf hearing protector issel ectedfor
each listener and to instruct each listener so that the hearing protector isinstalled accord-
ing to instructionsfrom the manufacturer. The listener shall also beinstructed to manipu-
late the hearing protectors until the noise appearsto be minimal Then the noise shall be
turned off.

5.7 Measurement of Threshold of Audibility

5.7.1 The experimenter and al electronic equipment shall be located outside the test
room except for theloudspeakers, listener attenuator (if used), and signalingdevice.

5.7.2 Thelistener shall be seated in the test room with no signalspresentfor a period of
5 minutesprior to testing to alow him to accommodateto thetest situation. At each of the
test.frequencies (5.2) the attenuation shal be varied until a level is reached at which the
dgnd isjust audible. Thisleve isthethresholdof audibility. Any standard psychophysical
or audiometric technique suitablefor threshold determination of pure tones may be used
provided the sametechniqueis used throughout thetests.

573 For each listener, the open threshold for dl test frequencies and the occluded
threshold for dl test frequencies shall be measured consecutively with a short rest
period in between. At least three sets of open and occluded thresholdsfor each listener
shall be measured, with arest period in between sets. The order in which thethresholds
aretakenin each set (open first or occludedfirst) shall bealternated.

574 When a listener non-recording attenuator is used, the experimenter attenuator
shall be varied for each presentation so that the level of the test Sgnd presented to the
listener attenuator shall differ fromtrial totridl.

58 Test Results

5.8.1 Calculationof Real-Ear Pretection at Threshold

Theinput voltageto the experimenter attenuator and the sum of the experimenter and
listener attenuation should berecordedfor each trid. For eachfrequency, the real-ear pro-
tection at threshold is equal to the mean voltageleve on theloudspeaker correspondingto
the occluded threshold of audibility minus the mean voltage level corresponding to the
open threshold o audibility for al listenersfor dl trials, the voltage difference to be ex-
pressed in decibels. If the voltage to the experimenter attenuator remained fixed



throughout the test, then the real-ear protection at threshold issmply the mean attenuator
setting for the open threshold of audibility minus the meen attenuator setting for the oc-
cluded threshold o audibility.

5.8.2 Presentation d Results

The real-ear protection at threshold shall be reported for at least each o the nine
specified test frequencies. The data shdl be summarized in atable that displaysred-ear
protectionat threshold asafunction of frequency.



APPENDIX A

State-of-the-Art for Evaluating Hearing Protectors for Impulsive Sound

I'tiswell known that exposure to excessive sound can cause hearing damage. |deally,
order to prevent damage by meansof hearing protectorsone must
(@) knowtherisk of hearingimpairment dueto exposureto different sounds,
(b) beableto measurethe relevant parametersof the sound, and,
(c) through tests on hearing protectors, choose one which will attenuatethe sound to
safelevels.

These three conditions can be met reasonably well for continuous steady noise. One
can measure the noise level with a sound level meter with sufficient accuracy. From
established damage risk criteria (see Baughn 1971) one can determine whether the levels
present a risk for hearing damage, and (providingthe levels are not too high) one can
choose a hearing protector from real-ear protection data at threshold and be reasonably
certain that for most peoplethe noise will be attenuated to safe levels.

For impulsive noise, such as from gunfire, the situation is not as clear. A tentative
damage risk criterion for impulsive noise was recently proposed by the Committee on
Hearing, Bioacoustics, and Biomechanics (CHABA) of the National Academy of
Sciences-National Research council. Thecriterion isintended to protect all but the most
susceptible 5 percent of exposed individuals. It representstolerance limitsfor 100 impul-
ses distributed over a period of 4 minutes to several hours on any single day. The max-
imum peak pressure level permittedis 164 dB (without ear protection) for the shortest pul-
ses (25 microseconds duration each). As the duration increases, (i.e., from echoes in a
reverberant indoor firing range) the permitted peak pressure level decreases, droppingto
aterminal level of 138 dB for durations of 200 to 1,000 milliseconds. The permitted level
isreduced by 5 dB for each tenfoldincreasein the number of impul ses.

Measurement of the relevant parameters in impulsive noise requires more so-
phisticated techniques and instrumentation than for steady noise. For the latter, areading
of the output meter of a sound level meter has beenfound very useful. For impulsive noise
such asgunfire, thesound level meter istoo dow and cannot follow the sharp risein sound
pressure. Instead, one must use a broad-band transducer such as a small condenser
microphone, and a cathode-ray oscilloscope.

Little has been published on the peak pressure levelsor the signal durations of the
firearms used by policemen. However, Acton and Forrest (1968) found the pesk pressure
level 2 feet from a short-barrel caliber.22 pistol to be 160 dB. The duration, in an indoor
range, was 5 milliseconds. The maximum permitted level for this duration under the
CHABA criterionis 148 dB. Therefore the use of hearing protectorsis clearly necessary.

N o practical procedure has been establishedfor determininghow much a hearing pro-
tector attenuates the peak pressure level of animpulsivesound. By theextreme method of
exposing peopleto impulsive sounds both with and without hearing protectors, and mea-
suring their temporary threshold shift 2 minutesafter exposure (TTS.), significantdataon
hearing protectors can be obtained. In this fashion Jacobson, Dyer and Marone (1962)
found that properly fitted VSIR earplugs attenuated peak pressure levelsby morethan 20
dB.

Although much dataon the real-ear protection at thresholdfor puretones are availa-
ble, a clear relationship with the ability of a hearing protector to attenuate impulse peak
pressure levels has not been established. That some relationship does exist seems in-
dicated by the work of Coles and Rice (1966). The real-ear protection at thresholdfor the
VSIR earplug and another similar earplug modified to act as a low-passfilter was mea-
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sured, and the low-passfeature of the second earplug substantiated. Both earplugs gave
adeqguate protection when worn by men exposed to noise under open rangefiring condi-
tions. Men exposed to noise under reverberant firing conditions, however, experienced|it-
tle or no temporary threshold shift when wearing the VS R earplugs, but showed signifi-
cant TTS, in both the low and high frequencies when wearing the second earplug. The
authors concluded that both low frequency and high frequency attenuation propertiesaf-
ford protection against impulsive noise and that the absence of either may be a serious
drawback to theefficiency of a hearing protector in certainimpulsive noisefields.
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