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FOREWORD

I'n accordance with Title 1, Section 402(b) of the Omnibus ('rime Control and Safe
Streets Act of 1968, P,1.. 90-351, the National Institute of Law Enforcement and Criminal
Justice (NILEC)) has established the Law Enforcement Standards Taboratory (1LESL) at
the National Bureau of Standards.

LESI. has been established to conduct research leading to the development and
promulgation of national voluntary equipmer.t standards that will assist law enforcement
and criminal justice agencies in the selection and procurement of quality equipment, (n the
course of standards development, LLESL, is defining minimum performance levels and
developing methods for measuring the required performance of equipment designated by
NILEC) ,

This document, NILECT Standard for Hearing Protectors for Use on Firing
Ranges, is 4 law enforcement equipment standard developed by LESL and issued by
NILECT. Additional standards, as well as user guidelines, state-of-the-art surveys, and
other reports are planned for issuance under the 1LESL. program in the areas of protective
equipment, communications equipment, securily systems, weapons, emergency equip-
ment, concealed objects detectors, and vehicles,

NILECT Standards are subjected to continuing review. Technical enmments and
recommended revisions are invited from all interested parties. Suggestions should be ad-
dressed to the Program Manager for Standards, National Institute of 1.aw Enforcement

and Criminal Justice, I.aw Enforcement Assistance Admimstration, U.S. Department of

Justice, Washington, D.C, 20530,




NILECJ-STD-0102.00

NILECJ STANDARD
for
HEARING PROTECTORS FOR USE ON FIRING
RAMGES

1. PURPOSE AND SCOPE

The purpose of this standard is to establish performance requirements and methods
of test for wearable devices used to protect the auditory system against the excessive
sound encountered on firing ranges.

The described test method measures hearing protection by means of psychoacoustic
tests on human subjects, and is based on a method long in use to evaluate protectors worn
in continuous steady noise situations. No practical procedure is yet available to directly
determine protection against the impulsive noise encountered on firing ranges; a brief
discussion of the state-of-the-art is given in appendix A.

Nonlinear or amplitude-sensitive devices are not eviluated by the psychoacoustic
procedure contained in this standard, and consequently the effectiveness of their special
features cannot be determined. '

2. CLASSIFICATION

The following types of hearing protectors are covered in this standard.
2.1 Earpiugs
2.2 Earmuffs

2.3 Earplugs and Earmuffs Wern in Combination

3. DEFINITIONS

3.1 Earlmplantation

The join between the ear and the head.

3.2 Hearing Level (of an ear)

The amount in decibels by which the threshold of audibility for an ear exceeds a stan-
dard normal threshold.




3.3 Hearing Protecior

A device that is worn to reduce the effect of sound on the auditory 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 a single impulse is usually
less than 1 second.

3.5 Nonlinear or Amplitude-Sensitive Hearing Protector

A hearing protector whose attenuation is a function of the sound pressure level.

3.6 Occluded Threshold of Audibility

The minimum sound pressure level of & specified signal that is capable of evoking an
auditory sensation in a specific fraction of trials when a hearing protector is worn.

3.7 Open Threshold of Audibility

The minimum sound pressure level of a specified signal that is capable of evoking an
auditory sensation in a specified fraction of trials when a hearing protector is not 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 in decibels for all listeners on all trials.

3.9 Sound Pressure Level (in decibels [dB])

Twenty times the logarithm to the base 10 of the ratio of the pressure of a sound to the
reference sound pressure. Unless otherwise specified, the effective (root-mean-square)
pressure is to be understood. The reference sound pressure is 20 micropascals (20uPa).

3.10 Steady Noise

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

4. REQUIREMENTS

4.1 Sampling for Test

A sample of at least 10 sets of hearing protectors, consistent with the requirements of
sections 5.4.1 and 5.6, shall be selected for test at random, using a set of random numbers
or an equivalent procedure.

4.2 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 as set forth in table 1.

TABLE 1.— Real-Ear Protection at Threshold Requirements*

Test Minimum group protection ** Minimum single frequency
Group frequencies (decibels) protection (decibels)
(Hz)
Muffs Plugs Muffs Plugs
A 125 25 25 None None
250 None None
Biirinnns 500 185 135 25 20
1000 35 None
2000 35 None
3000 35 None
4000 35 None
Covvivennnnnnns 6000 60 55 None None
8000 None None

*This standard does not apply to nonlinear or amplitude-sensitive devices.
#*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

4.3.1 Hearing protectors intended to be used more than once shall be made of materials
that are capable of being easily cleaned and disinfected.

4.3.2 Materials coming into contact with the body shall not be harmful or irritating, and
shall be resistant to damage by skin oil, hair oil, and ear wax.

4.3.3 Where applicable, protectors shall comply with anthropometric data for head and
ear sizes falling within the 5th and 95th percentile range, as given in figure 1. This is
not intended to exclude earmuffs whose dimensions are based upon ear implantation
measurements. ‘

4.4 UseriInformation

4.4.1 User Manual

The following items of information regarding the construction, performance and use
of hearing protectors shall be provided by the manufacturer to the user:

(a) Real-ear protection at threshold at the nine test frequencies given in table 1, in-
cluding identification of the testing organization.

(b) Overall weight.

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

(d) Instructions for cleaning, disinfecting, maintenance, and use,

{e) List of available spare parts.

4.4.2 Marking

Hearing protectors shall be permanently marked with the model number and manu-
facturer’s name. Earpiugs shall be marked on the container and earmuffs shall be marked
on the muffs themselves.
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/ CENTER OF HEA

5th percentile 95th percentile
Dimension
mm in mm in
Head height=H.......cooorrennninnnind 117 4.61 142 5.59
Head width =D ..o 128 5.04 156 6.14
Ear length = L. oo 56 221 72 2.84
Ear breadth =B...........ccovinninnns 30 1.19 41 1.61

FiGURE 1.—Anthropometric Dimensions

5. TEST METHODS
5.1 Test Room

5.1.1 Ambient Noise

The ambient noise at the position of the listener (see 5.4) in the test room shall not ex-
ceed the values given in table 2 with the listener absent from the room, with instrumen-
tation on and no test signal present.

In addition, there should be ne noise audible to the listener when the listener is seated
in the test room, with instrumentation on and no test signal present.

5.1.2 Room Interior Characteristics

The objective should be a sound field such that, with reasonable unavoidable move-
ment of the head, the sound level at the listener’s ears does not change significantly. An
anechoic or anechoic-like chamber is required to obtain this sound field. A room interior
and the positions of the listener and loudspeaker will satisfy requirements if, at all test
frequencies up to and including 4000 Hz, the sound pressure level remains within a range
of 6 dB as a microphone is moved, relative to the position of the center of the listener’s
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head (see tig. 1), =3 inches in the front-back, = 6 inches in the up-down and = 6 inches in
the left-right dimensions. The difference between sound pressure levels at the extreme
left-right positions shall not exceed 2 dB. These measurements are to be made when the
listener is absent from the room.

TABLE 2. — Maximum Permissible Ambient Noise in Octave Bands

Frequency in hertz Level in decibels
(reference 20uPa)
Linits Center
90 180 125 24.5
180 358 250 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

Pure tones shall be used as test signals for measuring real-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
transients and with an “on time” of 1 second shall be used.

5.3 Apparatus

5.3.1 Signal Generator

A pure-tone oscillator shall be used which is capable of supplying sinusoidal voltage
at each of the test frequencies specified in 5.2. The frequency provided shall be accurate
within = | percent,

5.3.2 On-Off Switch

The signal on-off switch shall operate in such a manner that no transients or extrane-
ous frequencies are audible to the listener. After operation of the switch, the time required
for the sound pressure of the test signal to rise from —20 dB to —1 dB relative to its final
steady value shall be not less than 0.02 second and not more than 0.10 second, and the
time required for the sound pressure of the signal to decay by 20 dB shall be not less than
0.005 second and not more than 0.10 second. The operation of the switch shall not cause
the output volitage level operating the loudspeaker to attain a value more than one dB
above its steady state. ‘

5.3.3 Power Amplifier

The power amplifier shall be capable of furnishing sufficient electrical power to the
loudspeaker to produce the signal levels required in 5.3.5. (See 5.1.1 for noise level
requirements.)

5.3.4 Attenuator
The attenuator shall include steps of 2 dB or smaller. The choice of attenuator will de-
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pend upon the audiometric procedure used (see 5.7.2) 1l the listener controls the attenua
tor, a Bekesy-type continuous recording attenuator or a step attenuator may be used. In
the latter case, an additional attenuator should be controlled by the experimenter, The at-
tenuator shall be calibrated within 1.0 dB or less, and the tolerance between adjacent 2 dB
steps shall be ao greater than 0.5 (B,

5.3.5 loudspeaker

The loudspeaker shall be capable of producing o sound pressure level ut the listener’s
position that ranges [rom 10 dB below the open threshold of audibility at all test frequen-
cies to 10 dB above the occluded threshold of audibility at 125 Hz and 20 dB above the o
vluded thyeshold of audibility at the remaining test [requencies.

5.3.6 Distortion

Fach component of the apparatus shall be selected so that the entire system produces
less than § percent total harmonic distortion, measured at the listener’s position. No ex
traneous noise shall be audible under the conditions of use,

5.3.7 Signaling Device

I the experimenter controls the attenuation throughout the test, the listener will
require o means of signiding when he hears. Any simple device such as a pushbutton
switceh that controls a light may be used. If the listener adjusis his own attenuator, the
signal could be used to indicate that he has completed a threshold.

5.3.8 Head-Positioning Device

Some means shall be provided for maintaining the listener’s head in a constant posi-
tion, facing the cenrer of the loudspeaker. The device shall not tracsmit to the listeners
head any vibrations that nught affect the measurements.

5.4 Llisteners

5.4.1  Not less than 10 qualitied subjects as defined below shall be used,

5.4.2 lListeners to be used in the tests deseribed below shall have no more than 10 dB
hearing level at any test frequency in either ear as measured by a standard audiometer
{ANS183.6-1969),

5.4.3 No listener shall be selected as o subject for these tests whose viariability for the
open threshold of audibility described under 5.7 is such that the range on three successive
open threshold measurements at any single test frequency from 500 through 4000 Hy,
is greater than 6 dB.

5.4,4 Listeners who obtain an adequate acoustic it with the test item (5.6) may not be
dismissed for reporting small amounts of protection if they satisfy the other require-
ments of this standard,

5.4.5 Listeners shall be completely informed regarding the test situation, procedure and
their expected performance (5.4.3).
5.5 Positioning for Test

The listener shall be seated facing the loudspeaker, with his head fixed by the head-
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pasitioning device, The loudspeaker shall be mounted in such a way that its axis is essen-
tuatty horizontal and directed toward the center of the listeners head. T many rooms it
will be found advantageotts to place the loudspeaker in one corner so that its sxis is along
one of the diagonals of the room,

5.6 Installation of Hearing Protectors

Fach listener is to be provided with his own personad set of haaring protectors to be
used throughout the test, Farplugs shall be inserted or earmufts shall be put on by the
listener himsell, while he is seated in the test chidr and while in the presence ol a white
nuise over the audible frequeacy range whose averall sotind pressure level at the listenet’s
position is approximitely 70 dB above 20 1t shall be the respousibility of the experi
menter in charge of the tests to see that the proper size of hearing protector is selectedtor
each listener and to instruet each listener so that the hearing protector is installed aeeord-
ing to instruetions from the manufacturer. The listener shall also be instructed (o manipu:
late the hearing protectors antil the noise appears to be minimal Then the noise shall be
turned off,

5.7 Measurement of Threshold of Audibility

5.7.% The experimenter and oll electroniv equipment shall be locuted outside the test
room except for the loudspeakers, listener attenuator (it used), and signaling device.

5.7.2 The listener shall be seated in the test room with no signals present for a period of

S minutes prior o testing (o allow him to accommodate to the test situation. At each of' the
test frequencies (5.2) the attenuation shall be varied until o level is reached at which the
signal is just audible, This level is the threshold of audibility. Any standard psychophysical
ov audiomelric technigue suitable for threshold determination of pure tones may be used
provided the same technigue is used throughout the tests.

5.7.3 TFor each listener, the open threshold for all test frequencies and the vecluded
threshold for all test frequencies shall be measured consecutively with i short rest
period in between., At least three sets of open and occluded thresholds for euch listener
shall be measured, with a ress period in between sets, The order in which the thresholds
ure taken in each set (open first or occluded first) shall be alternated,

5.7.4 When a listener non-recording attenuator is used, the experimenter attenuator
shatl be varied for ench presentation so thut the level of the test signal presented to the
listener attenuator shall differ from triul to trial,

5.8 Test Results

5.8.1 Caleovlation of Real-Ear Protection at Threshold

The input voltage to the experimenter attenuator and the sum of the experimenter and
listener attenuition should be recorded for each trial, For each frequency, the real-car pro-
tection at threshold is equal to the mean voltage level on the loudspeaker corresponding to
the occluded threshold of audibility minus the mean voltage level corresponding to the
open threshold of audibility for all listeners for all trials, the voltage difference to be ex-
pressed in decibels, If the voltage to the experimenter attenuator remained fixed
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throughout the test, then the real-ear protection at threshold is simply the mean attenuator
setting for the open threshold of audibility minus the mean attenuator setting for the oc-
cluded threshold of audibility.

5.8.2 Presentation of Results

The real-ear protection at threshold shall be reported for at least each of the nine
specified test frequencies. The data shall be summarized in a table that displays real-ear
protection at threshold as a function of frequency.

APPENDIX A |

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

It is well known that exposure to excessive sound can cause hearing damage. Ideally,
in order to prevent damage by means of hearing protectors one must
(a) know the risk of hearing impairment due to exposure to different sounds,
(b) be able to measure the relevant parameters of the sound, and,
(c) through tests on hearing protectors, choose one which will attenuate the sound to
safe levels.

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 (providing the 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 people the 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. The criterion is intended to protect all but the most
susceptible 5 percent of exposed individuals. It represents tolerance limits for 100 impul-
ses distributed over a period of 4 minutes to several hours on any single day. The max-
imum peak pressure level permitted is 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, dropping to
a terminal level of 138 dB for durations of 200 to 1,000 milliseconds. The permitted level
is reduced by S dB for each tenfold increase in the number of impulses.

Measurement of the relevant parameters in impulsive noise requires more So-
phisticated techniques and instrumentation than for steady noise. For the latter, a reading
of the output meter of a sound level meter has been found very useful. For impulsive noise
such as gunfire, the sound level meter is too slow and cannot follow the sharp rise in 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 levels or the signal durations of the
firearms used by policemen. However, Acton and Forrest (1968) found the peak pressure
level 2 fcet 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 criterion is 148 dB. Therefore the use of hearing protectors is clearly necessary.

No practical procedure has been established for determining how much a hearing pro-
tector attenuates the peak pressure level of an impulsive sound. By the extreme method of
exposing people to impulsive sounds both with and without hearing protectors, and mea-
suring their temporary threshold shift 2 minutes after exposure (TTS.), significant data on
hearing protectors can be obtained. In this fashion Jacobson, Dyer and Marone (1962)
found that properly fitted V5IR earplugs attenuated peak pressure levels by more than 20
dB.

Although much data on the real-ear protection at threshold for pure tones 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 threshold for the
V5{R earplug and another similar earplug modified to act as a low-pass filter was mea-
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sured, and the low-pass feature of the second earplug substantiated. Both earplugs gave
adequate protection when worn by men exposed to noise under open range firing condi-
tions, Men exposed to noise under reverberant firing conditions, however, experienced lit-
tle or no temporary threshold shift when wearing the VSIR 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 properties af-
ford protection against impulsive noise and that the absence of either may be a serious
drawback to the efficiency of a hearing protector in certain impulsive noise fields.
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