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law enforcement agencies because they offer protection from
Exposure to hazardous impulse noise is common during inclement weather conditions and can be operated around the
the firing of weapons at indoor firing ranges. The aims of clock under controlled environmental conditions. They are de-

this study were to characterize the impulse noise environ- Signed primarily with safety, efficiency, and versatility in mind.
ment at a law enforcement f”"ng range; document the in- HOWeVer, Until recently, most ind00r I’anges haVe been Opel’ated
sufficiencies found at the range from a health and safety Without the benefits of environmental controls to protect the
standpoint; and provide noise abatement recommendations health of shooters and range personnel from the adverse effects
to reduce the overall health hazard to the auditory sys- Of exposure to airborne lead and noise during live-fire exercises.
tem. Ten shooters conducted a typical live-fire exercise using The discharge of weapons produces impulse noise levels that
three different weapons—the Beretta .40 caliber pistol, the Often exceed the American Conference of Governmental Indus-
Remington .308 caliber shotgun, and the M4 .223 caliber trial Hygienists (ACGIH®) 140 dB peak sound pressure lirffit.
assault rifle. Measurements were obtained at 12 different Prolonged exposure to impulse noise can lead to noise-induced
positions throughout the firing range and adjacent areas us- hearing loss (NIHL>

ing dosimeters and sound level meters. Personal and area The health hazards from exposure to airborne lead and other
measurements were recorded to a digital audio tape (DAT) contaminants at indoor firing ranges have been widely inves-
recorder for further spectral analysis. Peak pressure levels tigated and documentét.” However, exposure to hazardous
inside theﬁnng range reached 163 decibels (dB) in peak pres- impulse noise and the I’esu|ting risk of hearing loss at these fa-
sure. Equivalent sound levels (Leq) ranged from 78 decibels, cilities has received almost no attention. Impulse noise behaves
A-weighted (dBA), in office area adjacent to the range to 122 differently in indoor firing ranges because of the reverberation
dBA inside the range. Noise reductions from wall structures effect when it reflects off hard surfaces. InVestigatorS from the

ranged from 29-44 dB. Noise abatement strategies rangedNational Institute for Occupational Safety and Health (NIOSH)

from simple noise control measures (such as sealing con-conducted two site assessment visits to the indoor firing range
struction joints and leaks) to elaborate design modifications ©Of a federal law enforcement agency. The purpose of those vis-
to eliminate structural-borne sounds using acoustical treat- its was to identify the salient acoustic parameters associated
ments. Further studies are needed to better characterize the With typical live-firing sessions and provide noise abatement

effects of firing weapons in enclosed spaces on hearing anorecommendation_s. . .
health in general. The NIOSH criteria document states that exposure to impul-

sive noise shall not exceed 140 §Bput it does not provide
» _ _ _any guidance on evaluating impulse sounds such as those gener-
Keywords  Firing Range, Noise Abatement, Impulse Noise, NOIS&y a4 from firearms that often reach 170 dB. The Committee on
Induced Hearing Loss . . . . L
Hearing, Bioacoustics, and Biomechanics (CHABA) suggested
that in order to fully evaluate the effect of impulse noise on the
The Bureau of Justice estimates there are 738,000 law anditory system, parameters such as peak pressure, duration,
forcement officers in the United StatésThese officers are re- rise time, energy, spectral content, number and mixture of im-
quired to train constantly in the accurate and proficient use miilses, and temporal spacing should be considérédOSH
firearms. Indoor firing ranges have gained wide appeal amotgyveloped a technique to measure the various impulse noise
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FIGURE 1
Front view of indoor firing range.

parameters highlighted in the CHABA document. The measutadilding. A motorized target retrieval system is installed for all
ment results were used to make appropriate noise abatenianes. Typically, shooters training at the facility undergo one to
recommendations. The recommendations were designed tawe hours of indoor range use per day. Figures 1 and 2 show the
compatible with improving the range’s ventilation system anitont view of the firing range and the back view of the adjacent
reducing the overall lead levels. space behind the firing line.

METHODS . .

The noise assessment of the firing range consisted of (1) plglfs—g un;entatu;nl DeSICI‘Iptlon d usi B&K 4136 1/4
sonal exposure and area noise assessment of officers durirr\h), aeah sour:a Evze i were me:ﬁ.ureB u‘ilgg 87L |
live-fire session, and (2) sound level measurements to determing oPHone, &K 2615 pre-ampiner, &. . 80 POWET SUPPTY,
noise levels in the firing range and the amount of noise reducti%ﬂd recorded on a Panasonic SV-255 digital au@o tape (DAT)
in the adjacent areas due to the existing wall structure. recorder. Area measurements were conducted using aB&K 2260

and Quest 1800 Type 1 sound level meters. Personal and area
noise level measurements were also collected using Quest Q400
Firing Range and the Larson-Davis 706 Type 2 dosimeters.

The firing range building structure includes a 20-lane shoot- The dosimeters were set to measure the Occupational Safety
ing range and adjacent areas consisting of a cleaning room azml Health Administration (OSHA) permissible exposure limit
observation station, a classroom, and an office area. The ra(l@EL) and the NIOSH-recommended exposure limit (RELY)
is ventilated by two rooftop heating, ventilation, and air corifhe NIOSH REL for noise is 85 dBA for an 8-hour time-
ditioning (HVAC) units that control exposure to lead and othexeighted average (TWA) using a 3-dB exchange rate (equal
contaminants. The adjacent classroom and office are servecehgrgy rule). The sound level meters and dosimeters conform
separate HVAC units. The range is maintained under negatieethe American National Standards Institute (ANSI) specific-
pressure. Baffles are installed to protect lighting fixtures, ventitions{*12 The equipment was calibrated before the visits by
lation pipes, and the roof structure from misfire. The bullet trape manufacturers. Field calibrations were conducted before and

is directly exhausted by a dust collection unit located outside thfter measurements were taken.



Downloaded by [CDC] at 13:28 21 February 2012

NOISE EXPOSURE ASSESSMENT 631

FIGURE 2
Back view of indoor firing range.

Measurement Method Spectral analysis was performed using MATLAB software rou-
Noise measurements were obtained at twelve different poéites to obtain peak levels, equivalent levels (Leq), time dura-

tions throughout the firing range and adjacent areas as outlinetiéns, frequency spectrum, octave, and 1/3-octave band spectra.

Figure 3. The positions were chosen primarily to measure a typ-

ical officer’s noise exposure in the firing range and to compufESULTS

the existing noise reductions afforded by the current buildin/grea Measurements

structure in the adjacent areas. Table | shows the measured peak and calculated equivalent
Ten officers conducted a typical firing session that lasted P q

. . . I§ound levels from the B&K 4136 microphone for the firing
approximately one hour using three different weapons—the : . . -
range, observation station, cleaning room, classroom, and office.

Beretta .40 caliber pistol, the Remington .308 caliber shotg : .
and the M4 .223 caliber assault rifle. Noise dosimeters ngak levels from the Quest Q400 dosimeters were not included

placed throughout the range at each of the measurement posi-
tions. Three officers and a range observer also wore dosimeters
for personal noise-exposure monitoring. Because noise dosime-

TABLE |
Measured sound levels at the indoor firing range

ters were suspected to overload under such extreme conditions Peak sountl Equivalenf  NIOSH

due to their inherent limitations, backup measurements were Area level (dB) Leq (dBA) REL
made using the Bruel & Kjaer (B&K) 4136 microphone and—

DAT recorder as well as sound level meters. The microphofiding range 151 122 6sec
was positioned at an average officer’s ear height (approximat&fpservation tower 136 93 1 hr 16 min
5.5 ft above ground). Data from the dosimeters were dowf/€aning room 115 90 2 hr 31 min
loaded and analyzed using the QuestSuite 4.0 software. DEI&SS'00M 111 79 No hazard
from the sound level meter were downloaded and analyzed (fice 108 78 No hazard

ing the Larson-Davis 824 Utility 3.0 software. Data from the ayjaasured using the B&K 4136 microphone and DAT setup.

DAT were digitally transferred to a computer as .wav files via a Bcalculated by obtaining the difference in A-weighted equivalent
Lexicon-Core2 24 bit audio card and CoolEditPro 6.0 softwarkevels: Leq (firing range)—Leq (adjacent area).
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FIGURE 3
Measurement positions at the indoor firing range.

in this article because these units clipped peak levels greater thaTable 1l shows personal noise exposure response for three
the instrument range of 146 dB The limitations associated shooters and an observer who oversaw the firing exercise. Typ-
with the use of dosimeters in impulsive noise environments doally, aside from the shooters, only the shooting instructor is
discussed elsewhef¥) present in the firing range during training. The maximum al-
Figure 4 shows noise reductions in full octave bands for thewable daily dose according to NIOSH criteria was exceeded
cleaning room, observation station, classroom, and office. The
noise reductions are presented in octave bands since noise con-
trol materials are normally specified according to their octave-
band transmission losses. They were calculated by obtaining the
difference in octave bands between the firing range and each of TWA Maximum

the adjacent areas. They ranged from 29 dB in the observatipgrsonndl (dBA) Dose (%) level (dBA) Leq (dBA)
station to 44 dB in the office area.

TABLE I
Personal exposure response

Shooter X 115 94,436 137 123

Personal Exposure Measurements Shooter Y 111 41,631 133 119
Table | also shows the maximum allowable exposure duratiGio°ter 113 69,178 134 122
for personnel in the firing range and adjacent areas during tR&Server 108 19,282 131 116

shooting session. According to the NIOSH criteria document'AEach shooter fired three different weapons during the exercise.

shooters exceeded their exposure limit within seconds of th@simeter microphones were placed on the opposite shoulder of the
start of shooting. firing arm.
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FIGURE 4
Calculated noise reductions in adjacent areas.

within the first few seconds. Although the accuracy of the resultsss, the scientific, occupational, and military communities have
is guestionable since the dosimeters tend to clip all levels abow& reached a consensus regarding the extent of hearing hazard
146 dB, shooters’ Leq matched those obtained by the SLM aftdm exposure to impulse noi§€:1®) The dose-response rela-
B&K 4136 measurement setup inside the firing range (withtionship that applies to continuous noise exposure does not apply
the tolerances of Type 2 dosimeters). inimpulse noise environments. In-depth analysis of hearing loss
Although occupational safety and health professionals camazards associated with impulse noise generated by firearms
tinue to rely primarily on time-averaged (integrated) measurare beyond the scope of this article and have been addressed
ments to quantifying noise exposure, recent studies have shaisewheré!®
that the spectral distribution of the impulse waveform is critical Sound levels inside the observation station and cleaning room
to predicting the ear susceptibility toimpulse noise haz&fd§) warrant the constant use of hearing protection while the range
Figure 5 shows the octave-band spectra for the three differénin use. However, the range observation officer and shooters
caliber weapons used in training. In addition, the understandinging the cleaning room to prepare the weapons often oper-
of the spectral content produced by the various weapons alloste without the benefit of hearing protection because they cite
industrial hygienists and noise control engineers to provide noisencerns about personal safety and the ability to communicate.
control measures based on appropriate acoustical treatmentsAfiiough the noise levels in the classroom and office are consid-
reduce the most prominent spectral peaks. ered acceptable according to NIOSH criteria, these areas cannot
be used successfully for their intended purposes because of the
sound leaks that render them ineffective.
DISCUSSION Additionally, airborne lead exposure is considered to be one
The data show peak levels that exceed the NIOSH and ACGtfithe most common health hazards associated with firearms,
maximum allowable exposure level of 140 dB for unprotectezspecially at indoor firing ranges. Some studies have shown an
ears inside the firing range. Although studies have shown thessociation between lead exposure and hearing¥8saurther
exposure to impulse noise can produce noise-induced heartgdies are needed to quantify the cumulative effect of exposure
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FIGURE 5
Octave-band spectra from three firearms.

to lead and weapons noise. Non-auditory noise effects suchtlas performance of the block wall and observation station glass
physiological changes, fatigue, increased reaction time, reduckuing firing sessions. To achieve the NIOSH-recommended ex-
concentration, and irritability have also been attributed to exppesure limit of 85 dBA TWA in the cleaning room and observa-
sure to high levels of noise and can compromise the safetytwin station, substantial additional noise reductions (5 dB—8 dB)
the exposed individualg!-2® will be needed. Although the classroom and office area mea-
The cleaning room, classroom, and office areas share caurements show levels below the NIOSH REL, measured peak
mon weak points with regard to noise intrusion: The transmikevels reached 110 dB. Since the number of rounds fired during
sion loss through the existing wall structure is too low, and thgpical training sessions varies, the risk of hearing damage from
leakage and flanking paths other than the wall are significatiiese impulses cannot be accurately determined.
The noise levels resulting from shooting activities have rendered

the qlassroom qnswtable for tral.nlng pecause the acoustic !S%ISE ABATEMENT RECOMMENDATIONS
tion is substantially below what is typically required to provide . . . .
The following recommendations will reduce the overall noise

an adequate environment for instructiéf Although the office | di th d isolation bet th d
is farther away and does not share a common wall with the act €S and Improve the sound isolation between the range an
Jacent areas so that the cleaning room, classroom, and office

range, it is still essentially unusable as an office during firing, b dfor their intended Th d
since telephone conversation and concentration are difficult. as canbe usedlortheirintended purposes. the recommenda-
Aps for noise abatement should be compatible with HVAC/air

observation station has high noise levels because the bulletp h o red b lead trati d should
glass does not provide sufficient transmission loss, the roof i Qv changes to reduce airborne lead concentrations and shou

single layer of sheet metal with no absorption, and the doorqgmply W'th fire protectl_o'n regulatlong. 50.”?8 of the noise con-
not acoustically rated. The observation station presents a spe'g%l strategles'are SpeC'IfIC to thg studied f|r.|ng range; however,
problem in that the range officer is currently required to wedpostare applicable to indoor firing ranges in general.
hearing protection while inside the station.

The construction of the firing range did not take into accouShooting Range
the many sound leakage and flanking paths that detract from theNo opportunity exists to lower the noise in the firing range
acoustical performance of the present block wall. Eliminating acceptable levels through the application of sound absor-
these noise leakages and flanking paths would definitely imprgation techniques to current surface areas. Double hearing
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protection is still required for each shooter and anyone else in the3.
range area. NIOSH investigators recommend installing absorp-
tive “septum” barriers between these firing lanes. Although this
will reduce a shooter’s indirect exposure to sound from other
shooters, it will have limited effect in protecting the shooter
from the direct sound of his/her own weapon in the firing range.

If barriers are used, care must be taken when placing them to4.
ensure a clear and unobstructed view of each shooter from the
observation station. Such a design change should consider a
number of alternative arrangements to allow the selection of a
barrier arrangement that provides acceptable visibility from the
station. 5.

Adjacent Areas

In order to provide significant improvement in noise reduc- 6.
tion from the firing range into the adjacent spaces, itis necessary
to treat both the direct sound paths and all flanking paths. To im-
prove the transmission loss of an existing wall structure, a second
wall must be built with an air gap between both walls. This will
reduce sound transmission through three different principles: in-
creasing the mass in the sound path, breaking vibration paths,
and adding cavity absorption.

The following recommendations are suggested to reduce
noise levels in the cleaning room, classroom, and office:

Place 6 acoustical absorption batts in the plenum over
the ceiling area of the range (over a distance of approx-
imately 22 ft) to reduce noise by a major flanking path.
Adding absorption materials above the dropped ceiling
over the classroom and office will also be necessary to
reduce sound through this flanking path.

The roof structure over the observation station is made of
a single layer of sheet metal and should be replaced with
a new roof that offers significant improvement in sound
transmission loss. The roof structure should be specified
to provide a minimum of at least STC 60 performance.
The existing doors are fire-rated doors without any spe-
cial acoustical properties. Replace existing doors with
acoustic-rated doors having an STC 50 rating.

To make the observation station useable without the need
for hearing protectors, double bulletproof glass should be
installed with the maximum air gap possible (three inches
minimum is suggested). In addition, to minimize vibration
transmission from one pane of glass to the next (known
as interpanel resonance effect), the first and second glass
layers should differ in thickness by 30 percent-50 percent,
and the two panes should be mounted in resilient channels
and inclined slightly (not parallel) to reduce objectionable
reflections.

1. Construct a nominal’éstud wall on the cleaning room CONCLUSION
and classroom side of the existing common block wall, The noise assessment of the firing range showed peak sound
including the hallway area leading from the station dodevels that exceed the ceiling limits for safe exposure. Law en-
to the classroom hallway. The stud wall should be set ap&mtcement officers were exposed to noise levels that reached
from the existing concrete block wall by a minimum ofL63 dB during a live-fire session. Current damage risk criteria
three inches. The stud wall construction should be a ddack the empirical data to establish a quantitative relationship
ble layer, unbalanced wall of 2« 6” metal stud framing, between these levels and hearing damage. Two significant find-
6" acoustical sound insulation batts, resilient channel, aitys have been identified as a result of this study. First, personal
a drywall double layer finish (5/8type X Gypsum, two noise dosimeters are incapable of producing accurate measure-
thicknesses on the quieter side). This measure providesnts in impulsive noise environments nor are they suitable to
noise reduction that will increase the sound transmissisharacterizing the impulse noise hazard. Second, other param-
class (STC) of the existing wall to an STC 72 ratiftf® eters such as peak pressure, time duration, rise time, energy,
The added stud wall should be non—-load-bearing and espectral content, number and mixture of impulses, and tempo-
tend up to the roof of the building, including the areaal spacing must be considered in order to understand the full
over the observation station. The top edge of the new walktent of the hazard to hearing. Hearing protection should be
should be sealed against the corrugated roof system in thiern throughout the facility, and dual hearing protection must
same manner as the existing concrete block wall (filldge worn inside the range during firing sessions. Noise abatement
with acoustic fiberglass, drywall piece fit to roof). Thdechniques addressed reducing airborne sounds by sealing leaks
windows in the cleaning room wall and in the short halland airtight insulation around doors, windows, and ventilation
way leading to the observation station door should be rducts. Structural-borne transmission and vibration were limited
placed with the same block construction as for the relsy applying acoustical treatment to walls, windows, doors, and
of the wall. Windows present special problems in sourttie roof structure.

reduction, and the likelihood of achieving the intended

improvement will be much higher than if these windoOwREFERENCES
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