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Risks of Developing Noise-Induced Hearing Loss
in Employees of Urban Music Clubs

Erik Gunderson, Ba,* Jacqueline Moline, MD, Msc,2* and Peter Catalano, mp3

Noise-induced hearing loss has previously been reported among rock musicians. This study
sought to determine whether a hazard of noise-induced hearing loss exists for music club
employees other than musicians themselves. Sound levels at eight live-music clubs were
measured and symptoms of noise exposure in 31 music club employees were assessed by
questionnaire. The average sound level at the various clubs during performances ranged from
94.9t0 106.7 dBA. The overall sound level average, including both performance and ambient
levels, ranged from 91.9 to 99.8 dBA. Symptoms of noise exposure, such as tinnitus and
subjective hearing loss, correlated with sound intensity. Only 16% reported regular use of
hearing protection. We conclude that employees of music clubs are at substantial risk of
developing Noise-Induced Hearing Loss, due to chronic noise exposure which consistently
exceeded safe levels. Hearing protection is used much too infrequently. The development of
hearing conservation programs for this large group of workers is essential. Am. J. Ind. Med.
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INTRODUCTION

elastic inner ear compartments are stretched beyond their
limits and are physically torn by the impact of the noise

Hearing loss afflicts 28 million people in the Unitedpeak. In contrast to this mechanical type of injury, chronic
States, 10 million of whom became impaired at least in pagkposure to noise between 90 and 140 dB results in
from exposure to loud sounds [Consensus Conferengermanent metabolic cochlear damage, cailgide-induced
1990]. Hearing impairment has a major impact on aRearing loss(NIHL) [Clark, 1992]. The extent to which
individual's ability to communicate. Even a mild hearing\|HL progresses depends on both the intensity and duration

impairment can adversely affect quality of life.

of noise exposure, as well as differences in individual

Noise injures the hearing apparatus in the ear by tw@sceptibility [Consensus Conference, 1990; Clark, 1992].
distinct mechanisms. An intense noise peak exceeding 140 |njtial exposures to sound levels within the 90 to

decibels (dB) can cause immediate and usually permangnp-gB range result in a temporary threshold shift (TTS), a

hearing loss. This is termeatoustic traumawhereby the
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transient hearing impairment in which there is an increase in
the hearing “threshold,” the quietest sound that can be
detected. Repeated TTS over the course of a few weeks to a
few years may lead to accumulated cellular damage, causing
a permanent threshold shift (PTS) [Consensus Conference,
1990; Clark, 1992]. Although TTS alone cannot predict the
magnitude of PTS, it is believed to be an early indicator of
permanent damage [Luz et al., 1973].

The development of permanent hearing loss through
chronic exposure to excessive noise levels is of great
importance, because an estimated 20 million Americans are
exposed to hazardous noise levels on a regular basis
[Consensus Conference, 1990]. Of these persons, 11 million
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are exposed in the workplace [Bahadori and Bohne, 1998§librated TK-3 portable dosimeter (A-weighted). To approxi-
making occupational noise exposure the most commamte the bartenders’exposure, the dosimeter was worn by an
cause of NIHL [Consensus Conference, 1990]. Standards iseestigator standing near the midpoint of the bar. With the
by the Occupational Safety and Health Administratiodosimeter microphone clipped to a shirt collar, noise expo-
(OSHA) limit the maximum allowable exposure in thesure was measured for a minimum of 30 min while the band
workplace without the use of hearing protection to a timgglayed, and for at least 10 min during intermissions or before
weighted average (TWA) of 90 dB in the A scale (dBA) fothe start of the performance, to determine ambient noise
an 8-hr period, with a 5-dBA trading ratio (i.e., a 5-dBAevels. To validate the testing protocol, a bartender wore the
increase or decrease in volume results in the halving @@simeter on one occasion. These data were used for
doubling, respectively, of permissible exposure time) [D&omMparison with data collected by an investigator on a
partment of Labor Occupational Noise Standard, 1983]ifferent night while the same band performed at the same
Further interpretation of OSHA standards indicates th¥Enue.
exposure to sound levels above 115 dBA are not permissible The dosimeter automatically calculated the average
for any length of time [Department of Labor Occupationafound level during the exposure time,(§) and determined
Noise Standard, 1983]. the peak souqd p_ulse of 0.1-sec duration. The distance
Many studies in the past have examined the Souﬁgt_ween the m|dpo.|nt of the bar and the stage speakers was
levels of live music and their corresponding effects ofiStimated by counting the number of paces between the two
hearing among musicians and patrons. A review of Joints. Sixteen paces co_rresponded approximately to 10 m.
published data found the geometric mean of sound levels in When working conditions were not bus;_/, all gvanab_le
concert halls and arenas to be 103.4 dBA [Clark, 1991imployees were asked to complete aqugstlonnalre: Thirty-
Flugrath, 1969; Dey, 1970]. In several occupational studi e of 32 re_spo_nded (24 bartenQe_rs, 4 waltgr_s or waitresses,
of sound level exposure of rock and roll musicians, nois sound or lighting personnel), giving a participation rate of

0 . . . _
evel have rangecbetween 80 and 130 B (Speaks e % IOTALOn obianed o e dheslomnae e
1970; Jerger and Jerger, 1970; Axelsson and Lindgr 9 b g ploy '

e[pcpical daily and weekly work hours, the use of hearing

1978]. Other workers in addition to musicians are exposed : . .
o i rotection, and the degree to which the employees experi-
loud music in music halls and rock clubs. There are more ;
ed symptoms of noise exposure.

than 300,000 bartenders and 1.4 million waiters and walth© - ; . .
i . . . Statistical analysis of dosimetry data was carried out
resses in the United States, many of whom work in music

L i he JMP istical k AS Insti , JBIP
clubs [U.S. Bureau of the Census. Statistical Abstract of tHSIng the J statistical package (SAS Institute, J

United States, 1994]. The exposure of these individu Sestionnaire data was performed using the Mantel-

v?rl{es from Fhat of emplgyees of gopcert hglls or the p:jaltro enszel test of the SASstatistical package (SAS Institute,
of live music venues, because it is continuous and lacks g/sam User's Guide, Version 6, 1989).

periods of time for recovery. However, no published studies
have measured the noise intensity in bars and clubs which
feature live music and examined the effect of such exposUfeESULTS
on bartenders, waiters and waitresses, or sound and lighting
personnel. Dosimetry Data
To determine whether music club employees are at risk i
of developing NIHL, this study assessed the noise eXpos’_ug:{E Three to four sound level measurements made during

Ser’s Guide, Version 2, 1989). analysis involving ordinal

of these workers. Such information is essential for maki nd performances as well as during intermissions were

recommendations on the use of hearing protection and co raged. In addition, an overall sound level average for

aid in the prevention of hearing loss in this large group Oq,ach Club was determined by averaging .aII pgrformance
workers. and ambient levels. These results are depicted in Figure 1

with a generalized classification of the music genre played
during the nights of data collection: jazz, hip-hop, blues,
METHODS rock, hard rock, and amplified-acoustic rock. The overall
average sound level at all clubs exceeded the OSHA
Eight New York City music clubs that feature live bandstandard of 90 dBA and ranged from 91.9 to 99.8 dBA (jazz
comprised the study sites. Venues were chosen to inclug27; hip-hop 95.0; blues 99.2; rock 98.3, 91.9, 97.8; hard
various club sizes as well as different genres of music, suatk 99.8; and amplified acoustic rock 92.7). The average
as jazz, blues, hip-hop, rock, hard-rock, and amplifiegherformance sound levels ranged from 94.9 to 106.7 dBA.
acoustic rock. Each club was visited three to four timeBerformance sound levels at all venues were greater than
between 9 PM and 2 AM during the time when the bandhe average ambient sound levels, which ranged from 83.7
were playing, and sound levels were measured witht@97.1 dBA.
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employment: recent(3 years), intermediate (3—10 years),
and long-term 10 years).

Employees who worked in louder clubs were found to
experience more symptoms of noise exposure (tinnitus) after
work (p = 0.01) and were more likely to perceive a hearing
deficit after work (p= 0.04) (Fig. 2).

Recent employees perceived more hearing loss after
work than did employees of longer duration=p0.04). The
relationship between tinnitus after work and employment
duration approached statistical significance=(0.11).

Fifty-five percent (17/31) of employees felt that they
could not hear as well in general since becoming employed
at a music club. Hearing difficulty was not associated with
club sound level (p= 0.95), duration of employment (g
0.70), or the use of hearing protection=p0.842). Fifty-five
percent (17/31) of employees reported the use of hearing
protection never/rarely (0—-25%), 29% (9/31) reported hear-
ing protection use sometimes (25-75%), and 16% (5/31)
reported hearing protection use often/always (75%—100%).
No employees were observed wearing hearing protection
during data collection.

Average Sound Level (dBA)

FIGURE 1. Average sound levels measured at New York City 1994 survey of
music clubs with different genres of music. (1) blues, (2) hip-hop, (3) rock, (4)
amplified acoustic rock, (5) rock, (6) jazz, (7) rock, (8) hard rock.

Peak sound levels exceeded 115 dBA, the OSHAISCUSSION
maximum allowable exposure limit without protection,
during 2 of 3 (67%) of hard rock performance measure- This study demonstrates that employees of urban music
ments, 3 of 9 (33%) of rock, and 1 of 4 (25%) of blueglubs which feature live bands are exposed to noise levels
measurements. Peaks did not exceed 115 dBA at jathat consistently exceed safe levels. The average perfor-
hip-hop, or amplified-acoustic rock performances, nor digance sound levels ranged from 94.9 to 106.7 dBA. Using
they exceed 115 dBA during any ambient sound levéte 5-dBA trading ratio of OSHA standards for permissible
measurements. exposure time above 90 dBA, the allowable exposure times

The clubs varied in size and had maximum ocduring performances would range from approximately 4 hr
cupancies ranging from approximately 150 to 2,000 peopke. <1 hr at the loudest venue [Department of Labor
The distance from the midpoint of the bar to the stag@ccupational Noise Standard, 1983]. In addition, ambient
speakers ranged from 6 to 52 paces (3.8 to 32.5 m). Themind levels ranged from 83.7 to 97.1, showing that
was no relationship between distance from the noise soustéstantial noise exposure may occur even when the band is
and noise level among clubs#r 0.54, p= 0.4069). not performing. This finding suggests that noise exposure

Noise exposure of a bartender who wore the dosimet@ay also be excessive in music clubs that do not feature live
was comparable to that of an investigator on a differelands, thus further increasing the numbers of workers in the
occasion during a performance by the same band at th@ and restaurant industry at potential risk of NIHL.
same venue. The investigator stood at the midpoint of the Overall sound levels ranged from 91.9 to 99.8 dBA,
bar. Sound levels measured by the bartender ag@¥ceeding the 90-dBA limit set by OSHA for the maximum
investigator, respectively, were as follows: ambient levefdlowable noise exposure in the workplace without the use
(94.3 and 95.6 dBA), performance levels (98.8 and 96@ hearing protection. The average sound levels of the

dBA), peak levels (116.3 and 113.5 dBA). different clubs were not related to distance of the bar from
the stage speakers. This suggests that club size is not a risk
Questionnaire Data factor for NIHL. Sound levels were more dependent on the

genre of music. Sound levels of jazz, hip-hop, and amplified-
The degree to which employees experienced tinnitagoustic rock performances were lower than levels for blues,
(ringing) and the perception of hearing deficit immediatelgock, and hard rock. Furthermore, performances of these
after work were grouped into three categories: never/rardbuder genres were the only instances where peak levels
(0—25%), sometimes (25-75%), often/always (75-100%@xceeded 115 dBA.
The Mantel-Haenszel test was used to compare these criteria It is important to note that the sound levels reported here
to the average volume of the clubs: low$93 dBA), medium were measured by an investigator standing at the midpoint
(93-98 dBA), high £98 dBA), and to the duration of of the bar. Comparison of investigator exposure to that of a
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FIGURE 2. a: Percentage of employees with symptoms of noise exposure after work. b: Percentage of employees experiencing hearing loss after work.

bartender who wore the dosimeter under similar conditioins or more after cessation of excessive noise exposure
suggests that this method of data collection is representatj@ataloff and Sataloff, 1987]. For employees who work
of bartender exposure. The noise exposure of waiters amgularly, it is possible that there is insufficient time between
waitresses, and of sound and lighting personnel, may vagprk shifts for the temporary deficit to improve. Although
from bartender exposure, because these workers usugiy damage is not permanent, employees might perceive
spend more time near the stage where sound levels sigh a continuous deficit as general hearing loss.
higher. Hearing protection is used much too infrequently by
Immediately after their work shifts, employees obartenders and waitpersons; only 16% use hearing protec-
louder clubs experienced more symptoms of excessive nojgs regularly, while 55% reported never or rarely using
exposure, such as tinnitus and the perception of a temporgpgtection. This finding might explain why the use of
hearing deficit. This finding suggests that their occupatior‘ﬁléaring protection was not related to the perception of a
noise exposure has an adverse physiological effect ganeral hearing deficit. Hearing protectors must be worn for
-hearin-g, and that the degree of this effect is related to sougq,ery high proportion of the exposure time for them to
intensity [Mollar, 1977; Okada et al., 1991]. afford worthwhile protection [Else, 1973]. A larger sample

Recently employed workers were more likely to perg;,o may be useful for further examination of this relation-

ceive a temporary hearing deficit after work. Similar trendge,ni
existed with tinnitus and duration of employment that might Future projects should include audiograms to determine

rea}ch signifigance ir_1 a study With greater statistical POWEfie prevalence of permanent damage. By screening employ-
This is consistent with the findings of Taylor et al. [1965]ees for a 4,000-Hz audiometric notch, the common initial

who demonstrated that more recent employees with indl‘fﬁfding during the progression of NIHL [Sataloff and
trial noise exposure experienced the most tinnitus. Long'ataloff 1987], more extensive hearing loss could be
term employees may have become desensitized to perce ' ’ 9

. : .- o evented. In addition, audiometric examination after em-
tions of hearing deficit or tinnitus after work, or these

. %l ee work shifts would be useful to detect the presence of
employees may have experienced permanent threshold shi . . .
(PTS). a ITS. Employees with normal hearing who are at risk for

Fifty-five percent of employees surveyed felt that thefuture permanent damage would be identified. Hearing

generally could not hear as well as previously since beco r_o_te_ctlon could be implemented even before permanent
ing employed at a music club. The finding that this genergFf'cIt oceurs.

hearing deficit was not related to club sound levels might be

attributable to the fact that even the “low”-level clubs hadCONCLUSION

average sound levels that exceeded 90 dBA. It is unclear

why the perception of hearing deficit was not related to Noise-induced hearing loss is one of the 10 leading
duration of employment. It is possible that newer employe&grk-related disorders [CDC, 1983]. This disorder, which
perceive the temporary threshold shift (TTS) after work asgaeatly interferes with an individual's sense of well being
general deficit. Temporary threshold shifts generally last 24d ability to communicate, is entirely preventable.



Noise-Induced Hearing Loss in Music Club Workers 79

Employees of music clubs that feature live and/dglark WW (1991): Noise exposure from leisure activities: A review. J
recorded music experience chronic noise exposure rangftfgust SocAm 90:175-181.
from 91.9 to 99.8 dBA during their work shifts. At time-clark ww (1992): Hearing: The effects of noise. Otolaryngol Head Neck
weighted exposure levels 6f90 dBA, OSHA requires that Surg 106:669-676.
employees wear hearing _prOteCtlon' _However, OSHA doegnsensus Conference (1990): Noise and hearing loss. JAMA 263:3185—
not regulate these establishments with regard to employaeo.
noise exposure. Unfortunately, routine inspections by OSHA ment of Labor (1983): Department of Labor O ional Noi

. . P partment of Labor o Department or Labor Occupationa oise
are Vlrtuallly nonexistent in 'ndusuy.and are e\{en rf"‘rer f andard. Code of Federal Regulations 29 CFR 1910:95.
small businesses such as the music facilities in this study.
Consequently, hearing protection is used infrequently by tRgy FL (1970): Auditory fatigue and predicted permanent hearing defects
b from rock-and-roll music. N Engl J Med 282:467-470.

workers of these establishments, and symptoms of excessive
noise exposure are common. More than 50% surveyed felfe D (1973): A note on protection afforded by hearing protectors—
that they generally could not hear as well since becomiffgplications of the energy principle. Ann Occup Hyg 16:81-83.
employed at a music club. Hearing conservation programggrath Jm (1969): Modern-day rock-and-roll music and damage-risk
need to be developed for the employees of music cluhsteria. J Acoust Soc Am 45:704-711.
Prowdmg education about th? risks Of. NI.HL and .th erger J, Jerger S (1970): Temporary threshold shift in rock-and-roll
necessity of regular use of hearing protection is essential fQlisicians. J Speech Hear Res 13:221-224.

the prevention of hearing loss in this large group of workers.
Luz GA, Fletcher JL, Fravel WJ, Mosko JD (1973): The relation between
temporary threshold shift and permanent threshold shift in rhesus monkeys
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