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In sport the safety of staff, participants and spectators is of the utmost impor-
tance. Therefore, sport venue and event managers should take every precaution
to address safety concerns while planning for and executing events or activities.
While venue managers have a legal duty to protect fans and participants, federal
regulations exist to ensure a safe workplace for all employees, including those
at a sports event. This is a conceptual article intended to assist practitioners to
identify potentially unexpected hazards within the work environment, as well
as strategies to eliminate or manage them. The authors examine existing federal
regulations, current research associated with hearing/noise-related concerns and
specific research undertaken in the sport environment. The article concludes with
recommended prevention strategies for facility and event managers to assist them
in meeting their professional and legal obligations.

Most sport enthusiasts love to hear the roar of the crowd and, at times, the slogan
“let’s make some noise” is used to help motivate the home team. Subsequently
some sport venues are known for how much noise they generate. On September
29, 2014 at Arrowhead Stadium, during a National Football League (NFL) game
between the Kansas City Chiefs and the New England Patriots, a Guinness World
Record for crowd noise was set when decibel levels reached 142.2 breaking the
record 137.6 set in December 2013 at a Seattle Seahawks and New Orleans Saints
game. Coaches in Arrowhead remarked they could feel the ground shaking and
later heard ringing in the ear not covered by their headset (Dolich, 2014).

Music and sound have become so integral to the fan experience that recent
decisions involving the Americans with Disability Act mandate stadiums and arenas
to provide closed captions for the hearing impaired. This requires text from the
music or PA announcements to be placed on the facility’s scoreboards (Matador
Sports, 2011). However, not all noise in sports is enjoyable. Fans may dislike or
be sensitive to too much noise, which may negatively impact their experience.
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Research has shown that hearing loss can be cumulative and irreversible. The
amplitude and duration of noise will increase the chance of irreversible inner ear
damage. Various studies indicate the risk of injury will also vary with frequency
(Plontke & Zenner, 2004). As a result, children accompanying parents who are
season ticket holders can sustain permanent hearing as a result of attending games
with their parents.

This concern may also impact employees working at a sport facility or within
the context of a sport activity. For example, individuals working at a motorsport
racetrack may be exposed to excessive, sustained noise from the racecars when
working in the pit area. Sport officials may be susceptible to excessive noise from
whistles, as well as crowd noise. While blaring aerobics music is often used in
fitness studios to motivate the participants, it may be a cause for concern for the
instructors and other employees who are exposed for extended periods of time.

Sound is measured through units called decibels (dB). Certain levels of deci-
bels are safe, but others can cause immediate damage. Anything above 80 dB can
cause discomfort. A weighted decibel (dBA) is an expression of the level of noise
as the human ear perceives it. It only takes eight hours at noise levels of 80 dBA
to cause irreversible damage to a person’s hearing (Kujawa & Liberman, 2009).
Unfortunately, some individuals do not realize how loud music and excessive noise
can damage one’s hearing and potentially lead to permanent hearing loss. Employ-
ees in a variety of settings may face serious short and long-term health problems.
Therefore, it is imperative employees and their employers are aware of these risks
and their respective responsibilities to protect themselves and others.

This article is written to help develop a more accurate understanding of the
types of noises that may induce hearing loss. Two legal cases are presented along
with their implications for employees in sports and numerous examples pertaining
to the risks produced by excessive noise in sporting events and fitness centers are
reviewed. Through analyzing these relevant cases, examining federal regulations,
and reviewing industry standards, as well as considering the conclusions developed
from a variety of research sources, the authors will provide a clearer picture of what
constitutes appropriate noise levels in the sport industry. The article concludes with
specific strategies to help make the sport workplace safer.

Legal Cases

A thorough search of cases using LexisNexis was undertaken and no published
cases involving loss of hearing due to sport noise were found. However, multiple
cases involving industrial employees sustaining hearing loss due to excessive noise
were identified. It is worth noting there may be pending litigation by fans or sport
employees suffering from injuries because of loud noise caused in sporting events.
The case below highlights the danger of excessive noise for employees and can be
applied by analogy to the field of sports.

In a fairly recent case a judge outside of New Orleans Louisiana ruled in
favor of five employees who sustained loss of hearing from years of working at
their employer’s oil refinery (Becker v Murphy Oil Corp, 2011). During the late
1970s, the refinery owners failed to install noise abatement equipment during a
$35,000,000 plant expansion because they felt the $110,000 cost to do so was too
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expensive. In 1980, Murphy Oil began conducting noise level surveys at which
time their own expert acoustical engineer determined the noise levels were unsafe.
In 1981, the company identified four areas of the refinery as major noise sources,
but did nothing about it, again because of the expense. Tests conducted at three
different times during the 1980s found the highest noise levels exceeded 100 dB
and sound levels exceeded 85 dBA “even in the break area.” In 1988, as a result of
the discovery of maximum sound levels of 105-135 dB, a report by USF&G (the
refinery’s insurance company) recommended the use of hearing protection inside
the refinery. In 1989, a repeat study found readings over 90 dBA. The five plaintiffs
were administered sporadic hearing tests during their employment, but in most
instances they were not informed of the results. In addition, the plaintiffs were not
informed of the precautions they should take. Apparently earplugs were available
in the nurse’s station, but only if an employee asked for them. Testimony during the
trial indicated signs requiring the use of hearing protection were “intermittent, if at
all” in some of the designated high noise areas (Becker v Murphy Oil Corp., 2011).

In essence, Murphy Oil failed to implement the OSHA-mandated hearing
protection and conservation program even though they knew the noise levels were
a problem. The judge in the case determined “Murphy Oil did not provide a work-
place free from excessive noise, regular and periodic hearing tests and warnings
to employees of the dangers associated with long-term chronic occupational noise
exposure” (CityBusiness Staff Reports, 2010, para. 5). The judge ordered the five
plaintiffs to receive $50,000.00 each, but the award could climb to $2 million as
35 other former employees have also filed suit. Murphy Oil appealed the verdict
and the Louisiana State Court of Appeals upheld the ruling of the trial court on
July 7, 2011.

Individuals employed in the oil refinery industry obviously face different chal-
lenges than those involved in the business of sport. However, facility and event
managers should realize commonalities do exist. Both industries have numerous
employees and, as previously mentioned, loud environments exist during some
sporting events. The volume of noise produced during NASCAR races, spinning
bike classes and sold out athletic events can exceed acceptable ranges. Adminis-
trators responsible for these types of excessive noise settings need to be aware of
the duty owed to their employees. In addition, sport administrators should also be
aware of damage awards handed down in cases like Becker v Murphy Oil Corp.
Otherwise failure to provide appropriate hearing protection, regular and periodic
hearing tests, and warnings to employees of the dangers associated with long-term
chronic noise exposure could result in similar awards.

The music industry has sustained its share of liability claims. In 2003, a
57-year-old male plaintiff filed suit claiming that while attending a concert put on
by John Fogerty (ex-Credence Clearwater Revival lead singer) the music caused
him to suffer a hearing impairment. The plaintiff alleged Fogerty’s music was
“unreasonably loud.” The court stated it is commonly known loud music may cause
hearing problems. They indicated the reasonable person standard applied and a
concertgoer should appreciate that loud music could cause a hearing impairment.
The court found the primary assumption of risk doctrine was appropriate and barred
the plaintiff’s action. The court went on to state it would be impossible for a jury to
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determine if the concert could be construed as “too loud” without knowing how loud
it actually had been. The court also believed there was no standard of care owed to
the plaintiff and as a result no jury could determine if the defendants had breached
the duty. Finally, the judge opined that it wasn’t the court’s duty to determine what
was “too loud”; that should be left up to the legislative branch of the government
(Powell v Metropolitan Entertainment Company, 2003).

People choose to spend their leisure time and disposable income in a variety
of ways. Many individuals go to professional sporting events, some head for the
slopes, while others go to concerts. Some of these leisure activities are accompanied
by bouts of excessive noise and the cumulative noise exposure from headphones,
crowds, workout music, whistles and horns can be significant. As Beach et al. dis-
covered (2013; 2014) some individuals who attend one noisy event will often attend
similar loud events, while others expose themselves to “binge listening.” Any risk
management plan that specifically relates to noise reduction in the workplace needs
to take into consideration the collective noise in an employee’s personal life and
provide strategies to ensure the employee understands the potential ramifications.
It is therefore incumbent upon sport organizations to adopt holistic and integrative
risk management strategies to protect their employees and fans.

Literature Review

A comprehensive and systematic literature review has been conducted covering the
most relevant publications on noise and its impact on individuals in sport facilities,
as well as the workplace in general. In addition, the most important regulations
pertaining to this topic have been examined and outlined.

The United States Labor Department’s Occupational Safety and Health Admin-
istration (OSHA) regulates workplace safety across the United States. OSHA covers
private sector employers and employees in all 50 states, the District of Columbia,
and other U.S. jurisdictions either directly through Federal OSHA or through
OSHA-approved state programs. State-run health and safety programs are required
to be at least as effective as the Federal OSHA program (OSHA, 2013b). One of
the many aspects of workplace safety regulated by OSHA is noise.

OSHA criteria include a permissible exposure limit (PEL) of 90 dBA as an
eight-hour time-weighted average (TWA). OSHA regulation 29 CFR 1910.95(b)(1)
states when employees are subjected to sound exceeding OSHA permissible expo-
sures, administrative or engineering controls shall be used to decrease the sound
level. If those controls fail to bring the sound levels into the acceptable range,
personal protective equipment (PPE) should be provided and used by the affected
individual to reduce sound levels to an acceptable level. General estimates of
work-related noises can be examined in Table 1. It should be noted that any noise
exposure over 85 dBA could result in hearing loss.

There are significant penalties for violation of OSHA regulations. For example,
employers who willfully or repeatedly violate OSHA regulations may be assessed
a financial penalty of not less than $5,000 and not more than $70,000 for each
violation (OSHA, 2014b).
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Table 1 Estimated Decibel Levels of Common Work-Related
Activities (NIOSH, 2001)

Activity dBA
Whisper 30
Normal conversation 60
Phone ring 80
Hair dryer / lawn mower 90
Bulldozer 105
Chainsaw 110
Ambulance siren 120
Jet engine 140
12-gauge shot gun 165
Rocket launch 180

Noise-Induced Hearing Loss (NIHL)

While a number of actions can prevent noise-induced hearing loss, little can be done
once it has taken place. Hearing loss is the third most prevalent chronic condition
among the elderly; it has also become common in most age groups (Vio & Holme,
2005). The National Institute on Deafness and Other Communication Disorders
(NIDCD) reported approximately 26 million Americans between the ages of 20
and 69 (15%) have experienced hearing loss due to exposure to noise (Stump,
2013). Noise-induced hearing loss (NIHL) is 100% preventable, but is the second
most common form of hearing loss next to age-induced hearing loss (Rabinowitz,
2000). NIHL symptoms are usually subtle in the early stages. Initial hearing loss
tends to occur for high-pitched sounds only.

Most individuals are aware of the need to use earplugs when shooting a gun or
working around loud machinery (i.e., lawn mowers, airplanes, industrial motors).
However, many people do not realize their hearing may be damaged while con-
ducting everyday activities. Loud noise damages the structures in the inner ear and
can cause hearing loss and sound distortion (NIDCD, 2014). Noises such as lawn
mowers, rock concerts, snowmobiles, or a jet during takeoff can cause serious
damage to the ear. Power tools such as a weed-whacker can range in decibel level
anywhere from 100-115 dB. These levels are similar to the levels found at a rock
concert (NIOSH, 2001).

Anything over 120 dBs tends to produce physical pain in the inner ear (ENT
USA, n.d.). This pain is often associated with a ringing sensation in the ear or head.
This problem is termed “tinnitus” and can be the first sign of impending hearing
loss. Hearing loss is linked to psychological issues and can be extremely expensive
to correct, if correction is even possible (Vio & Holme, 2005). Another potential
symptom brought about by intense noise is called temporary threshold shift (TTS).
Mielczarek (2003) described the onset of TTS as, “If you listen to your car radio
after an evening aerobics class and then are surprised the next morning at how loud
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the volume is, this is a sign you suffered from a temporary threshold shift after the
aerobics class” (p. TS).

Results from one study indicated NIHL could occur within just a few minutes
and up to a couple of hours after the overexposure occurs. At first, overexposure to
noise will damage the hair cells within the ear. Once this has happened, it is then
possible to damage the actual cell bodies within the ear. For some individuals,
these hair cells will regrow and repair themselves, but for most people, the cell
bodies cannot regrow once the damage has occurred (Kujawa & Liberman, 2009).

Noise in Sports Settings

Sport Officials. Flamme and Williams (2013) examined sport officials regarding
hearing loss. A survey was conducted of 321 sport officials who self-reported
hearing conditions. Hearing loss was examined because sound levels produced
by whistles range between 104 and 116 dBA. At 104 dBA an umpire can face
unprotected exposure for up to 90 seconds before damage occurs. However, at 116
dBA damage occurs after only five seconds of unprotected exposure. A majority of
the officials (293 versus 27) were male. Minimal or moderate trouble hearing was
specifically noted for officials who were between 60—69 years of age, while all age
groups reported at least a little trouble hearing. The study specifically examined
certain sports where the pervasiveness of whistle blowing might have impacted the
officials’ hearing. Women’s volleyball, men’s basketball, and football were some
examples where the study examined the prevalence of whistle blowing based on
the position (head official versus a linesman, back judge or other position) and the
level (i.e., college versus high school) of officiating.

The sound from a whistle may remain over 80 dB at a distance of over 50 feet
from the official who blew the whistle. However, sport officials are not just exposed
to noise from whistles; crowd noise can remain at high levels for sustained time
periods as well. NIHL can begin to occur for long-term exposure of 75 dBA. As
mentioned, sport officials had a higher incidence of self-reported hearing troubles
and tinnitus than observed in the general population. While not definitive, the
research suggested whistle use may contribute to hearing loss among sport officials
(Flamme & Williams, 2013).

Stadiums and Arenas. An early study pertaining to sound levels at sports facilities
was carried out by Axelsson and Clark (1995). They examined the sound at one
hockey match and found average levels of 100 dBA with a peak of 120 dBA. These
levels are well over the OSHA PEL. Noise levels were also collected during game
six of the 1987 World Series. The average was 97 dBA, which is a little over 90%
of the OSHA PEL. These researchers were among the first to indicate spectators
and employees at sports facilities should be involved with hearing conservation
programs.

England and Larsen (2014) measured the noise levels at 10 intercollegiate
basketball games to determine the impact of noise on hearing thresholds. The hear-
ing thresholds of 20 participants were measured at the beginning of the games and
an hour post-game to determine if any changes occurred. While the average noise
intensities were within accepted standards for workplace exposure, the measure-
ments indicated the sound levels were greater than acceptable intensity levels at
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six of the ten games. The authors recommended the universities warn their fans
of the danger and offer earplugs to interested fans. The authors also suggested a
hearing conservation program for staff working the games. These dangers increase
the duty a facility manager has toward staff and spectators alike.

A study examined the noise exposure for individuals working in indoor hockey
games. Noise samples were taken at a variety of semiprofessional hockey games at
two different venues. Average noise levels for the two arenas ranged from 8§1-97
dBA, but peak levels ranged from 105-124 dBA. The games at both venues only
lasted three hours, but the measurement device was normalized over an eight-hour
period. The first arena had readings taken with a mean attendance average of 5,780
fans over three games (Cranston, Brazile, Sandfort, & Gotshall, 2013). While 40%
of the monitored employees were exposed to 85 dBA over eight hours, they were
not exposed to a PEL of 90 dBA for the eight hours. At the second venue the mean
average attendance was 5,289 patrons over four games. Eleven of the 19 sampled
employees (58%) were exposed to sound levels that exceeded the 85 dBA level
for eight hours but, similar to the first group, they also were not exposed to a PEL
of 90 dBA for the time period (Cranston et al. 2013). Even though there were no
OSHA violations, the authors recommended the employees be enrolled in a hear-
ing conservation program. These types of programs educate employees regarding
strategies and equipment that can minimize the harm associated with working in
noisy environments. For example, personal protective equipment (PPE), such as
earplugs, is often recommended in these programs and employees are taught the
proper usage of such equipment.

Not surprisingly, it could be predicted that noise levels would be higher in an
enclosed arena than an open-air stadium. In a 2010 study of three football stadiums
the results indicated 96% of workers were exposed to noise levels over 85 dBA
and 39% exceeded the OSHA action limit (Engard, Sandfort, Gotshall, & Brazile,
2010). The stadium study was conducted during events with 19,721 to 75,703 fans
compared with less than 6,000 fans in the previous study’s two arenas.

A 2006 study of three National Hockey League (NHL) Stanley Cup playoff
games collected sound readings ranging from 101-104 dBA during games lasting
three hours. The subjects in the study reported symptoms of muffled hearing and
mild ringing (tinnitus) in their ears. The authors reported that the hearing thresholds
of the subjects decreased as a result of the excessive levels (Hodgetts & Liu, 2006).

Events that include excessive noise levels are not consigned to only profes-
sional sports. Morris, Atieh, and Keller (2013) reported decibel levels as high as
118 dBA at some of the larger intercollegiate basketball arenas. As discussed earlier
these readings can prove dangerous. Therefore, from a risk analysis standpoint
facility managers at university venues must also be aware and ready to mitigate
these potential dangers for both spectators and employees attending NCAA events.

Vuvuzelas. Specific components of an athletic event can also impact noise
exposure. Many fans bring noisemakers to the game. One of the most dangerous
devices is not a cowbell or a drum, but an African horn called a vuvuzela.
Traditionally made from a kudu horn, the three-foot long trumpet-like instrument
was originally used to call people together to meet and is now part of the event
experience in many soccer stadiums (Hall, Koekemoer, & Swanepoel, 2010). The
noise output created by such devices can average 131 dBA at the horn opening
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and 113 dBA six feet from the opening. These devices can produce sounds up
to 140 dBA, which is approximately the level of noise produced by a jet engine
during takeoff (130-140 dBA). Since there could be thousands of vuvuzelas at
a game the noise level can be significantly higher. Professional soccer matches
have two 45-minute halves with a 15-minute intermission. Fans begin blowing
their vuvuzelas before the matches begin and continue after play has ceased. As a
result, many of these games last upwards of two hours and the din from vuvuzelas
lasts as long. Workers exposed to more than 45 seconds per day at 113 dBA and
at a distance of six feet without hearing protection have exceeded the NIOSH
recommendations for noise exposure, which may result in hearing loss or tinnitus
(Kardous & Morata, 2010a).

A study examined noise levels at South African Premier Soccer League (PSL)
matches in Cape Town, South Africa during one match at a 40,000-seat stadium
that was half-full and at a second sold out match at a 52,000-seat stadium (Petersen,
Ramma, & Singh, 2011). The researchers found the frequency range of the vuvuzela
noise to be similar to that of common industrial noise. The study confirmed some
PSL matches expose spectators (and logically event personnel) to unsafe noise
levels. The authors indicated that due to the large crowds attending the matches
many fans were in close proximity (< 1 m or < 3 feet) to the vuvuzela blower and
risked overexposure due to the noise (Petersen et al., 2011).

Auto Racing. Noise is nothing new to NASCAR and other auto racing events.
Automotive racing environments present noise levels often found in some of the
loudest workplace settings. In the 1970s efforts were made to reduce the noise
by installing mufflers, but the quieter cars were unpopular with racing teams and
spectators (Kardous & Morata, 2010c). The highest noise levels are found in the
“pit” area where peak sound levels at three studied tracks reached and exceeded
130 dBA, often recognized as the human hearing threshold for pain (Kardous &
Morata, 2010b). However, those employees working in the pits are not the only
ones exposed to the excessive noise. Fans and event personnel are exposed to a
time-weighted average (TWA) of around 96 dBA compared with drivers, who are
exposed to 114 dBA. The length of time individuals are exposed to these noise
levels depends on the length of the race, as well as weather and track conditions.
A race could last anywhere from an hour and a half for a short-track dirt race to
four hours for a long 500-mile race. In addition, it is not just race day exposure
that represents a major concern. Those working in the industry are often exposed
to loud noises throughout the week and might have 12-21 hours of intensive noise
exposure every week for 40 consecutive weeks during the racing season.

In another study, researchers attempted to characterize the intensity, frequency
content and duration of exposure to noise at a typical stock car race (Rose, Ebert,
Prazma, & Pillsbury, 2008). Data were collected during a major NASCAR event
at the Lowe’s Motor Speedway in Concord, North Carolina. Rose et al. (2008)
found sound levels significantly less than levels associated with the potential for
an immediate permanent threshold shift (PTS). However, individuals exposed in
this setting were considered to be at risk for a temporary threshold shift (TTS).
When considering individual patterns of exposure the authors stated, “While the
risk for most fans attending a single stock car race is low, the overall cumulative
exposure for drivers, crews, and track employees may be far greater” (p. 691).
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When considering an individual with age- or disease-related hearing loss and / or
other environmental and occupational exposures, noise at motorsport automotive
races may also contribute in an additive manner to NIHL.

Aerobics Classes and Noise (Music)

Sound-related hazards are oftentimes one of the most commonly overlooked hazards
in fitness facilities. How many people put in earplugs before joining an aerobics
or spinning class? How many instructors wear earplugs? Based on feedback from
industry professionals, most instructors who teach aerobics and spinning classes
end up listening to loud music for 30-90 minutes for each of their classes and
many of these individuals teach three to four classes a day (Fried, 2009). The
music played may come from a number of genres, but the common denominator
for most of these classes is the intensity of the noise. In many cases the music is so
loud the class participants cannot hear the trainer’s cues. The instructor attempts
to solve this problem by shouting over his/her microphone, which in turn makes
the noise levels even more dangerous. In addition, repeatedly shouting over the
music oftentimes results in the instructor going hoarse or even losing his/her voice.
One study found 44% of their respondents partially or completely lost their voice
during and after instructing. Having to shout instructions also caused increased
sore throats, hoarseness and loss of voice unrelated to illness (Long, Williford,
Olson, & Wolfe, 1998).

Unfortunately, in most situations no one complains about the intensity of the
music. Quite the contrary, many instructors and participants find the loud music
enjoyable and helpful while motivating them during their exercise sessions. This
quandary led the American Council on Exercise (ACE) to develop guidelines for
safe music levels in fitness settings. As cited in Mielczarek (2003), the guidelines
established by ACE for aerobics instructors stipulate the music levels in aerobics
classes should be kept in the range of 70-80 db. The sound intensity during some
spinning classes has registered 100—-110 dB or 30—40 dB above ACE guidelines
(Mielczarek, 2003).

A preliminary study in England investigated the impact of noise levels on an
aerobics class (Nassar, 2001). Twenty-eight individuals participated in the experi-
ment and hearing thresholds were collected on all 28 subjects. Fourteen subjects
were placed in a control group and not exposed to any music (noise). The remaining
14 individuals were subjected to music with a mean noise level of 91.8 dB for 60
min. To maintain consistency, the noise levels in the aerobics class were monitored
throughout the entire hour. Two minutes after the music ended hearing thresholds
were collected a second time. All 14 subjects in the exposure group sustained various
levels of TTS. Additional studies found noise levels during aerobics classes of 105
dBA (Center for Hearing and Communication, n.d.), 87.1 dBA (Torre & Howell,
2008), 93.1 dBA (Beach & Nie, 2013) and 95.86 dBA in a Brazilian indoor bike
class (Palma, Mattos, Almeida, & Oliveira, 2009).

Results from the previous studies indicate that even with established industry
guidelines (ACE) fitness instructors continue to blast their music disregarding the
potential hearing loss. While some individuals believe these employees need to be
protected from themselves, others have confidence the dangers will be recognized
before it is too late. Nevertheless, it may take threats from concerned participants
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to cause a shift in the current intensity of music in most aerobic and spinning
classes. The safety of participants, employees and attendees should be of the utmost
importance and is the responsibility of the fitness center manager.

Entertainment and Leisure

Individuals engage in a variety of activities for entertainment or relaxation purposes.
Attending sporting events, concerts, and nightclubs are just a few examples of these
types of events or activities. While they may appear unrelated they all share one
commonality, a propensity for loud noise. More and more adolescents are exposed
excessive noise while listening to loud music. Similar to the plaintiff’s assertions in
Powell v Metropolitan Entertainment Company (2003), the excessive sound levels
result in hearing loss and tinnitus.

An early study from the 1990s reviewed the role of leisure noise on hearing.
The author (Clark, 1991) coined the term nonoccupational or leisure noise. Clark
indicated the most common sources for leisure noise emanated from exposure to
live or amplified rock, classical, or jazz music; personal listening devices (i.e.,
Walkman or MP3 players); noise around the home, and hunting and target shoot-
ing (Clark, 1991). His research indicated that while all the identified activities had
the potential for excessive levels of sound the most serious came from recreational
hunting and target shooting.

Goggin et al. (2008) researched the noise levels experienced by both employees
and patrons at entertainment venues. The authors investigated multiple components
including knowledge of noise induced hearing loss (NIHL) education program,
attitudes toward noise levels and hearing protection, use of hearing protection,
experience of adverse effects and exposure times. The authors surveyed 303
patrons as well as measured noise levels in the venues. The majority (81%) of the
respondents reported a variety of hearing problems including temporary hearing
loss, tinnitus and headaches. The data indicated the mean exposure time to be
almost five hours and the mean sound levels were greater than 95 dB. In addition,
the use of earplugs by females and respondents under the age of 26 was minimal.
Ironically, remembering the NIHL education program did not cause an increase
in the use of earplugs.

A 2012 research study investigated noise-induced tinnitus (NIT), attitude
toward loud music, and the factors influencing the use of hearing protection (HP)
(Gilles et al., 2012). A survey was given to 145 university students. The results
indicated almost 90% of the students had experienced tinnitus after listening to loud
music and almost 15% had permanent NIT. The authors indicated that most of the
students were not worried about the loss and few (11%) wore hearing protection.

Beach, Gilliver, and Williams (2013) surveyed 1,000 Australians between the
ages of 18-35 who engaged in a number of leisure activities (including concerts)
where they were exposed to high levels of noise. The authors were not only inter-
ested in possible hearing damage as a result of attending these events, but also if the
participants perceived the risks attached to the exposure. The data were collected
via an online survey and the exposure to the high level noise fluctuated between
0-6.77 times the acceptable amount. The data indicated that if the respondents
attended one noisy event they were more apt to attend others, especially concerts,
bars and nightclubs. The results indicated a correlation between exposure to high
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levels of noise, early indications of hearing loss and a perception of the risk from
the exposure.

A second, more recent, study by Beach, Gilliver, and Williams (2014) indicated
60% of the participants were exposed to normal noise levels, but 33% were involved
in “binge listening.” During these periods, usually on the weekends, participants
were exposed to one or two high noise days followed by several days of low-level
noise. The authors discovered the most prominent causes of high noise was attending
a concert, playing a musical instrument in a band, or frequenting a nightclub. Aver-
age noise levels greater than 100 dB were recorded during each of these activities.
The authors stated that additional research is necessary to determine if long-lasting
exposure to high levels of noise is more or less harmful than binge listening.

Risk Management Strategies

The dangers of NIHL and tinnitus, as well as temporary threshold shift (TTS) and
permanent threshold shift (PTS) have been described. Examples of hearing losses
sustained by sport officials, stadium and arena employees, intercollegiate athletic
department employees, NASCAR fans and drivers, as well as fitness employees
and participants have been discussed. Many of these problems are preventable
and opportunities exist to reduce or eliminate a number of them. Risk manage-
ment is one option. Risk management has been defined as a proactive process that
involves assessing all possible risks associated with the event and its stakeholders
by strategically anticipating, preventing, minimizing, and planning responses to
mitigate those identified risks (Leopkey & Parent, 2009). Because the risk of injury
in many sports is high, governing bodies and individuals involved with these sports
have a responsibility to manage the risks at acceptable levels (Fuller, 2007). In
recreation and sport, risk management has been used to combine the traditional
corporate interest of limiting financial risk with the interest of the recreation or
sport industry — by decreasing injuries, death and liability. By reducing injuries
to participants, guests and employees, the company reduces its financial exposure.
Thus, an effective risk management plan may help control and diminish the legal
liabilities that confront today’s recreation or sport managers. However, avoidance of
litigation should not be the main goal of risk management program (Cotten, 2013).

It is not enough to be aware of the dangers associated with excessive noise.
Once it has been identified steps must be taken to lessen or mitigate the possibilities
of hearing loss. The steps are part of what is called “risk assessment.” The stages
used to create this plan will be similar regardless of the type of organization. These
assessments identify both physical as well as financial risks for the organization,
school or business. The identification stage is one of the key aspects in developing
a successful risk management program. If a facility manager wants to control risks
(such as elevated noise levels or poor usage of PPE) it becomes important to identify
those hazards. In many cases primary and secondary factors exist that should be
addressed to reduce the possibility of loss or injury. For example an NFL football
official will contend with the noise from his whistle (primary), but depending on
the proximity of the crowd the official may also have to contend with the volume
of crowd noise (secondary). These factors should be addressed in the organization’s
standard operating procedures (SOPs) (Ammon, 2013).
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Powell v Metropolitan Entertainment Company (2003) was a good example of
identifying a risk. While the court stated a concertgoer should appreciate that loud
music could cause damage to a person’s hearing the demographics of the attend-
ees may still impact the venue manager’s duty to warn. For example, if a young
teenage girl was attending her first One Direction (latest pop boy band) concert
she may not be aware of the dangers of the loud music. The duty to warn for that
type of concertgoer is completely different than for the duty owed to a male in his
late 20s attending his thirteenth Metallica concert. As previous research studies
indicate (Beach et al., 2013; 2014) some individuals who attend one noisy event
will often attend similar loud events. Therefore, even though an individual may
choose to attend multiple events a facility manager should still provide earplugs for
those interested. This type of strategy should also be implemented with sporting
events. As previously discussed, researchers investigating the impact of noise on
hearing thresholds at intercollegiate basketball games recommended the university
warn fans of the danger and offer earplugs to interested fans. The authors also
suggested a hearing conservation program for staff working the games (England
& Larsen, 2014).

Once the risks have been identified the second stage involves the proper clas-
sification of the risks pertaining to their severity and frequency. The classification
stage establishes the degree of risk (severity) as well as the chance (frequency) of
the risk taking place. The level of severity may be classified as “low,” “moderate,”
“critical,” or “catastrophic.” The level of frequency may fluctuate between “low,”
“medium,” and “high” (Ammon, 2013).

After the risks have been classified, a “treatment” is selected to assist in con-
trolling or reducing the risk. The treatment will vary depending on whether the
risk is financial (audiologist expense) or a bodily injury (hearing related concern).
Treatments include “avoiding” the risk, “transferring” the risk, “retaining” the risk,
or “reducing” the risk. The type of treatment depends on the components of the
risk and its probability of occurring. Risks with a high level of severity or medium
level of severity with a high level of frequency should be “avoided” completely or
discontinued if they are presently being offered. Insurance is often used to “transfer”
or shift the responsibility from the insured to the insurance company. Businesses
that preserve the risks and assume financial responsibility for them are said to have
“retained” the risk. Finally, an organization may attempt to diminish the identified
risks utilizing “reduction” techniques. Examples of reduction strategies include
well-maintained equipment, adequately trained staff, proper documentation and
sufficient signage (Ammon, 2013).

An example of not implementing a necessary reduction strategy can be found
in the Becker v Murphy Oil Corp. (2011) case. The company not only failed to
implement federally required hearing protection, but they were also negligent in
establishing a conservation program, even though they knew the noise levels were a
problem. This omission resulted in a large compensatory award to the plaintiffs. As
previously mentioned, when sound levels exceed acceptable ranges venue managers
must reacted proactively regardless if the facility is an oil refinery, a fitness center,
a stadium, an arena or a NASCAR track. Failure to implement proper reduction
strategies, such as warnings to fans and spectators and earplugs to those who want
them, could result in financial penalties.
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General Prevention Strategies

The data and studies presented regarding noise-induced hearing loss (NIHL) are
of great concern. They suggest immediate intervention strategies are necessary not
only in sports, but in any occupation where one is exposed to any kind of extreme
or excessive noise. The American Academy of Audiology (2003) believes noise-
induced hearing loss can be prevented and that no one should have to experience
a loss of hearing just to make a living. Occupational and environmental medicine
(Daniel, 2007) recommends and OSHA requires a comprehensive hearing con-
servation program. OSHA requires it to include the following: (1) a monitoring
program, (2) an audiometric testing program, (3) hearing protection, (4) employee
training and education, and (5) recordkeeping (OSHA, 2013a). The critical roles and
responsibilities of the audiologist in preventing noise-induced occupational hearing
loss are delineated in the AAA’s Position Statement on that issue (AAA, 2003).

Monitoring Program. The monitoring program consists of measuring the sound
level and assessing the extent to which the exposure to noise is equal to or exceeds
the action level (85 dB). According to the OSHA regulations (US Department
of Labor, 2013), one of the first preventive actions is to conduct a survey in
the facility where the noise is discovered to determine its location, sources and
affected individuals. The key factors indicating the noise exposures are equal to
or beyond the acceptable level include employee complaints, individual hearing
loss, noisy conditions that make conversation difficult, and notification about
specific machines that produce noise found to be intolerable. Implementing an
annual monitoring program will help guarantee acceptable noise levels. Including
all exposed employees in the hearing conservation programs will also assist in
this endeavor (OSHA, 2014a). OSHA-supported state and private consultation
organizations provide free on-site assistance to organizations that need it.

Audiometric Testing Program. Audiometric testing monitors the sharpness
and acuity of an employee’s hearing over time and also provides an opportunity
for employers to educate employees about their hearing and the need to protect
it. In fact, OSHA requires all employees whose exposures equal or exceed an
8-hr time-weighted average of 85 dB be tested during the first six months of their
employment. Subsequently, they should be tested annually to determine if their
hearing ability has changed (OSHA, 2014a). Properly trained personnel should
carry out the audiometric testing program. In the absence of a trained professional,
testing can be outsourced to specialized clinics and audiology practices. The noise
time weight average (TWA) of employees should be kept in the employee medical
files by the employer.

Hearing Protection. OSHA requires employers to provide employees with
convenient PPE such as earplugs and earmuffs to use when the noise meets or
exceeds 85 dBA. Employees with normal hearing should wear hearing protectors
when the noise level reaches 90 dBA while those with an identified standard
threshold shift should use their PPE when the noise level meets 85 dBA. All
protective devices should be provided to employees at no cost (Bassette, 2008).
Organizations that fail to equip their employees with hearing protection tools when
needed are in violation of OSHA standards.
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Employee Training. While employee training is recommended by OSHA
and is essential for educating individuals about the noise-induced hearing loss
phenomenon, there is no agreement on the most effective method and type of
training. Group sessions facilitated by professionals in safety and conservation
programs using multiple training aids such as videos, posters, and motivational
materials have proved to be effective in the past (Bassette, 2008). However, one-
on-one training sessions have recently been considered to be more effective as the
training can be tailored to the case of every individual. Ross (2007) suggests the
content of the training should be focused on the effects of noise including noise-
induced hearing loss, fatigue and distraction. The factors causing NIHL inside or
outside the workplace have to be explained and the trainee needs to know how to
select and use his/her PPE. Follow-up sessions need to be organized to make sure
that protection devices are worn properly and regularly.

Recordkeeping. Employers are responsible for keeping records pertaining to their
employees’ exposure level to the noise, as well as the results of their audiometric
tests. They are also required to post the OSHA hearing regulations at the worksite in
an effort to make employees aware and responsible for their own health. According
to Bassette (2008), when employees receive copies of their audiometric tests and
they know what they mean at the time of the test, the noise-induced hearing loss
decreases.

Summary and Practical Implications

The issues identified and strategies provided in this paper have implications for
sports educators and employers. Instructors who teach sport management topics
rarely, if ever, address noise and hearing-related concerns their students may face
when working in the sport industry. Educators teaching courses such as event man-
agement and facility management should include a discussion with their students
about the risks for employees, participants, and spectators and how those risks can
be identified and managed. Sport management instructors may also wish to point out
that sporting events are considered entertainment. Other entertainment preferences
include events such as monster truck shows, NASCAR races and concerts. Each of
these entertainment options includes their own hearing loss concerns.

Those who work in the industry also rarely think about noise exposure as a
concern. The research highlighted in this article addresses several of the areas where
noise may cause significant and permanent injury to attendees, participants, and
employees working at sport venues and events. A study on sport officials found
exposures from pervasive whistle blowing between 104 and 116 dBA. At 116 dBA
damage occurs after only five seconds of unprotected exposure and respondents
in every surveyed age group reported some hearing loss (Flamme & Williams,
2013). Decibel levels as high as 118 dBA have been recorded during intercollegiate
basketball games (Morris et al., 2013). Studies pertaining to NHL matches found
average levels of 100 dBA with a peak of 120 dBA (Axelsson & Clark, 1995). These
researchers indicated their belief spectators and employees at sports facilities should
be involved with hearing conservation programs. A second study at three National
Hockey League (NHL) Stanley Cup playoff game collected sound readings ranging
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from 101 to 104 dBA (Hodgetts & Liu, 2006). A third hockey study investigating
noise exposure levels found peak levels ranging from 105 to 124 dBA (Cranston
et al., 2013). Finally, noise levels recorded at football stadiums indicated 96% of
workers were exposed to noise levels over 85 dBA and 39% exceeded the OSHA
action limit (Engard et al., 2010).

While it is not illegal to expose athletes and fans to loud noises, employees have
very specific and detailed protections dictated by federal regulations. Employers
that do not take precautions to protect their employees may face significant fines, as
well as cause considerable harm to their employees. Thus, every precaution should
be taken by managers of sport venues and events to consider employee safety when
planning for and managing an event. Practitioners should take a proactive approach
in identifying potential issues and managing the safety of their environment, as
opposed to a reactive approach once damage has occurred. Failure to provide the
requisite warning may increase a facility manager’s liability if a plaintiff can prove
the manager knew of the risk and did nothing to mitigate it. If no conservation pro-
grams are implemented and the music continues to boom while the PA announcer
consistently coaxes the fans to yell louder, then a venue manager’s defense to a
lawsuit will be severely hampered.
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