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ABSTRACT

NOISE CHARACTERIZATION AND EXPOSURE OF INDOOR SPORTING
EVENTS

Noise, as a hazard in the work place, has long been recognized as an isgue facin
workers. The National Institute for Occupational Safety and Health (NJ@&ognizes
that control of noise is a critical issue facing today’s employers aptbgees.
Occupational hearing loss was identified as one of the 21 priority araaséarch in the
next century. A report from the EPA in 1981 estimates that over 9 million Amedoans
exposed to occupational noise greater than 85 decibels (dB) and more recentsstimate
from NIOSH indicate excessive noise exposures upwards of 30 million.

Occupational and recreational noise exposures were evaluated atp@itings
arenas hosting hockey games at the collegiate and semi-professiehdé&ween the
two facilities studied, a total of 54 personal noise dosimetry samples \kereaeer the
course of seven home hockey games, three at Venue 1 and four at Venue 2. This
included 15 worker personal noise samples and nine fan personal noise samples at Venue
1; and 19 worker personal noise samples and 11 fan personal noise samples at Venue 2.

Extensive area monitoring was conducted at each venue to further charalogerize t
stadium noise on a location by location basis. These data are useful inezizangct
occupational exposure of indoor arena support staff and may also provide a foundation

for future research



No workers or fans from either venue were exposed to noise in excess of the
Occupational Safety and Health Administration (OSHA) permissible expdsut of an
eight-hour time-weighted average (TWA) of 90 A-weighted decibels (adBA)e eight-
hour TWA action limit of 85 dBA. However, six of 15 (40%) workers and three of nine
(33%) fans sampled at Venue 1 were exposed to noise in excess of the American
Conference of Governmental Industrial Hygienists (ACGIH) recommermleshold
limit value (TLV) of 85dBA.. In addition, eleven of 19 (57%) workers and ten of 11
(90%) fans sampled at Venue 2 were exposed to noise in excess of the ACGIH noise
TLV.

A two-way analysis of variance (ANOVA) was conducted on the persorsd noi
dosimetry data from workers and fans to determine if there were sagifidferences
between noise exposures to workers and fans within and between the venues tedestiga
At a 95% confidence level, it was determined that there were signifiogs® exposure
differences between nearly all groups in evaluating both OSHA and ACG#Ha
However, no significant noise exposure differences were detected betwé@nsvairthe

different venues.
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CHAPTER 1: INTRODUCTION

The human ear is a remarkable organ; its ability to process and interpret
different sounds is astonishing. From the sound of pin a dropping to that of a jet
engine, the human ear can interpret and distinguish with ease. It is able to
differentiate many different sounds at many different levels of intenkity.truly an
impressive organ and is often taken for granted by many people every dag. aNdi
sound are an integral part of humanity in this world; it provides the foundation for
communication between humans within society. Before the modern age, the ability t
identify and differentiate the sounds of friend and foe were essential to sawd/al
ultimately determined if one was allowed to contribute to the gene pool.

It is fundamental to consider the differences between noise and sound. Sound
is commonly defined as vibrations that move the though air or other mediums to be
perceived by humans or other anim&his definition provides the elementary basis
upon which hearing, noise, and sound are based. Noise, however, is defined as
sounds, especially ones that are loud, unpleasant, or those that cause distithances.
Therefore, by definition, noise can interfere with or pollute the ability to perce
other more important sounds. Moreover, whether the noise source is occupational or
of leisure origin, society has become a much louder place as the human race has
evolved. It has been well documented over time that excessive noise is agsociate
with hearing loss in those who are exposed to it. Bernadino Ramazzini, considered
the father of Industrial Medicine, made observations associating chureingehs
with hearing loss in his famous work “De Morbis Artificum Diatrafa”.

Noise, as a hazard in the work place, has long been recognized as an issue

facing workers. The National Institute for Occupational Safety andiH@HOSH)



recognizes that control of noise is a critical issue facing today’s eargland
employees. Occupational hearing loss was identified as one of the 21 pri@#y are
for research in the next cent®y. The authors of an Environmental Protection
Agency report from 1981 estimated that over 9 million Americans were exposed to
occupational noise greater than 85 decibels (iB)nore recent estimates from
NIOSH indicated occupational exposures exceeding 85 dB to more than 30 million
workers. Occupational authorities contend that noise is the most ubiquitous of
industrial pollutants; many can be said to be more dangerous, but no others can be
considered to be so wide spredd.

Occupational noise is a noteworthy exposure because noise-induced hearing
loss (NIHL) is not only permanent and irreversible, but it is also 100 percent
preventable(.e) Despite being 100 percent preventable, NIHL remains one of the most
common occupational injuries or illnesses and is the second most self-reported
occupational illness or injury in workers in the United Sté?ésﬂ.\lthough hearing
loss is a common occupational injury or iliness, its significance and releisaoiten
underrated because of the absence of pain or visual effects in exposed Workers.
The progression of NIHL is slow and is often disregarded by affected workers.
Damage can often go unnoticed in affected individuals and can result in difficulty
interacting with others in both occupational and leisure-based settings. Nédere
can significantly decrease the quality of life in those workers who aretedli

In addition to contributing to the potential for decreased quality of life,
exposure to excessive levels of noise is also associated with increaged risk
cardiovascular disease, accidents resulting in work-time lost, absentdeisork,

stress, and decreases in productivity’



Although noise exposure in occupational settings has long been recognized as
damaging to worker hearing, it was not until 1948 that the first hearing congervat
program was implementé‘b.g) This program was intended to protect workers in the
Air Force from hazardous noise exposures while on the job. The year, 1971, marked
the passage of the Occupational Safety and Health Act and the creation of the
Occupational Safety and Health Administration. Most Americans are covered i
occupational settings by the rules and regulations of O$HAven with the
development of OSHA, and its regulation of occupational noise exposure, noise
induced hearing loss due to occupational exposures is too often overlooked. A
population often underserved in typical occupational noise evaluation is arena and
stadium workers. Exposure to these workers is important; in most cases ttiey are
first to arrive, and the last to leave.

As identified in a study conducted by Engardl. ©® stadium and arena
personnel and other event support staff are often underserved with regard to the
regulation of the occupational noise. Many different types of support staff are
required to successfully host a sports event. Englaldfocused on exposure to
personnel and fans at outdoor stadiums. The focus of this paper was to evaluate and
characterize noise exposure to personnel and fans during hockey games at indoor

arenas.



CHAPTER 2: LITERATURE REVIEW

Sound is the transmission of energy in the form of a pressure wave through an
elastic medium. The characteristics of a wave determine the pitch and tsgyndé the
pressure wave. Frequency, which determines the pitch of the sound, is measuréd in Her
(Hz) and is a function of cycles per second. Amplitude of the wave relatessssigréo
that of the atmosphere and is how loud a sound is perceived. The range of these
pressures, 20 micropascals to 200 Pascals, covers several orders of magnittefereThe
sound is measured on a logarithmic scale and sound pressure level is conveyed in units of
decibels (dBJ* "

Sound may be measured using three different weighting scales: A, B, and C.
These weighting scales were developed on the basis of human perception of loudness a
variable frequencié$ ”. The human ear is capable of detecting sounds spanning a wide
range of frequencies; however, it is not equally proficient at detectinftakem to the
same degree. A-weighting is used to most closely match the charexst@fistuman
hearing. A-weighting emphasizes measurements at high frequencies anphdsizes
those at low frequencies. B-weighting has similar charactertstitegt of A, but is
rarely used. C-weighting is most often used in the presence of impulse and blast type
noises characterized by rapid rise and fall in sound pressure. It can also lve used i
conjunction with A-weighting as a comparative value for detecting low frequensg.noi

7 The relative responses for the different weighting scales are mesertable 1.
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Table 1: Relative Response for A, B and C-Weightfhg

10 -70.4 -38.2 -14.3
125 -63.4 -33.2 -11.2
16 -56.7 -28.2 -8.5
20 -50.5 -24.2 -6.2
25 -44.7 -20.4 -4.4
31.5 -39.4 -17.1 -3
40 -34.8 -14.2 -2
50 -30.2 -11.6 -1.3
63 -26.2 -9.3 -0.8
80 -22.5 -7.4 -0.5
100 -19.1 -5.6 -0.3
125 -16.1 -4.2 -0.2
160 -13.4 -3 -0.1
200 -10.9 -2 0
250 -8.6 -1.3 0
315 -6.6 -0.8 0
400 -4.8 -0.5 0
500 -3.2 -0.3 0
630 -1.9 -0.1 0
800 -0.8 0 0
1000 0 0 0
1250 0.6 0 0
1600 1 0 -0.1
200 1.2 -0.1 -0.2
2500 1.3 -0.2 -0.3
3150 1.2 -0.4 -0.5
4000 1 -0.7 -0.08
5000 0.5 -1.2 -1.3
6300 -0.1 -1.9 -2
8000 -1.1 -2.9 -3
10000 -2.5 -4.3 -4.4
12500 -4.3 -6.1 -6.2
16000 -6.6 -8.4 -8.5
20000 -9.3 -11.1 -11.2




Physioloqgy of the Ear

Human hearing is quite remarkable. An individual with normal hearing can
hear noise at frequencies as low as 20 Hz and as high as 20,0MHearing is
ultimately the translation of a pressure wave through air to a nerve impielgaeted
by the brain. The authorities on hearing and noise have divided the human ear into
three regions, each of which is responsible for important aspects of h@aﬁnﬁne
structures of the human ear can be found in Figures 1 and 2 below

Outer Ear

Sound is gathered and modified beginning at the outer ear. The outer ear
includes the pinna and auditory canal which leads to the tympanic membrane.
Because of the shape and dimensions of the outer ear, sounds of some frequencies are
amplified and others are attenuated. As the pressure waves enter the eartsounds
frequencies between 2000 and 4000 Hz are amplified by approximately 10-15 dB.
This amplification of noise between 2000 and 4000 Hz contributes to increased risk
for noise induced hearing loss (NIHE)

Middle Ear

The middle ear is composed of the tympanic membrane, the ossicle bones
(malleus, incus and stapes), tensor tympani, stapedius, and the eustachian tube. After
the pressure wave traveling through air has reached the eardrum or tympanic
membrane, it causes vibration of the tympanic membrane. This vibration of the
eardrum is translated into the movement of the ossicle bones which are connected to
the tympanic membrane. As the pressure wave travels from the outetlesar to
middle ear, the wave amplifies the force as it moves to the inner ear and codidea. T
function of the middle ear is to efficiently transform motion of the tympanic

membrane in air to motion of the ossicles in the fluid filled inner ear.



One important feature of the middle ear is its ability to provide partial
protection to sustained loud noise. This protection is accomplished through the
tightening of the tensor tympani and stapedius muscles, which results in teaitight
of the tympanic membrane. As a result the tympanic membrane is less ableféo trans
acoustic energy to the inner ear. These muscles provide some protection but can
fatigue quickly and should not be relied on for consistent protection.

The eustachian tubes are channels that travel the distance between the middle
ear and the nasal breathing ways. These channels allow for the equalizatiddlef
ear and outside pressure. If a differential in pressure begins to build, henigm
membrane may become displaced and hearing may become afftted.

Inner Ear

The inner ear is composed of the cochlea, organ of corti, and stereocilia. The
final step in human hearing is the translation of the mechanical wave credbted by
ossicles and eardrum to nerve impulses to be interpreted by the brain. The cochlea is
located in the inner ear and plays an important role in this step of the process. Iti
snail-shaped spiraled organ and is fluid filled with two membranes that run the
distance of the organ. These membranes are reissner's membrane anidbthe bas
membrane. This arrangement of membranes creates a three chamberatioorient
within the cochlea. Approximately 25,000 hair cells called stereocilibeated atop
the Basilar membrane. A third membrane sits atop the basilar membrasecathed
the tectorial membrane. With this orientation, initiation of neural impulsag®c
when the Basilar Membrane moves up or down resulting in the creation of a shearing

force. The shearing force that is produced results in the bending of the sf&bcili
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Sound and Effect on Hearinq

Noise induced hearing loss has long since beenkdgm observed in societ

Specifically, one of the very first documented csisglies evaluated hearing Ic



observed in blacksmiths in the 1800’s. Scientist and physician John Fosbroke
observed deafness in blacksmiths and was one of the first to note the progression of
noise induced hearing loss. Noise remains one of the most pervasive industrial
contaminants in the workplace. One of the first notable applications of occupational
epidemiology was conducted by physician and researcher Thomas Barr in 1886 who
evaluated the presence of deafness in boilermakers using rudimentary audiomet
testing® He concluded that none of the boilermakers had normal hearing.

Three physical characteristics of sound determine its effect on humanmgheari
They are: amplitude, frequency, and duration. Amplitude determines how loud one
perceives the sound to be. Frequency determines the pitch of the sound received, and
duration is how long the sound lasts over time. Depending on the specific
characteristics of the noise, hearing can be damaged in two ways. Thayinst
called acoustic trauma. In this case, the sound is so loud that tissue is damaged by th
pressure of the sound. Acoustic damage generally takes place when the sound
pressure level exceeds 140 dB. Acoustic trauma results in conductive hearing loss.
Conductive hearing loss results when conduction of the pressure wave is pnysicall
stopped. In many cases, conductive hearing loss can be reversed by surgil or ot
interventions* %

The second form of hearing loss is called noise induced hearing loss (NIHL)
and is the result of cumulative trauma to the stereocilia located in the cotliea
inner ear. All three characteristics of noise (amplitude, frequency, anibduay
a role in the development of NIHL. This cumulative trauma results in swelling of the
stereocilia and overall decreased sensitivity to sodtisSTemporary damage to
stereocilia in the cochlea is referred to as a temporary threshdl@Tafs). A TTS is

characterized by a temporary decrease in sensitivity to sound, thus hearuffjed.



4.12) This condition can take hours, or even days until the stereocilia display normal
function. Repeated exposure to noise that causes a TTS will result in permanent
hearing loss™ A TTS always precedes permanent hearing loss. Permanent hearing
loss is characterized by damage to stereocilia in the cochleaeid satisorineural

hearing loss. With time, the stereocilia will die and be replaced by spoirsive

scar tissue. Permanent damage to the stereocilia will result indastahreshold

shift. As defined by OSHA, a standard threshold shift is a change in hearing
threshold relative to a baseline audiogram of an average of 10 dB or more at 2000,

3000, and 4000 Hz in either e&f)

Noise Exposure Standards

With regard to occupational noise exposure in general industry, workers are
covered by OSHA'’s Occupational Noise Exposure Standard found in Title 29 Code of
Federal Regulations (CFR), 1910.9%. The standard stipulates a permissible
exposure limit of 90dBA as an eight-hour time weighted average (TWA) based on a5
dB exchange rate. Additionally, employees must be enrolled in a hearing
conservation program if exposed to 85 dBA as an eight-hour TWA or a noise dose of
50% as measured by a personal noise dosimeter (defined as the “actign level

Occupational Noise Exposure in construction is covered by 29 CFR 1926.52.
%) This standard also specifies a PEL of 90 dBA as an eight-hour TWA using a 5 dB
exchange rate but does not specify an action level (e.g., 85 dBA or 50% dose) for
enrollment into a hearing conservation program. However, if employees aredkxpose
to noise greater than the PEL, they are required to be enrolled in a hearing

conservation program.
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The standard stipulates:
Protection against the effects of noise exposure shall be provided when the
sound levels exceed those shown in this section when measured on the A-scale of a
standard sound level meter at slow response. When employees are subjected to sound
levels exceeding those referenced in the regulations, feasible acamtivestr
engineering controls shall be utilized. If such controls fail to reduce sound levels
within the levels of the table, personal protective equipment as required in Subpart E,
shall be provided and used to reduce sound levels within the levels of the table.
OSHA stipulates that workers are to be enrolled in a hearing conservation
program (HCP) when it is documented that their exposures to noise are taate
the action level of 85 dBA for an eight-hour time weighted average (TWA)geateagr
than a 50% dose as measured by a personal noise dosimeter. The OSHA Standards
use a 5 dB exchange rate. Typical hearing conservation programs includepers
noise dosimetry, annual audiometric testing, and proper record ke&hity.
Additionally, employees who are enrolled in an HCP should be trained and educated
on proper use of hearing protection and the risks of hearing loss. Participation in a
HCP shall be provided to employees at no cost. Compliance with the OSHA noise
PEL is enforceable by law. Fines and other penalties can be levied by OSHA

compliance officers if the noise PEL is exceeded.

The American Conference of Governmental Industrial Hygienists (ACGIH)
has developed recommendations for occupational noise exposure. In general, ACGIH
standards are more conservative and are considered to be more protective to worker
health. They are widely considered best practice in industry and are utilizehy
developed countries throughout the world. The standards for noise exposure set by

the ACGIH are not enforceable by law. The ACGIH Threshold Limit Value¥)T
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writes that an eight-hour TWA of noise exposure shall not exceed 85 dBA with a
threshold of 80 dBA™®)

The primary difference between the OSHA and ACGIH standards are the
allowable eight-hour TWAs and the exchange rates used by each orgemiZédie
ACGIH stipulates that workers may be exposed to 85 dBA TWA in an eight-hour day
with a 3 dB exchange rate. The OSHA standard stipulates that workers can be
exposed to 90 dBA TWA over an eight-hour day with a five dB exchange rate. The
exchange rate describes the relationship between an increase in sound predsure le
(SPL) and the decrease in allowable time. When an increase in SPL equal to the
exchange rate occurs, the maximum allowable time for exposure is halved.

The three dB exchange rate is considered to be more conservative because an
increase or decrease of three dB in SPL represents a doubling or halviogsifa
energy. Thus, this relationship is referred to as the equal-energy ruléaldee?).

For example, an eight-hour TWA of 85 dBA is equivalent to an exposure of four
hours at 88 dBA.

The 5 dB exchange rate, as adopted by OSHA, is widely accepted to be less
protective than the three dB exchange rate. The five dB exchange ratesigrsed
to account for occupational environments in which exposure to noise is intermittent in
nature. This would allow for some recovery of the ears. However, most noisy

environments do not provide enough time for adequate recovery between exposures.
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Table 2: OSHA and ACGIH Noise Exposure Limits

480 90 85
240 95 88
120 100 91
60 105 94
30 110 97
<15 115 100

The World Health Organization (WHO) has developed recommended
guidelines for noise exposure for the general population to include leisure-based
activities. The WHO recommended guidelines for noise exposure suggest up to 70 dB
over a 24 hour period can be considered safe to human hearing and the risk for
hearing impairment to be negligible. To avoid hearing impairment, the peak SPL of
impulse noise for adults and children shall not exceed 140 dB and 120 dB

respectively*”

Relevant Studies

There are currently no published in-depth studies which evaluate sound levels
in arenas during hockey games. However, there was a preliminary iatiestig
which evaluated sound levels during Stanley Cup playoff games. Additionally, there
are studies which evaluate concerts and other events held inside arenas.

NIOSH conducted a Health Hazard Evaluation of workers and fans in arenas
during motocross and monster truck events. The investigators found that seven of
eight employees had exposures which exceeded the OSHA Action Limit of 85 dBA.

Additionally, The NIOSH Recommended Exposure Limit and the ACGIH Threshold

13



Limit Value were exceeded in every subject sampled. Fan noise was doedment
using three and five dB exchange rates; average exposures ranged from 97-100 dBA
and 92-95 dBA respectively.

Hodgetts and Li*® conducted noise dosimetry and audiometric testing
during three National Hockey League (NHL) Stanley Cup playoff games. H®dge
and Liu observed equivalent continuous sound levels (Leq) of 104, 101 and 103 dBA
over periods exceeding three hours. Subjects who patrticipated reported muffled
hearing and mild ringing tinnitus after the events. Additionally the autepmsted
that the hearing thresholds of the subjects deteriorated by 5 to 10 dB for most
frequencies, with the most substantial threshold shifts occurring in the 40@0@d€z r
8) This is concerning because human hearing is known to be most susceptible to
damage in the 4000 Hz range.

Notable research regarding noise exposure during sporting events was also
conducted by Axelsson and Claf®) A personal noise dosimeter was worn at one
hockey game. The average sound pressure level was observed to be 100 dBA with a
peak value of 120 dBA. This is equivalent to 117% of the OSHA PEL. Personal
dosimetry was also conducted at game six of the 1987 World Series. The average
SPL was 97 dBA, which is equivalent to 90.4% of the OSHA PEL. The researchers
suggested that fans and attendees should be included in hearing conservation
programs.

William Clark ®® conducted a review of noise exposures of leisure activities
and calculated a geometric mean of 103.4 dBA from 16 studies which evaluated
exposures at discotheques and rock concerts. Clark concluded that occasional
exposure to noise exceeding 100 dBA a few hours per week or month represented

little risk for hearing loss. However, he also concluded that those individuals who
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regularly attend such events, such as artists or workers at the venue, may be at
elevated risk for noise induced hearing loss. Sagthala, found TTS and permanent
hearing loss in student employees working at university venues. Observed sound
pressure levels of the work environment exceeded 90 dBA. Of those that padicipat
29% showed a permanent threshold shift 30 dB or greater.

Engardet al., conducted personal noise dosimetry and area sampling in three
different outdoor football venues and found that 96% of workers sampled were
overexposed by ACGIH standaré®. Further, Engaret al., also found 39% of
workers sampled to be exposed to sound exceeding the OSHA action limit of 85 dBA
with a 5 dB exchange rate and 100% of workers sampled to be exposed to sound
exceeding the ACGIH threshold limit value of 85 dBA with a three dB excharge rat
The investigators emphasized that they believed implementation of hearing

conservation programs to be necessary at the sampled facilities.
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CHAPTER 3: PURPOSE AND SCOPE

Purpose:

In order to successfully host an event at an indoor arena, namely hockey, any
number of support staff may be required to address unique needs. Support staff at
hockey games can include: mobile concessions workers, concession booth workers,
event security, ushers, technical support staff and others. These staff mameber
usually at the arena well before and after the event or game. Occupatiseal noi
exposure at indoor sporting events is of concern for three reasons. First, these
employees are required to work in close quarters with fans that are encoorbged t
as loud as possible. Close quarters of the fans in an enclosed area may enhance
reverberant conditions and increase occupational and recreational noise exposure.
Second, the public address (PA) system is often set to a level that is as loud as or
louder than the fan noise so that patrons can hear the announcer. Finally, arena design
may also contribute to the noise of the environment. This interaction between the
fans, the PA system, and arena design merit an investigation to chaeaateriz
document this exposure. The purpose of this study is to characterize and evaluate the
exposure to employees and fans in attendance at hockey games at venues where
collegiate and semi-professional hockey games are hosted.

The following research questions are used in the context of this thesis tcsaddres

exposure to fans and employees

16



(1) Are workers at professional, semi-professional, and collegiate hoekegsg
overexposed to noise based on currently accepted exposure limits?

(2) Do the observed data indicate differences between workers and fans within
and between the different venues?

(3) What are the potential implications for NIHL in employees and fans due to
occupational and leisure noise exposure in working or attending the hockey

games?

Scope:

Employees and fans from Venue 1 and Venue 2 were solicited for
participation in the study. Unfortunately, a third venue declined to participaty in a
capacity and thus is not included in the remainder of this thesis. Sound surveys were
conducted during three and four home games at Venue 1 and 2 respectively. Venues
were chosen based on size and level of play the venue supported. Initial design
incorporated three arenas with different fan capacities, due to resistance
management at the professional level; the scope of the project was aighjfic
revised to include exposure only at the collegiate and semi-professional levels
Sampling visits were chosen based on the scheduling both of the investigator and of

the venue being sampled.
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CHAPTER 4: MATERIALS AND METHODS

Recruitment

Facility managers from three venues which host hockey games were @dntact
for participation in the research study. This was accomplished formally through use
of a written verbal script. As previously mentioned, management at the third venue
declined any participation in this study. Therefore, only two venues agreed to
participate in the study. Managers at both of the two venues agreed to aid thg prima
investigator in identifying potential candidates for participation in the stutbhers
were identified for participation at both venues. These individuals help patrons to
seating and oversee crowd conduct. Fans were identified for participation prior to
game time and were recruited using a written verbal script and were chosen at
random, due to shortage of time before games fans were not always equally
distributed throughout the arena. All research conducted for this project was done so
in accordance with all rules and regulations imposed by the Institutionavrevi
Board at Colorado State University to ensure protection of all human subjects who
were involved with this research.

Employees and fans were formally recruited into the research stundyausi
written verbal script. Subjects that were recruited for participation irtudg sere
informed of their roles or responsibilities as fans and workers in participation.

Before any participation by any subjects took place, all subjects provideohedor

consent for participation in the study. All research and activities adfiliaith this
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project were conducted according to the protocol approved by the Researchyintegrit
and Compliance Review Office at Colorado State University.

Personal Noise Monitoring

Personal noise dosimetry was conducted using equipment from the Colorado
State University Occupational Safety and Health Administration (OSHA)
Consultation Program. Dosimetry samples were collected using L2esos
Personal Noise Dosimeters models 706RC and 703+ manufactured in Provo, Utah.
The Larson Davis dosimeters can measure noise using up to four configurations (e.qg.,
exchange rates, thresholds, and criterion levels) simultaneously; two combigsirat
were utilized for noise measurement in this project based on OSHA and the America
Conference of Industrial Hygienists (ACGIH) criteria as indicated bier'da below.

Table 3: Dosimeter Settings

Exchange Rate (dB) 3 5

Threshold (dBA) 80 90
Criterion Level
(dBA) 85 90
Criterion Duration
(min)
Weighting A-Weighting
Detector setting Slow
Gain (dB) 0

480

All dosimeters were pre- and post-calibrated according to manufacturer’'s
specifications to ensure accuracy and consistent readings during measurement
Dosimeters were calibrated to 94 and 114 dB. All calibration data were recorded and
changes were noted and percent deviation was calculated where applicaslandra
employees were instructed go about business as usual, but were informed not to tap,
blow, or yell directly into the microphones. One dosimeter per subject was clgpped t

subject’s belt and the microphone was attached to the shirt as close to the hearing
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zone as possible. Dosimetry was conducted with guidance from Besyef’ and

the OSHA Technical Manudf®

Area Noise Monitoring

A Larson Davis System 824 Sound Level Meter (SLM)/ Octave Band
Analyzer (OBA) manufactured in Provo, Utah, was used to conduct all area noise
monitoring during sampling events. Two-minute area samples were takersmesll
in the middle of the respective section. For example, samples were taken on the
North end at the level of the glass, portal to the section, and at the very top of the
section. Figures for both arenas illustrating area sampling locations &@midein
the results section of this thesis. To ensure reliability, accuracy andyahait
SLM/OBA was pre- and post-calibrated according to manufacturer speicifis. The
Larson Davis Sound Level Meter was calibrated to both 94 and 114 dB. All
calibration data were recorded and if applicable, percent deviation watatadcand
recorded. All area monitoring was conducted with guidance from Betrger® and

the OSHA Technical Manudf?

Data Management and Statistical Analysis

Prior to data collection, the statistical laboratory at Colorado State Sityver
was consulted to determine the appropriate number of required number of samples.
Professional statistical consultants conducted a power analysis basedionspre
studies. The total number of samples acquired reflects the input received from CSU
statistical laboratory.

Data from the Larson Davis dosimeters were downloaded and analyzed using
the Larson Davis Blaze software. Dosimetry data were examined on th®hbas
OSHA eight-hour time weighted averages (TWA), OSHA % dose, ACGIH b&igint-

TWA, and ACGIH % dose. Percent dose data were log transformed prior to silatistic
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analysis due to the high variation of the dose data. A two-factor Analysigiahva
(ANOVA) with two venues and two job classifications (i.e., worker or fan), was
conducted on the personal dosimetry data obtained from sampling events. To account
for date, a random effect was nested within venue. An interaction between job and
date within venue was included in this analysis. Individual job by venue means were
compared by pairwise contrasts.

Data obtained from the Larson Davis model 824 during area sound monitoring
were downloaded to a computer using the Larson Davis 824 software. Data were
analyzed on the basis of: equivalent continuous sound pressure level (Leq), and peak
sound pressure level (SPL). Octave band data were recorded for Leq at each
measurement location during sampling events. Both 1/3 and full-octave bands were
recorded. However, only some of the full octave bands are included in the in the
results below to illustrate how the data were used. Data from the SLM wygzeghal

and graphed using Microsoft Excel.
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CHAPTER 5: RESULTS AND DISCUSSION

Personal Dosimetry

Venue 1

A total of 23 personal dosimetry samples (14 workers and nine fans) were
taken during three home games at Venue 1. Tables 4 and 5 contain summary statistics
of worker and fan noise exposures, respectively. Mean OSHA and ACGIH eight-hour
TWASs and % doses for workers and fans are presented in the tables. Table 6 contains
the proportion of workers sampled who were exposed to noise exceeding published
occupational exposure limits. Six of fifteen (40%) workers sampled were oveeexpos
to American Conference of Governmental Industrial Hygienists (ACGHithdsirds
for occupational noise exposure. No workers sampled exceeded the OSHA
permissible exposure limit or the OSHA action limit. Three of nine (33%) fans
sampled over the three home games were overexposed to ACGIH standards for
occupational noise exposure. No exposure to fans exceeded the OSHA permissible
exposure limit or the OSHA action limit. Table 7 contains the proportion of fans
sampled at Venue 1 who were exposed to noise exceeding published occupational

exposure limits.

22



Table 4: Mean Worker Noise Dosimetry Results at Venue 1

Date Sarﬁpled Attendance D(?se 8T-Vr\]l?é\ur Dzose .R%X
anen1| s | ses R e oas| 703
ot s | eue M et | absl a4
wu| o | weo Pl [ IS
Table 5: Mean Fan Noise Dosimetry Results at Venue 1

Date Sarﬁpled Attendance Dog)se 8_|-_Vf\l/(2\ur D(?se 8'I-'Vr\]/(,)Aur
e I e 0 3 0 T
2/19/11 3 6146 M;S” 3?22,.26 ;:;2 53..5536 2.885
il I Mol - - Y

Table 6: Proportion of Workers Sampled at Venue 1 Exceeding Occupational
Exposure Limits

0%

0%

(6/15) 40%

Table 7: Proportion of Fans Sampled at Venue 1 Exceeding Occupational Exposure
Limits

0% 0% (3/9) 33%
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Venue 2

A total of 30 personal noise dosimetry samples (19 workers and 11 fans) were
taken during four home games. Tables 8 and 9 contain summary statistics far worke
and fan noise exposures, respectively. Mean OSHA and ACGIH eight hour TWAs
and % doses for workers and fans are presented in the tables. Eleven of 19 workers
sampled at Venue 2 were overexposed to ACGIH standards for occupational noise
exposure. No workers sampled were exposed to noise exceeding the OSHA
permissible exposure limit or the OSHA action limit. Table 10 contains the
proportion of workers sampled who were exposed to noise exceeding published
occupational exposure limits. Ten of 11 (91%) fans sampled over 4 home games at
Venue 2 were overexposed to ACGIH standards for occupational noise exposure. No
exposure to fans exceeded the OSHA permissible exposure limit or OSHA action
limit. Table 11 contains the proportion of fans sampled at Venue 2 who were exposed

to noise exceeding published occupational exposure limits.

Table 8: Mean Worker Noise Dosimetry Results at Venue 2

2123111| 5 5289 Mseg n 1212228 25 ?7'33 1?2
2126/11) 5 >289 Msesn Sf.'sg 15.3147 12(.)'779;1 1.7;7
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Table 9: Mean Fan Noise Dosimetry Results at Venue 2

p3n1) 3| 89 e ke e
pent| 3| s | s
34| 3 5289 Msesn 32%7.5'361 4.?2 152.;'15 3.23
L6/l 2 5289 Msesn 5531;)572 2.?3 23.122 :.ég

Table 10: Proportion of Workers Sampled at Venue 2 Exceeding Occupational
Exposure Limits

0% 0% (11/19) 57%

Table 11: Proportion of Fans Sampled at Venue 2 Exceeding Occupational Exposure
Limits

0% 0% (10/11) 91%

Table 12: Proportion of Fans and Workers Exceeding Occupational Exposure Limits
by Venue

Venue 1| Venue 2 | Venue 1| Venue 2
(6/15) (11/19) o o
Workers 40% 57% 0% 0%
(3/9) (10/12) o o
Fans 3306 91% 0% 0%
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Area Monitoring

Venue 1

An SLM was used to measure peak SPLs and Leqgs at numerous locations
throughout the arena. Additionally, octave band analysis was conducted at all
locations. Locations where area noise monitoring took place are seen belgwren Fi
3. As displayed in figure 4, the mean Leq for all three games ranged from 8bdBA t
96 dBA; and the peak SPL for all three games ranged from 105 dBA to 124 dBA.
Octave band analysis data from one sampling event on 18 February 2011 are
presented in Figures 5, 6 and 7 and are examples of the data obtained from octave
band analysis during area monitoring. As illustrated below in Figures 5, 6, and 7, the
highest Leq values by octave were consistently in the south end of the arena.
Additionally, the highest three-game mean peak SPL and Leq were measured in the
south end of the arena. Based on preliminary analysis the loudest frequenmnspect
of the noise in the arena during the sampling even on February 18, 2011 was centered

between 500 and 2000 Hz.
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Figure 3: Measurement Locations at Venue 1
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Three-game mean Leq and Peak sound
pressure level by Location
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%111111111113&3

Figure 4: Three-game Mean and Peak SPL by Location and Level in the Arena

Figure 4 notes: * - Student Section. The highesikSPL and Leq values were observed in the stséetibn

during sampling.
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Lower-arena location
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Figure 5: Leq by Octave in Lower Arena Locations as Measured on Fghifia

2011
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Figure 6: Leq by Octave in Mid Arena Locations as Measured on February 18
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Venue 1, 2-18-2011 Leq by octave by
upper-arena location
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Figure 7: Ledpoy Octave in Upper Arena Locations as Measuredaimary 18, 201

Venue 2

An SLM was used to measure peak SPLs and Leqswatnous location
throughout the arena. Additionally, octave banalsis was conducted at .
locations. Locations where ia noise monitoring took place are seen below iniféi
8. As displayed in figure 9he mean Ledpr all four games ranged from 85 dBA
97 dBA; and thgoeak SPL for all three gan ranged from 110 dBA to 117 dB.
The mean Leq and peak SPL for all 1 games are displayed graphically in Figure
On average, the Leq and peak data obtained fromnaoaitoring the distributio
appears to be relatively uniform in most cased) wlight deviations in the low-
south and uppegast locations of the are Octave band analysis data from «
sampling event on February 23, 2011 is containddgares 10, 11 and 12. Based
preliminary analysis hteloudest frequency spectrum of the noise in theaademing

the sampling even on February 23, 2011 was red between 500 and 2000
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Figure 8: Measurement Locations at Venue 2

4-game Mean Leq and Peak Noise by

_ location

<

5 130

© 120

g w4455 5

g 100 +——8—H—H 8 8 & % 8 & & &

T

o

2

® H Leq (dBA)
[

2

& Peak (dBA)

Figure 9: Four-game Mean Leq and Peak Sound Pressure Level by Location and
Level in the Arena

Figure 9 notes: * = Pregame introductions, ** htermission
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Venue 2, 2-23-2011 - Leq by octave by
lower- arena location
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Figure 10: Leq by Octave in Lower Arena Locations as Measured on February 23,
2011

Venue 2, 2-23-2011 - Leq by octave by mid-
arena location
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Figure 11: Leq by Octave in Mid Arena Locations as Measured on February 23, 2011
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Venue 2, 2-23-2011 Leq by octave by
upper-arena location
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Figure 12: Leq by Octave in Upper Arena Locations as Measured on February 23,
2011

Statistical Analysis

To ensure statistical validity, noise dosimetry data were tested forIhorma
distribution; assumptions of normality were met. To compare results obtained from
noise dosimetry at both venues, a two-factor analysis of variance (ANOWAjwat
venues and two classifications, worker or fan, was conducted. To account for event
date, a random effect was nested within venue. An interaction between job and date
within venue was included in this analysis. Individual job by venue means were
compared by pairwise contrasts. All statistical comparisons were\mt85%
confidence limits¢ = 0.05). Pairwise comparisons of workers and fans included:
OSHA eight-hour TWA, log transformed OSHA % dose, ACGIH eight-hour TWA

and log transformed ACGIH % dose. Data from the pairwise comparisons are
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contained in Tables 12, 13, 14 and 15. These data are displayed graphically in
Figures 13, 14, 15, and 16.
The results of the two-way ANOVA indicate significant differences (p05)
in comparing the groups studied on the basis of: OSHA eight-hour TWA, log
transformed OSHA % dose, ACGIH eight-hour TWA, and log transformed ACGIH
% dose. Significant interactions were found between fans and workers at within
venues, between fans by venue, and between fans and workers at different venues.
Specific significant interactions found for each variable are listed belthwei
following paragraphs.
Mean OSHA eight-hour TWA
In evaluating difference of least square means of the OSHA eight-hour TWA,

significant differences (p <0.05) were found for most pairwise comparisons.af@ns
workers at Venue 1 were found to have significantly different OSHA eight-noidy T
values. Fans between venues were found to have significantly different OSHA eight
hour TWA values. Fans at Venue 1 were found to be significantly different from
workers at Venue 2. Workers at Venue 1 were found to have significantly different
OSHA eight-hour TWAs compared to fans at Venue 2. Finally, exposures of fans at
Venue 2 were found to be significantly different from workers at Venue 2. No
significant difference was found in workers between venues. Significanteditkes
indicated the following:

e Exposure to fans at Venue 1 were significantly less than workers at Venue 1

e Exposure to Fans at Venue 1 was significantly less than fans at Venue 2

e Exposure to fans at Venue 1 was significantly less than workers at Venue 2

e Exposure to workers at Venue 1 was significantly less than fans at Venue 2

e Exposure to fans at Venue 2 was significantly greater than workers at Xenue
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Mean Log transformed OSHA % dose

In evaluating difference of least square means of mean log transforgtétl O
% dose, significant differences (p <0.05) were found for most pairwise comparisons
Fans and workers at Venue 1 were found to have significantly different OSHA %
dose. Fans between venues were found to have significantly different OSHA % dose.
Fans at Venue 1 were found to be significantly different from workers at Venue 2.
Workers at Venue 1 were found to have significantly different OSHA eight-hour
TWAs compared to fans at Venue 2. Finally, exposures of fans at Venue 2 were found
to be significantly different from workers at Venue 2. No significant diffeeevas

found in workers between venues. Significant differences indicated the following

Exposure to fans at Venue 1 were significantly less than workers at Venue 1.

Exposure to fans at Venue 1 was significantly less than fans at Venue 2

Exposure to fans at Venue 1 was significantly less than workers at Venue 2

Exposure to workers at Venue 1 was significantly less than fans at Venue 2

Exposure to fans at Venue 2 was significantly greater than workers at ¥enue
Mean ACGIH eight-hour TWA

In evaluating differences of least square means of the ACGIH eight-hour
TWA, significant differences (p <0.05) were found for most pairwise comparisons
Fans between venues were found to have significantly different ACGIH eight-hour
TWAs. Fans at Venue 1 were found to have significantly different ACGIH TWAs
compared to workers at Venue 2. Workers at Venue 1 were found to have
significantly different ACGIH eight-hour TWAs compared to fans at Venue 2.
Finally, exposures of fans at Venue 2 were found to be significantly diffecent f

workers at Venue 2. Fans and workers at Venue 1 were found to have no significant
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differences in ACGIH eight-hour TWA. No significant differences weratbin
workers between venues. Significant differences indicated the following:

e Exposure to fans at Venue 1 was significantly less than fans at Venue 2

e Exposure to fans at Venue 1 was significantly less than workers at Venue 2

e Exposure to workers at Venue 1 was significantly less than fans at Venue 2

e Exposure to fans at Venue 2 was significantly greater than workers at Xenue
Mean Log transformed ACGIH % dose

In evaluating differences of least square means of the log transfor@@tHA

% dose, significant differences (p <0.05) were found for most pairwise comparisons
Fans between venues were found to have significantly different log trandforme
ACGIH % dose. Fans at Venue 1 were found to have significantly different log
transformed ACGIH % dose compared to workers at Venue 2. Workers at Venue 1
were found to have significantly different log transformed ACGIH % dose cothpare
to fans at Venue 2. Finally, log transformed ACGIH % dose of fans at Venue 2 were
found to be significantly different from workers at Venue 2. Fans and workers at
Venue 1 were found to have no significant differences in log transformed ACGIH %
dose. No significant differences were observed in workers between venues.
Significant differences indicated the following:

e Exposure to fans at Venue 1 was significantly less than fans at Venue 2

e Exposure to fans at Venue 1 was significantly less than workers at Venue 2

e Exposure to workers at Venue 1 was significantly less than fans at Venue 2

e Exposure to fans at Venue 2 was significantly greater than workers at Xenue
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Table 13: Difference of Least Square Means: OSHA 8 hr TWA

Comparison Estimate DF t-value P-value Alpha
f(1)w(1) -5.369 43.1 -3.57 0.0048* 0.05
f(L)f(2) -12.4034 9.88 -5.24 <0.0001* 0.05
f(1)w(2) -8.4148 8 -3.76 0.0027* 0.05
w(1)f(2) -7.0343 8.32 -3.11 0.0168* 0.05

w(1l)w(2) -3.0457 6.55 -1.43 0.486 0.05
f(2)w(2) 3.9887 43.2 2.89 0.0292* 0.05
Table key:
* = significan differences, p < 0.05
1=Venue 1
2=Venue 2
f= Fans
w= workers
Mean OSHA 8-hr TWA
85
80
g
2
g 75
T
3
® 70
g B Workers
< 65 M Fans
60
Venue 1 Venue 2
Workers 71.5778 74.99
Fans 66.5778 78.9812

Venue

Figure 13: Mean OSHA 8 Hour TWA
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Table 14: Difference of Least Square Means: Log Transformed OSHA dos

Comparison Estimate DF t-value P-value Alpha
f(1)w(1) -0.3218 43.1 -3.55 0.0009* 0.05
f(L)f(2) -0.7441 9.95 -5.25 0.0004* 0.05
f(1w(2) -0.5041 8.04 -3.77 0.0054* 0.05
w(1)f(2) -0.4223 8.36 -3.12 0.0135* 0.05
w(1l)w(2) -0.1823 6.57 -1.43 0.1974 0.05
f(2)w(2) 0.24 43.2 2.89 0.0059* 0.05
Table key:
*=p< 0.05
1=Venue 1
2=Venue 2
f= Fans
w= workers
. Mean Log 10 OSHA % Dose
S 15
x
©
(]
E 13
L
g
= 1.1
[=T:]
S
0.9
0.7 B Workers
M Fans
0.5
0.3
Venue 1 Venue 2
Workers 0.9141 1.0964
Fans 0.5923 1.3364

Venue

Figure 14: Mean Log Transformed OSHA % Dose
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Table 15: Difference of Least Square Means: ACGIH 8 hr TWA

Comparison Estimate DF t-value P-value Alpha
f(1)w(1) -1.9775 43.1 -2.22 0.1346 0.05
f(Lf(2) -6.6179 12.5 -5.41 <0.0001* 0.05
f(Aw(2) -3.0407 9.56 -2.68 0.0492* 0.05
w(1)f(2) -4.6404 10 -4.03 0.0012* 0.05

w(1l)w(2) -1.0632 7.27 -1.01 0.747 0.05
f(2)w(2) 3.5772 43.2 4.38 0.0004* 0.05
Table key:
*=p< 0.05
1=Venue 1
2=Venue 2
f= Fans
w= workers
Mean ACGIH 8-hr TWA
87
86
85
3 84
2
3
o 83
T
3
f@ 82
g m Workers
v 81
< ™ Fans
80
79
78
Venue 1 Venue 2
Workers 83.8775 84.9407
Fans 81.9 85.5179

Venue

Figure 15: Mean ACGIH 8 Hour TWA
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Table 16: Difference of Least Square Means: ACGIH Log TransfoA8IH dose

Comparison Estimate DF t-value P-value Alpha
f(1)w(1) -0.1978 43.1 -2.21 0.1356 0.05
f(L)f(2) -0.6617 12.6 -5.4 <0.0001* 0.05
f(Aw(2) -0.3031 9.58 -2.57 0.0505* 0.05
w(1)f(2) -0.4639 10.1 -4.02 0.0013* 0.05
w(1l)w(2) -0.1058 7.28 -1 0.7529 0.05
f(2)w(2) 0.3587 43.2 4.38 0.0004* 0.05

Table key:
*=p< 0.05
1=Venue 1
2=Venue 2
f= Fans
w= workers
Mean Log 10 ACGIH % Dose
(]
3
° 2.4
g
£ 22
8
e 2
o
=
& 18
—
16 m Workers
1.4 M Fans
1.2
1
Venue 1 Venue 2
Workers 1.8881 1.9934
Fans 1.6903 2.352

Venue

Figure 16: Mean log transformed ACGIH % dose
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Discussion:

Significant differences were found in all variables analyzed betvessnaind
workers within and between venues after analyzing data acquired from personal
dosimetry at the respective venues. The only exception however, was that no
significant differences were detected in comparing workers betvwasares for any
variable. Additionally, no significant differences in means were detectedd&et
fans and workers at Venue 1 in evaluating mean ACGIH eight-hour TWAs amd mea
log transformed ACGIH % dose. Based on SLM and personal dosimetry data, Venue
2 was louder than Venue 1. Also noteworthy is the fact that exposures to workers
sampled at Venue 1 were significantly less than exposure to fans at Venlesthehi
reverse is true for Venue 2. In general the fans at Venue 2 were found to have the
greatest exposure of all of the groups evaluated; this was also found to beatstisti
true.

Significant differences between fans and workers between and within venue
may be attributed to the location of the worker or fan. That is, ushers who stood in
the portal to the seating area may have been protected from the crowd noise because
of the location of the post. Work is not usually conducted in close proximity to the
fans. Ushers at both venues conducted work in similar fashion; they would report to
the assigned post and remain there until intermissions. During intermissions, usher
reported to the outer concourse to supervise fan activity. Fans on which personal
dosimetry was conducted, most often remained seated for the duration of the game
and therefore were in close-proximity to other noise producing fans which may
contribute to an increased overall dose to the fans.

The significantly increased exposure in fans at Venue 2 compared to those at

Venue 1 may be attributed to a number of factors. Venue 2 is widely known to have a
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loyal fan base and at the time had a streak of more than 300 sold out home games.
The fans of Venue 2 may have been more intense or more “die-hard” than those in
attendance at the Venue 1. Venue 2 has been coined as the loudest arena in region.
This may result in a noticeable difference in attitude and behavior of fansa¢ Ze
to produce more noise. It is also be helpful to evaluate the capacity and level of
attendance of the games sampled. Venue 1 has a higher seating capacitefpr hoc
games compared to the Venue 2, but attendance was not substantially increased
compared to Venue 1. This means there were more empty seats, and on average there
may have been more distance between fans which may have contributed to the
observed decreased dose of sampled fans compared to those at Venue 2.

Among workers sampled during the home games at Venue 1 and Venue 2,
40% and 57% were exposed to noise that exceeded ACGIH standards for
occupational noise exposure. None of the workers sampled had exposure above the
OSHA Permissible Exposure Limit or the OSHA Action Limit. Even thowglults
of the personal dosimetry indicated no legal implications, a combined 50% of all
workers sampled between the two venues exceeded the recommendations for
exposure to occupational noise published by the ACGIH.

The study conducted by Engaatchl.® found that 96% of workers sampled
were exposed to noise levels exceeding the ACGIH TLV and 39% exceeded the
OSHA action limit. Engaret al. ° also highlighted that 96% of fans sampled
exceeded the ACGIH TLV.. The current study found that only 40% of workers
sampled at Venue 1 and 57% at Venue 2 exceeded the ACGIH TLV. This study also
found that 33% and 91% of fans exceeded the ACGIH TLV. Additionally no workers
or fans sampled in the current study exceeded the OSHA action limitdifldrences

observed between the two studies may be attributed a number of factors including:
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attendance of the event, specific game environments, and popularity of the sporting
event.

Data collected during NHL playoff hockey by Hodgetts and4tindicated
that the Leq ranged from 101 to 104 dBA. This noise level range was greater than the
noise-level ranges observed in the current study. Hodgetts and Liu documented a
very popular sporting event during post season professional playoff hockey and is not
a typical game environment. Additionally, Axelsson and Cfatkwho conducted
similar preliminary investigations at professional hockey games @lswl fexposures
to be in excess of 100 dBA. These studies represent atypical exposure at indoor

sporting events.

Limitations

The primary limitation of this study is the lack of a third venue for
comparison. Capacity of the proposed third venue was substantially larger than the
two included in the study. Comparing the studied populations to a third venue would
increase the relevance of the research to occupational and recreationatpusseee

A second limitation to this study addresses randomness of the samples taken at
the each game. Efforts were taken to ensure a representative and randonosample
the workers and fans in attendance at each game. But due to lack of time, lfinancia
and human resources the samples taken were not completely at random. Some
workers were sampled over multiple games while others were not. Due tanmesist
of random fans to participate in the study, some fans were sampled at more than one
event.

Another limitation that needs to be addressed is the nature of the sound level
meter data. Two minute measurements were taken at every location during every

game. However, the timing of the measurements at each location is not the same for
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each reading. For example, a reading at the lower south end of an arena may have
taken place in minute three of the second period; the readings in the lower north, west
and east ends are compared directly even though the time elapsed in the game of the
measurements is not the same. Averaging all of the measurements froméise ga

could potentially balance the distribution of the noisy periods sampled events. If

more resources were available, more comprehensive surveys could be conducted and

accurate time comparisons between locations could occur.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

Evaluation of worker and fan exposure to occupational and recreational noise
was conducted in this study to address the following research questions:

(1) Areworkers at professional, semi-professional, and collegiate hockey games
overexposed to noise based on currently accepted exposure limits?

Sampling data indicated that 40% of workers sampled at Venue 1 and 57% of
workers sampled at Venue 2 were overexposed to occupational noise according to
ACGIH recommendations. No workers or fans at Venue 1 or Venue 2 approached the
OSHA action limit (i.e., 85 dBA) for enrollment into a hearing conservation prggram
therefore no workers were exposed to noise in excess of the OSHA PEL.

Fifty percent of all workers sampled between the two venues were exposed to
noise exceeding the ACGIH TLV.

(2) Do the observed data indicate differences between workers and fans within

and between the different venues?

Results from a two-way ANOVA indicated that there were several gignif
differences in personal noise exposure of workers and fans within and between the

venues studied. A two-way analysis of variance was conducted on OSHA eight-hour
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time weighted averages, log transformed OSHA % dose, ACGIH eight-hour
time weighted averages, and log transformed ACGIH % dose. Results from the
statistical analyses indicated that Venue 2 was significantly louder than Yemue
nearly all pairwise comparisons for all variables of interest. Noigesexe to fans at
Venue 2 was significantly greater than Venue 1in all variables stalligt@nalyzed.

The two-way ANOVA indicated that noise exposure to workers between
venues were never significantly different regardless of the variablg aealyzed
(p>0.05). Additionally, fans and workers from Venue 1 were not significantly
different in evaluating ACGIH eight-hour TWA and log transformed ACGIH % dose
(p > 0.05). Conversely the same comparison was significantly different in eévgluat

OSHA eight-hour TWA and log transformed OSHA % dose.

(3) What are the potential implications for NIHL in employees and fans due to

occupational and recreational noise exposure in working or attending the

hockey games?

In evaluating the data obtained from the personal noise dosimetry conducted
on workers and fans, 33% and 91% of fans and 40% and 57% of workers at Venues 1
and 2 respectively were overexposed to the recommended ACGIH noise exposure
limits. It is well documented that exposure to hazardous occupational noise (> 85 dB)
contributes to increased risk for development of noise induced hearing iss.
WHO recommendation to assess noise exposure to patrons of entertainment venues
by occupational exposure limitsis applied to this study; therefore, it can be

concluded that many of the fans were overexposed to noise.
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This study represents only one aspect of occupational exposure for these types
of workers. Event support staff observed in this study may work many different

events at multiple venues in the area.

Recommendations

Workers

Noise levels within both arenas were well below the OSHA action limit of 85
dBA TWA or 50% dose, therefore no formal hearing conservation program is
recommended for these facilities for compliance with OSHA standards. dqvife
managers want to assure that employees are not overexposed to the recommended
ACGIH criteria (8 hour TWA of 85 dBA) it is recommended that a hearing
conservation program be implemented for both venues. Prior to the beginning of the
study, both venues provided hearing protectors to workers to use on a voluntary basis.
However, it is unknown whether employees were trained on how to properly use

hearing protection.

Fans

Prior to the study, there were reports from fans that noise in certaionseoti
Venue 2 was excessive. In response, management at Venue 2 began offemigg heari
protection to fans who were concerned about excessive noise exposure. However, it
was not observed that the facility was actively advertising the avayaidihearing
protectors. It was noted by the investigator that different sections ecated closer
or farther away from the public address system speakers. This may playraholv
loud a patron or worker perceived the event to be. It is recommended that Venue 2
continue to offer hearing protection to patrons and that Venue 1 begin offering

hearing protectors to those who seek it.
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Future Research

This study has illustrated the potential for overexposure to ACGIH criteria
This study only characterized one event of noise exposure relevant to the workers at
these facilities. Depending on the staffing agency, workers may work diféargnt
venues and many different types of events. Therefore, further research could be
conducted to characterize occupational noise exposure of event support staff as they
work different venues and different types of events. Future research could also
incorporate pre- and post-audiograms to detect the presence of TTS in workers at
these venues. Future research to further characterize occupational exposise
at indoor arenas should incorporate a third venue with a more substantial diffarence
fan capacity.

Research should also be undertaken to determine if certain locations within the
stadium are louder than others and to determine if speaker location within the aren

has a significant effect on noise exposure at certain locations within the arena.
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