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Abstract

Hospital noise is a worldwide issue, with detrimental effects on health and healing. The busy emergency department (ED) typically
generates excess noise. Few studies have investigated noise levels within the Australian ED. This study examines noise in this
setting, in turn suggesting how noise levels may be reduced. Noise level measurements occurred in 4 locations within the ED
during peak staff and patient flow times over selected 7-hour periods. These were compared to the available standards and
guidelines and supplemented by regular staff surveys documenting perceived noise. Findings indicated that all 4 locations exceeded
the maximum recommended levels by up to 20 dB. Staff perception surveys suggested that most noise was created by people
(conversations). Reducing noise in the ED may be achieved by (I) decreasing the generation of noise and (2) reviewing building
layout and introducing physical noise controls such as noise-absorbing ceiling tiles and acoustic barriers/curtains.
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Background Sound pressures in the audible range vary greatly in mag-
nitude and hence are represented on a logarithmic decibel
scale. Since it is not practical to examine noise at every fre-
quency, the spectrum can be apportioned into a set of ranges
known as bands. Octave bands are commonly used in

An ability to detect and decode sounds is essential for all human
beings. Sound typically plays a key role in communication
between people and is likely to be found in most community
environments. Unnecessary sound (noise) has been known to
have adverse effects on physical and emotional health.'” The
negative effects of noise can be pervasive in many situations,  supplementary material for this article is available on the Music and Medicine
including health care settings. Noise can negatively impact onthe  website at http:/mmd.sagepub.com/supplemental.

care environment, affeCting people in various ways. As Florence 'School of Mechanical and Manufacturing Engineering, Faculty of Engineering,
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absence of care which can be inflicted either on sick or well.”*
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created through pressure variations oscillating through a Australia

medium, most commonly air, which the ear can detect. These

sound waves occur over a wide range of frequencies, with X . ) )
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industrial acoustic analysis. One-third octave bands are also
utilized, particularly in noise control applications. The
nature of one-third octave bands represents the noise in
ranges a third smaller than those in the octave bands. In
other words, in octave bands there is 1 measurement per
band whereas in one-third octave bands, there will be 3
measurements equally distributed within the band. The addi-
tional data provide a more detailed depiction of the fre-
quency content of the noise being analyzed.

Noise descriptors are also used to summate noise through a
given period.® Standards and guidelines generally use the con-
tinuous equivalent noise descriptor (L¢q), which is the averaged
noise levels over a period. For more statistical analysis the Ly,
Lax, and Ly, descriptors are also used. Ly, and Ly, are the
maximum and minimum measured sound levels, respectively.
Ly is the noise level heard for N% of the time. For example,
Lo is a measure of the maximum levels reached, and Lo, is
a measure of residual background noise.

In addition, sound weighting filters are applied in analysis to
compensate for the human ear’s natural filtering system. The
A-weighting filter is most commonly used in references and
standards as it approximates the human perception of sound.®
An average healthy human ear is sensitive enough to notice
at least 1dB(A) of difference. An overexposure to high noise
levels may cause irreversible hearing damage along with other
health implications.’

Noise in Emergency Departments

In most community indoor environments noise will be present;
however, direct links to health effects and health risk are chal-
lenging to identify. Nevertheless, the measurement of noise and
its effects on people has received increasing attention in recent
times.*® The World Health Organization (WHO) has created
guidelines for community noise, which are applicable world-
wide. The WHO recommendation’ for hospitals is that indoor
hospital ward rooms should have a sound level of 30dB(A),
with a maximum of 40dB(A). It also indicates that hospital
treatment rooms are to keep noise as low as possible. The
Australian Standards (AS2107:2000'%) recommend a building
design level for “casualty areas” and “nurses stations” as
having a satisfactory and maximum sound level of
40 dB(A) and 45 dB(A), respectively. “Waiting rooms” have
a recommended level of 40 dB(A) and maximum of 50 dB(A).

There have only been a few studies looking at noise in
acute hospital settings in an Australian context. An ICU
study'' found averaged noise levels of 56 to 58 dB(A), with
peaks up to 95dB(A). In another study, an emergency
department (ED) averaged levels reaching up to 64dB(A)."
Research in similar settings has been conducted internation-
ally."'>"'7 Most of these studies found health care noise lev-
els to be well above the recommended guidelines. Emerging
from all of these studies is an expressed concern about the
effects of high noise levels in health care settings.'® Due to
its high volume of activity and typically stressful patient

care needs, the sound environment of the ED demands
further investigation.

Competing needs exist: The patients require a healing
atmosphere for their treatment, and at the same time it is the
work context for hospital staff who repeatedly spend long peri-
ods of time in this environment. This means that the sound levels
must be minimized for the healing process but high enough to
sustain the interaction required for health care delivery. Noise
within hospitals has previously been identified as emanating
from several sources including humans, machinery, alarms, and
building noises.'® Prolonged exposure to the accumulated noise
can interrupt the regular flow of work and is likely to impede
healing processes. Research has shown that with elevated noise
levels in the complex ED environment, people exposed were
likely to experience additional adverse physical and psychologi-
cal effects.”® These effects ranged from minor annoyance or dis-
traction to increased stress levels, communication disruptions,
hearing loss, and/or cardiovascular strain.*?'2?

The objective of this study is to extend previous studies of
noise within health care environments, through the investiga-
tion of noise levels in the ED within an Australian context. It
then seeks to identify the sources of noise in order to develop
strategies aimed at reducing the detrimental effects of noise
within the ED environment. Unlike previous investigations,
this study explores both patient and staff areas.

Method

This study involved the analysis of noise obtained from 2 data
sources: (1) physical measures obtained from a noise data
logger and (2) a survey completed by hospital staff during the
measuring period. This systematic study was conducted in the
ED of a large urban tertiary hospital. The ED featured a number
of separate but linked patient care areas, as further outlined in
the following. In conjunction with liaising hospital staff, a
noise monitoring schedule was organized to measure each area
on 3 different days for 7 hours (from 1 pm to 8 pm), capturing the
expected peak flow times (from 2 pm to 4 pm and from 6 pm to
8 pm). This study was approved by the relevant Area Health
Service Ethics Committee.

Measurement Areas

The physical environment of the ED was characterized by flat
hard surfaces of painted walls, linoleum floor coverings, high
ceilings (approximately 2.7 m from the ground), thin curtains
of synthetic material, items on wheels (such as beds, monitors,
ambulance trolleys, wheelchairs), and automatic or swinging
doors. There was no apparent sound insulation or dedicated
sound absorptive materials, other than hospital resources such
as blankets on beds and the people themselves.

Limited time and resources meant that only a selection of
locations was monitored for this study. The 4 areas nomi-
nated were considered by hospital staff to be the noisiest
locations from the ED. These were known as the triage, the
bridge, the emergency medical unit (EMU), and the waiting
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room. These locations were high-flow traffic areas where
patients, staff, or both were exposed to noise. Each exact
location for the noise logger setup was approved by staff
to (1) minimize interference with regular work practices and
(2) ensure that it did not represent a physical hazard related
to movement and activities. To notify people about record-
ing, appropriate signage was displayed on and around the
secured equipment.

e The triage (27.3 m*)—located at the entrance of the ED—is
the first point of contact for patients arriving at the ED, who
typically present with undiagnosed and unstable conditions
and in multiple numbers.>* The triage process involves
rapid assessment, interpretation of clinical history and
physiological findings, categorization of urgency, and dis-
position to an appropriate management area.>> The triage
episode is generally expected to take no more than 2 to
5 minutes, balancing speed and thoroughness with timely
access to necessary clinical intervention. After assessment,
patients may be directed back to the attached waiting room,
to subacute treatment rooms, or into the ED acute treatment
area via locked restricted-access doors. This area forms a
thoroughfare for staff entering and leaving the ED to access
the main hospital and ED offices, and a transit point for
patients being transported to the main hospital for further
assessment or admission.

e The bridge (48.6 m®): This physically elevated area is the
main area for clinical documentation and computer access
for medical staff, and the nurse in charge is stationed here.
The bridge is centrally located within the acute area of the
ED, surrounded by several entrances for the ED, including
the entrance from the waiting room, the ambulance bay,
and the ED reception and triage office area as well as the
flow of people accessing the entrances. This area is
encircled by patients in the acute patient treatment area, and
in one direction the resuscitation area. Mobile medical
equipment is also stored in various locations close to the
bridge.

e The EMU (405.3 m®): Situated at one side of the depart-
ment behind the acute area, this is a short-stay (<23 hours)
observation area for patients who are relatively stable. The
EMU is assumed by staff to be quieter than the other areas
(as based on personal communication with the researchers)
and acts as a patient rest area prior to discharge. Less-
intense treatment activity occurs here; however, routine
activities such as moving beds and staff interactions typi-
cally occur. A small documentation station exists in this
area, with clusters of mobile medical equipment stored
close by.

e The waiting room (148.8 m>): Located at the entrance of
the hospital ED, this area anecdotally shows widely vary-
ing noise levels depending on the unpredictable flow of
patients and their family/carers at any given time. Patients
with less urgent conditions or injuries may need to wait for
considerable periods for treatment. Nevertheless, they are
likely to be experiencing pain and stressful health

problems while they wait. A range of challenging and loud
social behaviors are often observed by staff in this area.
This area is situated close to road access, the car park, and
the emergency services helicopter landing pad. These
external transport sounds can also be heard in the
waiting room.

Materials

Physical noise measurements were taken using an environmen-
tal noise logger (RTA04; Renzo Tonin & Associates, New
South Wales, Australia). The system consisted of 3 major ele-
ments: an International Electrotechnical Commision-approved
class 1 integrating sound level meter (CESVA SC310; Renzo
Tonin & Associates); an appropriate power source; and a
weatherproof hard case. The case integrated an adjustable stand
for the microphone which connected to the sound level meter.
The noise logging device was initially calibrated and set up in
accordance with the Australian Standards**?® to ensure the
validation of results. The majority of the testing was measured
in one-third octave band spectrum analysis over the 20 Hz to 10
kHz frequency range which ensured that the measured data
detailed the distribution of noise across frequencies, especially
those which are sensitive to human hearing.

A survey developed and distributed by the liaising staff
identified noise patterns in order to understand the links
between the experienced and measured noise levels. This
survey was substantially based on Topf’s Disturbance Due
to Hospital Noise Scale,'” and was modified by liaising with
staff in order to address the local conditions and context.
The survey required staff to indicate the perceived severity
of particular noise sources on a 1 to 5 scale (1 = never; 5 =
extremely). The listing of particular noise sources included
people-related noise (conversations and patient-related
noise), noise created by processes (administration including
phones and the public address system, transport, meals,
machinery), and mechanical noise (doors, moving beds,
machinery). The survey was completed by staff on a regular
basis during the noise logger measurement periods and
appears in the online Appendix A.

Process

The systematic approach involved setting up the sound level
meter to log measurements in dB with an A-weighted filter. In
addition, the measurements were taken in spectrum analysis
mode that processed the data in either one-third octave or octave
frequency bands. The levels were sampled in 15-minute inter-
vals in the LO range (30dB-100dB) and FAST response (a
response time of 1/8 second) settings, in accordance with the
WHO guidelines. The microphone was set up to be at least
1.5 m above floor level, in accordance with AS1055, which was
approximately the standing level of the human ear. After com-
pleting measurements, internally processed data (following stan-
dard algorithms) were exported from the noise logger into a
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Figure 2. Frequency analysis of noise in the emergency department
(ED).

Microsoft Excel (Microsoft, Redmond, Washington) spread-
sheet from which summary tables and figures were generated
relating to locations and noise features. Results of the staff noise
survey were collated, entered, and analyzed using descriptive
statistics and then compared to the results of the physical noise
measurements.

Results

All of the areas had an L.q of over 50 dB(A), with averaged
values of 60 dB(A) or higher for all the locations throughout
the 7 continuous hours of testing. A summary of the results
throughout the locations can be seen in Figure 1. The L values
for each of the areas exceed the AS2107 recommendation'® by
at least 10 dB(A). In comparison to the WHO guidelines,' the
measurement(s) exceeded the recommended level by at least
20 dB(A).

In a comparison of the 4 locations, the bridge was the noi-
siest area with average sound pressure levels reaching up to
68 dB(A). The EMU had the lowest L.y 7 hours, but had the
greatest varying range throughout the 7 hours and had the

Figure 3. Percentile noise levels-Ln.

potential to be noisier than some of the other areas. The waiting
room experienced noise that varied through a compact range,
only varying less than 7 dB(A), indicating that the noise in the
waiting room was constant in comparison to the other loca-
tions. The triage area had consistent average levels throughout
the 3 days but had a slightly larger range in comparison to the
waiting room. The triage had an average closer to the maxi-
mum L., for that time, which suggests that noise levels were
predominantly high, with only a few quieter periods.

Noise levels across the frequency spectrum from 20to 31.5 Hz
were over 70 dB. The curve shown in Figure 2 is relatively flat,
showing a slight peak around 500 Hz. The relatively even spread
across the frequencies implies that there was no dominant noise
source. This suggests that the noise was predominantly mitigated
through the ED as it reflected off surfaces in the vicinity. Further
investigation needs to look at the impact of each noise source for
each area to determine the cause of the small peak.

The bridge reached instantaneous peaks over 90 dB(A)
which is at least 50 dB(A) over the recommended maximum.
This can be seen in Figure 3, which represents the noise levels
heard for a certain percentage of time denoted by Ly, where N
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Figure 4. Noise sources observed.

is the percentage of time for which the noise is heard. For 90%
of the time, the noise is above 50 dB(A) which exceeds the hos-
pital recommendations by at least 5 dB(A) for the Australian
Standard and 10dB for the WHO guidelines.

Based on the survey, the many sources of noise identified were
grouped into the following: people-related noise, administration
noise, noise from equipment, and other various sources (see Fig-
ure 4). People-related noise, although mainly conversational, also
included patient-related noise such as coughing, moaning, and
various other noises. Conversations alone made up 38% of the
chart. The second-most-dominant noise was other forms of com-
munications such as administrative matters, phones, and the inter-
com system. Medical equipment, whether it was through alarms
or the physical movement of the equipment, was another signifi-
cant contributor to noise in the ED. Other prominent noise sources
included the television and the sound of doors. Various sources of
noise that were evident but not predominantly heard included
patient transport, rubbish collection, bathroom noises, curtain
opening/closing, and meal servicing.

In order to further understand the experience of noise in the
ED, perceived noise from the survey was compared to the actual
measured physical noise levels. At certain times common trends
could be seen, where heightened noise levels correlated with sur-
veys identifying higher levels of noise from several sources dur-
ing the time of the recording. As it was out of scope to measure
the noise emitted by the different noise sources, it was not pos-
sible to distinguish the levels contributed by particular sound
sources in the measured data. Hence, there was no direct link
between the physical data and the survey perceptions.

Discussion

This study has provided insights into noise in an Australian ED
by monitoring and assessing noise levels in high patient and

staff occupied areas. The data collected found elevated noise
levels above the guidelines (WHO,1 AS,10 American National
Standards Institute,”® and Environmental Protection Agency
[UST), consistent with the previous studies. The highest level
of L.q measured exceeded the recommended levels by at least
20dB(A). This disturbing trend of elevated noise levels through
multiple studies emphasizes health care noise as an issue that
needs to be addressed.

Further to this, a survey has described the perception of noise
by staff working in the environment, thereby assisting with iden-
tifying noise sources that may be distracting and possibly
increase irritation and annoyance. The most prominent noise
sources indicated by the survey were people-related noise—con-
versations between staff and patients. Although communication
is important in this critical environment, people need to be aware
that the noise they create via conversation spreads throughout
the department. Many of the noise sources evaluated from the
survey can be addressed by increasing awareness that can lead
to changes in practice. However, further noise control measures
may need to be applied to lower the noise levels to meet the
stated recommendations and guidelines.

Staff typically considered the EMU to be a quiet patient
rest area. However, physical measures showed that the EMU
area experienced almost equal amounts of noise compared
to the other locations. There was only a 1% difference
between the triage and EMU, and a 2% difference to the
bridge. The most likely reason for this is caused by the
ED layout—a large open area where sound propagates with
little or insufficient noise mitigation controls. Although
located on different sides of the department, there was no
direct division (barrier) between the EMU and the bridge.
Therefore, noise was likely to propagate from one area to
the other. The flatness of the frequency curve supports the
notion that noise that spreads throughout this ED was not
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caused by a single significant source and instead resulted
from sound from multiple sources reflecting in the enclosed
ED. Further study into reverberation characteristics of the
room would assist in determining the specific nature of
noise propagation.

Management staff have suggested that the feeding back of
results of the measured noise levels to ED staff has prompted
an increase in awareness about the problem of noise, as has
been noted in previous studies in the ICU."'=!*? In addition,
systematic documentation of the noise problem in the ED has
provided an opportunity for further discussion of the results,
reflection on actions that could be taken, and further dissemina-
tion of the findings to hospital management, with a view to
addressing the noise issue.

Limitations

A major limitation to this project was the availability of noise-
logging equipment and logistical time restrictions to its use.
Ideally, measurements should be taken simultaneously; how-
ever, only one noise logger was available. The unpredictability
and variability of the ED meant that each day when the mea-
surements were taken, different people and different clinically
demanding situations were present. Due to this, the same noise
conditions could not be measured simultaneously in different
parts of the ED, thereby placing constraints on the interpreta-
tion of the results. There were also limitations on measurement
of areas due to logistical considerations, such that the subacute
area of the ED was not assessed. This area is similar in charac-
ter to the bridge surrounded by patient treatment areas, with a
workbench as the main location for medical and nursing docu-
mentation and computer access. The proximity of patients to
this area is closer than the acute area, but each subacute
treatment cubicle has its own door opposing the workbench.
The effect of this situation in relation to noise levels is currently
unknown and should be further assessed in the future.

Additionally, the scope of this project only required noise
levels to be monitored in third-octave band capturing peak flow
hours in 4 locations of the ED. Noise properties were limited to
those captured from the third-octave band mode; noise was
only considered from 1 pm to 8 pm; and only 4 locations of the
ED were depicted in this study. These limitations restricted the
data variability available for evaluation.

Although the staff survey was completed regularly, some
inconsistencies occurred due to workload and clinical issues. In
addition, individual perceptions by staff were likely to vary due
to audible range and auditory acuity, depending on individual sen-
sitivities. To address this issue, further analysis of the noise ema-
nating from the range of noise sources in the ED is required.

Our study showed a distinct pattern of elevated noise in the
ED. Further research needs to be undertaken in order to gain a
deeper insight into the sources of high noise levels and their
propagation throughout the department. Although further
research is needed to fully comprehend the ED environment,
implementable recommendations have been developed aimed
at keeping noise to a minimum.

Recommendations

Improving the acoustic environment involves 2 main compo-
nents. The first requires eliminating unnecessary noise, that
is, noise that could be reduced, such as loud talking or noisy
closing doors. The second involves managing the noise that
is inevitable for this setting, such as verbal communication and
essential equipment alarms. Elimination of unnecessary noise
does not always require additional sound treatment. Instead, the
noise source itself can be evaluated to reduce the noise to a
minimal amount in order to function.

A previous study®> proposed a revision of the building layout
and materials while reducing noise from the sources. From the
surveys, the majority of the noise experienced emanated from
people (staff and patients). Although communication is an
important factor, the people in the ED should be educated to
become aware of the noise they create and the effect it has.
An appropriate system can be created through training staff and
putting up appropriate signage to introduce a noise compliance
schedule whereby patients, staff, and visitors are aware that
noise should only be present where necessary. Communication
equipment (intercoms, pagers, and phones) and medical machin-
ery with adjustable volumes should be limited to a level that will
enable the device to effectively function while keeping noise to a
minimum. Controlling noise by directly addressing the noise
source minimizes the propagation of unnecessary noise to other
ED areas.

With the advancement of technology, the development of
physical acoustic controls have been able to minimize the spread
of noise.>* Controls that are used to dampen or eliminate noise can
be classified as either active or passive. Active noise control is a
recent concept that utilizes electroacoustical means to cancel out
the noise being heard. Passive noise control involves insulation or
dampening, which works best on reducing middle to high range
frequencies. Although there is promise in active noise con-
trol,>>3 especially for addressing lower frequencies, passive con-
trol would be all that is necessary in managing the noise in the ED.

Due to the particular setting of hospitals, passive noise con-
trol materials would need to meet existing standards prior to
installation, such as infection control, to ensure that hazards are
not introduced into this critical environment. Acoustic absor-
bers and blockers such as treating ceiling tiles and acoustic-
treated barriers (for example, doors, curtains, mobile walls) can
be introduced to ensure that the noise is distributed appropri-
ately. In particular, it is important that the short-stay
(<23 hours) EMU area has effective noise control. Partitioning
this section from the rest of the department will lessen the noise
traveling from the rest of the department to this patient rest
area. Additionally, an initial study of using music to counteract
the negative impact of noise has been completed,” and a further
study is about to commence within this setting.

Final Conclusions

The ED is a critical care environment where people are natu-
rally prone to stress. Noise is a factor that can impede the
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quality of the health care services delivered. It has the potential
to affect anyone who is exposed “inflicted on either sick or
well” (Florence Nightingale®), which includes patients, staff,
and visitors.

Studies show that hospital noise is a worldwide issue, which
needs both attention and efforts at resolution, in order to improve
patient care and staff well-being. Although appropriate noise
controls are being researched, actions can be taken to address the
noise sources present in the ED. The most opportune control that
could effectively be implemented is to increase awareness and
introduce a noise compliance schedule whereby noise is kept
to a minimum. As Tsiou and colleagues expressed, “generally
workers in the field need to be made aware of and sensitive to
the issue [of noise]. Awareness means this: if the door
squeaks—oil it, if the telephone rings loudly—lower the volume,
if the trolley’s wheelbase is broken—have it replaced, don’t
leave inhalers, respirators or other equipment switched on unne-
cessarily, when you speak—do not shout and keep your voice
lower still at night.”*”®*3") Actions speak louder than words.

Acknowledgments

We would like to thank the many individuals and organizations who
assisted with this study, including the University of New South Wales
who provided the equipment needed for the study. Special thanks to the
Prince of Wales Hospital, Sydney, Australia, and staff who were
involved in the study. All contributors are appreciatively acknowledged.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Berglund B, Lindvall T, Schwela DH. a68672 Guidelines for Commu-
nity Noise. World Health Organization, Geneva, Switzerland; 1999.
http://whqlibdoc.who.int/hq/1999/a68672.pdf. Accessed November
20, 2011.

2. Short A, Ahern N, Holdgate A, Morris J, Sidhu B. Using music to
reduce noise stress for patients in the emergency department: a
pilot study. Music Med. 2010;2(4):201-207.

3. Mazer SE. Music, noise, and the environment of care: history,
theory, and practice. Music Med. 2010:2(3):182-191.

4. Nightingale F. Notes on Nursing: And Other Writings. New York,
NY: Kaplan Inc; 2008.

5. Definition of “Noise” page. Merriam Webster Dictionary Web
site. http://www.merriam-webster.com/dictionary/noise. Accessed
November 20, 2011.

6. Bies DA, Hansen CH, eds. Engineering Noise Control: Theory
and Practice. 4th ed. Abingdon, England: Spon Press; 2009.

7. Rabinowitz PM. Noise-induced hearing loss. Am Fam Physician.
2000;61(9):2759-2760.

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

. Brennan PC, Ryan J, Evanoff M, et al. The impact of acoustic

noise found within clinical departments on radiology perfor-
mance. Acad Radiol. 2008;15(4):472-476.

. Huisman ERCM, Morales E, van Hoof J, Kort HSM. Healing

environment: a review of the impact of physical environmental
factors on users. Build Environ. 2012;58:70-80.

Standards Association of Australia. AS/NZS 2107 Acoustics—
Recommended Design Sound Levels and Reverberation Times for
Building Interiors. Homebush, North South Wales: Standards
Association of Australia; 2000.

Cianci DT, Kanapathipillai S. Noise in the Intensive Care Unit
(ICU). Paper presented at: 14th International Congress on Sound
and Vibration; July 9-12, 2007; Cairns, Australia.

Short A, Short KT, Holdgate A, Ahern N, Morris J. Noise levels in
an Australian emergency department. Australas Emerg Nurs J.
2011;14(1):26-31.

Otenio MH, Cremer E, Claro EM. Noise level in a 222 bed
hospital in the 18th health region-PR. Braz J Otorhinolaryngol.
2007;73(2):245-250.

Vinodhkumaradithyaa A, Srinivasan M, Ananthalakshmi I, et al.
Noise levels in a tertiary care hospital. Noise Health. 2008;10(38):
11-13.

Ugras GA, Oztekin SD. Patient perception of environmental and
nursing factors contributing to sleep disturbances in a neurosurgi-
cal intensive care unit. Tohoku J Exp Med. 2007;212(3):299-308.
Orellana DW, Busch-Vishniac 1J, West JE. Noise in the adult
emergency department of Johns Hopkins hospital. J Acoust Soc
Am. 2007;121(4)1996-1999.

. Tijunelis MA, Fitzullivan E, Henderson SO. Noise in the ED. Am

J Emerg Med. 2005;23(3):332-335.

. Busch-Vishniac 1J, West JE, Barnhill C, Hunter T, Orellana D,

Chivukula R. Noise levels in Johns Hopkins hospital. J Acoust
Soc Am. 2005;118(6):3629-3645.

. Topf, M. Personal and environmental predictors of patient distur-

bance due to hospital noise. J App! Pschol. 1985;70(1):22-28.
Buelow M, Noise level measurements in four phoenix emergency
departments. J Emerg Nurs. 2001;27(1):23-26.

Cmiel CA, Karr DM, Gasser DM, Oliphant LM, Neveau Al.
Noise control: a nursing team’s approach to sleep promotion.
Am J Nurs. 2004;104(2):40-48.

Mazer SE. Stop the noise: reduce errors by creating a quieter hospital
environment. Patient Saf Qual Healthc. 2005;March/April:1-4.
Gallery M, Whitley TW, Klonis LK, Anzinger RK, Revicki DA.
A study of occupational stress and depression among emergency
physicians. Ann Emerg Med. 1992;21(1):58-64.

Australasian College for Emergency Medicine. G24 Guidelines on
the implementation of the Australasian Triage Scale in Emergency
Departments. West Melbourne, Victoria, Australia: Australasian
College for Emergency Medicine; 2000. http://www.acem.org.au/
media/policies_and_guide lines/G24_Implementation__ ATS.pdf.
Accessed October, 2012.

McCallum Pardy T. Emergency triage. Australas Emerg Nurs J.
2007;10(2):43-45.

Standards Association of Australia. 451259.2 Acoustics — Sound
Level Meters Part 2: Integrating — averaging. Homebush, North
South Wales: Standards Association of Australia; 1990.

Downloaded from mmd.sagepub.com at OhioLink on December 9, 2014


http://mmd.sagepub.com/

Ortiga et al

51

27. Standards Association of Australia. 452659.1 Guide to the use
of sound measuring equipment. Homebush, North South Wales:
Standards Association of Australia; 1988.

28. Standards Association of Australia. 4S1055.1 Acoustics —
Description and Measurement of Environmental Noise Part 1:
General Purposes. Homebush, North South Wales: Standards
Association of Australia; 1997.

29. American National Standards Institute. ANSI S12.2 Criteria for
Evaluating Room Noise; 1995.

30. EPA identifies noise levels affecting health and welfare page.
Environmental Protection Agency Web site. http://www.epa.gov/
aboutepa/history/topics/noise/01.html>62. Accessed November 20,
2011.

31. Monsén MG, Edéll-Gustafsson UM. Noise and sleep disturbance
factors before and after implementation of a behavioural
modification programme. Intensive Crit Care Nurs. 2005;21(4):
208-219.

32. Lower J, Bonsack C, Guion J. Combining high tech and high
touch: find out how two hospital units restored Florence
Nightingale’s vision of an oasis of rest for patients and how doing
so improved outcomes. Nurs. 2002;32(8):32cc1-32ccb.

33. Joseph A, Ulrich R. Sound Control for Improved Outcomes in
Healthcare Settings. http://www.healthdesign.org/sites/default/
files/Sound%20Control.pdf. Concord, CA: The Center for Health
Design; January 2007.

34. McNulty JP, McNulty S. Acoustic noise in magnetic resonance
imaging: an ongoing issue. Radiography. 2009;15(4):320-326.

35. Akhtar S, Weigle CG, Cheng EY, Toohill R, Berens RJ. Use of
active noise cancellation devices in caregivers in the intensive
care unit. Crit Care Med. 2000;28(4):1157-1160.

36. Mclury M, Stewart RW, Crawford D, Toma E. The use of active
noise control (ANC) to reduce acoustic noise generated during
MRI scanning: some initial results. Magn Reson Imaging. 1997,
15(3):319-322.

37. Tsiou C, Eftymiatos D, Theodossopoulou E, Notis P, Kiriakou K.
Noise sources and levels in the Evgenidion hospital intensive care
unit. Intensive Care Med. 1998;24(8):845-847.

Author Biographies

Julienne Ortiga, BEng, is a final year student in the School of
Mechanical and Manufacturing Engineering, Faculty of Engineering,
University of New South Wales, Australia.

Sangarapillai Kanapathipillai, PhD, MEngSc, BScEng, MAAS,
MIE, is a Lecturer in the School of Mechanical and Manufacturing
Engineering, Faculty of Engineering, University of New South Wales,
Australia.

Barbara Daly, RN, BHA, MHA, is a Senior Nurse Manager in the
Emergency Department, Prince of Wales Hospital, Randwick, New
South Wales, Australia.

Julieanne Hilbers, PhD, Reg Psych, Grad Dip Ed, BSc, is a Diversity
Health Coordinator at Prince of Wales Hospital & Community Health
Services, Randwick, New South Wales, Australia.

Wayne Varndell, BSc, PGDip, PGCert, MCENA, MACN, is the
(Acting) Clinical Nurse Consultant in the Emergency Department at
the Prince of Wales Hospital, Randwick, and an Associate Clinical
Lecturer, Faculty of Health, University of Technology, Sydney,
Australia.

Alison Short, PhD, MA, BMus, GCULT, RMT, MT-BC, FAMI,
RGIMT, is a Visiting Fellow at the Centre for Clinical Governance
Research, Australian Institute of Health Innovation, Faculty of
Medicine, University of New South Wales, Australia, and a Project
Manager with the Clinical Training Centre, HammondCare, Ham-
mondville, New South Wales, Sydney, Australia.

Downloaded from mmd.sagepub.com at OhioLink on December 9, 2014


http://mmd.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


