@ PLOS |ONE

Check for
updates

G OPEN ACCESS

Citation: Voitl P, Sebelefsky C, Mayrhofer C,
Woditschka A, Schneeberger V (2019) Noise levels
in general pediatric facilities: A health risk for the
staff? PLoS ONE 14(3): 0213722. https:/doi.org/
10.1371/journal.pone.0213722

Editor: Ifat Yasin, University College London,
UNITED KINGDOM

Received: January 15, 2017
Accepted: February 27, 2019
Published: March 13, 2019

Copyright: © 2019 Voitl et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE
Noise levels in general pediatric facilities: A
health risk for the staff?

Peter Voitl">3, Christian Sebelefsky®'*, Christoph Mayrhofer®, Astrid Woditschka’,
Verena Schneeberger’

1 First Vienna Pediatric Medical Center, Vienna, Austria, 2 Sigmund Freud Private University, Vienna,
Austria, 3 Department of Pediatrics and Adolescent Medicine, Medical University of Vienna, Vienna, Austria

* christian.sebelefsky @kinderarzt.at

Abstract

This study was initiated to investigate noise levels in general pediatric facilities. Although
occupational noise limits of 85dBA for Laeq,sn (daily noise exposure) and 140dBC for Lcpeax
(peak sound level) have proven to prevent hearing loss, even low levels of continuous noise
(45dBA and above) can cause adverse health effects (ISO = International Organization for
Standardization, A = Austrian VOLV). The sound level measurements of Laeq (equivalent
sound level) and L¢peax Were conducted with a decibel meter in the examination rooms
(EXR) and waiting rooms (WR) of 10 general pediatric practices and outpatient clinics in the
city of Vienna, Austria. Laeq,sn Was calculated from Laeq, and independent variables with a
potential influence on noise levels were also examined. In EXR, the random sample con-
sisted of 5 to 11 measuring periods per facility (mean: 7.1 £ 1.9) with a total duration
between 43.85 and 98.45 min. (total: 10:19:04). With Laeq ranging from 67.2 to 80.2dBA,
specific recommended limits were exceeded considerably (ISO: 45dBA; A: 50dBA). In WR,
the random sample comprised 5 to 18 measurements per facility (mean: 13.7 + 5.0) with a
total duration ranging from 25 to 90 min. (total: 11:25:00). The values for Laeq Were between
60.6dBA and 67.0dBA. All of these significantly exceeded recommended limits of 55dBA
(ISO) and 5 out of 10 exceeded 65dBA (A). Lcpeak reached 116.1dBC in WR and 114.1dBC
in EXR. The highest calculated daily noise exposure of pediatricians (Laeq,sn) Was 79dBA.
Although no significantly increased risk for hearing loss can be concluded from our findings,
it must be assumed that noise levels in general pediatrics have the potential to cause stress
and associated health issues. Further research is necessary to foster the recognition of
noise-related health impairments of pediatric staff as occupational diseases.

Introduction
Background

Noise levels at medical departments. It has been demonstrated over the last decades that
healthcare personnel are exposed to considerable noise [1-15]. Several studies have addressed
noise levels and exposure at specialized non-pediatric medical departments [1-5]. Pediatric

PLOS ONE | https://doi.org/10.1371/journal.pone.0213722 March 13,2019

1/15


http://orcid.org/0000-0003-4096-0068
https://doi.org/10.1371/journal.pone.0213722
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0213722&domain=pdf&date_stamp=2019-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0213722&domain=pdf&date_stamp=2019-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0213722&domain=pdf&date_stamp=2019-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0213722&domain=pdf&date_stamp=2019-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0213722&domain=pdf&date_stamp=2019-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0213722&domain=pdf&date_stamp=2019-03-13
https://doi.org/10.1371/journal.pone.0213722
https://doi.org/10.1371/journal.pone.0213722
http://creativecommons.org/licenses/by/4.0/

©'PLOS|ONE

Noise levels in general pediatric facilities

patients represent a potential source of remarkable noise, which is why many investigations
have been conducted at PICUs (pediatric intensive care unit) [6-10], and other facilities treat-
ing young patients [11-15]. Ratnapalan et al. [13] investigated noise levels in a pediatric emer-
gency department and showed an average noise level (Leq) of 68.73 dB for a 24-hour period
and a maximum-recorded noise level of 110 dB. To our knowledge, noise levels and exposure
of the staff at general pediatric facilities have not been addressed so far. This circumstance pro-
vided the starting point for our research efforts, particularly, as many procedures in general
pediatrics (e.g. vaccinations) involve significant noise levels.

Noise at the workplace-regulations and recommendations. The most common epide-
miological measure of daily noise exposure at the workplace is Leq,gh (daily personal noise
exposure) [16]. An exposure of 85 dBA (L acq,sn) 0or 140 dBC (Lcpeax = peak sound level) and
above is widely accepted to represent a clear risk for impaired hearing [16-23]. It should be
noted, that these limits represent an “acceptable” risk, as opposed to being risk-free. Accord-
ingly, exposure to even markedly lower noise levels in the range of background noise can
cause serious physical and psychological problems, ranging from annoyance to undesirable
physiological effects [24-27]. In order to avoid these, more restrictive noise limits have been
proposed [17, 23, 28, 29]. Depending on the applied standard and the field of work, even back-
ground noise levels of 45 dBA (ISO 11690-1:1996(en)) at the workplace are desirable [28].

Hence, low background noise is necessary to ensure good communication between pedia-
trician and parents of pediatric patients in healthcare settings. When background noise levels
increase above normally low levels they become distracting and annoying. This distracting or
annoying noise is considered separately from noise with significant potential to cause hearing
loss.

See Table 1 for a comprehensive summary of international regulations and recommenda-
tions regarding noise at the workplace.

Noise-induced hearing loss (NIHL). Noise-induced hearing loss is one of the most preva-
lent occupational diseases worldwide. In the US and Europe, it is the most reported occupa-
tional disease overall [32]. This also applies to Austria in particular, accounting for more than
one half of all work-related diseases (c.f., approx. one third in Europe), ahead of skin and respi-
ratory problems [33]. Most of the cases are reported in the manufacturing and construction
sector although cases occur throughout all occupational fields [32, 33].

Table 1. Regulations for noise exposure and recommended limits for specific noise levels at the workplace.

Organization /
regulation /
directive

Regulations for noise exposure and recommended Quantity [unit]
limits for specific noise levels at the workplace L L
'Aeq,8h Cpeak
[dBA] [dBC] Laeq [dBA]
Routine office Intellectual Desired for Causing annoyance at the
work tasks work workplace
1SO 1999:2013(en) [18] / 85 140 55 45
ISO 11690-1:1996(en) [28]
NIOSH [19] 85 140
OSHA [20, 30] 90 140
ACGIH [21] 85
ANSI [22] 140
AAP [29] 50 60
European Directive 2003/10/EC 87 140
(31]
Austrian VOLV [23] 85 137 65 50
VDI Richtlinie 2058 Blatt 3 70 55

(DIN, VDI) [17]

https://doi.org/10.1371/journal.pone.0213722.t001
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Other adverse health effects of occupational noise exposure. Although hearing damage
has been the main concern of safety regulations ever since, other physical and psychological
effects may not be neglected. Exposure to noise levels exceeding specific recommended limits
may have further undesirable impacts. These include but are not limited to tinnitus, temporary
threshold shift, elevated blood pressure, reduced performance, sleeping difficulties, annoyance,
and stress [24]. Even at a daily noise exposure below 85 dBA, there are provable psychological
(e.g., anger, strain or nervousness) and physical responses (e.g., increased blood pressure or
excretion of magnesium), which in further consequence may engender long-term disorders of
regulation mechanisms [27]. According to selected study results, at least one third (35-45%) of
office workers find noise levels above 55 dBA extremely irritating [25].

A high complexity level of tasks is likely to affect the efficiency of workers [27] It also deter-
mines how sensitive they will react to disturbances like noise [27]. The confidence of a person
in their ability is furthermore essential, which makes untrained personnel more vulnerable
[27]. In addition, intermittent noise tends to be more disruptive than continuous noise [26].
This especially applies when the periods of noise can hardly be predicted or controlled [26]. It
has also been shown that in noisy environments antisocial behavior is more likely to be
observed [26].

As the relationship between noise exposure of pediatric staff and adverse auditory and non-
auditory health effects is not scientifically proven and, therefore, these are not recognized as
occupational diseases, the estimated number of unknown cases might be considerably high.

Objectives

The primary objective of this investigation was to measure noise levels at general pediatric
facilities. In addition, the noise exposure of pediatric staff was of special interest. Secondary
objectives were to ascertain variables that influence noise levels in general pediatric settings.

Methods
Study design, study sites, and participants

This cross-sectional observational study was conducted at 10 general pediatric facilities (nine
pediatric practices and one outpatient clinic) throughout the city of Vienna, Austria (Table 2).
Sound levels were metered in 10 different examination rooms (one at each facility if several
existed) and 10 different waiting rooms (one at each facility). The measurements were con-
ducted during summer from June to July 2014.

Table 2. Numbers and names of participating general pediatric facilities.

Number of facility Name of facility
1 First Vienna Pediatric Medical Center (general pediatric outpatient clinic)
Dr. Birgit Hofmann-Ehrhart (pediatric practice)
Dr. Yelena Tiedt-Oberbauer (pediatric practice)
Dr. Angelika Thaler (pediatric practice)
Dr. Andreas Doczy (pediatric practice)
Dr. Helmuth Howanietz (pediatric practice)
Dr. Johann Sommer (pediatric practice)

Dr. Nicole Grois (pediatric practice)

O (0| N U W N

Dr. Sylvia Stein-Krumbholz (pediatric practice)

—_
(=}

Dr. Georg Maiwald (pediatric practice)
https://doi.org/10.1371/journal.pone.0213722.t1002
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Primarily, the sound levels in examination rooms and waiting rooms were measured using
a sound level meter. In addition, sex and age of the examined pediatric patients were gathered,
numbers of parents and children present in the waiting rooms were counted and the time
needed for the examination was measured.

All thirty-seven resident pediatricians with a contract with the statutory health insurance
(SHI) listed on the homepage of the Vienna Medical Association (Arztekammer fiir Wien)
were contacted by e-mail and asked to take part in the study. Nine of these doctors responded
and agreed to participate. In a second step, further non-SHI-accredited resident pediatricians
were contacted until one of these agreed to participate. Non-SHI-accredited doctors do not
have a contract with public health insurance companies and bills are not directly covered by
these. Patients, therefore, are obliged to pay the provided services on their own and a certain
amount of the costs can be recovered from their insurance company. The number of ten pedi-
atric facilities were chosen to obtain a reliable sociodemographic sample throughout different
districts and ethnical groups. The participating pediatric facilities are situated in 9 of the 23
Districts of Vienna (1%, 2", 37, 8t oth 10t 21 2274 2379).

All parents or legal guardians (aged 18 and above) and pediatric patients (aged 0-17), as
well as all kinds of consultations and diseases, could be included in the investigation. Parents
and legal guardians with insufficient German language skills were excluded.

Ethical approval

The study has been approved by the Ethics Committee of the Medical University of Vienna
(protocol no. 2190/2013). Participating families and the completed questionnaires remained
anonymous at any time, and participation in the study was voluntary. Informed consent was
obtained from all individual participants included in the study. All parents and pediatric
patients (or their siblings) at the age of 11 and above, as well as all staff members being present
in waiting rooms and examination rooms, had to assent to participate in written form.

Data collection

Sound level meter and sound parameters. All measurements were performed with a
Briiel & Kjeer 2250 Light sound level meter. The sound level was metered in examination
rooms and waiting rooms. Before starting and after finishing the measurement, the sound
level meter was calibrated. The sound level meter was set to display Lcpeak,1s (peak sound level
during the latest second), Lcpeax (peak sound level), and Lacq (equivalent sound level). Lepeak
and Lscq were recorded till the end of each measurement. Lepeax,1s Was only read out to deter-
mine actual peak sound level events during ongoing measurements. Reasons for impulsive
noise events were annotated immediately. In addition, the quietest consultation of all examina-
tion rooms and the quietest 5-minute-interval in waiting rooms were determined (L cqmin)-
This was also done for the noisiest measurements (Lscqmax)- In all respective cases, the average
L aeq of measurements in examination rooms and waiting rooms was calculated using the stan-
dard formula for equivalent sound pressure levels (logarithmic average). The arithmetic mean
of equivalent sound levels was only calculated to determine the average L, of certain age
groups of pediatric patients.

Calculation of daily noise exposure. In order to estimate the actual daily noise exposure
of pediatric staff, the measured L.q values were converted to occupation group specific Laeq,sh
values. This was done using the highest L4 of all facilities, measured in examination rooms
and waiting rooms respectively, as well as the average L4 of all examination rooms and wait-
ing rooms. Hence, four L,.q values were used for conversion in total. An online calculating
tool, the “Daily Noise exposure calculator” from the Health and Safety Executive (HSE)
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homepage [34], served for this purpose. In order to obtain representative values for an 8-hour
working day (Laeqsn), four location-specific L¢q values, including the proportional time of
exposure, were entered into the tool as part of each of the four calculations. The proportional
time periods of exposure were estimated by protocolling an 8-hour working day of three doc-
tors and doctor’s receptionists of facility 1 each and averaging the results for the respective
occupation group. The location-specific L.q values included:

« the measured values for L.q in examination rooms (highest and average) with 6.75 hours of
exposure for pediatricians and 0.25 hours for doctor’s receptionists

« the measured values for L,.q in waiting rooms (highest and average) with 0.25 hours of
exposure for pediatricians and 6.75 hours for doctor’s receptionists

« approximate values for Ls.q in common rooms (50 dBA) with 0.75 hours of exposure for
both pediatricians and doctor’s receptionists

« approximate values for L4 in restrooms (45 dBA) with 0.25 hours of exposure for both
pediatricians and doctor’s receptionists

When calculating L acq sh from the highest L4 in examination rooms, the L .4 obtained in
the respective waiting room was used. The same applies vice versa to the highest L4 in wait-
ing rooms. For calculation of L.qsh related to the average L.q only the respective two values
for examination rooms and waiting rooms were used with the appropriate time of exposure.

Examination rooms. All of the participating pediatric facilities have at least two and a
maximum of five examination rooms. In order not to interfere with the work flow during
usual opening hours the measurements took place at a single examination room.

While not being attended by a doctor, parents and pediatric patients (and their siblings) at
the age of 11 or above were asked if they consent to the sound level measurement during the
succeeding examination. In addition, they were informed about content and purpose of the
study, the necessary procedures, and the voluntariness of their participation. If parents and
children were willing to participate in the study, they had to read and sign a consent form. If
they declined to participate, the measurement was abstained from. Before starting the mea-
surement, the patient’s sex and date of birth (month and year) were indicated by parents or
patients themselves. This information was annotated anonymously and subsequently trans-
ferred to an Excel file.

The measurement was commenced as soon as any staff member (nurse, resident or consul-
tant) was present in the examination room, even if the patient was first prepared for the actual
examination (e.g. weighing, measuring length or head circumference). One member of the
research team not otherwise engaged held the device close to the doctor during the entire mea-
surement period. In case the measurement was started without the doctor being present in the
examination room, the investigator remained seated at the doctor’s desk until the doctor
entered. This course of action was chosen as doctors of all facilities generally have to take care
of medical documentation before attending patients. In case the nurse had finished prepara-
tory tasks before the doctor entered the examination room, the measurement was paused until
then. As soon as the doctor had left the room, the measurement was stopped. The investigator
did not interact with the other personnel at any time.

In seven facilities the measurements took place between 8 am and 12 am and in the three
remaining facilities between 1 pm and 5 pm. At each study site noise levels were metered from
Monday through Friday in a single session. One measurement period refers to one consulta-
tion of a family. In case parents attended with several children needing medical attention, only
one measurement was performed and the sound level meter recorded continuously.
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At eight out of ten study sites weighing and measuring height was done in the examination
room. This does not apply to facility 4 and 6, where pediatric patients were weighed and mea-
sured before entering the examination room. For these insitutions, the duration of time
needed for one consultation consequently does not include this time period.

Waiting rooms. In each waiting room, the sound level meter was placed in an appropriate
position to allow representative measurements. The dedicated member of the research team
selected this position which was close to a doctor’s receptionist in all facilities. Prior to starting
the measurements, accompanying parents were informed about content and purpose of the
study and necessary procedures were explained. They were furthermore made aware of the
voluntariness of their participation. Families attending during an ongoing measurement were
informed accordingly. Two minutes and thirty seconds after the measurement had been
started, all children and parents in the room were counted (excluding staff). The measure-
ments were done at 5-minute intervals and should preferably be repeated 18 times, resulting in
a total planned observation period of 90 minutes per facility. This approach allowed taking
into account variations of noise levels within a working day. Whenever the waiting room was
empty for more than ten minutes (two measuring periods) the measurement was stopped. In
each facility, the measurements were conducted in one session from Monday through Friday
between 8 am and 12 am.

Statistical methods

The data collection and descriptive analysis were carried out using Microsoft Excel (Version
15.32). IBM SPSS Statistics (Version 22.0) was used for statistical testing. Variables comprised
the sound levels in examination rooms and waiting rooms (Leqs Lepeaks Laeqmaxs Laeqmin)s the
sex and age of the examined pediatric patients, the total number of pediatric patients and
parents present in the waiting room, as well as the time needed for the examination. Each vari-
able was evaluated descriptively and statistical relationships between variables related to noise
levels and each of the other variables were examined. For this purpose, the significance level
was set to 0.05. The number of consultations was only evaluated descriptively (mean and stan-
dard deviation).

The Spearman correlation and Spearman’s rank correlation coefficient were used to exam-
ine the statistical relationship between sound levels and the number of people in waiting
rooms. The T-test was used to identify statistically significant differences between the sound
levels produced by boys and girls. In addition, sound levels (Laeq and Lepear) were evaluated
with respect to specific age groups.

Results
Examination rooms

The values of the energy equivalent sound pressure level (L.q) ranged from 67.2 dBA to 80.2
dBA (Fig 1). These are the sound levels of the total measuring period of each of the study sites.
The highest calculated L acq sh, affecting doctors and referring to the highest measured Lcq of
80.2 dBA (facility 4), was 79 dBA. The minimum sound levels (Leqmin) of each of the measur-
ing periods (quietest consultation) ranged from 56.1 dBA to 65.9 dBA. The maximum sound
levels (L acqmax) Were between 74.1 dBA and 90.3 dBA (noisiest consultation). The peak sound
levels (Lcpear) of all facilities ranged from 106.6 dBC to 114.1 dBC (Table 3 and Fig 2). The
average L.q of all consultations and facilities was 74.5 dBA. The calculated average L acq,sh of
all facilities affecting doctors was 74 dBA.

The median examination of all facilities lasted 8.20 minutes. For the shortest examination,
only one minute was needed, the longest took 25.35 minutes. The median duration of
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Fig 1. Equivalent sound levels (L,.y) in examination rooms.

https://doi.org/10.1371/journal.pone.0213722.9001

examinations of each facility ranged from 4.10 minutes to 20.20 minutes per consultation. The
sound level measurements were conducted during 71 consultations (5 to 11 per facility, mean:
7.1 £ 1.9). The total duration of measurements ranged from 43.85 to 98.45 minutes per facility
and was 10 hours, 19 minutes and 4 seconds in total.

A total number of 97 peak sound level (L¢peax) events were gathered, of which the reason
could be identified in 66 cases. The most common among these were vaccinations with 29
occurrences. These were followed by other (non-itemized) events (n = 12), inspections of the
ears and playing children (both n = 5), and inspections of the mouth and measuring height
(both n = 4) (Fig 3).

Pediatric patients were between 1 month and 15 years of age, the median age was 16
months, and the average age was 32.4 months. Out of 85 examined children 52 (61.2%) were
boys and 33 (38.8%) were girls.

The highest average Laeq (79.2 dBA) was observed in the age group 13 to 18 months (Fig 4).
The pertaining values for each group were calculated using the arithmetic mean, after dividing
the children into seven age groups. Consultations with more than one child present in the
examination room were excluded. This descriptive analysis was not done for L¢peaw, as too
many peak sound levels were not caused by pediatric patients or the corresponding source
could not be identified.

Waiting rooms

The values of Lq in the waiting rooms of all pediatric facilities ranged from 60.6 dBA to 67.0
dBA (Fig 5). These are the sound levels of the total measuring period of each of the study sites.

Table 3. Sound levels in examination rooms with duration of examinations and measurements.

Examination room 1 2 3 4 5 6 7 8 9 10

Laeq [dB] 76.3 72.9 71.2 80.2 67.2 72.0 70.1 73.0 73.8 76.0
Laeqmin [dB] 57.1 63.8 59.3 60.3 58.9 63.3 56.1 60.5 65.9 61.1
Lpcqmax [dB] 84.1 80.2 76.2 90.3 74.3 78.2 74.1 75.5 81.1 89.2
Lcpeak [dB] 109.6 107.3 110.1 114.1 112.1 106.6 108.1 111.3 111.5 112.1
Median duration of examination [min.] 11.12 9.33 20.20 4.10 7.56 4.10 9.26 9.31 10.71 5.67
Total duration of measurement [min.] 66.35 57.62 81.48 48.93 51.45 50.28 55.57 65.08 98.45 43.85

https://doi.org/10.1371/journal.pone.0213722.t003
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Fig 2. Peak sound levels (Lcpeai) in examination rooms.

https://doi.org/10.1371/journal.pone.0213722.9002

The highest calculated L g sn, affecting doctor’s receptionists and referring to the highest mea-
sured Laeq of 67.0 dBA (facility 7), was 65 dBA. The minimum sound levels (L eqmin) Were
between 43.6 dBA and 61.4 dBA (quietest measuring interval). The maximum sound levels
(LAeqmax) ranged from 62.7 dBA to 75.3 dBA (noisiest measuring interval). Lepeax of all facili-
ties ranged from 103.7 dBC to 116.1 dBC (Table 4). The average L. of all measuring periods
and facilities was 65.1 dBA. The calculated average Lacqsn of all facilities affecting doctor’s
receptionists was 65 dBA.

In six out of ten facilities the waiting room was empty for more than ten minutes (two mea-
suring periods) during the measurement, which was therefore stopped. Consequently, instead
of 180 measurements (5-minute intervals) only 137 were conducted (5 to 18 per facility, mean:
13.7 £ 5.0), resulting in a total measurement time of 11 hours and 25 minutes with measuring
periods ranging from 25 to 90 min. per facility.

Undefined 31
Vaccination (injection) 29
Other 12
Inspection of ears 5
Playing 5

Inspection of mouth 4

Type of event

Measuring height 4
Auscultation 3
Slamming door 2

Weighing 2

0 5 10 15 20 25 30 35
Number of peaks in examination rooms

Fig 3. Types of peak sound level events and their frequencies.

https://doi.org/10.1371/journal.pone.0213722.g003
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Fig 4. Age groups of pediatric patients and their specific average L,.q (examination rooms).

237

https://doi.org/10.1371/journal.pone.0213722.9004

The number of persons being present in the waiting rooms at the same time ranged from 0
to 14 adults and from 0 to 13 children. The total number of people being present at the same
time ranged from 0 to 27. The median number of persons ranged from 0 to 6.5 children and
from 1 to 7 adults (Fig 5). The median total number of persons ranged from 1 to 13.

During 137 measurement periods, there were 30 reasons accounting for peak sound levels
(Lcpeak)- The most prominent reason with 12 peaks were children playing with toys, followed

65.4

65.2

14

12

10

. <
£
64 dB - 8 8
- 3 9 3
S . 2
62dB i 7 - 6 E
© P =
el o © =
8
60 dB 4
58.dB i 2
56 dB I 0
7 2 6 1 10 4 5 8 9 3
Waiting room
LAeq B Median number of patients
Fig 5. Equivalent sound levels (L,.q) and median number of pediatric patients in waiting rooms.
https://doi.org/10.1371/journal.pone.0213722.9005
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Table 4. Sound levels in waiting rooms with numbers of children and adults and duration of measurements.

Waiting room 1
Ljeq [dB] 65.4
Lpegmin [dB] 59.8
Lpegmax [dB] 69.1
Lepear [dB] 112.2
Median no. of children 6.5
Median no. of adults 7
Duration of measurement [min.] 90

https://doi.org/10.1371/journal.pone.0213722.t1004

2 3 4 5 6 7 8 9 10
66.6 60.6 63.1 62.8 65.5 67.0 61.3 61.1 65.2
58.1 56.2 59.6 49.6 55.3 58.1 43.6 56.0 61.4
74.4 62.7 68.4 68.2 75 75.3 70.0 70.0 67.3
109.1 104.2 108.1 110.1 108.1 107.5 103.7 103.9 116.1
2.5 1 0 3 3 6 1 3 1
3.5 1 1 2 3 7 1 2 2

90 30 55 65 80 90 70 90 25

by slamming doors with 11 peaks. During 107 measurement periods, no specific reason for
peak sound level events could be identified.

Statistical relationships

There is no statistical difference between the sex of children regarding the energy equivalent

sound level L aeq (t =-0.008, p = 0.994) and the peak sound level L¢peax (t = -0.127, p = 0.900).
There is a highly significant statistical connection between the number of people in waiting

rooms and the energy equivalent sound level L,.q (Spearman p = 0.485, p < 0.01). More peo-

ple in the room caused higher levels of L.q. This also applies to L¢peak (Spearman p = 0.348,

p < 0.01). More people in the room caused higher sound levels for L¢peax.

Discussion
Discussion of results

This study represents the first attempt to investigate noise levels and noise exposure in general
pediatric facilities, which explains the mainly descriptive approach. None of the approximate
values for La.q gn affecting pediatricians and doctor’s receptionists exceeded the common
noise exposure limit of 85 dBA [16-19, 21]. The highest observed daily exposure of pediatri-
cians was 79 dBA (facility 4), and the average daily exposure of all pediatricians was 74 dBA.
The highest daily exposure affecting receptionists was 65 dBA (facility 7), and the average daily
exposure of all receptionists was also 65 dBA. The exposure limit of 80 dBA, which is the lower
exposure action value (European Directive 2003/10/EC) [31] and also specifies noise exposure
above release level (Austrian VOLV) [23], was not exceeded either.

None of the peak pressure levels (examination rooms: 106.6 to 114.1 dBC, waiting rooms:
103.7 to 116.1 dBC) exceeded common occupational noise limits (135, 137 or 140 dBC) [18-
20, 22, 23, 31]. Altogether, these results provide some evidence for the conclusion that working
at a general pediatric facility is not associated with a significantly increased risk of developing
noise-induced hearing loss.

Nevertheless, daily exposure to even markedly lower noise levels can have adverse physical
and psychological effects. The limit for background noise of 55 dBA while carrying out simple
office work, recommended in ISO 11690-1:1996(en) [28], was exceeded in all waiting rooms.
This also applies, when considering the limits of 50 dBA (desired for any work) and 60 dBA
(causing annoyance) respectively, recommended by the American Academy of Pediatrics [29].
The limit of 65 dBA, recommended in the Austrian VOLV [23], was exceeded in 5 out of 10
waiting rooms. The average L,.q of all facilities (65.1 dBA) was above all three limits. Whereas
the limit of 70 dBA (German VDI Richtlinie 2058 Blatt 3) [17] was not exceeded in waiting
rooms. Altogether, these results still indicate that doctor’s receptionists, who often work in the
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waiting room or nearby, display an increased risk of becoming annoyed while at work and in
further consequence developing stress-related health disorders.

In all examination rooms specific limits for background noise of 45 dBA (ISO 11690-
1:1996(en)), 55 dBA (Austrian VOLV) [23] and 50 dBA (German VDI Richtlinie 2058 Blatt
3) [17], recommended when carrying out intellectual tasks, were exceeded considerably
(lowest measured Lpcq: 67.2 dBA). This obviously also applies when using the noise limits of
50 dBA and 60 dBA, recommended by the American Academy of Pediatrics for any work-
place [29]. All of this is also applicable to the average Lscq of 74.5 dBA. These results impli-
cate that the professional activities of pediatricians involve an increased risk of developing
annoyance and stress with all their diverse consequences. The results of Ratnapalan et al.
[13] showed an average noise level (Leq) of 68.73 dB for a 24-hour period. Although
obtained in a pediatric emergency department, these are also within the range of distracting
and annoying noise levels, which corresponds to our findings (Lscq ranging from 67.2 to
80.2 dBA, average Lacq: 74.5 dBA). An explanation for the higher values in our setting
might be that frequent procedures in general pediatrics (e.g., vaccinations) involve signifi-
cant noise levels. The maximum-recorded noise level of 110 dB in the study of Ratnapalan
et al. [15] was within the range of our peak pressure levels in examination rooms (106.6 to
114.1 dBC).

The efficiency of a worker, and in our case the pediatrician, is more likely impacted if the
complexity of a task is high [27]. As described in detail previously [26], this depends on the
quantity of information that must be kept in mind, the proportion of required intellectual
operations and tasks involving precise fine motor activity, as well as the extent to which the
worker is responsible for consequences of mistakes. All of this distinctly applies to the work of
pediatricians. The complexity also determines how sensitive a person will react to disturbances
like noise [27]. In the unfavorable case, the number of mistakes increases, the completion of
the task slows down, and consequently the efficiency decreases [27]. This is particularly crucial
when treating patients.

When considering the adverse effects of noise on job performance, the individual experi-
ence and the individual judgment of a person'‘s ability to perform the task also need to be
taken into account [26]. Pediatric residents, for instance, are therefore at increased risk of dis-
playing physical and psychological reactions. Furthermore, intermittent noise is far more dis-
ruptive than continuous noise, especially if it is unpredictable and uncontrollable [26]. This is
obviously the case for noise produced by pediatric patients. It has been demonstrated before
that less cooperative and antisocial behavior is more likely observed in noisy environments
[26]. This is a particular problem for pediatric work, which, more than other disciplines,
requires a well-collaborating and harmonic work environment.

Consequently, while administering vaccinations noise pollution might be a less severe prob-
lem in terms of treatment quality. Nonetheless, when making a diagnosis and developing indi-
vidual therapy concepts for multimorbid and complex patients or familiarizing parents with
complex issues, for instance, job performance might be affected considerably.

Limitations

In our study, we decided to measure L,.q and estimate L cq sy from the obtained results. We
chose this approach, as we expected to find values for Ls.q within the range of distracting or
annoying noise and no values for Lacq g, above common noise exposure limits. In order to
obtain most accurate results for L eq sh, direct exposure measurements with a noise dosimeter,
preferably over an 8-hour working day, would have been necessary. We measured L,.q during
shorter periods of time as the main purpose of this study was to examine noise levels rather
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than noise exposure. Longer measuring periods presumably would have caused slightly lower
values for La.q and the calculated Lacq gh respectively.

We did not carry out a power analysis to calculate sample size. In terms of measuring noise
levels and estimating noise exposure by approximation, a sample size of 10 study sites with 71
consultations and 137 5-minute measurement periods in the waiting rooms was considered to
be reasonable.

The primary objective of our investigation was to determine noise levels at general pediatric
facilities. Since noise produced by pediatric patients contributes overproportionately to these,
we did not conduct measurements without any occupants being present in examination
rooms and waiting rooms. Nevertheless, particularly in those areas where noise is a disturbing
or annoying influence rather than being a hearing health hazard, the convention is to measure
the background noise under normal operating conditions without any occupants in the spe-
cific area. This would have been worth investigating additionally to determine background
noise at the participating facilities.

The study was carried out during summer, resulting in a lower number of attending
patients and supposedly in lower noise levels in the waiting rooms. Noise levels in the exami-
nation rooms were probably not affected, except for slight background noise.

The noise levels pediatric nurses, and other assistants carrying out auxiliary tasks, are
exposed to, cannot be directly extrapolated from the noise levels we measured. This is due to
the difference in work contents of nurses compared to pediatricians and doctor’s receptionists.
Moreover, nurses often are not present in the room where the actual examination or treatment
takes place. Nevertheless, they are still exposed to noise in examination rooms and waiting
rooms, although their exposure is likely to exhibit a distinct profile.

Lastly, the validity of the results regarding sound levels produced by certain age groups is
limited because of the small number of cases within the age groups (3 <n < 22).

Conclusion

In conclusion, noise levels in general pediatric facilities definitely pose a health risk to the staff.
More specifically, it must be assumed that noise exposure, especially of pediatricians, has the
potential to cause disturbance, annoyance, and stress while at work, as well as further stress-
related adverse health effects. Although our data do not provide evidence for an increased risk
for hearing loss of pediatric staff, the observed noise pollution is still critical.

Future studies should focus on the effects of this specific noise environment, which include
but are not limited to elevated blood pressure and other cardiovascular problems, reduced per-
formance, sleeping difficulties, annoyance, and stress. Research projects in this field indubita-
bly are of great importance when promoting the recognition of noise-related health
impairments of pediatric staff as occupational diseases.

Future health prevention programs for pediatric staff should include noise assessments,
audiometric monitoring of the personnel’s hearing, worker education, record keeping, and
program evaluation. The organization of work, schedules, and rest periods also needs to be
taken into account. The employer has a responsibility to assess and, if necessary, measure the
levels of noise to which pediatric staff are exposed. As far as possible the risk factors must be
reduced to a minimum.
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