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Abstract

In this study, our goal was to determine of noiserses and emission levels from very
sensitive environments, such as hospitals, at dommiof Balikesir. It was also aimed
to create noise pollution maps as the first timetifimse full-scale hospitals in Balikesir
by carrying out of this study. According to thedstuesults, it was determined that the
noise level in Balikesir State Hospital (BSH), whex located closer to the city center,
was higher than the noise levels in Atatlrk Statsgital (ASH). In conclusion, the
predicted noise values at BSH were higher about{@&pproximately 7dBa) than the
actual measured values. The modeling process wagenformed at ASH, due to noise
levels of ASH did not exceed the legal limits.
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Balikesirsehir merkezindeki hastanelere ait cevresel gurulti
seviyelerinin belirlenmesi

Ozet

Bu calsmada, Balikesir'de bulunan hastanelerin maruz kaldpriltulere ait kaynak
ve emisyon seviyelerinin belirlenmesi amac edtimi/l merkezinde ilk kez yapilan bu
calisima ile hassas yapilardan olan hastanelere ait gurikirlili gi haritalarinin
olusturulmasi amaglanmaktadir. Olciim sonuglarina ggeair merkezine daha yakin
olan Balikesir Devlet Hastanesindeki (BDH) gurulgeviyesinin Atatirk Devlet
Hastanesindeki (ADH) olcimlere goére daha yukselugldtespit edilmitir. Sonug
olarak, BDH icin modellenen guriltt seviyeleringercek dlcilen deerlerden yaklak
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%9 ( yaklaik 7dbA) kadar yiksek olgu tahmin edilmitir. ADH’de Ol¢ciimiy deserler
yasal sinir dgerleri agmadgi icin, bu yerde modelleme yapiimatm

Anahtar kelimeler:Balikesir, CAdnaA, hastaneler, gurulta.

1. Inroduction

It is known fact that environmental noise affectsnian health. Full-scaled hospitals
where located in the city downtown are assessethirwisensitive areas by the
environmental noise regulations [1]. Thereforesgitals are one of the most sensitive
spots in terms of environmental noise. During ltkalth service hours, traffic-related
noise arises on the main streets. Patients ardicalestaff are adversely affected
psychologically, biologically and physiologicallyjud to existing environmental noise
levels. This situation affects the quality of thealth care services [2], [3], [4]. For this
reason, it is necessary to identify sources of renmental noise emissions in which
hospitals are exposed and it is also requiredrépgre environmental noise distribution
maps in that sensitive areas [5], [6], [7].

In a previous study, correlations between air gimlluand traffic related environmental

noise levels were examined. As a result of thdystit was determined that there was a
positive interaction between air pollution and eommental noise levels caused by
traffic [8]. In another study, the noise leveltbe traffic was defined as the degree of
impact. The net noise level from the source aeditlimber of repetitions that occurred
during the traffic activities were considered to bee main parameters of the

environmental noise impact [9]. Another study mpdhat tires, which are the most

important component of the running mechanism ofvisleicles, should be produced in

relevant qualities in order to reduce potentiahadpnoise [10].

In this study, which was made for the first timeBalikesir downtown, it was aimed to
determine the environmental noise levels that tbepials were exposed during the
service hours. It was also intended to prepar@@mwental noise distribution maps for
those full-scaled hospitals.

2. Materials and methods

2.1. Study area

In this study, environmental noise level measurdmevere made at Balikesir State
Hospital (BSH) and Atatlrk State Hospital (ASH)downtown Balikesir. Balikesir
State Hospital has been serving since 1954 and hapacity of 200 beds [11]. Ataturk
State Hospital, has been serving since 1965 and lsapacity of 521 bed [12]. In the
scope of the study, the first stage measurements made at the main entrance where
human and traffic activities are highly intensiged Figure 1).
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Figure 1. Balikesir state hospital (a) and Atatstdte hospital (b).

2.2. Study plan and data collection

Measuring procedures for environmental noise lewelee selected in order to represent
daily activities. Sampling points were selectea@racterized overall noise levels for
those hospitals. For this reason, the main entranea of each hospital were selected
in this study. Rush hours were determined as mgrhours (work starts, beginning of
school and patient admission) and evening hoursk(wfb, school day). Measurements
were made, on Monday and Wednesdays at the BSH 3vilays a week; only on
Fridays at ASH, between 07:30 AM - 6:00 PM. Thepecsic days and time for
sampling procedures were determined based on tli@abfpermissions from the
hospital administrations.

In this study, noise data was collected by usimgdard (Verified to the IEC61672-1
Class 2) sound level meter (CEM DT-8852). The daléecting time interval was set
and also recorded as one minute during the all uneasents. Since the study period
was limited for 3 months by officials, any seasor@hparisons were not performed on
this study.

3. Results and discussions
3.1. Results of environmental noise measuremenh@aspitals
The measurement results of the study and the deihesariptive statistical parameters

of the obtained data are presented in Table.1 aiteT2.

Table 1. Environmental noise levels of Balikesatsthospital.

Dates Minimum | Maximum | Means | Std.Dev.
8 April 54.0 79.8 65.9 4.0
10 April 53.0 81.2 63.8 4.8
15 April 52.1 78.7 62.4 4.6
17 April 49.9 85.9 62.3 4.7
22 April 53.2 82.3 63.2 4.7
24 April 49.9 84.6 63.6 4.4
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Table 2. (Continued).

29 April 42.5 78.4 57.7 5.4
1 May 43.2 78.7 58.2 5.9
6 May 42.5 78.0 58.5 55
8 May 53.5 83.1 62.8 4.2
13 May 48.4 88.6 62.2 5.9
15 May 49.6 80.8 61.6 5.0
20 May 50.7 79.5 62.4 4.5
22 May 48.5 83.0 62.3 4.7
27 May 50.9 79.3 61.9 4.7
29 May 51.0 83.5 65.9 5.1
3 June 53.0 82.1 63.0 4.7
5 June 42.9 78.4 59.0 55
10 June 48.7 83.5 62.3 4.5
12 June 49.20 80.40 61.2 5.0

As a result of the measurements that performed $id,Ba total of 21 individual
measurements were conducted at the BSH’s mainneetrd he lowest environmental
noise level during measurements was recorded &s#8A, while the highest level was
recorded as 88.6 dBA in BSH. According to statadtianalysis results, the morning
noise levels were higher than evening noise lewvethose collected 21 data sets. The
results also show that mean noise levels of 8 Aqmd 29 May exceeded the legal limits
(65 dBA).

Daily environmental noise levels in ASH were alseasured and the measurement
results are presented in Table.2.

Table 2. Environmental noise levels of Atatirk stadspital (ASH).

Dates Minimum | Maximum | Means Std.Dev.
5 April 49.5 74.1 55.9 3.0
12 April 49.5 75.3 55.9 2.9
19 April 52.6 72.4 59.3 3.4
26 April 49.9 73.3 59.4 5.4
3 May 51.2 77.0 57.6 2.9
10 May 49.0 74.8 55.4 2.9
17 May 49.7 69.3 55.4 3.4
24 May 50.5 71.4 56.2 3.9
31 May 49.1 73.8 54.8 2.6
7 June 49.9 69.0 55.3 2.8
14 June 49.9 73.4 56.9 3.7

A total of 11 individual measurements were condidietethe ASH’s main entrance. The
lowest environmental noise level during measuremwas recorded as 49 dBA, while
the highest level was recorded as 77 dBA in ASH.

3.2. Modeling and mapping of environmental noise/éds

Nowadays, the first step to be taken for the emwvirental noise problem is to determine
the current noise level and create noise level rfiER]s Noise maps are considered as a
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way of numerically and visually expressing disttibns of environmental noise from
related sources [14]. In this method, the changethe potential noise levels from
physical factors in the environment are illustrased also animated on a map. Noise
mapping is done by including several preliminarformation such as detailed map,
road information and population density. Thus, thedeling program also needs
certain information such as traffic (route) planghicle numbers, vehicle speeds,
vehicle types, road features as inputs are tramsfeto the noise map program in
computer [15]. Vehicle numbers were determinedcbynting in real time at the
intersection of each roads around the hospitalo, Alehicle speeds were gathered from
the program by selecting type of the vehicles. €heironmental noise levels, for a
specific area, obtained from the noise maps arepaosd to the official limit values that
are found in the legislation [16]. The current ragjon, Environmental Noise
Assessment and Management, states that the wengtsel limits in day time must not
exceed 65 dBA for sensitive places such as hospital

In the second part of the study, environmental emoeasurements were conducted at
BSH (Balikesir State Hospital), where local traféictivities are more intense, to ensure
the validity of the modeling results. In orderdetermine noise levels that the BSH

may be exposed, a total of 15 measurement poietselected around the hospital (

Figure. 2).

Figure 2. Measurement points at BSH (Balikesitestespital).

A software named CadnaA (Computer Aided Noise Abatd, DataKustik, 2016) was

used to visually express the change in environnhewise levels in study area [17]. In

this program, the number of vehicles (normal anaviiesehicles) passing through the
near streets, the coordinates of the hospitakhalltransportation lines of the hospital
area, the technical specifications (one way / tvayWwane width) of the roads are used
as input parameters. Also, details of receptoifiggtore out environmental noise levels
of hospital has been exposed are indicated on #y@ nThe modeled environmental
noise distributions for BSH are presented in Fidhre
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Figure 3. Environmental noise map of BSH.

After mapping, measurements were made at precsgedgified receptor points in the
model to investigate the validity of the predicavironmental noise levels. For this
process, on-site measurements were held regularlyMondays, Wednesdays and
Fridays as three times a week. The overall resfiltise measurements are presented in
Table 3.

Table 3. Environmental noise levels of Balikesats hospital (BSH).

Measurement \jinimum Maximum Means Std. Dev.

Points

Pointl 47.0 111 _68.7 6.4
Point2 49.9 1149  _68.2 6.6
Point3 48.7 98.9 _67.4 6.7
Point4 51 84.6 _66.7 5.2
Point5 44.3 84.3 _68.3 5.7
Point6 49.6 105.1 _66.6 5.8
Point7 50.9 88.4 _65.2 51
Point8 48.2 89.9 _65.6 5.2
Point9 51.2 98.2 64.8 6.4
Point10 50.3 89.9 _66.2 5.3
Point11 49.1 102.1 641 5.7
Point12 52.2 90.6 _66.1 51
Point13 51.1 94.5 _66.4 6.2
Point14 51.8 92.4 _68.0 5.3
Point15 48.5 101.2  _67.7 5.7
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In the last part of the study, the modeled and #igomeasured environmental noise
levels were compared and the results are presentddgure 4. Generally, it is
determined that the modeled values were higher tii@measured values by about 9%
(in other words about 7dB) in BSH. The differenagimh occur due to sensitivity of on-
site measurements that may reflects more realisticvalid) results if they compared
with modeled results. According to modeling resulbhe highest modeled noise levels
were predicted at the south-west corner locatiorthef BSH. The highest modeled
environmental noise level for BSH was estimate@@8 dBA. The south-west corner
location has more traffic density than the othem@ing point due to number of
vehicles that passed and also traffic lights tlaaises noises during start and stops. The
modeling process was not performed at ASH, becamgegonmental noise levels in the
Atatirk hospital did not exceed the legal limits.

Comparison of Measured Levels with Model
Outputs
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Figure 4. Measured and modeled environmental rieisds of BSH.

In a similar study in Greece stated that envirorsalenoise levels were measured as
52.6 (£ 8.2 dBA) and 59 (x 2.2 dBA), respectivaly,two different hospitals [18]. It
might be concluded that the measured noise leveBSal (Balikesir State Hospital)
were about 10% higher than those measured hospit@lseece. This difference may be
occurred that due to the fact that our hospitalrnade traffic density.

4. Conclusions

The following results were obtained as a resulthef studies that carried out in full-
scale hospitals in downtown Balikesir City;

v' The equivalent environmental noise levels in BSHilifgesir State Hospital)
where is located in Downtown were found to be statlly higher than ASH
(Atatirk State Hospital) which is located on the stVside of the Downtown.
The difference might occur due to highly heavy ficafctivities around the
BSH.

v' The equivalent environmental noise levels of BSHemMeund to be higher in
morning time than in other time periods for thaspital. In  mornings, some
traffic activities around the hospital may be reoiged by local officials, For
instances, giving permission to enter hospital amely public transportation
vehicles rather than private and commercial vekjdby lessening stop and go
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processes of the vehicles via eliminating trafiights, by making one-way
routes around the hospital area.

It was determined that the equivalent environmentade levels in the Atatirk
hospital did not exceed the legal limits.

When the measurement results are taken into coasiole it was determined
that the level of environmental noise in BSH, whiglocated in the downtown,
was higher than the environmental noise level irHAShe main difference
might occur due to highly heavy traffic activitiaad more patient acceptances
in the BSH.

As a result of the environmental noise levels otgdifrom the noise maps, it
was understood that the values modeled in BSH.eimel, were as high as
about 9% (in other words about 7dBA) than the datueasured environmental
noise levels. The difference might occur due to si#igity of on-site
measurements that may reflects more realistic &bdVresults if they compared
with modeled results.

There is a need to carry out more extended stuaydar to figure out not only
traffic but also the other possible noise sourcesirad the hospitals. The future
study should be conveyed for longer period to deitee whether any seasonal
differences are exists.
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