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Abstract


The noisy environment of hospitals has always been a problem for medical workers and patients as people in hospitals need a quiet environment more than others. Thus, the study of the noisy environment of hospital buildings has been carried out for a long time. This study aims to find out the existing problems and explore solutions for improvement through research. The purpose is to investigate and analyze the lower frequency range of current noise (25–200 Hz) in four central hospitals (single building or group of buildings using a single lobby), following the research of “Characterizing the subjective noise in hospital lobbies”. In this research, the acoustic environment condition in the lobby after the road noise spread into the hospital and its environmental noise problems were analyzed by the commercial acoustic simulation software SoundPLAN for scene restoration and simulation. Focusing on reconstructing the noisy condition of the hospital lobby and comparing the measurements with those of our previous study, acoustic experimental simulations are conducted to acquire the indoor frequency spectrum. The experimental data are also compared with the live measurement data to verify the reliability of SoundPlAN. Finally, the experimental result is analyzed with the psychological experimental noisiness values in our previous study to identify the sources of the main noise existing in the lobbies of the four hospitals.
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1. Introduction


Many researchers have raised the noise problems of the hospital, indicated improvement directions, and proposed related solutions. Nevertheless, in a noisy environment, one phenomenon is generally ignored: low-frequency noise. When people are forced to adapt to this noise, they would insensibly become irritable, and even irrational [1]. Prolonged exposure to low-frequency noise is likely to result in neurological weakness, insomnia, headaches, and other neurological dysfunctions, and even affect the fetus in the womb. Compared with low-frequency noise, high-frequency noise decreases rapidly as the distance increases or when encountering obstacles. As low-frequency noise decreases slowly and its sound waves are longer, they can easily pass through obstacles, run over long distances, and penetrate walls and ears. Low-frequency noise, in general, has a common nature. Their waves are formed by vibration being a form of energy transmission. A hospital requires a favorable rehabilitation environment and a working environment. Topf [2] Noise in hospitals is not conducive to patients’ recovery, and they need an environment that is quieter than the environment. They are usually experienced in daily life. Noise in hospitals also distracts hospital staff and increases the risk of medical incidents. Torija [3,4] suggested that low-frequency noise (or other acoustic features that are usually less important) is less dominant in the subjective response to other acoustic features (e.g., mid- and high-frequency noise) in noise annoyance, and is a more critical factor under indoor conditions. Low-frequency noise may be more dominant than the other frequency bands under indoor conditions Tomei [5] Increased noise will damage the human auditory system and may also induce hypertension or other irreversible cardiovascular diseases. Using the SoundPLAN acoustic simulation software, the propagation paths of low-frequency noise and the coverage of low-frequency noise are investigated in the acoustic environment of the four hospital halls. Then, the measured data in the field are compared to verify their reliability and to improve the strategies and recommendations.




2. Purpose and Objects of Research


2.1. Purpose of Research


The following are the objectives of this study.



	
To study the types of low-frequency noise in hospitals;



	
To investigate the impact of low-frequency noise on people’s lives and their psychological perception of it;



	
To continue the investigation of the current situation of noise in the lobby of a general hospital in central Taiwan;



	
To implement noise measurements in four hospitals in central Taiwan;



	
To use the acoustic simulation software SoundPLAN to restore the acoustic environment scene during the measurement by Chen [6,7] for analysis and research.







2.2. Objectives of Research


In this study, low-frequency noise was measured and simulated at four hospitals (Table 1) in Taichung City in order to design and improve the physical environment.





3. Experimental Sites


Torija [3] suggested that low-frequency noise (or other usually less important acoustic features) may be more important than other acoustic features (such as MF and HF content) that are less dominant such as indoor conditions. Low-frequency noise is relatively more dominant indoors and behind noise barriers and relatively more significant, as it may lead to irritation, excessive fatigue, inattention, sleep disorders, and troubles. Through animal experiments, Spreng [8] found that the cellular cortisol of the tested animals would be affected by noise and cause changes, and it would cause small changes in the heart and adrenal glands.



Paunović [9] explored traffic noise-induced changes in blood pressure, heart and hemodynamics in young adults. Their study included a total of 130 people (42 men, 88 women) with an average age of 24 years old. The results of the study pointed out that 89 decibels of traffic noise will produce blood changes, including increased blood vessel resistance and reduced cardiac blood elimination. These changes occur when noise is exposed The interplay of effects results in an increase in systolic and diastolic blood pressure.



3.1. Floor Plan Acquisition


Four central hospitals near the road were selected to study the low-frequency noise. The criteria for measuring and setting the measuring points are selected following Chen’s research [6].



The measurement was conducted on normal working days from 9:00 a.m. to 5:00 p.m. and from Monday to Friday. The reason was to avoid the special impact noise when the hospital opens in the morning such as the noise of opening the iron gate, air conditioning, mechanical equipment trial operation, and so on. Noise at night occurs from 9 p.m. to 5 a.m. The measuring points need to meet the following conditions.




	
The height between the measuring point and the ground must be 1.2–1.6 m;



	
The distance between the measuring point and each radiation surface in space must be greater than 1.0 m;



	
The distance between each measuring point must be greater than 1.5 m;



	
The distance between the measuring point and the noise source in space must be greater than 1.5 m.








The floor plan is shown in Figure 1.




3.2. Data Acquisition


Chen [6] performed a psychological quantitative survey on the audience of hospital users using the Likert Scale. It is a psychological reaction scale and is often used for questionnaire surveys. The Likert scale has two extreme quantitative methods to measure positive or negative responses. The subject scored the noise in the hospital hall at five levels of very agree, agree, ordinary, disagree, and very disagree (Table 2).



After collecting all data, the psychological noise parameters of the subjects in four hospitals were obtained as shown in Table 3.



The collated parameters were used in the later stage of the experiment with the simulated indoor spectrum.





4. Methods


A SoundPlAN model was used for data acquisition, measurement, and simulation.



4.1. Model


Based on the floor plans of four hospitals obtained by Chen [6], AutoCAD was used to restore the plans on an equal scale. The floor plans were imported into SoundPlAN to establish a model as shown in Figure 2.




4.2. Sound Absorption and Penetration


According to the field investigation and collection of data on the penetration coefficient (ISO 12354) [10], a sound absorption coefficient (ISO 354) [11] of 20 cm reinforced concrete walls was obtained as shown in Table 4.





5. Process and Results


Due to the shortage of outdoor noise measurement data in Chen [6], the field measurement was obtained as the spectrum of outdoor noise sources. The measurement principle followed by this outdoor noise spectrum collection is as follows.



The measurement was carried out during the normal working day from Monday to Friday every 30 min. The reason was to avoid the special noise that occurred when the hospital opened in the morning such as opening the iron gate, air conditioning, mechanical equipment trial operation, and other noises. In case of sudden noise (except the noise brought by the hospital such as the siren of an ambulance), the measurement was terminated. The measurement time was 15 min and was repeated to ensure accuracy. The measuring points meet the previous conditions.



Precision Sound 140 Sound Analyzer was used in this research. The obtained measurement data are shown in Table 5.



After the establishment of the model, the input of various values and the setting of the analytical program, the indoor acoustic environment spectrum of the four hospitals is finally obtained as shown in Table 6. The indoor sound pressure distribution diagram is shown in Figure 3.



The sound pressure distribution diagram shows the acoustic environment of the hospital lobby. The red areas included the medication collection area, the entrance lobby, and the rest and waiting area which were crowded. The second red area is for the sound sources in the corridors and escalators are linear sources. The sound level was the most prominent in the Daya Ching Chuen Hospital, presumably due to its proximity to the road.



The correlation analysis result of the indoor spectrum in SoundPlaN and the psychological noise value is shown in Table 7.



The experimental results show that the frequency band of noise was mainly concentrated in 25–315 Hz and 1600–2500 Hz and present the direction of looking for noise source mainly in low frequency (Figure 4). It is shown that the main source of low-frequency noise is in the halls of the four tested hospitals.




6. Conclusions


In this study, the acoustic environment of the lobby of the four hospitals was investigated and compared to those of Chen [6], and the correlation between the measured data and the psychological experimental data was compared.



According to the experimental results, the noise affecting the four hospitals is mainly low-frequency noise. The psychological experiment data shows that the highest correlation frequency bands are 25–315 Hz and 1600–2500 Hz. Therefore, the noise frequency band with the highest perception by people in the lobby contains the middle and low followed by the high-frequency band. The acoustic simulation software (SoundPLAN) was used to restore the measurement by placing noise sources, installing noise barriers, and placing measurement points and surfaces. The experiment results present that the four hospitals had a wider distribution of indoor sound levels, and the most significant noise level was found at Daya Ching Chuen Hospital, presumably because it is closer to the road than the other three hospitals.
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Figure 1. Floor plane of hospital lobbies for the research [6]. 
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Figure 2. Four hospital plans and 3D models in SoundPLAN. 
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Figure 3. Sound pressure distribution in the four hospitals. 






Figure 3. Sound pressure distribution in the four hospitals.



[image: Engproc 55 00042 g003a][image: Engproc 55 00042 g003b]







[image: Engproc 55 00042 g004] 





Figure 4. Correlation between subjective noisiness and sound pressure levels of simulated noise at the range 25–160 Hz and 1600–2500 Hz. 
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Table 1. Hospitals and the area of their lobbies.






Table 1. Hospitals and the area of their lobbies.





	Number
	Name
	Area/m2





	a.
	Taichung Hospital, Ministry of Health and Welfare
	1050



	b.
	Jen-Ai Hospital Dali
	1175



	c.
	Ching-Chyuan Hospital Daya
	531



	d.
	Cheng Ching Hospital Chung Kang Branch
	480










 





Table 2. Summary of noise incident questionnaire data.






Table 2. Summary of noise incident questionnaire data.





	Number
	a
	b
	c
	d





	Reason for staying
	3.16
	3.41
	3.06
	3.45



	Means of transportation
	2.06
	1.66
	2.11
	2.10



	Home environment
	2.41
	2.49
	2.21
	2.35



	Noise severity
	2.78
	3.16
	2.85
	3.02



	Conversational voice
	3.08
	3.06
	2.95
	3.17



	Children’s frolicking
	3.08
	3.52
	3.31
	3.23



	Ambulance alarm
	2.78
	3.15
	2.85
	2.70



	Medical equipment
	2.57
	2.48
	2.40
	2.37



	Mechanical equipment
	2.57
	2.69
	2.40
	2.28



	Broadcast
	2.65
	2.82
	2.89
	2.65



	Call name
	2.57
	2.93
	2.82
	2.77



	Footsteps
	2.60
	2.94
	2.70
	2.53



	Opening/closing sound
	2.72
	2.57
	2.63
	2.52



	Car sound
	2.65
	2.71
	2.85
	2.98



	Construction operation
	2.83
	3.34
	3.37
	3.42



	TV set
	2.58
	2.42
	2.80
	2.53



	Traffic noise in the location
	2.58
	2.45
	2.60
	2.97



	Ambulance sound in the location
	2.50
	2.71
	2.63
	2.78



	Counterspeech in the location
	2.52
	2.65
	2.33
	2.68



	Elevator/escalator in the location
	2.52
	2.62
	2.25
	2.39



	Shuttle footsteps in the location
	2.60
	2.89
	2.52
	2.55



	Sound of medical instruments in the location
	2.70
	2.78
	2.38
	2.36



	Emergency room sound in the location
	2.78
	2.43
	2.55
	2.42










 





Table 3. Psychological noise parameter table.
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	Name
	Psychological Noise Value





	Hospital a
	3.393



	Hospital b
	3.417



	Hospital c
	2.600



	Hospital d
	3.617










 





Table 4. The 20 cm RC wall penetration and absorption coefficient spectrum.






Table 4. The 20 cm RC wall penetration and absorption coefficient spectrum.





	Name/Band Hz/dB
	Penetration Coefficient
	Sound Absorption Coefficient





	25
	20.1
	0.1



	31
	21.2
	0.1



	40
	22.8
	0.1



	50
	23.2
	0.1



	63
	24.4
	0.1



	80
	25.5
	0.1



	100
	27.7
	0.1



	125
	30.4
	0.1



	160
	32.7
	0.1



	200
	34.3
	0.1



	250
	36.3
	0.1



	315
	38.4
	0.1



	400
	40.4
	0.1



	500
	42.4
	0.1



	630
	44.4
	0.1



	800
	46.45
	0.1



	1000
	48.4
	0.1



	1250
	50.4
	0.1



	1600
	52.4
	0.1



	2000
	54.5
	0.1



	2500
	56.5
	0.1



	3150
	58.4
	0.1



	4000
	60.5
	0.1










 





Table 5. The 25–4 kHz frequency spectrum of outdoor noise in four hospitals.
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	Name/Band Hz
	Hospital a/dB
	Hospital b/dB
	Hospital c/dB
	Hospital d/dB





	25
	68.30
	69.10
	67.00
	64.94



	31
	68.75
	68.10
	66.50
	67.69



	40
	72.55
	64.40
	70.80
	64.34



	50
	72.65
	65.30
	68.00
	64.69



	63
	69.15
	65.60
	68.00
	64.74



	80
	68.45
	65.00
	68.40
	60.74



	100
	66.65
	62.60
	67.40
	59.34



	125
	65.45
	62.40
	68.70
	61.44



	160
	65.65
	61.20
	67.50
	59.04



	200
	65.70
	60.20
	64.70
	55.69



	250
	64.20
	59.40
	63.90
	58.39



	315
	62.30
	57.60
	61.90
	60.69



	400
	62.35
	59.20
	61.20
	56.19



	500
	62.10
	57.90
	61.00
	64.19



	630
	61.65
	56.70
	61.50
	54.89



	800
	60.65
	56.10
	63.30
	50.54



	1000
	60.45
	56.90
	64.50
	52.19



	1250
	59.95
	57.50
	58.70
	53.09



	1600
	58.55
	56.30
	57.60
	52.84



	2000
	57.60
	53.70
	56.00
	49.59



	2500
	56.05
	52.60
	54.70
	48.74



	3150
	55.05
	51.40
	53.50
	48.89



	4000
	52.15
	48.60
	51.30
	42.94



	Total
	79.12
	73.90
	78.40
	72.90







Data acquisition: field measurement.













 





Table 6. Indoor noise spectrum of four hospitals after simulation.
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	Name/Band Hz
	Hospital a/dB
	Hospital b/dB
	Hospital c/dB
	Hospital d/dB





	25
	68.30
	64.50
	59.60
	66.4



	31.5
	68.75
	69.1
	59.1
	69.8



	40
	72.55
	68.1
	58
	65.95



	50
	72.65
	64.4
	57.1
	66.4



	63
	69.15
	65.3
	58.4
	66.05



	80
	68.45
	65.6
	54.6
	62.25



	100
	66.65
	65
	55.5
	61.25



	125
	65.45
	62.6
	54.5
	63.5



	160
	65.65
	62.4
	52.5
	63.5



	200
	65.7
	61.2
	54.2
	58.15



	250
	64.2
	60.2
	55.6
	59.75



	315
	62.3
	59.5
	55.9
	61.55



	400
	62.35
	57.7
	57.8
	57.8



	500
	62.1
	59.3
	57.5
	64.85



	630
	61.65
	58
	57.4
	56.8



	800
	60.65
	56.8
	57
	53.4



	1000
	60.45
	56.2
	55.5
	53.65



	1250
	59.95
	57
	57.1
	53.9



	1600
	58.55
	57.6
	52.4
	53.6



	2000
	57.6
	56.4
	50.1
	55.15



	2500
	56.05
	53.8
	49.4
	49.7



	3150
	55.05
	52.6
	55.9
	49.6



	4000
	52.15
	51.6
	57.7
	44.2



	Total
	78.82
	74.9
	69.2
	74.22










 





Table 7. Correlation analysis result.
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	Name/Band Hz
	Correlation Coefficient





	25
	0.853337



	31
	0.928248



	40
	0.944554



	50
	0.833262



	63
	0.915337



	80
	0.969916



	100
	0.975709



	125
	0.933431



	160
	0.954515



	200
	0.877396



	250
	0.873824



	315
	0.834558



	400
	0.457622



	500
	0.490722



	630
	0.485701



	800
	0.244667



	1000
	0.450634



	1250
	0.274137



	1600
	0.882458



	2000
	0.984785



	2500
	0.782741



	3150
	−0.3497



	4000
	−0.515241
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