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Abstract. This work presents a case study carried through in a research, education, assistance and technological 
development center in Rio de Janeiro in the areas of the health of women, children and adolescents, where mid- 
and high complexity pathologies are researched and treated. It intended to detect work environment problems that 
could affect the institution workers’ health, in order to support the elaboration of the action plan to mitigate urgent 
questions and to develop an architectonic project for a new center. The work environments and processes were 
evaluated using a participative approach. All of the research center sectors were visited, semi-structured 
interviews with the workers in all sectors were conducted, and debates were promoted, which highlighted noise as 
one of the main factors of discomfort and stress. The in loco observation and analysis of the project allowed us to 
detect that the architectural design and the disregard for basic acoustic recommendations contributed to the 
creation of this situation. Measurements carried out in some areas signalized as noisy and uncomfortable 
indicated an exposure to a sound pressure level above 75dB(A). However, the resolution of the many acoustic 
problems identified will have to wait for the construction of the new headquarters. 
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Introduction 

Noise has effects that go beyond inducing hearing loss. Headaches, dizziness, increased blood pressure, 
tachychardia, difficulty concentrating, learning disorders, sleep disturbances, irritability, accidents and discomfort 
are among its possible effects [1][2][3]. Thus noise control is of upmost importance in risky and stressful situations, 
such as those related to activities carried out in hospitals. 

Noise doesn’t need to be excessively loud to cause problems in the workplace, especially, where concentration 
and oral communication are vital. It can interact with other workplace hazards, therefore increasing the risk of 
accidents, masking warning signals, potentiating hearing loss due to simultaneous exposure to chemicals and noise, 
or becoming a work-related stress factor [2]. 

The World Health Organization - WHO [4] emphasizes that: “For most spaces in hospitals, the critical effects of 
noise are sleep disturbance, annoyance and communication interference, including interference with warning 
signals.” 

Hospitals are the most complex building types. Every hospital is comprised of a wide range of functional units 
and services [5]. They assemble and simultaneously run many services such as patient hospitalization, laundry 
rooms, medical procedures, clinical laboratories, cleaning, security, food services, human resources, patient care, 
etc. Each hospital function involves highly complicated mechanical, electrical, and telecommunications systems. 

They are organisms in permanent evolution where the work processes and buildings need to be adjusted in order 
for workers to be able to carry out their activities with comfort and safety, and to support other users such as 
patients, administrators, suppliers, and all other interested parties.  

“The program of functions changes to meet new medical procedures, new regulations, and new market and 
insurance conditions” [6]. Thus this diversity should be forseen in the project in order to comply with codes and 
standards and provide flexible areas. The hospital design should enable the building to expand in an orderly form 
and change with calm [5].  

The disregard of these aspects in the design may create problems that are difficult to resolve. This is the case of 
acoustical factors, whose prevention should occur during the design process, when the initial layout, person flow, 
provision of functional units and construction materials are defined. Architectural design strategies can help reduce 
noise levels in hospitals to ensure the safety, health, healing, and well-being of all occupants (patients, their families 
and workers) and provide a positive impact on the patients’ privacy. 

In this perspective, the project titled “Strategies for the management of noise and ototoxic substances at Fiocruz” 
is being developed at the campi Fundação Oswaldo Cruz, including the Fernandes Figueira National Institute of 
Women, Adolescent, and Children’s Health – IFF/Fiocruz.  

The project was approved by the Ethics Committee of Fiocruz under N° 621/11. It is a qualitative and 
quantitative study, developed by a multidisciplinary intra-institutional team, which was based on the methodology of 
action research that aims to identify exposure to noise and/or ototoxic substances; relate their effects to 
environmental characteristics, production process of buildings and work processes; identify risks arising from 
exposure to the subject of study; and propose a plan of action that will contribute to the implementation of 
interventions in the workplace and in workers’ health. 

This project consists of surveillance actions in the environment and work processes, including an 
epidemiological survey, measurements of noise and health surveillance actions, through audiological tests, 
assessment of sleep-wake cycles and research of the genotoxic potential of chemicals. It began in 2012, motivated 
by the increasing demand for solutions to noise control problems in various environments at Fiocruz and by the 
preliminary results of studies conducted in 2007 and 2010 at the institution, which performed a risk analysis in the 
workplace. At that moment, a multidisciplinary team of the Occupational Health Coordination observed the work 
environments, conducted interviews and informal conversations with workers, which indicated it was necessary to 
further investigate the issues raised. 

This article presents a case study carried through at IFF/Fiocruz as part of that research project. 
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The Fernandes Figueira National Institute of Women, Children and Adolescent Health– IFF/Fiocruz 

In 1922, the IFF was built in Rio de Janeiro City on a heavily 
trafficked street. 

Twenty-four years later, it assumed the role of a scientific 
center, aiming to promote research on hygiene and paediatrics, 
exams and biomedical research on motherhood, childhood, 
adolescence medicine and related social problems.  

In 1970, it became a Scientific Technical Unit of Fiocruz [7], 
which participates actively in the Brazilian representation at the 
World Health Organization (WHO) and has been a collaborating 
center of the Pan American Health Organization (PAHO / WHO) 
[8]. 

Over the years, the original building has undergone a number 
of changes due to use and too much growth inside a very small 
area; any more expansions would be impossible at this point in 
time. Nowadays, the institute (Figure 1) is composed of a main 
building where the hospital is located, several smaller annexes 

which house many support activities such as areas of administrative support, a maintenance pavilion, a warehouse, a 
drugstore, a medical genetics lab, pump houses, locker rooms, a central gas supply, pathological anatomy, an 
auditorium and the archives. The teaching areas, a nursery for the children of public workers, a human milk bank 
and a library are located in another annex, connected by a walkway to the hospital building. There are narrow streets 
between the buildings, where pedestrians, official cars, ambulances, trucks, etc circulate. The IFF is adjacent to 
residential buildings and a historic building, which houses a cultural center of a public university (Figure 2).  

Legal Frameworks  
 

The Brazilian Constitution [9] ensures that health is a social right of every citizen and worker. Thus, the noise 
exposure protection measures to ensure good health are supported by federal, state and local laws and several 
national technical standards. 

The Brazilian Technical Standards Association (ABNT) published the Brazilian Standard - NBR 15575, which 
deals with building performance, including the criteria for assessment of the acoustic performance [10]. However, 
there are no specific standards for noise control in other types of buildings, such as hospitals, school, and 
workplaces, among others, remaining undefined the requirements of acoustic treatment of airborne and impact noise 
and criteria for acoustic tests in the field. 

Figure 2. Site map 

Figure1. Fernandes Figueira National Institute of 
Women, Adolescent, and Children’s Health 
 

M. R. V. Macedo et al. Acoustic quality of buildings

Proceedings of Meetings on Acoustics, Vol. 20, 015002 (2015) Page 3



The Resolution 01/1990 of the National Environment Council (CONAMA) [11] establishes criteria and 
standards for the emission of noise from any industrial, commercial, social or leisure activity, including political 
propaganda, in the interests of public health and peace. As a result, noise emissions must, in the interests of public 
health and peace follow NBR-10151/2000 - Assessment of Noise in Inhabited Areas aimed at community well-being 
[12], and sound level produced by the execution of building construction projects or building reforms for 
heterogeneous activities may not surpass the comfort and acceptable levels established by NBR – 10152/1987 – 
Comfortable Acoustic Noise Levels [13], both issued by the Brazilian Technical Standards Association (ABNT).  
 In regards to safety and occupational health, it is important to highlight the Regulatory Norms (NR) of the 
Labor Laws Consolidation (CLT) [14]. The NR 15 [15] establishes tolerance levels for continuous and intermittent 
noise. The NR 32 [16] deals with the safety and health of health care workers and requires consultation of NBR 10 
152/87 [13].  

Moreover, the NR 17 [17], which deals with ergonomics, establishes that noise levels must comply with the 
provisions of NBR 10152/1987 [13] in workplaces where constant attention and cognitive capacity are required, 
such as control rooms, laboratories, administrative offices, and offices for project development, among others. 
 The Municipal Act No. 3268, August 29, 2001 [18], which deals with noise pollution in the city of Rio de 
Janeiro, the Decree No. 29 881 of September 18, 2008, which consolidates Rio de Janeiro’s stance [19] and the 
Municipal Environment Resolution (SMAC) No. 198 of February 22, 2002 [20] determine that the maximum sound 
levels resulting from the development of any activities must comply with those recommended by the NBR 
10151/2000 [12].  

Methodology 

From May 2012 to July 2013, an epidemiological survey aiming to identify the perception of noise in the 
workplace was carried out at IFF. This survey was made available online at Fiocruz’s website 
(www.intranet.fiocruz.br), and was also applied personally. The questionnaire was anonymous, completed 
individually, and included information on: 1) noise sources (the nature of the noise in the workplace, how often the 
noises bother, the noise impact in the oral communication); 2) perceived noise effects by workers (irritability, 
mental and physical fatigue, hearing loss, anxiety, headaches, sleeping problems); 3) the place where the respondent 
carries out most of their activities; 4) age group and sex. There were semi-open response fields aiming to identify 
aspects that could have gone unnoticed by the researchers.  

 Although the Informed Consent Form (ICF) was available for consultation on Fiocruz’s website, it was applied 
only to workers who underwent clinical examinations, in order to maintain the individual’s anonymity and avoid 
biased answers. Therefore, we considered that each individual’s answers to the questionnaire qualified as an implicit 
acceptance of the research terms and conditions.  

The questionnaire information was entered and analyzed using the EPI Info software version 3.5.2, produced by 
the Centers for Disease Control and Prevention (CDC) [21]. 

Fieldwork had the support of the Human Resources Service (HRS) of the IFF, which provided information about 
the workforce size and location of the workers so that a representative sample was collected. The HRS also mediated 
the dissemination of the project and the scheduling of interviews with workers in each sector, which aimed to help 
us understand the perceptions and views that the workers have about the reality in which they work. 

Thus, a representative sample from the population of the 1275 workers of IFF was calculated. Considering a 5% 
error margin and a 95.5% certainty level, the required sample would be of 306 people. However, we reached a 
sample of 451 workers. 

In parallel, the architects who compose the team of researchers analyzed the architecture design in order to plan 
the study. The team visited the entire institute, inviting workers to respond to the questionnaire, taking photographic 
records, noting workers’ appointments and observing the building characteristics and work processes in order to 
identify possible noise sources, sound propagation paths, acoustic characteristics of the surfaces’ coating materials 
and elements that could interfere in the sound environment. 

For about eight months, the team was present in the IFF, becoming familiar with the workers and responding to 
demands for assessment of environmental noise and neighborhood complaints. So, even before the data analysis, it 
was possible to identify the most problematic areas and the worker groups with the greatest noise exposure, perform 
measurements and propose interventions in the more urgent cases.  
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The data analysis was conducted using Epi Info by CDC in order to identify how noise affects different groups of 
workers. Five groups of workers were created according to functional assignments defined by RDC 50/2002 [22], 
which is a Brazilian Standard for Health Care Facilities: 1) Health care, in which the workers from outpatient care, 
inpatient care, diagnosis and therapy support were included; 2) Administrative support services, in which workers 
from the filing rooms, administrative, human resources service, management, and statistics departments were 
included; 3) Logistics support (laundry, kitchen, restaurant, sewing, cleaning, building maintenance, reception, 
surveillance); 4) Technical support (lactary, human milk bank, material and sterilization center, pharmacy and 
nutrition); 5) Education and research. 

Measurements 

During January-October 2013, the measurements were carried out in 15 areas, indoor and outdoor, chosen based 
on the epidemiological survey, requests from the hospital workers, and observations made by the research team. 
Most measurements were conducted during the daytime. However, due to a neighbor’s complaint, the external 
environment measurements were made during the daytime and nighttime, near the aggravated party, as determined 
by NBR 10151 / 2000 [12]. 

In order to select the strategies and measurement procedures, the work processes were analyzed and the groups 
exposed to noise identified.  

- Indoor, two distinct situations were found: those that pointed to the possibility of hearing loss and those that 
could impose noise nuisance. 

In the first case, measurements followed the criteria established by ISO 9612/2009 - Acoustics - Determination 
of Occupational Noise Exposure - Engineering Method [23], comparing the results with the limits of tolerance 
defined in the NR 15 [15], which is a Brazilian Labor Standard. Even though the NR 15 establishes a tolerance limit 
of 85 dB (A) for 8 hours of exposure, noise levels inferior to this limit should also be investigated, since several 
studies indicate hearing loss potentialization when there are simultaneous exposures to noise and ototoxic 
substances. 

The ISO 9612/2009 [23] standard specifies methods for measuring the noise exposure in the workplace, 
calculating the level of exposure to noise and the uncertainty associated with results, and selecting measurement 
strategies based on the understanding of the work process. Thus, the measurement strategy was based on the set task. 
In selected points to represent each task, three measurements of 5 minutes each (totaling 15 minutes) were 
performed. The information provided by workers was recorded in a form of process mapping developed specifically 
for this purpose. 

On the other hand, in cases of noise nuisance, measurements followed the recommendations of NBR 10151/2000 
[12] and noise criteria levels established by the NBR 10152/1987 [13], whose evaluation method is based on the 
comparison between the equivalent sound level (LAeq) (A-weighted) with the noise comfort level in hospitals, 
which is given in Table 1. It is worth mentioning that most acoustic evaluations were made based on these standards. 

 
TABLE 1. NBR 10152/1987 - Noise levels to acoustic comfort. 

Enclosures  dB(A) 
Hospitals  
Room, Wards, Cots, Surgical Centers 35 - 45 
Laboratories, Public areas 40 - 50 
Services 45 – 55 
Residences                    
Rooms                                          35 – 45 
Living room 40 – 50 

 
- Outdoor, the measurements aimed to evaluate nuisance in the neighborhood and in the hospital, in view of 

complaints due to the noise of equipment located outdoors at IFF. These measurements followed the 
recommendations of the same Brazilian Standards. But, in this case, a correction factor of -10 dB(A) was 
applied, considering that the windows were open. 

 
The following equipments were used: Integrating Sound Level Meter Larson Davis Model LxT1, Type 1, serial 

number 0003013, Acoustic Calibrator CAL Larson Davis Model 200, Type 1, serial number 8984, and Digital 
Thermo-Hygrometer TESTO 635 serial number 02287262/201, duly calibrated and certified. 
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Soundscape 

According to municipal zoning [19] [20], IFF is situated in a residential zone 2 (ZR-2), for which the limits 
determined in NBR 10151/2000 [12] are 55 dB (A) during the daytime and 50 dB (A) at nighttime. 

The sound environment on the internal streets at IFF is composed of various sounds emitted by air conditioners 
and condensing units installed on the facades, movement of standard and heavy vehicles, various pump systems that 
serve the wards and the Federal University of Rio de Janeiro (UFRJ) Cultural Center, aircrafts flying overhead 
whilst executing landing procedures, and pedestrian conversations, among other less relevant ones. 

Although the region handles important traffic routes, which could contribute to the elevation of environment 
noise levels, inside the hospital, the traffic noise is inaudible because the building is located behind the UFRJ 
Cultural Center, which masks it. 

The presence of various noise sources and activities occurring simultaneously characterize the sound 
environment in the outdoor areas of the hospital, such as cars, trucks, pump systems, pedestrian conversations, air 
conditioners and condensing units installed in the building walls (Figure 3). The narrow streets surrounded by 
buildings with smooth surfaces make the sound field reverberant, causing noise pollution complaints in the 
neighborhood.  

 
 

 

 
 
 
 
 
 
 
 

 
 
Inside the buildings, in order to prevent microbiological contamination, it is necessary to use easy to clean 

coating materials which are highly noise reflective, such as flooring made of high resistance ceramic in the 
circulation and waiting areas, painted slabs and plaster ceilings, painted or tiled brick walls, and dividing walls 
coated in melamine. 

Consequently, the lack of concern about the acoustic quality in the selection of materials, sound insulation, 
design and execution of construction details may favor the propagation of sound between the different environments 
and contribute to the increase of the perceived reverberation time, leading to a very noisy environment. 

In the wards there are hollow core dividing walls coated in melamine with large glass panels and single- or two-
leaf doors and observation panels. In general, the internal doors are composed of thin wood, hollow, painted or 
coated in melamine and not sealed properly (Figure 4). 

Considering the small number of physicians' offices and the great demand for care in the hospital, the medical 
offices have their consults near cabinets or partitions, substantially impairing the patients’ privacy. 

The paediatric wards have a central nursing station and bordering rooms for children and infants. With this 
layout, different noise sources can be perceived, such as the sounds of children crying, beeps, cardiac and oxygen 
saturation monitors, conversations, phones, radios, TVs, sounds of toys, water flow during the washing of materials, 
ventilators used to carry out tracheotomies in chronic patients, infusion pumps for hydration and nutrition, sounds 
produced during recreational activities and others resulting from routine caregiving. 

The air conditioning engine-room, transformers, and other noisy equipments are installed in areas contiguous to 
the wards, laboratories, radiology offices and other environments sensitive to noise, without proper acoustic 
treatment. 

Even where there is acoustic treatment, the use of acoustic materials is inappropriate. For example, in the 
generator room, it is necessary to isolate the paths of sound propagation to the exterior and dampen vibrations from 
equipments. However, only sound absorbent materials were used and nothing else. 

 

Figure 4. Paths of sound propagation Figure 3. Internal Street at IFF 
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Results 
 

 The analysis of the epidemiological survey showed that 28.2% of workers are frequently or too often annoyed 
by noises. However, only 6.4% often complain about it to their leaders.   

The noise sources reported as the most annoying are: mechanical equipment (47.9%), voices (39.7%), telephones 
(23.5%), construction (12.6%), automobiles (6.4%) and music (4.9%)1.  

Among the effects of the noise noticed by the workers, stress factors were mentioned, such as irritability 
(40.1%), headaches (26.4%), mental fatigue (21.5%), anxiety (12.4%), physical fatigue (10.9%), sleeping disorders 
(6%), and hearing loss (3.5%)2. 

The workers most bothered by noise are from the health care sector, followed by the administrative workers. In 
the other groups, nuisance was less significant, as shown in Table 2. 

 
TABLE 2. Frequency of nuisance in groups of workers 
Environment Common Nuisance Rare Nuisance No Nuisance 
 n % n % n % 
Health care 77 60,6 88 31,3 12 27,9 
Admnistrative 
support 

31 24,4 90 32,0 1 2,3 

Logistical support 10 7,9 61 21,7 23 53,5 
Technical support 8 6,3 34 12,1 6 14,4 
Education and 
research 

1 0,8 8 2,8 1 2,3 

Total 127 100,0 281 100,0 43 100,0 
Chi-square: χ2 = 70,6; p < 0,01  
 

The statistical analysis pointed to places of great nuisance in which sound level measurements were made, as 
shown in Table 3. 

A comparison of the measured values with the levels established by the Brazilian Standards NBR 10152/1987 
[13] showed that in all environments the sound levels are above recommended. 
 

TABLE 3. Comparison of measured values with criterion levels established by NBR 10152/2000. 
No. Enclosures  

 
Levels Measured 

dB(A)  
Recommended Levels 

NBR10152 dB(A)  
1 Neonatal intensive care unit 59 35 to 45 
2 Paediatric ward  63  35 to 45  
3 Laboratory  65  40 to 50  
4 Doctor's office  62  35 to 45  
5 Paediatrics ambulatory  73  40 to 50  
6 Gynaecology ambulatory  72 40 to 50  
7 Radiology - Bright chamber 61  40 to 50  
8 Radiology - X-Rays Room 66  40 to 50  
9 Kitchen 72  45 to 55  

10 Restaurant  80  40 to 50  
 

As noted by the team and confirmed by the workers’ reports in open and semi-open questions, several aspects 
related to the architectural design and construction details contributed to the perceived noise pollution. 

                                                
1 Observe that the sum of the percentages exceeds 100% because there was more than one answer to the question concerning sound pollution in 
the workplace.  
2 In the same way, the sum of the percentages exceeds 100%. 
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The medical and nursing team complained of sound nuisance, intelligibility and speech interference in doctors’ 
offices due to the high sound pressure levels emitted in the waiting room of the Gynaecology and Paediatrics 
ambulatory (Figure 5). 

The results indicated that the noise attenuation provided by doors, windows and brick walls disposed between the 
waiting room and doctor's offices is only 11 dB (A) with closed windows and doors. As shown in Figure 4, in these 
areas the noise is transmitted through the doors and thin glasses located on top of the masonry walls. 

It was noted that in most laboratories, various equipments are concentrated in the same area, forcing a sharing of 
the workspace. For example, Figure 6 shows the measurements performed at the Clinical Analyses Laboratory, 
where ambient noise is a consequence of several devices working simultaneously. 

In the radiology lab, the operation of the power transformer located between the Bright chamber hall and the X-
ray room was identified as responsible for raising the ambient noise level. For this reason, the sound pressure level 
measured in each environment was 61 dB(A) and 66 dB(A), respectively. 

In the Materials and Sterilization Center (MSC) levels of 70.5 dB(A) were measured which are below the limits 
of tolerance for hearing loss, although above the limits of acoustic comfort. It is observed that the autoclaves were 
installed on the wall adjacent to one of the compressors without any sealing or internal acoustic treatment (Figure 7). 
Furthermore, there was no concern with the damping of vibrations, so as to prevent transmission of structure-borne 
noise, during the installation of the equipment. 

In the carpentry, although the noise level is high (82 dB (A)), the workers reported no discomfort. The activities 
are carried out for short periods of time, where only sporadic repair services are performed. Table 4 shows the 
results of measurements performed in these environments. 

 
TABLE 4. Values measured according to ISO standard 9612 - Measurements for work tasks. 

No. Enclosures Workday Sound exposure level 
– LEX dB(A) 

Uncertainty  

11 MSC – Autoclave 6 hours 70,5 ± 1,3 dB(A) 
12 Carpentry 8 hours 82,0 ± 3,1 dB(A) 

 
In the human milk bank, noise pollution was reported due to the lack of suitable rooms to hold meetings and 

student guidance sessions. Similarly, a waiting room with appropriate dimensions, in order to avoid the mixing of 
different tasks, is necessary. 

During data analysis, sound pollution in clinical neurophysiology was not identified. However, in personal 
contact with the team, difficulty in performing electroencephalograms in autistic and hyperactive children was 
reported due to speech interference from noisy neighboring areas. We observed that this problem was generated by 
the use of simple drywall partitions composed of two plates of 12.5 mm with air space in the core, a distance of 
about 1cm away from the ceiling (Figure 8). The lightweight doors without adequate sealing and the openings 
created to allow the passage of machineries also contribute to the sound transmission between environments (Figure 
9). 

 
 

Figure 6. Clinical Analyses Laboratory Figure 7 – Materials and Sterilization Center 
(MSC) 

Figure 5 – Waiting room                      
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The sound pressure level measured in the inner streets in front of the hospital building (point P15) is high and 
may compromise the performance of noise sensitive workers. Applying the correction of -15 dB (A) for closed 
windows under Brazilian law, the value of 69 dB(A) obtained in the external environment corresponds to 54 dB(A) 
in internal enclosures, which exceeds the levels of comfort and acceptability recommended by NBR 10152/1987 
(Table 1). 

On the other hand, as mentioned previously, the IFF is located in a residential area whose noise limits are 55 
dB(A) during the daytime and 50 dB(A) during the night. However, the measured ambient noise levels are above 
these limits (Table 5). Applying the same correction of -15 dB(A), within the residence of the claimant, levels of 48 
dB(A) during the daytime and 43 dB(A) at night were obtained. Thus, daytime noise levels in the dormitories of the 
claimant are above recommended by NBR 10,152 / 1987 (Table 2). 

TABLE 5. Values measured in external environments according to NBR 10151/2000. 

Nº Measurement in the 
external environment 

Measured Ambient 
Noise Levels  

dB(A) 

Recommended levels 
NBR 10.151 dB(A) 

Day Night Day Night 
13 Residential building 63 58 55 50 

Discussions 

The acoustic comfort, privacy, communication, speech intelligibility, rest and concentration should be supplied 
through the adoption of measures that favor the collective protection of workers and other users of the buildings. 

In general, a person spends about 90% indoors where he or she is subjected to internal and external noise [24]. 
Gupta and Sunil [25] emphasized that “the healthcare buildings are to be designed as living spaces for families 
rather than warehouses for the sick.” 

Undoubtedly, the hospital building should provide patients with a sense of safety, comfort, dignity and rest. 
Yet besides contributing to a patient's recovery, the hospital is workplace. Thus, its environment must be 

designed and built in order to avoid illnesses in the workers who care for these patients. 
In order to ensure acoustic comfort and prevent health complications due to noise exposure, since its 

conception, the architectural design should include issues related to the roll out and layout of the building, proper 
specification of acoustic materials (for floors, walls, ceilings, frames, roofs), machinery, equipment and system 
assets, with the objective of having the lowest possible noise emission. Specific acoustical concerns in healthcare 
settings include supporting a patient’s well-being and privacy, supporting communication among staff, and meeting 
standards and regulations [26]. 

The most recent publications show that the built environment has a key role in workers’ exposure to noise. 
Acoustic treatment is one of the global actions to reduce sound pollution in the workplace. Due to its reverberations, 
the built space can increase the noise from machinery and equipment and affect the entire work environment [27]. 
Thus, the locations where noise sources may expose workers to noise pollution levels must be designed and 
constructed to reduce the reverberation on surfaces and limit the propagation of sound to other locations. 

The use of acoustic absorbent materials allows reducing the reverberant field by acting on the sound 
propagation path, attenuating the noise level at locations sufficiently distant from the sound source in question [28]. 

However, in Brazilian health environments and health research laboratories, the use of appropriate acoustical 
materials is hampered by the lack of sufficient suppliers. In these areas, acoustical panels should present good sound 
absorption. In the same way, they should be easy to clean, ensure construction sealing, be time resistant and avoid 

Figure 8. Gaps in the drywall             Figure 9. Unsealed two-leaf lightweight 
doors 
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microbiological contamination. In some cases, they should have sufficient mechanical strength to bear the negative 
and positive pressure difference between environments. 

According to WHO [4], for most spaces in hospitals, the Maximum Sound Pressure Level (LAmax) at night 
should not exceed 40 dB indoors. Since patients have a reduced ability to cope with stress, the equivalent sound 
pressure level (LAeq) should not exceed 35 dB in most rooms in which patients are being treated or observed. For 
wardrooms, the equivalent sound level (LAeq) should not exceed 30dB LAeq, with 40 dB LAmax during the night. 

Although these values are lower than the levels adopted by the Brazilian ABNT Standard and laws, as a rule the 
Brazilian noise criteria were exceeded in all environments where sound level was measured at IFF. 

In addition, the large number of alarms’ beeps and other existing equipment in the patients’ rooms substantially 
outperforms LAmax 40 dB (A) at night. In the paediatric ward and the Neonatal Intensive Care Unit (NICU) LAeq 
63 dB (A) and 59 dB (A) were measured respectively, values considerably higher than those recommended by the 
WHO (Figure 10, 11 and 12). 

 Analysis of the measured sound pressure levels showed that the measured level exceeded the level established 
by NR 15 (80 dB (A)) only in the carpentry and the restaurant; the kitchen was also one of the noisiest areas (72 dB 
(A)). 

However, only 7.9% of workers in the logistics support, among which are included the kitchen workers, 
restaurant and carpentry, complained of strong annoyance. 

On the other hand, it was observed that 60.6% of workers that feel strongly bothered perform activities in the 
health care areas, where noise levels reached 73 dB (A) in the waiting room of the paediatrics ambulatory and 72 dB 
(A) in the waiting room of the gynaecology ambulatory. 

WHO mentions that “a legal framework is needed to provide a context for noise management.” A program of 
noise abatement should also be implemented to achieve the optimum health protection levels long term [4]. 

Nonetheless, the technical regulations of the Health Surveillance National Agency - RDC 50 [22] for planning, 
programming, designing and evaluating physical projects of health care facilities in Brazil approach only 
superficially acoustic comfort in the chapter that addresses comfort environmental conditions. 

The hospital takes in people who are suffering, people who need to rest and recover, visitors who come to 
comfort their loved ones, and workers who deal with the emotions and the suffering of others. According to Beau, 
attention to space is critical to avoid trauma in frail and sick children and in their families, since they are in an 
unfamiliar environment [29]. 

As mentioned in the document of the European Conference "Building with sounds" [31], architecture articulates 
the perception of hospitals as a continuous and contrasted path, spatial and sound progression from the city to the 
bedroom, from the most urban to the most intimate of spaces. 

Furthermore, “the facility also influences worker service attitudes and behaviors” [30]. Thus, according to Carr 
[5] “every effort should be made to make the hospital stay as unthreatening, comfortable, and stress-free as 
possible”.  

Conclusions  

The results shown in the present paper confirm the importance of the design process of buildings to the collective 
protection of workers, patients and other users of health care facilities. In this sense, a major concern should be the 

Figure 10. Paediatric ward Figure 11. Paediatric ward  Figure 12. Paediatric ward  
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aspects related to the sound propagation, relationship between indoor and outdoor noise, spatial organization, and 
the location of the noise sensitive areas (wards, offices, laboratories, reading rooms, dormitories) in relation to 
external and internal noise sources (engine rooms, elevator shafts, generators, compressors, electric power 
transformers, air conditioning systems, kitchens, bathrooms, laundries, service areas, dumpsters, waiting rooms, 
areas with a large flow of people, etc.) 

This study has revealed the necessity of redefining the proceedings of the equipment purchase process at IFF, 
aiming to reduce noise from the source in the mid- and long-term.  

Hence, these measures must establish the maximum sound power level limits emitted by equipments that are to 
be purchased, considering the specific work conditions in each environment. 

Some work situations apparently did not constitute a hearing loss risk; they simply caused discomfort. However, 
only after the completion of the hearing exams anticipated in the mentioned research project will it be possible to 
know how many workers have suffered hearing loss. The fact that clinical exam hearing tests are not administered 
during the hiring process makes it difficult to establish a causal link. 

Currently, the institution is commencing the design of a new IFF hospital complex, whose challenge will be 
overcoming the problems noted here. This study will be the basis for the elaboration of an action plan, which should 
include proposals for the design of the new institute as well as urgent measures, given that construction on the new 
center should take about five years. 

The design of the new IFF, focusing on acoustics, requires a deep understanding of the needs and sound 
sensitivities that workers, patients or caregivers have. 

The observations of the team during the walkthrough in the institute and the direct contact with workers 
contributed to the identification of various situations in which there is noise exposure and their effects on the 
workers’ health, which would have been an impossible feat using only an epidemiological survey. 

The IFF is an environment intended for the care of severe patients, who spend months and even years 
hospitalized. Moreover, it is a research center that is home to several other activities. For this reason, it is 
appropriate to reflect on how the effects of noise mentioned herein may interfere with the relationship between 
workers and patients.  

It is necessary to create ambiances of peace, rest, relaxation and refuge. This environment must also allow for the 
relief of everyday stresses, areas of research, teaching, library, administration, and maintenance services, keeping in 
mind that it is paramount all areas are acoustically appropriate. 

Moreover, in the design of the new building it should be considered that “Hospitals may have to be built or re-
engineered with a view that global healthcare transformation will continue to accelerate, moving ahead to enhance 
the delivery of the healthcare in the years to come. It will be provided in facilities planned and built today” [25]. 
Otherwise in a few years upon its completion, the new complex will suffer from similar problems to those identified 
in this work. 
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