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Abstract

An evaluation was made of the acoustic environment of the Green Line North
(GLN) by noise mapping calculations. In addition, the equivalent sound
pressure levels, L., that reach the facades of a residential building and a hos-
pital located along the GLN, were simulated to determine the noise levels to
which they are subjected. The simulated noise levels were compared with the
maximum allowable noise levels established by Curitiba Municipal Law and
by the Brazilian standard on Noise Assessment in Populated Areas. It was
concluded unequivocally that, in the current situation, noise pollution affects
the hospital and the gated community. A simulation of heavy vehicle traffic
reduction was performed, aiming at evaluating the impact of this mitigation
measure. Even the reduction of number of heavy vehicle to 10% of the origi-
nal number proved to be insufficient to attend values established by the mu-
nicipal law and the Brazilian standard.

Keywords
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1. Introduction

Noise in cities is a global problem, whether small, medium or large cities. Sound
pressure levels in urban environments have produced harmful effects on
people’s health. Four revisions recently written, one in 2017 and three in 2018
show the extent of the noise problem in cities (Licitra et al., 2017; Engel et al.,
2018; Asdrubali & D’Alessandro, 2018; Morillas et al., 2018).

According to Fiedler and Wilhelm (2011): “/n Germany, around 70% of the

population is disturbed by noise’. Fiedler and Wilhelm (2011) also point out
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that: “The main source of noise comes from traffic noise”. A similar conclusion
is presented by Morillas et al. (2018), where they state that: “From a temporal
and spatial point of view, it is now recognized that the main source of noise in
cities comes from road traffic’.

Several studies have focused on the problem of environmental noise affecting
educational areas, for example (Zannin et al., 2013a; Zannin et al., 2013b; Mini-
chilli et al., 2018).

Several studies have shown a correlation between noise pollution and health
problems such as irritability, poor concentration, insomnia, headache (Muzet,
2007; Fiedler & Wilhelm, 2011; Dratva et al., 2012; Babisch et al., 2012; Engel &
Zannin, 2017).

In the city of Curitiba, Brazil, interviews conducted with 863 people revealed
that urban traffic noise is considered a major source of discomfort (Zannin et al.,
2002). Rapid population growth in the municipality of Curitiba over recent dec-
ades resulted in urban sprawl into previously sparsely populated areas. This in-
cluded expansion along both sides of the old BR-116 highway located within the
urban perimeter of Curitiba, transforming these areas into densely populated
neighborhoods (Zannin & Sant’Ana, 2011; Bunn et al., 2016).

Due to this populational increase, BR-116 highway renewed and became
known as Green Line (Zannin & Sant’Ana, 2011). The structural composition of
the Green Line is defined as a ten-lane avenue (including express bus lanes and
two parking lanes), a bike path, a linear park, new lighting system, landscaping
and road signs. The Green Line (GL), which covers 18 kilometers, was divided
into two sections: 1) the South section, approximately 10 km, between the
neighborhoods of Pinheirinho and Jardim Botinico/UFPR; and 2) the North
section, approximately 8 km, between the neighborhoods of Jardim Boténi-
co/UFPR and the Atuba Interchange. Sections 1 and 2 comprise 55% and 45%,
respectively, of the Green Line.

Studies in the vicinity of noise sensitive areas, such as hospitals, have also been
developed by researchers such as Busch-Vishniac et al., 2005; Tijunelis et al.,
2005; Applebaum et al., 2010; Andrade et al., 2016; Zannin & Ferraz, 2016; Ilic et
al., 2018; Loupa et al., 2019. Together, other studies have analyzed the issue of
environmental noise and its influence on urban dwellers, in their homes, in
their apartments, in their residential buildings, in residential condominiums,
in gated community, etc. (Mahbub et al., 2009; Oliveira-Filho & Zannin, 2015;
Gozalo & Morillas, 2016; Paiva et al., 2019).

This study describes the impact of noise pollution on two noise sensitive
areas—a hospital and a gated community located along the-Green Line
North-GLN.

2. Materials

Ambient noise pollution assessments in Brazil are governed by the NBR 10151
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standard (2000). Table 1 lists the permissible sound levels according to region
and time of day, according to NBR 10151 (ABNT, 2000). Curitiba’s Municipal
Law No. 10625 (2002) establishes regulations on urban noise, public protection
and welfare, and makes other provisions. The law covers three time frames,
namely: 1) Daytime—from 07:01 a.m. to 7:00 p.m.; 2) Evening—from 7:00 a.m.
to 10:00 p.m.; and 3) Nighttime—from 10:01 p.m. to 7:00 a.m.

The city of Curitiba is divided into several zones for specific uses, e.g., special
commercial sector, historical sector, special educational zone, industrial zone,
residential zone, mixed use zone, among others. Curitiba’s Green Line is situated
in a region of the city called BR-116 Transition Zone and BR-116 Special Sector,
established by Law No. 10625 (PMC, 2002). Curitiba Municipal Law No. 10625
states that noise immissions from any industrial, commercial, service-related, re-
ligious, recreational and truck loading/unloading activities shall not exceed the
sound pressure levels permitted for their respective zones of use (see Table 2).

The objectives of this study included the following analyses: Analysis
[—Calibration of the model based on a comparison of the measured and simu-
lated noise levels; Analysis II—Evaluation of the effect of reduced flow of heavy
vehicle traffic on the noise levels, based on computational simulation. This as-
sessment was performed on Lot 1 (see Table 5); Analysis III—Computational
analysis of noise at the facades of buildings (Vita Hospital and a gated commu-
nity). On the noise maps, the noise levels are represented by a color scale (see

Figure 1).

Building
Road

Period Day Period
<35 db
35-40dB
40 - 45 dB
45-50 dB
50 - 55 dB
55-60 dB
60 - 65 dB
65-70dB
70-75dB
75 - 80 dB
80 - 85dB
85-90 dB
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Figure 1. Color scale of the levels indicated by the predictor software.

Table 1. Sound pressure levels permitted for outdoor environments, according to NBR
10151 —DBrazilian association of technical standards.

Typeofregions Daytime dB (A) Nighttime dB (A)
Farmsandranches 40 35
Strictly urban residential area with hospitals or schools 50 45
Area mista, predominante residencial 55 50
Mixedarea, predominantlyresidential 60 55
Mixed area of commercial establishments and offices 65 55
Predominantly industrial area 70 60
Industrial andservices zone 70 60
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Table 2. Maximum sound pressure levels permitted by Curitiba Municipal Law No.
10625/2002—Equivalent continuous sound pressure level, Leq.

Daytime Evening Nighttime
Zones ofUse 7:0lam - 7:0lam - 22:01p.m -
7:00 p.m. 22:00p.m. 7:00a.m.
Residential zone, Hospital 55 dB (A) 50 dB (A) 45 dB (A)
Transition and special zones,
) 60 dB (A) 55dB (A) 50 dB (A)
ZR4 (gated Community)
Central Zone and Special Sectors 65 dB (A) 60 dB (A) 55 dB (A)
Green Line - ZT-BR116 and SE-BR116 65 dB (A) 60 dB (A) 55 dB (A)
Industrial and services zone 70 dB (A) 60 dB (A) 60 dB (A)
3. Methods

Data collection

Sound Level Measurements - Vehicle Count - Model Calibration - Average
Speed

The equipment used for data acquisition was: 1) Briiel & Kjaer type 2250 (BK)
sound level meter; 2) BK Predictor 7810 version 6.2 acoustic mapping software.
Each measurement lasted 10 minutes (Zannin et al., 2013a; Fiedler & Zannin,
2015). The measurements were taken as recommended by the German standard
RLS 90 (1990) used for road traffic noise assessments, which specifies that the
position of the sound pressure level meter should be 25 meters from the middle
of the road.

The vehicles, which were counted visually and computed on a spreadsheet,
were separated into motorcycles, light vehicles and heavy vehicles (buses and
trucks), as described by other authors (Lee et al., 2008; Romeu et al., 2011; Zan-
nin et al., 2013a; Fiedler & Zannin, 2015). For the reader’s clarification, in ac-
cordance with Resolution No. 15/1998 of CONTRAN—National Traffic Coun-
cil, light vehicles are defined here as vehicles weighing less than 3856 kg, for
transporting passengers, cargo or for mixed use, and heavy vehicles as those
weighing more than 3856 kg. To use these data in the model, the vehicle count
was undertaken simultaneously with the measurements and in the two direc-
tions of the road. The meter was mounted on a tripod and positioned 1.2 m
above the ground. The average speed was estimated by driving a vehicle along
the section of the road under study, and checking the speedometer to determine
the approximate average speed at each point. It should be noted that the mea-
surements, vehicle counts and average speed estimates were performed from
Monday to Friday, avoiding rush hours, weekends and holidays.

Measurements were taken in the morning between 9 a.m. and 11 a.m., and in
the after-noon between 2 p.m. and 4:30 p.m. (Guedes et al., 2011; Bunn et al,,
2016). The data were collected over a period of 120 days, between August and
November 2012. The measured sound pressure levels were compared to the lim-

its shown in Table 2.
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To measure the sound levels, 23 points spaced about 350 meters apart were
selected, corresponding to a total of 8,050 meters, which is the approximate
length of the Green Line North (GLN), see Table 3. The measurement proce-
dure was based on the methodology developed by Zannin and Sant’Ana (2011).
The first measuring points are located in the proximities of the Federal Univer-
sity of Parand, UFPR (see Figure 2) and the last measuring point is located at the
Atuba Interchange (see Figure 3).

\ & E3N
B LV Norte 0275 e

Figure 2. Location of measuring points 01 to 04—As listed in Table 5—Lot 1. Source:
Google Maps (2012).

Earth !
] e
.

Figure 3. Location of measuring point 23 - Atuba Interchange—As listed in Table
5—Lot 6. Source: Google Maps (2012).
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Table 3. Average vehicle flow per hour at each measuring point.

Vehicles Total Vehicles Total
Points Points

Light Motorcycles Heavy hour Light Motorcycles Heavy Ef‘r'
1 2800 279 300 3379 14 2824 398 222 3444
2 2800 279 300 3379 15 2238 438 196 2872
3 2222 241 350 2813 16 2222 367 215 2804
4 2222 241 350 2813 17 2238 438 196 2872
5 2222 241 350 2813 18 2086 431 197 2714
6 2222 241 350 2813 19 2130 345 211 2686
7 2222 241 350 2813 20 1938 420 174 2532
8 2251 218 279 2748 21 1192 168 204 1564
9 2251 218 279 2748 22 1624 136 364 2124
10 2420 218 212 2850 23 2200 367 220 2787

11 2550 222 318 3090

12 2824 398 216 3438

13 2824 398 216 3438

Several input data are required to calibrate the software for simulations as
close as possible to the real situations. These data were imported into the Pre-
dictor® software using Geographic Information System (GIS) files available in
digital media. Another item of information needed to calibrate the software was
a drawing of all the buildings, which was done manually based on a satellite
photo. For the altimetric characteristics, a height of three meters was adopted for
each floor in each building. For the Predictor® software to generate a noise map,
it is necessary to delimit it by a grid containing the receiver points (grid noise
map), whose distance will depend on the targeted accuracy. The less refined the
grid the lower its accuracy and the faster the calculation of the maps. The grid
should not exceed 10 m x 10 m for the calculation of maps in urban agglomera-
tions (Guedes & Leite, 2007). Therefore, the grid size adopted for the calculation
was 5 m x 5 m, allowing for better detailing of the noise maps (Guedes & Leite,
2007; Lee et al., 2008; Fiedler & Zannin, 2015). The height of the grid used in this
study was four meters, following recommendations found in the current biblio-
graphy (Pinto & Mardones, 2009; Murphy & King, 2010; Guedes et al., 2011;
Murphy & King, 2011; Fiedler & Zannin, 2015).

4. Results and Discussion

First, noise measurements were taken at the 23 points along the road, and the
vehicle count (vehicles/hour, light, heavy and motorcycles) was done simulta-
neously. Table 3 lists the number of vehicles per hour, and Table 4 describes the
measured and simulated equivalent continuous noise levels, Leq. Traffic compo-
sition is an important factor for environmental noise impact assessments be-
cause it directly affects the generation of noise in the area under study. Moreo-
ver, it is an item of the input data for computational simulations of noise pollu-
tion levels. Figure 4 shows the traffic composition in percentages, considering

the data computed for the 23 measuring points.
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B Light
B Motorcycles
[0 Heavy
Figure 4. Percent composition of vehicle flow.
Table 4. Comparison of measured and simulated noise levels.
Measurement Leq dB (A) Difference between measured
Points Measured Simulated and simulated noise levels dB (A)

1 72.9 76.8 -39

2 72.8 76.2 -3.4

3 78 77.2 0.8

4 77.9 79.5 -1.6

5 76.5 74.8 1.7

6 77.8 76.6 1.2

7 80.8 80.5 0.3

8 72.1 74.2 -2.1

9 78.2 76.1 2.1

10 78.9 78.3 0.6

11 77.2 76.5 0.7

12 77.0 76.8 0.2

13 77.9 774 0.5

14 77.5 77.7 —-0.2

15 80.1 78.4 1.7

16 79.1 81.0 -1.9

17 77.8 78.4 -0.6

18 72.8 73.8 -1

19 75.1 77.3 -2.2

20 76.1 76.6 -0.5

21 72.9 76.7 -3.8

22 78.4 77.8 0.6

23 73.8 77.7 -3.9

As can be seen in Table 4, the greatest difference observed between measured
and simulated sound pressure levels was 3.9 dB (A). These results are in agree-

ment with recommendations in the current literature for the calculation of noise
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maps, which considers acceptable a difference between the measured and calcu-
lated values between 3 and 5 dB (A). Lee et al. (2008), in their work using noise
mapping, indicate that a difference of up to +/-3 dB (A) between measured and
calculated sound pressure levels can be accepted. Licitra and Memoli (2008)
consider acceptable a difference of up to +/—4.6 dB (A) between the calculated
model and in situ measurements noise levels. Bies and Hansen (2002) indicate
that the difference between the measured and simulated values can be up to 5 dB
(A). After this comparison is made between the measured and calculated values,
in which the values calculated for the model developed with the Predictor® soft-
ware are considered reliable, several simulations can be made, as will be shown
by the results described below. The GLN was divided into several maps (or lots)
to facilitate its analysis and understanding. These lots comprise the 23 measuring
points, as can be seen in Table 5.

Table 5 lists the noise levels in the proximities of the highway that reach the
fagades of the buildings, based on the computer generated noise maps, and also
compares these levels with the limits established by Curitiba Municipal Law No.
10625 and by the NBR 10151 standard. Thus, after the maps were calibrated—the
measured and simulated data were compared as described earlier—simulations
were made to calculate the sound levels reaching the fagades of the gated com-
munity and of Vita Hospital. The daytime noise emission limits, which are 60 dB
(A) and 65 dB (A), respectively, were found to be exceeded.

The only exception was at lot 2 (see Table 5), which was under construction.
Appendix 2 of Curitiba Municipal Law no. 10625 determines that, in such cases,
the permitted daytime noise limit may reach up to 90 dB (A). Measurements
were taken at five points along the section under construction, comprised be-
tween Delegado Leopoldo Belczak Street and Coronel Iraze Paes Brasil Street.

The measured values ranged from 72 to 81 dB (A), and were thus in compliance

Table 5. Sound pressure levels generated by vehicle traffic in the proximities of the high-
way and at the facades of the buildings.

Averagespeed Requirements
Leqin dB (A
(km/h) 4 (&) compliedwith
Lot Measuring In the At the
points Light Hea roximities facades NBR
f.; ‘vy prox § Law no. 10625
vehicles  vehicles of the of the 10151
highway  buildings
1 1,2,3and4 60 50 80 to 85 75 to 80 No No
Yes Does
2 5to9 60 50 80 to 85 75 to 80 )
(Construction) notapply
3 10 to 13 80 70 80 to 85 75 to 80 No No
4 14 and 15 60 50 80 to 85 75 to 80 No No
5 16to 18 75 65 80 to 85 75 to 80 No No
6 19to23  50and 100 40 and 80 80 to 85 80 to 85 No No
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with the regulations. The NBR 10151 standard does not mention environmental
assessments, for example, when a construction work is in progress, as was the
case with Lot 2 of measurements.

As can be seen in Figure 5 and Figure 6, the noise levels in the proximities of
the GLN, corresponding to the region represented by navy blue, dark blue, pur-
ple, dark red and light red, exceed the limits established by the Municipal Law
and by NBR 10151. A factor that aggravates the problem is visible in the region
demarcated with an arrow, in Figure 6, Lot 4, where Vita Hospital is situated.
This area is defined as a “hospital quiet zone” whose noise limit is set at 55 dB
(A) by the Municipal Law and at 50 dB (A) by the NBR 10151 standard. In addi-
tion, the Municipal Law specifies that this quiet zone must cover a 200 meter ra-
dius around hospitals. Another sensitive zone can be seen in Figure 7, where a
Gated Community, Lot 6 is located.

To examine the effect of reducing the flow of heavy vehicles as a possible
means of mitigating the noise generated along the section, the behavior of the
equivalent continuous sound pressure level, Leq, was simulated in different sce-
narios at two random points, for the purpose of illustration. The simulated sce-
narios involve the original traffic being reduced to 50%, 40%, 30%, 20% and 10%
of the original heavy vehicle traffic at points 03 and 04 of Lot 6. The results of
these simulated reductions are shown in Figure 8. The average vehicle speed
remained unchanged. As can be seen in Figure 8, the simulations of the percent
reductions in heavy vehicle flow by half generate a decrease in sound levels of
about 1.7 dB (A). This is confirmed by a study carried out by Richard (2013) in
Germany and published in the journal Lirmbekdmpfung, which states that: “ The
expected margin of reduction of sound levels in response to the adoption of in-
dividual mitigation measures, including, for example, the reduction in the per-
centage of heavy vehicles, ranges from 1 to 3 dB (A)”. Bunn and Zannin, (2015)
and Bunn et al. (2016) studied the acoustic field around the south section of the

Green Line, simulating reductions in heavy vehicle flow, and found that

Road
Period Day Period
, <35db

e 35-40dB
40 -45dB
45 - 50 dB
7 50-55dB
55-60dB
60 - 65 dB
-70dB

.....

Figure 5. Computer simulation—Leq—of Lot 2.
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VITA Hospital

Figure 6. Computer simulation—Vita Hospital—Leq—of Lot 4.

Gated Community

80 -85 dB
85-90 dB
90 - 95 dB
95-100 dB

Figure 7. Gated Community.

85
80 77.8 __.795
, | I 774 778 . | |
155761 766 77 —
<75 : ; : i i : { : 772
> T - I 2 1755
o 732 738 743 747 732
2041 1 1
o
2
65
60 A
0 10 20 30 40 50 60 70 80 90 100

Heavy Vehicle Traffic [%]
—— Lot3 -# Lot4 -#-Limit ML—— NBR 10151
Figure 8. Comparison of the simulations representing the 50% to 10% reductions in
heavy vehicle flow (ML—Municipal Law—Table 2 and NBR 10151—Brazilian Technical
Standards—Table 1).
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the noise level decreased by about 2.5 dB (A). The present study achieved com-
parable results, since the reduction of the sound levels fell within this range, i.e.,
from 1to 3 dB (A).

Figure 9 and Figure 10 show noise maps that consider the effect of the reduc-
tion of the percentage of heavy vehicles on the simulated sound levels.

From the above, it is clear the existence of noise pollution in the GLN. The
measured and simulated sound levels surpass both the Brazilian standard for the
evaluation of environmental noise and the Municipal Law on noise in the city of
Curitiba. The simulation of the decrease in the flow of heavy vehicles from 50%
to 10% proved to be incapable of substantial reductions in sound levels, being
within the range of 1 to 3 dB (A), that is, the noise reduction achieved is very
small. This fact makes it appear that maps 10 and 11 have not altered their colors
despite the decrease in the percentage of heavy vehicles. On the other hand, the
reduction in sound levels, as previously reported, were similar to those found in
current literature, as data found in Germany and even here in Brazil.

In GLN, we can observe the existence of a noise sensitive zone, a hospital and
a residential area ZR4 (gated community) for which Table 2 shows the noise le-
vels that should be in force during the daytime period.

Figure 11 represents the VITA Hospital building located 60 meters from the
side road of the GLN. Areas such as hospitals and schools are more noise-sensitive
and are classified by as quiet zones (ZR-1) by Curitiba Municipal Law
9800/2000, which establishes regulations on zoning, land use and occupation in
the Municipality of Curitiba. Tolerance to noise in these areas is lower than in
other regions, and in this case, according to Municipal Law 10625, the daytime
limit of 55 dB (A) must be observed. Moreover, this limit must extend to a 200
meter radius around hospitals.

In Figure 11, note that sound levels of 55 dB (A) (orange) to 70 dB (A) (wine
red) reach almost the entire facade of Vita Hospital. These noise levels exceed

[ iding
Road

Period Day Period
<35db
e 35-40dB
40 -45dB
45-50dB

' 50-55dB

55-60 dB

—

S 60 - 65 dB
65 -70dB
L 70-75dB
75 - 80 dB
E -85dB

-
o
.

Figure 9. Computer simulation with 50% of the heavy vehicle traffic, Lot 1.
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Figure 10. Computer simulation with 10% of the heavy vehicle traffic, Lot 1.

() Building
Road

Period Day Period

Figure 11. Noise level at the facade of vita hospital.

those considered acceptable by Municipal Law 10625. In the same way, Zannin
and Ferraz (2016) present a study about noise around the Clinical Hospital of
the Federal University of Parana, also located in the city of Curitiba, which de-
monstrates that neither the external nor the internal noise levels are in com-
pliance with current regulations and/or technical standards. Tijunelis et al.
(2005) emphasize that: “noise pollution makes errors more probable and is one
of the risk factors for provider burnout and negative outcomes for patients’.

Busc’h-Vishniac et al. (2005) studied noise levels at Johns Hopkins Hospital in
Baltimore. After assessing the sound pressure levels, and the frequency spectra at
different locations and at different times within the hospital, they concluded
that: “At all locations and all times of day, the Leq - equivalent sound pressure
level - indicate that a serious problem exists”. They further point out that the
“levels found for these acoustic descriptors - may have significant implications
for visitors, patients and the hospital staff’ (Busch-Vishniac et al. 2005).

Figure 12 represents a gated community located at the Atuba Interchange.
Areas such as this one are defined by Municipal Law 9800 as urban residential
areas (ZR-4, Table 2), which must comply with the limit of 65 dB (A) estab-
lished by Municipal Law no. 10625.
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() Building

Period Day Period
[ 45 - 50 dB
0 50-55dB
- 60 dB
I 60 - 65 dB
-70dB
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- 80 dB
-85dB

Figure 12. Noise level at the fagades of buildings in a gated community located at the
Atuba Interchange.

In Figure 12, note that the noise level at the fagades of the buildings is very
high, reaching 80 to 85 dB (A) and 75 to 80 dB (A) at the front fagades, and 70 to
75 dB (A) and 65 to 70 dB (A) at the side facades. To minimize the effect of the
high noise level on the residents of these apartments, the buildings must be
properly insulated.

According to Brazilian Standard NBR 15575-4 (2013), the facades of dwellings
subject to intense traffic noise, as is the case of the buildings situated next to the
Atuba Interchange (see Figure 12), must have a sound insulation coefficient
greater than or equal to 30 dB. However, studies performed in Brazil show that
the facade type used in this sort of building provide a sound insulation coeffi-
cient around 19 dB (Oliveira-Filho & Zannin, 2016). In another study on the in-
sulation of building facades, Ferreira and Zannin (2007) found values between 16
and 21 dB for popular buildings, and 19 and 23 dB for high standard buildings.
Therefore, the acoustic insulation of the gated Community facade does not pro-
vide adequate protection to its occupants and may become, in the near future, a
health problem for them (Gozalo & Morillhas, 2016; Paiva et al., 2019).

5. Conclusion

This study was conducted along the urban section of highway BR-116 in the city
of Curitiba, called the Green Line North (GLN). The noise levels emitted by ve-
hicle traffic in the GLN were measured in situ. Computer simulations were also
performed considering the following parameters: number of light and heavy ve-
hicles, traffic speed, and number and height of buildings in the proximities of
the road. Variations of these parameters were applied in order to make simula-
tions aimed at predicting noise pollution along the GLN. The noise limits ap-
plied in the evaluations were those established by Curitiba Municipal Law No.
10625/2002 and by the Brazilian standard NBR 10151/2000 for Noise Assess-
ment in Communities.

In general, both the measurements and the simulations indicated that noise
pollution is a problem in the study area. These measurements and simulations
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revealed noise levels exceeding the daytime limit of 60 dB (A) allowed by Curi-
tiba Municipal Law No. 10625. The simulated variations in the proportion of
heavy vehicles by half reduced the total sound pressure level by about 1.7 dB (A).
Therefore, it can be observed that this mitigation action by itself is not enough to
solve the noise pollution problem in the area. These results are consistent with
those of other international studies.

The sound levels that reach the facades of two buildings—a gated community
and a hospital, were also examined and were found to exceed the permissible
limits. These two cases represent serious problems, since the people involved will
spend a good part of their lives exposed to noise pollution in the case of the
gated community. In the case of the hospital, the literature cited here showed
that high levels of noise within hospitals can have serious implications, which
may increase medical errors and interfere with patient rehabilitation—delaying
the recovery of patients. High noise levels can also have negative effects on visi-

tors and on hospital staff in general.
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