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Abstract
Objectives: Spatial assessment of traffic noise pollution intensity will provide urban planners with approximate estimation 
of citizens exposure to impermissible sound levels. They could identify critical noise pollution areas wherein noise barriers 
should be embedded. The present study aims at using the Geographic Information System (GIS) to assess spatial changes 
in traffic noise pollution in Tehran, the capital of Iran, and the largest city in the Middle East. Material and Methods: For 
this purpose, while measuring equivalent sound levels at different time periods of a day and different days of a week in 
District 14 of Tehran, wherein there are highways and busy streets, the geographic coordination of the measurement points 
was recorded at the stations. The obtained results indicated that the equivalent sound level did not show a statistically sig-
nificant difference between weekdays, and morning, afternoon and evening hours as well as time intervals of 10 min, 15 min 
and 30 min. Then, 91 stations were selected in the target area and equivalent sound level was measured for each station 
on 3 occasions of the morning (7:00–9:00 a.m.), afternoon (12.00–3:00 p.m.) and evening (5:00–8:00 p.m.) on Saturdays to 
Wednesdays. Results: As the results suggest, the maximum equivalent sound level (Leq) was reported from Basij Highway, 
which is a very important connecting thoroughfare in the district, and was equal to 84.2 dB(A), while the minimum equiva-
lent sound level (Leq), measured in the Fajr Hospital, was equal to 59.9 dB(A). Conclusions: The average equivalent sound 
level was higher than the national standard limit at all stations. The use of sound walls in Highways Basij and Mahallati as 
well as widening the Streets 17th Shahrivar, Pirouzi and Khavaran, benchmarked on a map, were recommended as the most 
effective mitigation measures. Additionally, the research findings confirm the outstanding applicability of the Geographic 
Information System in handling noise pollution data towards depicting noise pollution intensity caused by traffic.
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annoyance, disturbance, inconvenience and impaired 
comfort. In other words, some part of noise effects is as-
sociated with its impact on the nervous system and mental 
and behavioral status [15–17].
Li et al. (2002) developed a road traffic noise prediction 
model based on local environmental standards, vehicle 
types and conditions of traffic  [18]. In 2009 Pamanika-
bud and Tansatcha predicted and displayed the  impact 
of motorway traffic noise on nearby buildings by utiliz-
ing a motorway traffic-noise model combined with a geo-
informatics technique  [19]. Noise mapping research was 
conducted in the Pusan National University of Korea us-
ing the Global Positioning System (GPS) data. The results 
have shown a high noise exposure of over 65 dB(A) mainly 
near the roads and newly developed areas, wherein the re-
flective effects of the buildings have been apparent [20]. In 
a noise mapping in Taiwan, the analysis results have shown 
maximum and minimum sound levels of  69.6  dB(A) 
and  59.3  dB(A) during summer mornings and winter 
nights, respectively. In addition, the results have revealed 
that 90% of the total population of the Taiwan City is ex-
posed to unallowable sound pressure levels [21].
A research has been done on the  temporal-spatial pattern 
of traffic noise pollution in Karachi, Pakistan. The  results 
have revealed that higher sound pressure levels usually oc-
cur in the mornings and evenings as a result of behavioral 
pattern of Karachi residents. The average sound level exce
eds 66 dB(A), which, according to the World Health Organiza
tion (WHO) outdoor noise guidelines, can be really annoying,  
while peak level was over 101 dB(A) and near 110 dB(A) –  
this can possibly result in hearing impairment [22]. 
In 2007 Tang and Wang conducted a research on the impact 
of urban fabric on traffic-induced noise and air pollution 
using the Calculation of Road Traffic Noise (CRTN) and 
the  Operational Street Pollution Model  (OSPM)  mod-
els  [23]. They have finally concluded that urban fabric 
in historical areas with narrower roads, complex road 
networks and a  higher density of intersections lead to 

INTRODUCTION
Urban transportation development is essential in increasing 
efficiency of moving people and goods within metropolitan 
cities. However, simultaneously its consequent environ-
mental impact must be evaluated and mitigated, as possible. 
Accordingly, noise spatial modeling would be quite an appli-
cable tool for spatial quantification of noise traffic intensity 
in susceptible areas [1]. Noise caused by vehicles is a major 
source of dissatisfaction with the environment in residential 
areas, which can cause severe health problems [2].
Noise pollution health risks do not emerge rapidly, but 
one should not fail to notice that during the recent centu-
ry, many large cities have been facing this problem and its 
consequences as an intricate environmental concern [3–7].
Therefore, during the recent years there has been an in-
creasing interest in application of the Geographic Infor-
mation System (GIS) in noise pollution studies. However, 
their number is still limited. Reed  et  al.  (2012) intro-
duced a GIS tool, SPreAD-GIS, for modeling anthropo-
genic noise propagation in natural ecosystems by means 
of which it would be possible to incorporate commonly 
available datasets on land cover, topography, and weather 
conditions, and to calculate noise propagation patterns 
and excess noise above ambient conditions for 1/3 octave 
frequency bands around 1 or multiple sound sources [8]. 
Ko  et  al.  (2011) suggested a  scheme to develop a  road-
traffic noise map for the city of Chungju, Republic of Ko-
rea using GIS to assess noise pollution of the city [9]. 
Hence, noise pollution control is a major issue that draws 
many urban planners’ attention. Noise can cause nerve 
irritation, raise heart beat rate and blood pressure, and 
leave undesirable effects on body organs  [10–14]. Noise 
pollution at high sound pressure levels (over 85 dB) can 
directly affect the  organ of hearing through temporary 
hearing threshold shift and, in the case of long term ex-
posure, permanent hearing threshold shift. At a  lower 
equivalent-continuous  A-weighted sound pressure lev-
el, in a range between 50 dB and 80 dB, would result in 
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MATERIAL AND METHODS
The study area
District  14 is one of the  most crowded areas of Tehran. 
The district has an area of 23.64 km2 comprising 3.2% of 
the city area. According to 2006 Census, the district has 
a total population of 445 138 people. As a very important 
connecting thoroughfare in the district the Basij Highway 
has provided rapid access to Tehran’s highway network. 
Traffic of heavy vehicles in the high way increases noise 
pollution level in this area. Also as Piroozi and 17 Sharivar 
Streets are not wide enough and they are often too jam-
packed, never ending honks have been further deteriorat-
ing the noise pollution.

The research methodology
The present study was conducted in 2 phases – the main 
and pilot one. The  procedure of the  research at each 
phase is described below.

The pilot phase
The pilot phase was performed in order to determine 
changes in the  equivalent sound pressure level within 
the weekdays and during different occasions of the mor
ning, noon, and evening. For the  pilot phase 6  stations 
were randomly selected in the district in a way that took 
into consideration all types of land use, i.e., residential, 
recreational, educational, commercial and residential-
commercial. Considering that the  measurements were 
taken at  3  time-intervals of  10  min,  15  min and  30  min 
during the morning, noon and evening, 54 samples were 
taken within the working days (Saturdays, Mondays and 
Wednesdays) and 18 samples at the weekends. The study 
area also included noise sensitive areas, such as: hospi-
tals and healthcare centers, and also different types of  
passages including highways, main streets, secondary pas-
sages and junctions (Figure 1).
While recording geographic coordinate of the  measure-
ment points using  GPS (model:  VISTA  Garmin  HCX), 

lower traffic volumes and thus, lower noise pollution. 
Ko  et  al.  (2010) suggested a  scheme to develop a  noise 
map using  GIS. They have finally managed to generate 
a 3-dimensional facade noise map to calculate the number 
of people exposed to a certain noise level [6]. 
In 2010 Fung and Lee identified a common parameter for 
assessing the impact of traffic-induced noise and air pol-
lution on residential premises in Hong Kong  [24]. They 
conducted a series of noise level and PM10 concentration 
measurements at roadsides of 2 busy roads in Hong Kong 
and in  10  case studies, residential units located near-
by. They found that both the  traffic-induced noise and 
the PM10 concentrations in the case of the study units ex-
hibit a linear correlation with the logarithm of their corre-
sponding distance from the road (log R). Therefore, they 
concluded that log R could be adopted as a common pa-
rameter for evaluating the combined impact of road traffic 
on the noise and air pollution of a residential unit.
The present study was conducted to assess traffic noise pol-
lution of District 14 in Tehran Metropolitan City. Proximity 
of residential areas to the crowded streets and highways in 
the district reveals the importance of this research. It mainly 
aims at identification and measurement of noise pollution 
sources, noise pollution mapping using Arc GIS, comparison 
of noise pollution level at different land uses and comparison 
of the average sound pressure levels in the case of the main 
streets, passages, squares and junctions of the study area.
So far, numerous research has been done in the field of 
noise pollution assessment involving high volume of sam-
pling during the  study period, which was very time-con-
suming and costly. This project seeks to reduce the cost 
and study period by increasing the  number of samples 
from the target area. For this purpose, a pilot study is sup-
posed to be performed to compare the equivalent sound 
level (Leq) of different working days at different times of 
a day within the intervals of 10 min, 15 min and 30 min. 
The present study detects the  impact of urban fabric on 
the increased noise level in metropolitan cities.
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a fast mode, the LAeq was measured according to the En-
vironment Protection Agency  (EPA) criteria for road 
traffic noise  [25]. A  table was developed in  MS-Excel 
containing descriptive information on the  stations such 
as: name and code, coordination, daily LAeq10–min, land use 
and type of a street, which were then used in Arc GIS for 
spatial analyses. Figure 2 shows location of all the mea-
surement stations in District  14. Symbols in the  figure 
represent measurement stations.

RESULTS AND DISCUSSION
The pilot phase
The measurement results of the  equivalent-continuous 
A-weighted sound pressure level at different time in
tervals during the weekdays are presented in Table 1.
In the pilot stage, in order to compare workings days and 
holidays, the normal distribution of data was initially ex-
amined by the use of a non-parametric test.

the  equivalent-continuous  A-weighted sound pressure 
level was measured using a  sound pressure level meter 
of B&K2230 type.
The calibrated device was mounted on the  base at 
a  distance of  3  meters from the  edge of the  roadway at 
a  height of  130  cm from the  ground. Afterwards, mea-
surements were taken at each station on Saturdays, Mon-
days, Wednesdays and Fridays (holiday) at 3 occasions in 
the morning (7:00–9:00 a.m.), noon (1:00–3:00 p.m.) and 
evening (5:00–8:00 p.m.) by which the LAeq was recorded 
at 10 min, 15 min and 30 min intervals. The results were 
then analyzed using SPSS16.0 software.

Main phase
During this phase, it was estimated that a total number 
of 91 samples should be taken into account in order to 
reach the confidence level of 95%. Therefore, LAeq was 
taken at  91  stations. Setting the  sound level meter on 
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Fig. 1. Dispersion of the stations in a pilot phase
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Fig. 2. Distribution of the measurement stations at different 
land uses of the study area
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The t-test statistical analysis was used to compare 
the  equivalent-continuous  A-weighted sound pressure 
levels of working days and holidays within the  time-
intervals of 10 min, 15 min and 30 min. The p-values of 

The  LAeq10 was equal  to 72.62  dB for working days 
(standard deviation  (SD)  =  6.3) and  70.05  dB for holi-
days  (SD  =  7.3); the  values for  15 and  30  min-intervals  
are presented in Table 2.

Table 1. The equivalent-continuous A-weighted sound pressure level (LAeq) at different time intervals during the weekdays 
and weekend

Station No. Occasion
(time interval)

LAeq

[dB(A)]
morning afternoon evening

10 min 15 min 30 min 10 min 15 min 30 min 10 min 15 min 30 min
1 weekdays 82.3 82.1 82.0 82.0 81.8 81.6 81.9 81.8 82.2

weekend 80.3 80.7 80.9 81.8 81.4 80.8 80.2 80.1 79.9
2 weekdays 79.2 79.4 79.5 79.3 79.2 79.0 78.5 78.8 79.0

weekend 79.4 79.0 79.0 77.2 77.1 77.5 76.8 77.5 77.4
3 weekdays 63.1 63.0 62.9 63.9 63.1 63.6 63.8 63.8 63.8

weekend 60.1 60.8 60.9 61.4. 61.6 61.8 60.2 60.8 60.9
4 weekdays 71.4 71.2 71.1 71.7 71.8 71.9 71.9 72.0 72.0

weekend 69.2 69.8 69.9 69.7 69.3 69.1 71.4 71.2 70.3
5 weekdays 70.5 70.3 70.1 70.1 70.0 69.8 70.2 70.2 70.1

weekend 66.0 66.1 67.5 66.5 66.5 67.5 65.8 67.2 69.4
6 weekdays 69.4 69.3 69.1 69.1 68.8 68.7 69.0 69.3 69.1

weekend 65.0 65.1 64.3 65.3 65.2 66.4 64.7 66.1 68.5

Table 2. The equivalent-continuous A-weighted sound pressure level (LAeq) at the intervals of 10 min, 15 min and 30 min during 
the working days and holidays

Time interval
Measurement stations

(total)
[n]

LAeq

[dB(A)]
M SD SEM

10 min
Friday* (holiday) 18 70.06 7.39 1.74
working days 54 72.62 6.32 0.86

15 min
Friday (holiday) 18 70.31 7.16 1.69
working days 54 72.54 6.38 0.87

30 min
Friday (holiday) 18 70.67 6.91 1.63
working days 54 72.52 6.38 0.87

M – mean; SD – standard deviation; SEM – standard error mean.
* Friday is the weekend holiday in Iran.
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District 14 has different land uses i.e., educational, medi-
cal, residential, commercial-residential and commercial. 
The  Iranian Department of Environment  (Ir-DoE) has 
presented different standards in which the maximum al-
lowable noise level of different land uses is specified 
(Table 3) [26].
The obtained results showed that throughout the educa-
tional land use, all the schools were exposed to an average 
sound pressure level higher than the standard presented 
by Ir-DoE.
In the  medical land use, the  equivalent sound level was 
low and close to the  standard limits in 2 of the 3 hospi-
tals (60.5 dB(A) and 59.9 dB(A)) due to their green space 

the  variables at different time-intervals were: 0.15,  0.21 
and 0.29, respectively, which reveals no significant differ-
ence between the  holidays and working days. The  rela-
tionship between the  equivalent-continuous  A-weighted 
sound pressure levels of working days at 3  intervals was 
tested by the one-way analysis of variance (ANOVA) test. 
According to the p-values of 0.52, 0.62 and 0.73, no sig-
nificant difference between the  equivalent-continuous 
A-weighted sound pressure levels of working days at inter-
vals of 10 min, 15 min and 30 min was found. The equiva-
lent-continuous A-weighted sound pressure level on 3 oc-
casions in the morning, noon and evening were also tested 
using one-way ANOVA. The p-values of 0.2, 0.18 and 0.11 
revealed no significant difference between the variables. 
Also no significant difference between the  equivalent-
continuous  A-weighted sound pressure level at intervals 
of 10 min, 15 min and 30 min was found.
Field investigations in the  district revealed that there is 
no industrial noise pollution source in the region. There-
fore, it was concluded that vehicles would be the  major 
source of noise pollution in District  14. According to 
summer time measurement results, of  91  measurement  
points, the average equivalent sound level of 63 stations 
exceeded the standard of 70 dB(A).
Figure 3 shows the measured average equivalent-contin-
uous A-weighted sound pressure level map of the district 
during the summer.
As the figure suggests, the points in the dark zones have 
the  highest equivalent-continuous  A-weighted sound  
pressure level; the  noise pollution decreases by moving 
down towards lighter zones.
According to the  results, the  maximum equivalent-con-
tinuous  A-weighted sound pressure level  (84.2  dB(A)) 
belongs to the Qasr-e-Firoozeh Station in the Basij High-
way with a residential land use. The minimum equivalent-
continuous A-weighted sound pressure level (62.3 dB(A)) 
was reported from Izad Panah School, with an  educa
tional land use.
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C-R – commercial and residential land use. 
LAeq10-min – average equivalent sound pressure level measured within 
a time interval of 10 min.

Fig. 3. Spatial distribution of the LAeq10-min according to 
the various land uses in District 14
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in different land uses during the  period from 7:00  a.m. 
till 8:00 p.m.
Comparing recreational, residential and commercial-res-
idential land uses, one should note that, noise pollution 
in the recreational land use was measured at the entrance 
of parks regardless of the control effects of green space. 
Location of the  selected stations may be a  reason why 
commercial-residential land use obtained a  lower sound 
pressure level rather than the residential and recreational 
land uses. In the case of recreational and residential land 
uses, the  stations were mostly located on the  highways 
having high sound pressure levels.
The one-way ANOVA test was also used for comparison of 
the equivalent-continuous A-weighted sound pressure levels 
at different points of the road network. Results did not show 
any significant differences among the variances (p = 0.80). 
However, the  means differed  (p  =  0) and the  Duncan 
Test was employed to show the difference. Figure 5 pres-
ents a comparison of the average sound levels at different 
points of the  road networks in District  14. High average 
sound pressure levels belong to: highways  (77.89 dB(A)), 
junctions  (74.72  dB(A)), main streets  (72.10  dB(A)), 
squares (71.6 dB(A)) and secondary streets (67.94 dB(A)).
The LAeq comparison results of different types of passages 
revealed that the average sound pressure level is minimum 

and the  distance from the  crowded streets. The  equiva-
lent-continuous A-weighted sound pressure level exceed-
ed the standard limit in one of the hospitals located near 
the main street (70.1 dB(A)). The problem has been solved 
by double glazed windows. In residential land use, most 
areas were exposed to a sound pressure level higher than 
the standard limit due to the proximity to the highways and 
crowded streets. The sound pressure level in commercial-
residential land use, which varied between 70 to 75 dB(A), 
was higher than the standard limits. This was mainly be-
cause of a crowded junction with an equivalent-continu-
ous A-weighted sound pressure level of 81.3 dB(A).
The one-way ANOVA test was employed to compare LAeq 

of different land uses. The results of variance homogene-
ity test with p = 0.25 indicated that there is no significant 
difference among variances. Besides, the  p  =  0.001 in 
the mean equality test shows that a significant difference 
exists among the mean values. To show this, the Duncan 
Test was employed. The 10 min average equivalent-con-
tinuous A-weighted sound pressure levels of different land 
uses are sorted as follows: commercial (77.80 dB(A)), resi-
dential  (74.27  dB(A)), recreational  (73.95  dB(A)), busi-
ness-residential (73.91 dB(A)), educational (70.93 dB(A)) 
and medical (63.60 dB(A)). Figure 4 shows 10 min average 
equivalent-continuous  A-weighted sound pressure levels 

Table 3. The equivalent sound pressure level (LAeq) in 
the ambient air of Iran* – daytime (7:00 a.m.–10:00 p.m.)

Land use LAeq10-min
[dB(A)]

Residential zone 55
Commercial-residential zone 60
Commercial zone 65
Residential-industrial area 70
Industrial area 75

* Based on data from the  Iranian Department of Environment 
(1999) [26].
LAeq10-min – average equivalent sound pressure level measured within 
a time interval of 10 min.
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Fig. 4. Comparison of the average equivalent-
continuous A-weighted sound pressure levels (LAeq) at different 
land uses during the time from 7:00 a.m. till 8:00 p.m. 
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hours showed a difference of less than  1  dB approving 
uniform sound pressure levels caused by traffic noise as 
the original source, and reflection from surfaces such as 
street asphalt pavement or high-rise buildings as the vir-
tual sources [28]. In the present study, no significant rela-
tionship was found between the weekdays. This is in con-
flict with the results reported by Golmohammadi in 2005. 
He stated that equivalent-continuous A-weighted sound 
pressure level differs on weekdays. This may be a result 
of traditional urban fabric and the  use of conventional 
materials in the  buildings of Hamedan, which avoids 
sound propagation [27].

CONCLUSIONS
The research findings suggest a  time-consuming pro-
cedure by means of which it would be possible to per-
form noise assessment studies on a larger sample size in 
a  shorter sampling duration. Taking into consideration 
rush hours during the morning and evening and reduced 
traffic load in the noon, it could be concluded that surfaces 
have significant impact on reducing the noise level fluctua-
tions. The influence of traffic flow on noise pollution levels 
seems to be overshadowed by civil architecture. Changes 
in urban fabric have led to a perceptible change in the av-
erage daytime sound pressure level in urban areas. As 
such, high-rise buildings increase reflection of sound and 
prevent sound propagation. The use of materials such as 
marble, granite, glass and composite laminates (metal-like 
materials) in building façade increases sound reflections 
due to their smooth surface. With a  greater number of 
stations in a broader area, the pilot phase should be per-
formed simultaneously in 2 districts with old and new ur-
ban fabrics in order to obtain a more accurate comparison 
concerning the  impact of civil architecture on the  noise 
pollution levels in urban areas.
In the  present study, there is an  ample space available 
in the  highways to be devoted for green space, which 
can play a  role as noise pollution barrier. This should  

in secondary streets, while it reaches its peaks in highways. 
The  junctions and main streets have almost the  same 
sound pressure levels as highways. Therefore, there is 
a reasonable trend in the sound pressure level to increase 
from secondary streets to the main streets and highways. 
In other words, broadening the streets causes an increase 
in the speed of vehicles finally resulting in the noise pollu-
tion intensification. Higher sound pressure levels in junc-
tions rather than in the main streets would be a result of 
proximity to the  highways and busy main streets. In ad-
dition, vehicles that stop at the  traffic lights in the  junc-
tions make high sound pressure levels; especially some old 
vehicles make a loud noise while pushing the brake. The 
honk of vehicles can also increase noise pollution.
According to the one-way ANOVA test done by Statistical 
Package for the Social Sciences (SPSS) 16.0, no significant 
difference was observed among 10 min, 15 min and 30 min 
average sound levels.
Golmohammadi has also acquired the  same results  
with 10 min, 20 min, 30 min, 45 min and 60 min average 
sound levels in the city of Hamedan [27]. The study con-
ducted by Safari Variani in the city of Qazvin also verifies 
the uniformity of the equivalent-continuous A-weighted 
sound pressure level during a  day. Sound pressure lev-
el comparison at similar stations on different days and 
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Fig. 5. Comparison of the average equivalent-
continuous A-weighted sound pressure levels (LAeq) in 
District 14
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er C, Heinrich J, Chen CM, et al. Health effects of chronic 
noise exposure in pregnancy and childhood: A  system-
atic review initiated by  ENRIECO. Int  J  Hyg Environ 
Health.  2013;216(3):217–29, http://dx.doi.org/10.1016/j.ijh 
eh.2012.06.001.

5.	Golmohammadi R, Monazzam MR, Nourollahi M, Neza
fat A. Noise characteristics of pumps at Tehran’s oil re-
finery and control module design. Pakistan J Sci Ind 
Res. 2009;52(3):167–72.

6.	Naish DA, Tan ACC, Nur Demirbilek F. Estimating health 
related costs and savings from balcony acoustic design for 
road traffic noise. Appl Acoust. 2012;73(5):497–507, http://
dx.doi.org/10.1016/j.apacoust.2011.12.005.

7.	Chao  PC, Juang  YJ, Chen  CJ, Dai  YT, Yeh  CY, Hu  CY. 
Combined effects of noise, vibration, and low tempera-
ture on the  physiological parameters of labor employees. 
Kaohsiung  J  Med Sci.  2013;29(10):560–7, http://dx.doi.
org/10.1016/j.kjms.2013.03.004.

8.	Reed SE, Boggs JL, Mann JP. A GIS tool for modeling an-
thropogenic noise propagation in natural ecosystems. En-
viron Model Softw.  2012;37:1–5, http://dx.doi.org/10.1016/ 
j.envsoft.2012.04.012.

9.	Ko JH, Chang S, Lee BC. Noise impact assessment by utiliz-
ing noise map and GIS: A case study in the city of Chungju, 
Republic of Korea. Appl Acoust. 2011;72(8):544–50, http://
dx.doi.org/10.1016/j.apacoust.2010.09.002

10.	Babisch  W, Pershagen  G, Selander  J, Houthuijs  D, Breu-
gelmans O, Cadum E, et al. Noise annoyance – A modifier 
of the  association between noise level and cardiovascular 
health? Sci Total Environ. 2013;452–453:50–7, http://dx.doi.
org/10.1016/j.scitotenv.2013.02.034.

11.	Dintrans  A, Préndez  M. A  method of assessing measures 
to reduce road traffic noise: A  case study in Santiago, 
Chile. Appl Acoust. 2013;74(12):1486–91, http://dx.doi.org/ 
10.1016/j.apacoust.2013.06.012.

12.	Monazzam MR, Naderzadeh M, Nassiri P, Fard SMB. 
Performance of environmental T-shape noise barriers 

be done using a dense vegetation cover of broadleaf and 
needle leaf types of Platanus and Acacia [29]. Vegetation 
sound barriers with suitable technical characteristics and 
high surface density could be a  good solution in terms 
of mitigating traffic noise. It is also better to have mixed 
walls (combination of absorptive and reflective materi-
als) of Plexiglass sheets that can mitigate noise traffic by 
about 20 dB(A). They should be designed in such a way so 
as to cover at least the top of the windows in the suscep-
tible parts as acoustic shadows [30]. As far as the crowded 
and narrow streets are considered, route widening seems 
to be a good idea. Widening the streets would make it pos-
sible to devote an exclusive lane for buses and bikes. Lack 
of multi-story car parks in busy streets such as Piroozi 
and 17 Shahrivar is also noticeable.
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