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Abstract

The present cross-sectional study aimed to evaluate the risk factors for traffic noise-induced annoyance and also assess the
awareness levels among the exposed population concerning the health impacts caused by traffic noise. Field measurements were
made to validate the application of the standard noise models, which were later used to present the acoustical environment and
assess the exposure level around a super-speciality hospital surrounded by a residential zone. Results from the noise maps and
facade maps revealed that the area was exposed to noise levels exceeding the upper safe limits by more than 10 dB(A). The effect
of exposure in the form of annoyance and the awareness level were evaluated using a questionnaire survey in a sample of 565
residents. Attention questions were incorporated in the questionnaire, and the awareness level was evaluated using the mean
awareness index score. Respondents living in noisy areas were having a higher risk for annoyance as compared to those living in
quiet areas (OR =4.06; 95% CI =2.79-5.88). Reporting poor sleep quality, being sensitive to noise, and noise perception at home
were the significant risk factors for annoyance. Most of the respondents were classified as having no/little awareness about
serious health ailments caused by traffic noise. Lower awareness levels, despite a higher literacy rate and a higher percentage of
the young population, imply that there is a need for undertaking mass awareness programmes so that the impacts can be reduced
to a minimum, if not eliminated.

Keywords Annoyance - Public health - Noise maps - Sleep disturbance, Mean awareness index score

Introduction

Over the years, environmental noise levels have grown to such
an extent that they can cause degradation of a region’s acous-
tic environment and severely impact public health (Seidman
and Standring 2010; de Paiva Vianna et al. 2015). Despite its
ubiquitous nature, the properties of being invisible without
any residual effect, and people becoming accustomed to it,
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environmental noise is the most underrated pollutant (Basner
et al. 2014). According to a study by Hénninen et al. (2014),
environmental noise is the second most serious risk factor
affecting the health of Europe’s population and contributes
nearly 8% of the total burden of disease. According to a re-
view of END (Environmental Noise Directive, 2002), about
120 million of the European population are exposed to traffic
noise levels greater than 55 dB(A), which is considered to be
the safe level for preventing any serious impact due to traffic
noise on public health. The review also reported that nearly
10,000 premature deaths occur annually in Europe due to
traffic noise (European Environmental Agency Report,
2014). Due to urbanization, the past few decades have expe-
rienced a rapid increase in the number of vehicles plying on
roads, and this has led to the degradation of the acoustic qual-
ity of the environment in urban areas (Méline et al. 2013).
Most of the research aimed at controlling noise levels focuses
on the transportation sources. Transportation in general and
road traffic, in particular, are considered to be the most
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significant contributor to environmental noise pollution
(Hamad et al. 2017). This is probably due to the vast reach
of the road traffic infrastructure as compared to railways and
air traffic. Environmental noise is a concern for many devel-
oping (Essandoh and Armah 2011; Mehdi et al. 2011;
Khaiwal et al. 2016) as well as developed nations like the
USA and many European nations (Hammer et al. 2014; Park
et al. 2018b). The complicating component in developing
countries is the irregular and unplanned growth in household
locations and transport infrastructure. This mostly results in
households clustering around the transportation infrastruc-
tures like highways, airports, and railway stations, thereby
increasing the residents’ duration and frequency of exposure
(Jones et al. 2015; Lee 2018; Traoré 2019). According to
WHO (World Health Organization), robust industrialization
and the transport system’s growth are significant causes of
noise pollution (Brown and van Kamp 2017). RTN (road traf-
fic noise) in the most impacting noise source of the modern
lifestyle (Ruiz-Padillo et al. 2016). Although the parameters
influencing the emission of noise usually considered include
vehicle engines and flow composition, studies have also
established “acoustic impedance of road surfaces” (Bianco
et al. 2020; Pratico et al. 2021), “type of vehicle tyres”
(Licitra et al. 2017), “pavement ageing” (Teti et al. 2020),
and “pavement texture and material” (Pratico and Anfosso-
Lédée 2012; Pratico 2014; Del Pizzo et al. 2020; de Ledn
et al. 2020) as other important parameters that should be
considered.

A significant number of studies have established the rela-
tion between traffic noise and physical, psychological, and
physiological outcomes (Stansfeld and Matheson 2003;
Pathak et al. 2008; Rahmani et al. 2011; Basner et al. 2014;
Jagniatinskis et al. 2016; Basner and McGuire 2018). Traffic
noise has been found to interfere with day-to-day activities,
resulting in annoyance (Miedema and Oudshoorn 2001), hear-
ing damage (Stansfeld et al. 2000), sleep disorders (Muzet
2007; Halperin 2014), learning impairment (Lercher et al.
2003; Minichilli et al. 2018), heart diseases (Dratva et al.
2010, 2012; van Kempen and Babisch 2012), metabolic dis-
eases like diabetes (Nicole 2013; Clark et al. 2017), and even
cancer (Roswall et al. 2017). RTN exposure has also been
associated with the usage of psychotropic medication use
(Okokon et al. 2018). The negative impacts of traffic noise
include both short-term and long-term effects; however, one
of the most important outcomes is annoyance (Dratva et al.
2010; WHO 2011). Annoyance refers to negative feelings like
displeasure, disturbance, discontent, and uneasiness which fi-
nally manifests in the form of anxiety and stress. The levels of
annoyance are often used to reflect the somatic damage caused
by traffic noise (Babisch 2002). Although environmental
noise comprises many components, evidence has emerged
that traffic noise is the major component of environmental
noise (OUIS D, 2001; Ali and Tamura 2003; Ising and
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Kruppa 2004). In fact, traffic noise-induced annoyance has
been termed as a precursor for other serious health ailments
(van Kempen et al. 2002; Rylander 2004; Leon Bluhm et al.
2006). However, the research studies highlighting the associ-
ation between RTN and annoyance have mostly remained
limited to developed countries. Very small number of studies
have been reported from developing countries (Agarwal and
Swami 2011). According to Banerjee (2012), studies
reporting the association between traffic noise exposure and
annoyance in terms of effect indicators have never been re-
ported from India. Even if studies have been conducted in
developing countries, the assessment of noise levels has been
based on measuring noise levels at few locations and express-
ing the effects using linear regression. The usage of noise
maps for depicting the acoustic environment of the surround-
ing areas has been limited (Debnath and Singh 2018).

The management of the traffic noise and its impacts in-
volves 3 main steps. These include “assessment of the traffic
noise levels in a given study area”, “evaluation of the effect
due to exposure to traffic noise”, and “assessment of the
awareness among the general population concerning the ef-
fects of noise pollution”. Studies have reported RTN levels in
different study areas across the globe and also the assessment
of the effects due to exposure to RTN. The work in these two
directions has mostly remained concentrated in developed
countries, and less work has been reported from developing
nations like India. However, the research work regarding the
assessment of awareness level among the exposed population
has not been evaluated to a great extent. Having prior knowl-
edge about the level of awareness among the common masses
can serve better in reducing the impacts of RTN. Traffic noise
may have varying levels of impacts depending upon the level
of importance attached to the region or study area. Studies
reporting the negative outcomes due to traffic noise and noise
maps can prove extremely beneficial for the regulating author-
ities in framing the policies for the improvement of the acous-
tic environment and reducing the traffic noise impacts on the
exposed population especially around noise-sensitive areas
like hospitals, schools/colleges, and offices. To the best of
our knowledge, this research gap has not been addressed to
the desired extent for Indian conditions. Realizing the impor-
tance of such works in providing a useful addition to the
existing literature, the present study was conducted in an ur-
ban noise-sensitive area of North India. The study had three
primary objectives. First was the assessment of the RTN levels
around a noise-sensitive area in an urban setting (the study
area in our case). Second was the evaluation of the extent of
RTN-induced annoyance among the exposed population, the
most significant contributors, and also the associated risks.
Thirdly, the study aimed to evaluate the awareness levels
among the residents living in the study area concerning the
potential health effects that can be caused by RTN. The study
aimed at achieving the primary objectives through on-field
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noise measurements, questionnaire surveys, and also using
statistical procedures for modelling purposes. A piece of de-
tailed information about these steps is given in the
“Methodology of the study” section.

Methodology of the study

The methodology of the study is shown in the form of a flow-
chart in Figure 1.

Study area

Srinagar City, once known as the “Venice of East”, due to its
picturesque and mesmerizing beauty, is the most visited and
famous destinations for both national and international tourists.
The city covers an area of 295 km® with the coordinates of 33°
59" 14" N and 34° 12' 37" N latitude and 74° 41' 06" E and 74°
57' 27" E longitude with an elevation of 1580 m above the
mean sea level. The population of the city was 1.23 million in
2011 and was estimated to be around 1.81 million for 2019 with
an average annual growth rate of 1.83% (Mushtaq et al. 2020).
The city has witnessed an influx of citizens from rural areas
owing to the availability of health, employment opportunities,
and other facilities. Unplanned urban management of the city
has led to serious negative impacts on the environment and the
standard of life of the residents. Owing to the large size of the
city, we selected the Karanagar area, located barely 2 km away
from the centre of the city, for performing noise measurements
and conducting the questionnaire survey. The study area wit-
nesses a high traffic volume (including commercial, private,
and public transport) and inflow movement of pedestrians ow-
ing to the presence of some famous commercial areas, medical
colleges, and a super-speciality hospital. The study area also
consists of a residential zone in the immediate vicinity. The area
experiences frequent traffic congestion and high noise levels.
The population living in the close vicinity, up to 250 m from the
main road, was chosen for the survey.

Noise exposure assessment

Generally, two methods are available for assessing traffic noise
levels. The first method involves measuring noise levels using a
sound level meter, and the other consists of modelling the noise
levels using the available standard models. The problem of the
first method is regarding the availability of the required number
of sound level meters while the second method involves the
usage of standard noise calculation models developed predomi-
nantly for developed countries, and due to the difference in traffic
conditions in India, the application of these methods may be
limited. Due to the availability of only one sound level meter,
the problem was overcome by first measuring the daytime and
night-time noise levels using a class 1 sound level meter, which

was calibrated using a class 1 acoustic calibrator, near 41
preselected sites as shown in Figure 2 for 24 h each (7:00 a.m.
to 10:00 p.m. and 10:00 p.m. to 7:00 a.m.). The measurements
were conducted from 1 October 2020 to 7 December 2020. The
measurements were made following the recommendations of
ISO 1996 (ISO 2003, 2007). This involves placing the micro-
phone 1.5 m above the ground level and at a distance of 2 m in
front of the most exposed fagade. The time frame was selected as
per the definition of the Lpy (day—night average sound level)
index (Héritier et al. 2017) given as

Lpy = Lag + 10 x loglo(NDAY + 10 x NN]GHT)749-4; (1)

where L4 is the A-weighted equivalent noise level measured for
the given time interval (24 h in the study). Np,y is the number of
vehicles passing by between 7:00 a.m. and 10:00 p.m., and
Nyigrr 1s the number of vehicles passing by between 10:00
p.m. and 7:00 a.m. An extra 10-dB penalty is applied to night-
time (10:00 p.m. to 7:00 a.m.). A null hypothesis was made for
validating a standard noise prediction model provided in the
SoundPLAN® version 8.2 software package. The null hypothe-
sis made was “there is no significant difference between the two
groups of noise levels, i.e. one measured in the field and the other
obtained from the software”. Both modelled and measured noise
levels were tested for normal distribution using the Kolmogorov—
Smirnov test as well as Shapiro—Wilk test. The results from the
tests are shown in Table 1. As both tests resulted in non-
significant values (p-value > 0.05), the noise level data were
therefore compared using paired sample t-test for testing the null
hypothesis. A significance level of 95% was chosen. Based on a
study conducted in Lucknow, India, we selected the TNM 2.5
model developed by FHWA (Federal Highway Administration)
for modelling the noise levels using data related to traffic and
pavements (Shukla et al. 2009). A scatter plot between the mea-
sured and modelled noise levels and the results from the paired
sample t-test are shown in Figure 3 and Table 2, respectively.
Both the scatter plot and paired sample t-test showed good agree-
ment between the measured and modelled noise levels; hence,
we used the TNM 2.5 model for generating noise map and
facade map of the study area. Based on the literature review,
we hypothesized that “higher traffic noise exposure was associ-
ated with higher noise annoyance”. We divided the study area
into a “noisy area” and a “quiet area” based on the average cut-
off value of 55 dB(A), prescribed by WHO (2011) as well as
CPCB (Central Pollution Control Board) in India. This is shown
in Table 3.

Inputs required for TNM 2.5

The input to modelling procedure involves using traffic-
related information like classified traffic volume count, traffic
speed, pavement material type, pavement width, presence of
traffic control devices, and presence of any bridge structures.
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Fig. 1 Flowchart depicting the methodology of the study
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Table 1  Normality test for the continuous variables age, body mass
index, stress score, and day—night noise level

Table3  Cut-off values for various types of areas prescribed in India by
CPCB (2001)

Variable Kolmogorov—Smirnov  Shapiro—Wilk

Statistic df p-value Statistic df p-value
Measured noise level 0.082 41 0200  0.983 41 0.782
Modelled noise level 0.067 41 0200 098 41 0.889

Classified traffic volume count, traffic speed,
pavement material, and pavement width data

Traffic count for the different kinds of vehicles was done
using a videographic survey in which a camera was mounted
on a suitable and safe location near the study site, and record-
ings were taken for the complete 24 h. The camera (GoPro
Hero 8 CHDHX-801), capable of recording even during night
hours, was used. The recordings were transferred to a com-
puter, and the volume count for each kind of vehicle was
obtained manually. At each of the preselected sites, a marking
of 100 m was drawn and the time taken by vehicles to cover
this distance was obtained from the video. This procedure
helped in obtaining the average traffic speed of the vehicles.
Pavement material-related information and pavement width
were directly obtained from the sites. The presence or absence
of traffic control devices was also obtained from the study
sites.

Generation of the noise map

A noise map helps in visualizing the noise/acoustic environ-
ment of an area with the help of contour lines or the fill pattern
following the user-defined colour scale at a certain predefined
height above the ground level. In the present study, a noise
map of the study area was developed using a grid space of 5Sm
and at a height of 2m from the ground level. The field size was
selected to be (9 x 9) m, and a threshold value of 40 dB(A)
was selected below which interpolation was followed.

Generation of the facade noise map

A fagade noise map is generated to depict the noise levels
reaching the facades of the buildings in a given area. In the
present study, the exposure levels of the respondents were
obtained from the fagade map drawn for the study area. The

Type of area Noise level, dB(A)
Daytime Night-
time
Industrial area 75 70
Commercial area 65 55
Residential area 55 45
Silence zone 50 40

procedure involved placing one receiver in the centre of the
fagade, and the distance to the facade was selected to be 0.01
m. The height of the buildings needed as input in the model
was obtained through field visits of the study area. A
screenshot for defining the various parameters used for devel-
oping the noise map and the fagade map is shown in Figure 4.
A similar procedure has been used in other studies as well
(Murphy and Douglas 2018; Park et al. 2018b; Foraster
et al. 2018; Gilani and Mir 2021).

Sample size determination

As the study utilized the logistic regression analysis for iden-
tifying the potential risk factors of traffic noise annoyance, the
sample size was determined using the a priori power analysis.
We used Gpower version 3.1.9.4 for the calculation of sample
size. The significance level o was chosen to be 0.05, while the
power of the study was chosen to be 0.80. Concerning the
effect size, no previous literature was found by the authors.
Therefore, a pilot study, comprising of 40 participants, was
conducted for which the effect size in terms of odds ratio was
evaluated. The odds ratio was found to be 1.59. The squared
multiple correlation coefficient between the main predictor
(i.e. traffic noise) and all other covariates was obtained by
regressing the main predictor onto the data for all other covar-
iates. Its value was found to be 0.38. The final value of the
sample size was calculated to be 555. The final sample size
obtained, however, was 565. A plot for calculating the sample
size using a specified value of power and effect size is shown
in Figure 5. As per Census 2011, the selected sample was a
good representative of the city in terms of demographic char-
acteristics like age, gender, literacy rate, and marital status.

Table 2 Output from the paired
sample t-test for checking any
significant difference between

Variable Mean

Std. deviation

95% CI tstatistc  df  Sig. (2-tailed)

measured and predicted noise
levels

(MNL — MoNL) 0.12 0.99

—0.195 0.434 0.766 40 0.448

MNL Measured noise level, MoNL Modelled noise level
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. |
® Noise measurement |
sites

Fig. 2 A 3D view of the study area with the preselected 41 noise
measuring sites

Questionnaire survey

A random sampling approach was used for collecting the data. In
this direction, we utilized the house numbers that were assigned
to each house in the surrounding area by SMC (Srinagar
Municipal Corporation). All the residential house numbers
ranged between 1 and 265. The range of (1 to 300) was entered
into an online sequence generator, and as per the sequence gen-
erated, we selected the households for the questionnaire survey.
If the sequence number turned out to be not representing any
household, it was neglected and the next one was selected. An
inclusion criterion based on residence period was also used, ac-
cording to which only those respondents who had been living at
their current address for more than 1 year were selected. A pilot
study was first conducted to test the questionnaire (Online re-
source) with 20 participants for any improvements, who were
later excluded from the main study. The survey team visited the
households selected for the study, and after they socialized with

80

" R Linewr=
0.869
75

70

Modelled noise,d B(A)

60

60 62 64 66 68 T0 T2 74
Measured noise,dB(A)

Fig. 3 Scatter plot of the measured and modelled noise levels at the 41

preselected measurement sites

the elders of the family, the purpose of the study and how it can
prove beneficial for the society were explained in the local
Kashmiri language. The members distributed the questionnaires
and encouraged all the residents to participate and return the
completed questionnaires. The participation was completely vol-
untary, and no incentives were offered to the respondents.
Participants were assured about the privacy of their personal
information. A total of 565 response sheets were obtained.
Information about the demographic characteristics including
age, gender, duration of residence/work, marital status, and edu-
cational background was obtained. Information about any under-
lying chronic disease was also obtained. Noise sensitivity, which
is considered to be an important mediating factor for road traffic
noise induced annoyance, was evaluated using the modified 16-
item noise sensitivity scale proposed by Weinstein (Vastfjall
2002). It consists of responding to various statements on a
Likert scale of 1 (meaning not at all) to 7 (meaning very much).
The questionnaire consisted of three reverse-coded questions,
and while evaluating the final sensitivity score, the response
was subtracted from “8” to ensure the classification capability
of the questionnaire. Respondents with a sensitivity score greater
than 64 were classified as highly noise sensitive, and those below
64 were classified as less sensitive. Noise annoyance was
assessed following the recommendations provided by ISO/TS-
15666, using two scales. One is the 5-point verbal scale for the
question “Thinking about the past 12 months or so, when you are
at home/place of work, how much does noise from road traffic
bother, disturb, or annoy you?” The numerical scale consisted of
rating the question “Thinking about the past 12 months or so,
what number from 0 to 10 best shows how much you were
bothered, disturbed, or annoyed by road traffic noise?”’ 0 meant
not at all bothered, and 10 meant extremely bothered.

The questionnaire enquired about the perception of noise at
home or place of work and also evaluated the awareness level
about traffic noise—related health effects. Six statements about
the various ill effects of traffic noise on human health reported
in the literature were framed, and the level of agreement was
evaluated on a Likert scale of 1 to 5, with 1 meaning “not at
all” and 5 meaning “completely agree”. This is shown in
Table 4. To evaluate the MAIS (mean awareness index score)
of each respondent, the average score was calculated for all six
statements. The minimum and maximum values could range
from 1 to 5. A self-introduced cut-off value > 2 was chosen for
classifying the respondents as being aware or not aware of the
ill effects of traffic noise. One of the important prerequisites of
the questionnaire survey is ensuring that respondents pay full
attention while filling the items. To ensure this we used “at-
tention questions” in our survey. Three attention questions
were used in the questionnaire. The three attention questions
were simple arithmetic questions that do not require any spe-
cial knowledge or skill (Online resource). Any response sheet
having three incorrect replies was excluded from further anal-
ysis. Such an approach was used in one of our previous works
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Fig. 4 Screenshots of the graphic user interfaces for defining the inputs used in developing the (a) noise map and the (b) fagade map of the study area

as well (Gilani and Mir 2021). The survey was conducted
from 1 October 2020 to 7 December 2020 (9 weeks).

Statistical analysis

Descriptive analysis was run for the categorical variables
using the chi-square test. The Pearson correlation coefficient
was obtained for the verbal and numerical annoyance rating
scales. Significant predictors of traffic noise annoyance were
obtained using multiple logistic regression, and the odds ratio
was calculated for all the significant variables. A 95% level of
significance was chosen for the study, which means a p-value

Fig. 5 Sample size calculation
curves based on power,
significance level, and effect size
used in the study

Total sample size

< 0.05 was considered to be significant. All the analysis was
performed using SPSS V25.0 for Windows (SPSS, Inc,
Chicago, IL).

Results
Evaluation of the response sheets
The response sheets were evaluated manually by the authors

based on the attention question criterion. We found that 5
response sheets failed to meet the desired criterion and hence

Z tests - Logistic regression

Tail(s) = Two, PriY=1[X=1) HO = 0.12, RZ other X = 0.38,
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Table 4  Statements about various reported health effects used in the questionnaire

Statement Wording Response Reference

no.

1 RTN can cause heart disease 1, not at all; 2, slightly; 3, moderately; Banerjee et al. (2014)
4, to a good extent; 5, completely agree

2 RTN can cause diabetes 1, not at all; 2, slightly; 3, moderately; Sorensen et al. (Mette et al. 2013)
4, to a good extent; 5, completely agree

3 RTN can cause hypertension 1, not at all; 2, slightly; 3, moderately; Bodin et al. (2009)
4, to a good extent; 5, completely agree

4 RTN can cause stroke 1, not at all; 2, slightly; 3, moderately; Sorensen et al. (2011)
4, to a good extent; 5, completely agree

5 RTN can reduce your working efficiency 1, not at all; 2, slightly; 3, moderately; Zaheeruddin and Garima (2006)
4, to a good extent; 5, completely agree

6 RTN can cause stress 1, not at all; 2, slightly; 3, moderately; Jensen et al. (2018)

4, to a good extent; 5, completely agree

RTN road traffic noise

were separated from the rest of the response sheets. However,
we further evaluated these 5 response sheets to prevent any
bias and found that even most portion of the questionnaire was
left unanswered by the respondents, thereby further
supporting our decision to exclude them from the analysis.

Noise level assessment

At all the selected 41 measurement points, traffic noise was
found to be well above the upper safe limit prescribed by both
WHO and CPCB for daytime as well as night-time. The av-
erage noise level in the noisy area was 12 dB(A) higher as
compared to that of quiet areas. Srinagar City due to its large
size was subdivided into zones for developing a noise map. In
this study, a noise-sensitive area with a super-speciality hos-
pital serving the majority of the districts in the Kashmir divi-
sion was selected. The area also has a residential zone in its
immediate vicinity. A noise map was developed for the study
area based on the modelled day—night noise level (Lpy) index.
The noise map shown in Figure 6 depicts that the area suffers
from serious noise pollution. The map clearly shows that the
noise levels around the residential and super-speciality hospi-
tal premises are above 57 dB(A) with maximum levels going
above 75 dB(A). The fagade map of the study area shown in
Figure 7 shows that the noise levels reaching the facades of
most of the residential buildings exceed 60 dB(A) (light red to
dark red colour) with some of the houses located close to the
congestion points experiencing noise levels greater than 70
dB(A) (deep blue colour).

Demographic characteristics and traffic noise
annoyance assessment

A total of 565 respondents were selected after screening the
response sheets as shown in Table 5. Incomplete response
sheets or sheets which failed to satisfy the criterion concerning

attention questions were left out. The final sample comprised
48.5% males and 51.5% females. Of the respondents, 82%
belonged to noisy areas and 18% belonged to quiet areas.
The respondents, divided in 4 age groups: (< 20) years, (20
to 40) years, (40 to 60) years, and (> 60) years represented
13.5%, 25.5%, 39.5%, and 21.5% of the sample size respec-
tively The residence period was divided into three categories:
(1 to 2) years, (2 to 5) years, and (> 5) years. It comprised of
26.9%, 31.3%, and 41.8% of the sample size respectively.
Based on educational qualification, respondents were divided
into four categories: (up to high school), (graduation), (mas-
ter’s), and (higher). The total composition consisted of 19.1%,
48.1%, 25.1%, and 7.6% respectively. Of the respondents,
68.3% were not suffering from any chronic disease.
Perception of traffic noise at home was reported by 85% of
the respondents, and nearly 64% of the respondents consid-
ered traffic noise to be extremely noisy.
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Fig. 6 Noise map of the study area developed using the SoundPLAN
software
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Fig. 7 Fagade map of the study area developed using the SoundPLAN software

Noise annoyance survey

Traffic noise related annoyance was reported by nearly 84%
of the respondents. About 58.1%, 59.3%, 66.4%, and 66%
reported feeling annoyed due to traffic noise while studying,
concentrating, resting, and talking respectively. Nearly 62.3%
of the respondents reported poor sleep quality due to traffic
noise. Associations were observed between living in noisy
areas and feeling annoyed due to traffic noise (p < 0.001)
and feeling annoyed due to the interference of traffic noise
in activities like studies (p < 0.001), concentrating (p <
0.001), and resting (p < 0.001). Talking and reporting of sleep
quality were not associated with the acoustical classification
of the area, as shown in Table 6. Pearson correlation between
the verbal and numerical annoyance scale revealed a high
degree of correlation (r = 0.955, p < 0.001). Depending upon
the annoyance scales, we classified the respondents as not
annoyed and highly annoyed. Respondents who replied very
or extremely on the verbal scale or those who rated their an-
noyance level > 6 were considered to be highly annoyed. The
classification cut-offs were chosen based on another study in
which both scales were used (Li et al. 2008). The distribution
of the respondents based on the two annoyance scales is
shown in Figures 8 and 9 respectively.

Dose-effect curves
Based on the questionnaire survey and the exposure levels of

the residents obtained through the facade map of the study
area, the dose—effect curve was plotted. The dose used was

@ Springer

the traffic noise level, Lpy, while the response was the per-
centage of highly annoyed residents at the given level of ex-
posure. Of the data obtained, 75% was used for developing the
curves while the remaining 25% was used for validating the
model. The fitted curve is given by Equation 2 and is depicted
in Figure 10.

76.1
9%HA =291 + {1 n 10(9_310.16xLDN)} @)

The results from the validity test of the model are shown in
Table 7. It was found that the results were within a range of
(1.59-8.79) from the actual values. The model showed higher
deviation from the actual values at higher noise levels while
the model showed smaller deviations at lower noise levels.

Assessment of level agreement and awareness level
about traffic noise-related health effects

Table 8 shows the respondents’ agreement level about various
serious health impacts related to RTN. The results from the
table reveal that more than half of the respondents disagreed
with the statements made, except for stress. Stress was also the
only known negative outcome in which the average MAIS
score crossed the cut-off value while work efficiency was
close to the cut-off value of 2. For heart attack, diabetes, hy-
pertension, and stroke, the values of MAIS were 1.54, 1.44,
1.59, and 1.48 respectively as shown in Figure 11. The differ-
ences in the responses based on gender and level of education
were also determined. Table 9 illustrates the differences in the
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Table 5 Gender, age, marital .
status, residence period, Sociodemographic-related Quiet area Noisy area Total p -value
education level, chronic disease, characteristics n=102) (n =463) population (%)
perception of traffic noise, and
acoustic quality reported by Gender <0.001
respondents in relation to the type Male 78 196 48.5
of area Female 24 267 515
Age (in years) < 0.001
<20 70 6 13.5
20 to 40 32 112 25.5
40 to 60 0 223 39.5
> 60 0 122 21.5
Marital status 0.403
Unmarried 38 142 31.9
Married 48 233 49.7
Widowed/divorced 16 88 18.4
Residence period (in years) <0.001
1to2 52 100 26.9
2t05 23 154 313
>5 27 209 41.8
Education level <0.001
Up to high school 61 47 19.1
Graduation 13 259 48.1
Master’s 21 121 25.1
Higher 7 36 7.6
Chronic disease 0.586
No 72 314 68.3
Yes 30 149 31.7
Perception of noise at home <0.001
No 85 0 15
Yes 17 463 85
Noise quality at home < 0.001
Quiet 81 0 14.3
Moderately noisy 21 104 22.1
Extremely noisy 0 359 63.5

* Chi-square test

level of agreements based on gender. There was no significant
association in the level of agreement between males and fe-
males for the first statement regarding heart attack (p > 0.05).
For the second statement regarding diabetes, there was a sta-
tistically significant association between the level of agree-
ment and gender, x> (4) = 56.96, p < 0.001. The association
was moderate, Cramer’s V = 0.309 (Jacob Cohen 1988). For
the third statement regarding hypertension, there was a statis-
tically significant association between the level of agreement
and gender, x> (4) = 24.22, p < 0.001. The association was
small, Cramer’s V = 0.207. There was no significant associa-
tion in the level of agreement and gender for the fourth state-
ment regarding stroke (p > 0.05). For the fifth statement re-
garding work efficiency, there was a statistically significant
association between the level of agreement and gender, X~ (4)

=40.67, p < 0.001. The association was small, Cramer’s V =
0.268. There was no significant association between the level
of agreement and gender for the sixth statement regarding
stress (p > 0.05).

Table 10 shows the association between the level of agree-
ments and the level of education. There was a significant
association between the first statement regarding heart attack
and educational level, Xz (12) = 32.41, p = 0.001. The asso-
ciation was small, though, Cramer’s V = 0.135. There was a
significant association between the second statement regard-
ing diabetes and educational level, x> (12) = 213.84, p <
0.001. The association was moderate, Cramer’s V = 0.328.
There was a significant association between the third state-
ment regarding hypertension and educational level, x> (12)
= 36.94, p < 0.001. The association was small, Cramer’s V
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Table 6 Distribution of residents

according to annoyance and Parameters Quiet area Noisy area Total p'-value
parameters related to annoyance (n=102) (n=463) population (%)
as a function of road traffic noise
Annoyance due to traffic noise < 0.001
No 77 14 16.1
Yes 25 449 83.9
Annoyance during activities
Studies < 0.001
No 40 197 419
Yes 102 226 58.1
Concentration 0.001
No 57 173 40.7
Yes 45 290 59.3
Resting 0.044
No 43 147 33.6
Yes 59 316 66.4
Talking 0.054
No 43 149 339
Yes 59 314 66.1
Sleep quality 0.423
Excellent 42 171 37.7
Poor 60 292 62.3

" Chi-square test

= 0.145. There was a significant association between the
fourth statement regarding stroke and educational level, x>
(12) = 33.09, p = 0.001. The association was small,
Cramer’s V = 0.142. There was a significant association be-
tween the fifth statement regarding work efficiency and edu-
cational level, x2 (12) = 135.25, p < 0.001. The association
was small, Cramer’s V = 0.282. There was a significant asso-
ciation between the sixth statement regarding stress and edu-
cational level, x* (12) = 108.91, p < 0.001. The association
was small, Cramer’s V = 0.253.

“ Quiet area
#i Noisy area

30

27.65

20

Percentage of respondents
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Notatall  Slightly ;\-[Merutel;\' . Very
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Extremely

Fig. 8 Comparison of the number of respondents for annoyance level
using the verbal scale for noisy and quiet areas
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The result from multivariate logistic regression

To keep the model simple and avoid overfitting, two models
were developed based on the two annoyance scales. The re-
sults are shown in Table 11. After adjusting for sensitivity,
residence period, gender, sleep quality, and noise perception
at home, the models depicted that living in the noisy area was
significantly associated with a high risk of being highly
annoyed (OR = 4.06, p < 0.001 in model 1; OR =3.93, p <
0.001 in model 2). Concerning sensitivity, respondents who
were classified as sensitive were having a 4 times more risk for
being highly annoyed as compared to those who were not
sensitive (OR = 3.98, p < 0.001 in model 1; OR =3.92, p <
0.001 in model 2). Gender was not a significant factor for
annoyance levels reported using both scales. Self-reported
sleep quality was a significant predictor for noise-induced
annoyance. Respondents with poor sleep quality were having
a 4 times more risk of being highly annoyed as compared to
those reporting excellent quality (OR = 3.94, p < 0.001 in
model 1; OR = 3.91, p < 0.001 in model 2). Perception of
traffic noise at home was also a significant predictor of annoy-
ance. Respondents who perceived traffic noise at home were
having a 3.15 times higher risk as compared to those who did
not perceive noise at home (OR =3.15, p < 0.001 in model 1;
OR =3.13, p < 0.001 in model 2).
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Discussions

The impacts of the road traffic noise in urban areas have been
a matter of study not only because of the number of motor
vehicles plying on roads but also due to high levels of annoy-
ance response that road traffic noise can evoke, thereby caus-
ing a decrease in the quality of life in urban areas (Babisch
etal. 2009; Jones 2010; Lekaviciute and Argalasova Sobotova
2013). Research has shown that annoyance is more related to
road traffic as compared to that with rail or air traffic (Basner
et al. 2011). The noise map of the study area revealed high
noise levels, which are represented by darker colours (dark
blue) and can reach above 75 dB(A). One of the possible
reasons for such high noise levels in the study area during
both daytime and night-time is the presence of tertiary care
and super-speciality hospital. Both these facilities are located
along roads that witness a continuous movement of private
vehicles, commercial vehicles, and ambulances during both
daytime and night-time. This continuous movement is char-
acterized by frequent honking, which leads to high noise

90
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Fig. 10 Dose—effect curve for the percentage of highly annoyed residents
along with 95% confidence band

Annoyance rating

levels in the study area. The honking by the drivers is further
exacerbated due to frequent stops made by the passenger ve-
hicles at places other than the designated stops. The contribu-
tion of honking in elevating the noise levels in the Indian
context has been found in other studies as well (Thakre et al.
2020). Also, the current COVID-19 pandemic has resulted in
higher vehicular movement in the areas adjacent to health
centres and tertiary care hospitals. This might have also result-
ed in higher noise levels.

Noise mapping helps in better visualization of the noise
dispersion and levels at all points. This enables better

Table 7 Comparison between the predicted and actual percentage of
highly annoyed population

Traffic noise Predicted (%) Actual (%) highly Difference
level, dB(A) highly annoyed annoyed

51.32 4.82 3.23 1.59
52.36 5.68 3.77 1.91
54.65 9.06 6.90 2.16
57.39 17.70 15.49 221
58.69 24.24 19.12 5.12
60.29 34.30 29.36 4.94
61.33 41.52 35.26 6.26
62.32 48.36 45.29 3.07
62.56 49.97 43.26 6.71
63.35 54.99 49.36 5.63
64.98 63.64 57.26 6.38
66.31 68.80 64.15 4.65
67.19 71.34 66.23 5.11
69.33 75.32 68.31 7.01
69.88 75.97 67.18 8.79
70.16 76.26 69.36 6.90
72.32 77.74 70.35 7.39
73.26 78.11 72.25 5.86

@ Springer



63058

Environ Sci Pollut Res (2021) 28:63045-63064

Table 8 Response of the participants about the statements regarding
the effects of traffic noise (N = 565)

Table 9 Comparison of responses to the health statements based on
gender using chi-square test

Statement N Percentage (%)

RTN can cause heart attack

Not at all 362 64.07
Slightly 131 23.19
Moderately 46 8.14
To a good extent 20 3.53
Completely 6 1.06
RTN can cause diabetes
Not at all 382 67.61
Slightly 128 22.65
Moderately 45 7.96
To a good extent 7 1.24
Completely 3 0.53
RTN can cause hypertension
Not at all 359 63.54
Slightly 131 23.18
Moderately 36 6.37
To a good extent 26 4.6
Completely 13 2.3
RTN can cause stroke
Not at all 373 66.02
Slightly 141 24.95
Moderately 32 5.66
To a good extent 11 1.95
Completely 8 1.42
RTN can reduce your working efficiency
Not at all 286 50.62
Slightly 142 25.13
Moderately 65 11.5
To a good extent 41 7.26
Completely 31 5.49
RTN can cause stress
Not at all 136 24.07
Slightly 96 16.99
Moderately 86 15.22
To a good extent 125 22.12
Completely 122 21.59
RTN road traffic noise

understanding of the problem which cannot be achieved by
traditional measurement methods. This feature makes noise
mapping a better tool for the improvement and management
of the urban acoustic environment. The utilization of the stan-
dard noise prediction model (TNM 2.5) in the present study
was based on a previous study conducted for Indian condi-
tions and was further validated using statistical results. India is
a developing country and has been experiencing tremendous
growth in the vehicle population. Registered vehicle growth
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Response Male Female X p-value
(n=274) (n=291)
n % n %
S1: Road traffic noise can lead to heart attack
Not at all 168 6131 194 66.67 7.11 0.130
Slightly 69 2518 62 2131
Moderately 28 1022 18  6.19
To a good extent 6 219 14 481
Completely 3 1.09 3 1.03
S2: Road traffic noise can lead to diabetes
Not at all 218 79.56 164 5636 56.96 <0.001
Slightly 26 948 102 35.05
Moderately 26 948 19 653
To a good extent 3 1.09 4 1.37
Completely 1 036 2 0.69
S3: Road traffic noise can cause hypertension
Not at all 162 59.12 197 67.69 2422 <0.001
Slightly 86 3139 45 1546
Moderately 15 547 21 722
To a good extent 7 2.55 19 653
Completely 4 146 9 3.09
S4: Road traffic noise can cause stroke
Not at all 181 66.06 192 6597 627 0.180
Slightly 62 2263 79 27.15
Moderately 17 620 15 5.15
To a good extent 8 292 3 1.03
Completely 6 2.19 2 0.69
S5: Road traffic noise can reduce the working efficiency
Not at all 109 39.78 177 60.82 40.67 < 0.001
Slightly 73 2664 69 2371
Moderately 36 13.14 29 996
Toagoodextent 29 1058 12 4.12
Completely 27 985 4 1.37
S6: Road traffic noise can cause stress
Not at all 66  24.09 70 24.05 441 0353
Slightly 41 1496 55 1890
Moderately 45 1642 41 14.09
To agood extent 68 2482 57  19.59
Completely 54 1971 68 2337

has seen a growth rate of 9.9% between 2001 and 2011
(Ministry of Road Transport and Highways 2011). However,
such a high growth rate needs to be complemented with req-
uisite infrastructure, which the developing countries including
India haven 't been able to provide due to limited resources.
This has resulted in an additional burden over the already
burdened infrastructure (Pucher et al. 2004). Such an imbal-
ance between demand and supply will further increase noise
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Fig. 11 Mean awareness index score for the health effects due to traffic
noises

levels, and thus, more severe health impacts due to traffic
noise can occur.

The reporting of perception of traffic noise by a high per-
centage (85%) of respondents and feeling annoyed due to the
interference with daily life activities suggest that traffic noise
is acting as an environmental stressor in the study area. This is
a significant finding as the area comes under the silence zone
category, and as such, measures should be taken to bring the
noise levels within permissible limits. A study conducted in
Brazil reported similar percentages of annoyed and sleep-
disturbed respondents (Paiva et al. 2019). While evaluating
the awareness level about various established health effects
of'traffic noise, it was found that the majority of the population
was having little or no awareness, except for stress. The ma-
jority of the respondents reported disagreement with the state-
ments presented in the questionnaire. This is an important
observation given the majority (65%) of the respondents were
in the age group of 20 to 60 years. Adding to this worrying
factor is the high literacy rate, which means that despite nearly
81% of respondents being educated (having at least a bache-
lor’s degree), respondents have little or no awareness about
the adverse health effects that can be caused by traffic noise.
There are a small percentage of highly educated individuals
who agreed with the statements of the questionnaire and the
majority of them reported disagreement. This reveals the lack
of awareness among the masses and the lack of efforts from
the regulating authorities. The reporting of disagreements
concerning the established health effects caused by traffic
noise also indicates that residents of the area are not going to
adopt suitable measures or modify their residential places to
reduce the noise exposure. This can result in a substantial
increase in the burden of disease due to environmental noise
exposure in the study area. We hypothesize that the reason for
underestimating environmental noise in general and traffic

noise, in particular, is the time factor. The negative effects
due to traffic noise usually occur over a significant period as
compared to the similar effects caused due to other pollutants
like air pollution. However, higher agreement with the stress
statement can be attributed to the loss of control over the
personal environment that exposed people may feel.
Residential areas are meant for resting, spending time with
family, and other personal activities. Similarly, workplaces
require a serene environment for proper functioning and im-
proving output. The interference caused by traffic noise hin-
ders the achievement of the desired goals, and as such, the
individuals feel annoyed or stressed.

Multivariate logistic regression revealed a high risk for
people living in noisy areas as compared to those living in
quiet areas. This can be the result of perceived helplessness
in achieving the desired control over the surroundings, espe-
cially at home or at workplaces. Interference of traffic noise in
daily life activities also contributes towards annoyance. The
findings depict a higher risk of suffering from poor health.
This is because WHO defines health as a state of complete
physical, social, and mental wellbeing while annoyance refers
to feelings such as irritation, stress, anxiety, anger, and frus-
tration, all of which favour the development of health issues
(Dratva et al. 2010; Ndrepepa and Twardella 2011; WHO
2011). The association between living in a noisy area and
interference in activities is an important outcome as the same
has been reported in the literature and confirmed by WHO
(Babisch 2005; WHO 2011). The effect of the residence peri-
od was not significant in both models. This may occur due to
the acceptance or adaptation to the surrounding environment
by the residents. The results are further supported by another
study carried out in West Bengal, India (Banerjee 2013).
Gender was not found to be a significant factor in both
models. There has been heterogeneity in the results
concerning gender and annoyance. Some studies have report-
ed significant effects (Dratva et al. 2010; Banerjee 2013)
while others have reported no effect (Park et al. 2018a;
Sieber et al. 2018; Beheshti et al. 2019). Respondents who
were sensitive to noise were having nearly 4 times higher risk
as compared to non-sensitive respondents. Generally, sensi-
tive people have higher expectations attached with their resi-
dential or workplaces, but the unavailability of such ideal
conditions can raise their level of anger, stress, irritation, or
frustration, which means they are more prone to reporting
higher annoyance levels. Similar results are also reported in
other studies (Vastfjall 2002; Fyhri and Klaeboe 2009; Ryu
and Jeon 2011). The models report a significant association
between higher annoyance levels and poor sleep quality. A
study conducted in the Netherlands reported nearly the same
scores on sleep disturbance caused due to traffic noise and
neighbourhood noise, which means that sleep disturbance is
not related to the level of noise or source of noise (van den
Berg et al. 2014). The study reported a stronger association of
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Table 10 Comparison of

responses to the health statements Education High school Bachelor’s Master’s Higher X p-value
based on education level using (n=108) (n=272) (n=142) (n=43)
chi-square test
Response n % n % n % n %
S1: Road traffic noise can lead to heart attack
Not at all 57 52.8 165 60.7 106 74.6 34 79.1 32.41 0.001
Slightly 37 343 64 235 26 18.3 4 9.3
Moderately 12 11.1 26 9.6 6 42 2 4.7
Good extent 1 0.9 15 5.5 2 1.4 2 4.7
Completely 1 0.9 2 0.7 2 1.4 1 23
S2: Road traffic noise can lead to diabetes
Not at all 78 72.2 222 81.6 61 43.0 21 48.8 213.84 < 0.001
Slightly 18 16.7 40 14.7 155 38.7 15 34.9
Moderately 12 11.1 10 3.7 19 13.4 4 9.3
Good extent 0 0 0 0 6 4.2 1 23
Completely 0 0 0 0 1 0.7 2 4.7
S3: Road traffic noise can cause hypertension
Not at all 66 61.1 183 67.3 84 59.2 26 60.5 36.94 <0.001
Slightly 22 20.4 71 26.1 30 21.1 8 18.6
Moderately 8 7.4 11 4.0 14 9.9 3 7.0
Good extent 9 8.3 7 2.6 5 3.5 5 11.6
Completely 3 2.8 0 0 9 6.3 1 2.3
S4: Road traffic noise can cause stroke
Not at all 67 62.0 182 66.9 96 67.6 28 65.1 33.09 0.001
Slightly 27 25.0 73 26.8 36 254 5 11.6
Moderately 8 7.4 9 33 8 5.6 7 16.3
Good extent 5 4.6 1 0.4 2 1.4 3 7.0
Completely 1 0.9 7 2.6 0 0 0 0
S5: Road traffic noise can reduce the working efficiency
Not at all 62 57.4 175 64.3 23 16.2 26 60.5 135.253 < 0.001
Slightly 21 19.4 71 26.1 42 29.6 8 18.6
Moderately 13 12.0 18 6.6 29 20.4 5 11.6
Good extent 7 6.5 6 2.2 26 18.3 2 4.7
Completely 5 4.6 2 0.7 22 15.5 2 4.7
S6: Road traffic noise can cause stress
Not at all 36 333 62 22.8 21 14.8 17 39.5 108.91 < 0.001
Slightly 24 222 35 12.9 21 14.8 16 37.2

Moderately 21 19.4
Good extent 19 17.6
Completely 8 7.4

29 10.7 28 19.7 8 18.6
50 14.7 54 38.0 2 4.7
96 39.0 18 12.7 0 0

sleep disturbance with annoyance rather than with noise level
or source, which gives support to the results of this study.

Moreover, the perception of traffic noise at home and rating
of residence as noisy indicates the poor environmental quality
of the area (Cassina et al. 2017). Therefore, while evaluating
the acoustic quality of an urban area in the general and noise-
sensitive area in particular, correlating noise perception at
home and tranquillity rating with traffic noise—induced annoy-
ance should be given due importance. ESM S1
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Suggestions for mitigating the road traffic noise
levels

Studies have found that traffic-induced noise accounts for
80% of all the communal noise sources, out of which RTN
accounts for 79% (Grubesa and Suhanek 2021). Noise ema-
nating from the vehicles moving on the road is due to the “type
of vehicle”, “friction between the tires and road surface”, and
“driving style and driving behaviour”. Therefore, while con-
trolling for the RTN, contributions from these three sources
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Table 11 Multivariate logistic

regression analysis with highly Variable Model 1 Model 2
annoyed being the outcome (based on verbal annoyance scale) (based on numerical annoyance scale)
variable for both verbal and
numerical scales OR 95% CI p value OR 95% CI p value
Area type
Quiet” 1 1
Noisy 4.06 2.79-5.88 <0.001 3.93 2.61-5.94 <0.001
Sensitivity
Not sensitive® 1 1
Sensitive 3.98 3.79-8.34 0.034 3.92 3.59-7.86 <0.001
Residence period
1 to 2 (years)® 1 1
2 to 5 (years) 0.49 0.18-1.41 0.187 0.47 0.14-1.62 0.195
> 5 (years) 0.76 0.27-2.18 0.619 0.71 0.32-2.62 0.618
Gender
Male* 1 1
Female 1.34 0.75-2.27 0.291 1.07 0.62-1.72 0.769
Sleep quality
Poor 3.94 2.13-9.97 <0.001 391 2.04-9.34 <0.001
Excellent® 1 1
Noise perception at home
No* 1 1
Yes 3.15 1.60-6.31 <0.001 3.13 1.32-6.52 <0.001

Reference group

should be given due consideration. In this direction, some of
the measures that can be suggested include:

(a) Proper planning of the “newly developing” and “to be
developed” areas such that the residential areas and trans-
portation infrastructure do not lie close to each other.

(b) Building codes can be modified such that noise-
attenuating materials like bamboo, coco fibres, and
recycled rubber, which have no health effects and are
easily available, can be promoted for usage in the con-

struction of buildings (Schiavi et al. 2006).

(c) Implementation of quiet road surfaces has also shown
promising results. The usage of thin asphalt layers, stone
mastic asphalt, and double-layered porous asphalt, owing
to their low to moderate porosity, has shown acoustic
absorbing properties (Teti et al. 2020). But the impedi-
ment in their large-scale usage is the high costs of main-
tenance and repair.

(d) The introduction of electric vehicles can also help in
improving the acoustic environment of an area.
Electrical vehicles generally produce noise levels up to
6 dB(A) lower than conventional vehicles. However, the
effectiveness has been found at lower speeds only
(Grubesa and Suhanek 2021). Besides, the potential risk
for pedestrians and bicyclists and high initial investments
restrict their usage on a large scale.

(e) Introduction of a “smart traffic management” policy with
centrally controlled traffic signals and sensors can regu-
late the traffic movement following the existing state of
the roads in the cities. This can result in fewer congestion
events and thus reduce the honking phenomenon, espe-
cially in developing countries.

(f) Usage of natural noise barriers like vegetation has also
proven to be a significant noise-attenuating measure
(Fang and Ling 2003). An additional advantage is the
improvement of the landscape of the area due to vegeta-
tion and also the low maintenance costs associated with
it.

It is imperative to mention that the measures suggested are
not the only solutions; rather, there are opportunities and pros-
pects for the progress and development of new and existing
methods.

Conclusions

The present study attempts to evaluate the risk factors
concerning traffic noise induced annoyance. Living in noisy
areas, being sensitive to noise, reporting poor sleep quality,
and the perception of traffic noise at home/workplace were
found to be significant predictors for the traffic noise induced
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annoyance. The noise map, as well as the facade map, was
developed for the study area, and the exposure levels were
determined. No such previous studies under the Indian context
were found during the literature survey where noise levels
were depicted using noise maps and fagade maps. The respon-
dents reported disagreement with the statements made regard-
ing the health impacts of traffic noise except the stress state-
ment. The study supports the importance of framing the guide-
lines about environmental noise levels, given the ample evi-
dence of noise pollution in the noise-sensitive area of this
study. The reporting of noise perception at home and rating
the environment as noisy are suggestive of the poor acoustical
quality of the area. The study also supports the fact that not
only should the effects of noise be gauged in terms of the
auditory effects but also the psychological impacts of noise
should be given due consideration. The study also revealed
that despite having a higher literacy rate, the awareness levels
concerning traffic noise health effects are lacking. The study
proposes that awareness drives, conducted in close coordina-
tion between health and environment-related agencies, should
be held on a large scale to enlighten the population about the
possible health outcomes due to traffic noise exposure as well
as the various measures that can help in reducing the exposure.
The study also emphasizes the need for framing strict regula-
tions around sensitive areas like hospitals, schools, residential
areas, and public libraries, so that good public health, a better
quality of life, and a healthier environment can be ensured.
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