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Most of the Indian cities and towns have been facing serious traffic noise pollution due to urbanization,
substantial growth of new vehicles, inadequate road network, etc. Automotive traffic, railroads, and air traffic
are the most common sources of noise pollution in cities, with vehicular traffic accounting for around 55%
of overall metropolitan noise. Prolonged exposure to such loud noise causes anger, stress, mental diseases,
discomfort, hypertension, concentration problems, and sleeplessness. This study aims to investigate the effects
of COVID-19 societal lockdown on changes in the noise pollution levels before, during, and after the lockdown
period in various industrial, commercial, residential, and silence zones in Bengaluru, India, in light of the recent
imposition of COVID-19 societal lockdown. According to data acquired from the KSPCB (Karnataka State
Pollution Control Board) online portal, the average noise levels before and during lockdown were determined
to be in the range of 59.4 dB to 70.9 dB and 58.2 dB to 62.7 dB for different zones. During the lockdown,
all commercial, industrial and educational activities were closed to limit the spread of infection, resulting
in usage of private and commercial transportation declining dramatically. Reduction in the noise level was
observed during the lockdown in all monitoring stations of Bengaluru, except for Indira Gandhi Institute of
Child Health, where the noise level didn’t decline because of a COVID emergency. Maximum reduction was
observed in the commercial area (11.56%) followed by industrial areas (8.34%). The result further indicated
that only the industrial area experienced an increase of 8.41% in noise level, while other areas experienced
a reduction in a noise level during the early post-lockdown. During the mid and late post-lockdown periods,
most locations experienced a rapid spike in the noise intensity.
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1. Introduction

In India, most cities have been facing serious noise
pollution problems due to a significant increase in
the number of automobiles, expansion of the road
network, industrialization, and urbanization over the
last few decades (Reddy et al., 1995; Vidya Sagar,
Nageswara Rao, 2006; Singh et al., 2013). Noise
pollution, after air and water pollution, is regarded as
the third most dangerous sort of pollution, according
to the World Health Organization (WHO, 2005).
Vehicle traffic, trains, and air traffic are the most sig-
nificant sources of noise pollution in cities (Oyedepo,
Saadu, 2010; Sazegar et al., 2005), with automotive

traffic accounting for around 55% of the total urban
noise (Jamrah et al., 2006; Omidvari, 2009; Martín
et al., 2006). Noise pollution and its accompanying
health impact are becoming more prevalent, and they
can result in both short- and long-term psychological
and physiological illnesses (Garg et al., 2017). Long-
term loud noise exposure can cause impatience, stress,
mental diseases, discomfort, stress, hypertension, loss
of focus, insomnia, and other problems (Öhrström,
1989; Rabinowitz, 2000; WHO, 2005; Stansfeld
et al., 1996; Chakraborty et al., 1998). According
to the recent research, a 5 dB rise in roadside noise
can increase the risk of hypertension by 3.4% (Kim
et al., 2019; Oh et al., 2019; Eriksson et al., 2012).
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Exposure to a high level of noise can result in hor-
monal dysfunction and can also contribute to an in-
crease in blood pressure, which can have a negative
impact on the body’s cardiovascular system (Said, El-
Gohary, 2016; Münzel, Sørensen, 2017). Accord-
ing to several researches, those who are exposed to high
levels of road traffic noise are more likely to develop hy-
pertension (Chang et al., 2011). Ashin et al. (2018)
noted that the road traffic noise has been related to an
increase in gestational diabetes mellitus, which may
lead to a glucose intolerance that occurs during the
beginning of pregnancy, hence affecting pregnancy.

Bengaluru, the capital of Karnataka, is known as
India’s “Silicon Valley.” Many individuals are migrat-
ing to Bengaluru from all around India because of job
prospects. As the population grows, the needs and
demands grow as well. Bengaluru has a high vehicle
density during business hours (Manjunatha et al.,
2019), which could become a major source of sound and
noise. Several studies have also found that the average
noise level in various cities surpasses the limitations set
by India’s Central Pollution Control Board (Bhosale
et al., 2010; Banerjee et al., 2008; Vidya Sagar,
Nageswara Rao, 2006; Kisku et al., 2006; Jamir
et al., 2014). According to the TomTom (2020), Ben-
galuru was among the top 10 cities worldwide in terms
of traffic congestion in 2020, amid the COVID-induced
lockdown bringing traffic congestion to a halt.

The WHO declared the novel coronavirus (2019-
nCoV) epidemic a public health emergency of in-
ternational concern (PHEIC) at the end of January
(WHO, 2020). Its outbreak is likely spread from Hua-
nan Seafood Market, Wuhan, Hubei Province, China
(Harekrishna, 2020). The global epidemic has spread
to over 216 countries, states, and territories as of
June 25, 2020, resulting in over 9,527,123 infected
cases and 484,972 deaths (WHO, 2020). The Indian go-
vernment began a 14-hour citizen-led voluntary social
distancing campaign (Janata Curfew) on March 22,
2020 (07:00 AM–09:00 PM IST), excluding crucial
services, because of a dearth of immunization in In-
dia (such as medical services, police forces). Further-
more, because the disease’s spread was thought to be
imminent, the Indian government imposed a manda-
tory lockdown with no cross-border movement both
inside and outside the country (intrastate and inter-
state) and rigorous social isolation measures (Somani
et al., 2020). To control the spread of the coronavirus,
all public and private services, such as transportation,
educational institutions, recreational facilities, and in-
dustries, were completely shut down during that time.
Life requirements such as dispensaries, pharmacies,
vegetable and fruit shops, daily needs grocery stores,
and petrol pumps were the only services allowed to
function under the lockdown safety rules (Lokhande
et al., 2021). During the lockdown, the administration
has initiated regular surveillance across the country, in-

cluding Bengaluru city. The post-lockdown phase, on
the other hand, saw all of the previously imposed limi-
tations lifted save for the closure of educational in-
stitutions such as schools, colleges, and coaching cen-
tres. In addition, community or religious gatherings
were limited, and public transit, such as buses, trains,
and flights, was only half full (Government of India,
2020). COVID-19 has a negative impact on human
health and the world economy, but it also helps to
minimize pollution by restricting social and economic
activity (Dutheil et al., 2020). Global economic ac-
tivities came to a stop as countries went into lock-
down. Due to the lockdown, transportation is among
the worst-affected sectors. Road and air travel came
to a halt as people are either unable or unwilling to
travel (Arora et al., 2020). According to the survey,
COVID-19 caused a 96% decrease in air traffic, the
lowest in 75 years (Wallace, 2020). Noise pollution
has decreased as a result of the COVID-19 lockdown.
The Times of India, a reputable news source, reported
a lower noise level (∼30–40 dB) in residential areas,
and (∼50 dB) in crowded metro stations (Gandhiok,
Ibrar, 2020). Airports, bustrain stops/stations in In-
dia handle approximately 7800 flights, 528,333 buses,
13,452 passenger trains, and 9141 freight trains per
day (Phadnis, 2020), of which only a small fraction
of air traffic and freight trains were running during
COVID-19 lockdown, and the live monitoring of Indian
Railways’ dashboard, India’s largest national trans-
porter with 22 million passengers per day, showed
zero passengers or mail express trains under operation
on 2 February (Dutta, 2020). With the suspension
of the train operation comes an instantaneous reduc-
tion in train horn frequency, which is limited to 100
and 96 dB, respectively, during the lockdown period
(Singh, 2020).

According to a survey of the literature, noise levels
were dramatically lowered during the COVID-19 pan-
demic because all industrial and commercial activities
were shut down, resulting in less automobile, rail, and
air traffic. Noise levels were reduced by 2 to 6 dBA dur-
ing the COVID-19 lockdown period in Dublin, Ireland,
Spain, and London (Asensio et al., 2020; Aletta
et al., 2020; Basu et al., 2021). Girona, a town in the
northeast Spain, reported a large reduction in noise
levels in the nightlife districts during the same time
period, while commercial and traffic-heavy areas saw
moderate-to-low reductions. The reduction in ambient
noise in the port of Koper (Slovenia) was documented
in a study (Čurović et al., 2021) and reduced public
dissatisfaction due to airplane noise at dwellings near
the International Airport of Lima (Peru) are two addi-
tional notable achievements (Montano, Gushiken,
2020). Mishra et al. (2021) discovered that the ef-
fect of road traffic noise on the risk of high annoyance
and sleep disturbances was lower during lockdown than
during the pre-lockdown and unlock phases, and the
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risk of sleep disturbances in the residential area was re-
duced from 37.76% during the pre-lockdown phase to
14.72% during the lockdown phase in Kanpur. Mimani
and Singh (2021) reported noise variation in only two
noise stations of Bengaluru namely, Peenya Industrial
Area and Domlur Residential Area during the lock-
down period. However, the noise variation of all ten
noise monitoring stations of Bengaluru city was pub-
lished in the online portal of the Karnataka state pol-
lution control board. Therefore, the primary objective
of this paper is to study the impact of complete lock-
down on the noise pollution of Bengaluru city by com-
paring noise levels during the pre-lockdown, lockdown,
and different phases of post-lockdown in the year 2020

Fig. 1. Map showing the study area along with monitoring stations
(source: Google Earth “Map data ©2022 Google, Maxar Technologies”).

and to evaluate the present trend of noise in Bengaluru
city.

2. Location of the study

The research was conducted in Bengaluru, the ca-
pital of Karnataka, which is located in the southern
India on the Deccan Plateau at an elevation of nearly
900 meters (3000 feet) above the sea level and has
a good climate all year. It has an area of 741 km2 and
is located at 12.97○N and 77.56○(286 sq mi). In the
present scenario, the noise level of Bengaluru is moni-
tored by 10 Continuous Noise Monitoring Stations lo-
cated throughout the city (Fig. 1).
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3. Material and methods

3.1. Data collection and analysis

The Monitoring Stations under National Ambient
Noise Monitoring Network (NANMN) was established
in Bengaluru city to optimize the nature and impact of
lockdown on noise pollution in the ten strategic loca-
tions as given in Figs 1 and 2. Industrial, commercial,
residential, and silent zones are the four categories in
which these sites are classified. The industrial areas in-
clude Whitefield Industrial Area and Peenya Industrial
Area. The commercial areas include KSPCB Office,
Parisara Bhavana in Church Street, Yeshwanthpur Po-
lice Station, and an eastern suburb, i.e. Marathahalli.
The residential areas include Nisarga Bhawan, SG
Halli, BTM Layout, and The Energy and Resources In-

Whitefield Industrial Area Peenya Industrial Area

Parisara Bhavana Yeshwanthpur Police Station Marathahalli

Nisarga Bhawan BTM Layout TERI Office, Domlur

R.V.C.E. Mysore Road Indira Gandhi Institute of Child Health
Fig. 2. Aerial photographs of selected NANMN locations

(source: Google Earth “Map data ©2022 Google, Maxar Technologies”).

stitute (TERI) Office in Domlur. While Indira Gandhi
Institute of Child Health, near National Institute of
Mental Health and Neuro Science (NIMHANS) and
RV College of Engineering (RVCE), Mysore Road are
silence zones by being a hospital and an educational
institution, respectively.

Geonica Earth Sciences, Spain (Geonica, n.d.)
manufactured and deployed the Noise Monitoring
System (NMS), which measures real-time noise and
can simply manage a large number of stations. NMSs
are designed for use in all climates and are suited for
outdoor usage with compact, custom-built enclosures.
The NMS, which may be mounted on a mast, inclu-
des a waterproof cabinet with a noise level analyzer
and a battery, a communication device for sending data
to a receiving station, a backplate, and an external mi-
crophone (for measuring sound). The NMS comes with
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one battery, but if there is no acceptable local power
source or the main power is disrupted, two extra bat-
teries can be added. When the NMS is connected
to an external AC or DC source, the batteries are
charged. The NMS can be powered by a number of
different sources, including solar panels connected via
the DC supply input. Data retrieval with both auto-
matic and manual operations, as well as data storage
in a SQL database, were completed to allow users to
do data analysis and processing. Longitude, latitude,
and height can be tracked and saved in the NMS along
with noise measures using a normal commercial GPS
receiver and antenna unit.

Data from the NMS is sent over GPRS to the main
server (Central Receiving Station). The central receiv-
ing station receives data through GPRS from all dis-
tant stations, analyses the noise data, and generates
various reports (National Ambient Noise Monitoring
Network [NANMN], 2016).

The noise monitoring and measurements were per-
formed in calm climatic conditions for precise and ac-
curate readings. The data obtained from the site,
accuweather.com, revealed that the weather conditions
were mostly similar for all measurements in COVID-19
phases in Bengaluru city. As noise pollution is linked to
health problems, just ten sites are insufficient to rep-
resent the city’s entire noise situation. So, in order to
consolidate the study, there should be a demand to in-
crease the number of noise monitoring stations at other
locations, including other noisy and crowded areas of
Bengaluru city, such as Banashankari, the city’s bu-
siest locality with “Banashankari Amma Temple”, and
Koramangala, which is dotted with opulent shopping
malls.

The fluctuation in the mean concentration of noise
levels was studied in five phases in the year 2020 from
the pre-lockdown phase (1st March to 23rd March)
to lockdown period (24th March to 15th May) and
early post-lockdown (1st June to 31st July), mid post-
lockdown (1st August to 30th September), and late
post-lockdown (1st October to 30th November) to eval-
uate the present trend of noise in Bengaluru city.

3.2. Equivalent sound pressure level (Leq)

Equivalent sound pressure level (Leq) is the statis-
tical value of sound pressure level that can be equated
to any fluctuating noise level (NANMN, 2016). It is for-
mulated to describe the time-varying nature of trans-
portation noise into equal steady-state noise levels,
which for a defined period contains the same acous-
tic energy as the time-varying noise (Cohn, McVoy,
1982):

Leq = 10 log
i=n

∑
i=1

(10)Li

10
xti/tt, (1)

where Leq is equivalent continuous equal energy level,
n is number of sound samples, Li is the noise level of

any i-th sample, ti is time duration of the i-th sample,
tt is total time period of the event.

Leq is also described as a steady noise level that
expands the same amount of energy over time as fluc-
tuating levels do. A sound level meter with a “flat” re-
sponse monitors sound pressure levels and reflects the
strength of low-frequency noises with the same empha-
sis as higher-frequency sounds. Therefore, the sound
meter is equipped with a frequency-weighting filter.
The human ear does not respond equally to all frequen-
cies, with low and high frequencies being less efficient
than medium range frequencies. To obtain a sound
level that covers a wide range of frequencies and con-
forms approximately to the response of the human ear,
a frequency weighting filter is used. The sound level ob-
tained as a result is A-weighted sound. Therefore, we
measure sound level as Leq [dBA] (NANMN, 2016).

4. Results and discussion

For a better understanding of the changes in noise
level as a result of nationwide lockdown in India, the
corresponding noise level data were further classified
into five categories (according to pre-lockdown, lock-
down, and different periods of post-lockdown). Data
processed between the 25th of March and the 31st of
May 2020 (India’s nationwide lockdown declaration)
can be classified as “lockdown”, while data processed
prior to the 25th of March 2020 is classified as “pre-
lockdown”, and data processed after the 31st of May
2020 is classified as “post-lockdown.” In this study,
the post-lockdown period is divided into 3 parts, i.e.
early post-lockdown (June – July 2020), mid post-lock-
down (August – September 2020), and late post-lock-
down (October –November 2020), respectively. Table 1
shows an overview of Leq’s statistical features through-
out the different periods of shutdown. The Leq sound
levels for all zones during pre-lockdown are in the 52.6–
76.7 dB range, and then the range slightly decreased
during lockdown (51.9–67.5 dB). The Leq sound levels
were slightly increased during different phases of post-
lockdown for all zones.

The equivalent continuous noise level data of ten
locations were averaged over Leq during the daytime,
and its noise variation was observed during different
phases of lockdown as presented in Fig. 3. During the
pre-lockdown period the average noise level was ob-
served more than the prescribed limit set by the Cen-
tral Pollution Control Board (CPCB) of India for all
zones except the industrial zone. During the lockdown
period, the average noise level of the commercial zone
was reduced drastically and the Leq value was under
permissible limit whereas the Leq value of industrial,
residential, and silence zones was slightly decreased.
The noise level in all three phases of post-lockdown was
more than the prescribed limit in the residential and
silence zones, whereas in the industrial and commercial
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Table 1. Statistical summary of Leq [dB] during different phases of lockdown.

Zone
Pre-lockdown Lockdown Early post-lockdown Mid post-lockdown Late post-lockdown

Leq Lmin Lmax Leq Lmin Lmax Leq Lmin Lmax Leq Lmin Lmax Leq Lmin Lmax

Industrial
I 65.2 43.7 78.3 59.3 44.4 75.8 63.5 54.2 77.3 63.4 56.5 77.5 62.2 41.5 94
II 61.9 45.4 77.1 57.1 40.9 82.1 62.8 47.6 79.2 63.1 46.5 78.4 62.7 44.5 90.7

Commercial
I 65.3 41.3 77.1 58.3 41.9 75.5 62 50.3 75.3 64.9 54.1 76.3 61.5 49.9 80.6
II 70.9 47.5 77.1 65 48.1 84.5 67.8 52.7 83.2 69.3 62.4 83.8 69.5 59.6 92.6
III 76.7 43.1 100 65 46.9 95 49.7 43.2 71 54.8 19.1 87.1 58.7 3.4 104

Residential
I 52.6 41.1 91.1 52.4 35.8 98.2 59.3 44.1 91.6 57.8 38.2 97.6 72.1 45.6 132.7
II 64.4 44.8 86.8 63.1 47.1 94.2 47.8 38.1 69.6 48.7 38.9 94.1 38.8 19.2 81.1
III 61.4 38.2 77.1 59.1 37.8 82.3 61.9 48 79.7 62.3 50.1 78.7 58.5 42.7 88.8

Silence
I 56.2 40.7 83 51.9 42.5 81.7 55.1 47.5 88 66.9 50.5 87.8 68.7 46.8 95.2
II 66.9 36.8 101 67.5 35.4 110 59.4 33.4 91.2 58.6 38.1 90.8 59.6 20.9 104.1

Fig. 3. Noise variation in Leq [dB] observed during different phases of lockdown.

areas noise levels were under a permissible limit follow-
ing a similar trend as observed during the lockdown
period. Similar findings were observed by Lokhande
et al. (2021a), Mishra et al. (2021), and Mimani and
Singh (2021).

The Student’s t-test was used to compare the mean
noise level observed between the pre-lockdown and
lockdown, lockdown and early post-lockdown, early
post-lockdown and mid post-lockdown, and mid post-
lockdown and late post-lockdown. The results revealed
that the noise levels did not vary significantly at any
of the lockdown phases in 2020.

Figure 4 represents the average percentage change
in Leq values of Bengaluru from the pre-lockdown to
post-lockdown phases. The results revealed that an
average maximum reduction of 11.5% was found in the
commercial areas followed by industrial areas whereas
the minimum reduction (2.02%) was observed in the
residential areas from the pre-lockdown to lockdown.
This can undoubtedly be linked to a significant re-
duction in traffic, stringent restrictions on indivi-

Fig. 4. Average % change in Leq values of Bengaluru from
the pre-lockdown to post-lockdown in the year 2020. Com-
parison of the percentage change during post-lockdown,
lockdown, and pre-lockdown periods in the year 2019 and

2020.

dual movement, and business closures, the effects of
which could be seen in the residential and quiet zones
(Mishra et al., 2021). One of the most significant
causes of noise in Indian cities was the movement
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of individual and commercial transportation (Mishra
et al., 2010) which is also one of the reasons behind the
drastic decrease of noise pollution in commercial areas
during the lockdown period. Similar observations were
reported by Mishra et al. (2021), and Mimani and
Singh (2021). Thus, the reduction of the number of ve-
hicles on roads has immensely helped in lowering noise
pollution. Results also showed that, due to the lock-
down, the average reduction in noise level at both sites
of the industrial areas, i.e. Whitefield Industrial Area
and Peenya Industrial Area, was 8.3% which might
be due to the closure of industrial activities as indus-
trial machinery and processes are composed of various
noise sources such as rotors, stators, gears, fans, vi-
brating panels, turbulent fluid flow, impact processes,
electrical machines, internal combustion engines, and
so on (Gerges et al., 2001). Moreover, during the
lockdown, most industrial regions were closed, with
only a few units engaged in vital item deliveries re-
maining operating. Furthermore, because many units
were shut down, noise pollution in industrial regions
was reduced (Peeyush, 2020). Noise pollution from
large industrial sources, such as stone quarries, has
dropped dramatically in the months since COVID-19
was lifted (Mandal, Pal, 2020; Derryberry et al.,
2020). Changes in the sound levels also show a de-
crease in sound during the lockdown, followed by an
increase after the lockdown phase (Mishra et al.,
2021).

However, in the early post-lockdown phases (1st
June – 31st July), the average noise level was in-
creased by 8.41% in the industrial areas compared
to the lockdown phase. This could have been caused
by the movement of heavy vehicles through the nar-
row roads (e.g. Kundalahalli Main Road, Hoodi Main
Road, and Nelamangala Majestic Service Road) as at
this period more industrial units were open.

The result revealed that the average noise level was
increased by 9.6% in the silence zone, 5.3% in the com-
mercial zone and slightly increased in the industrial
areas during the mid post-lockdown phase (1st Au-
gust – 30th September) compared to the early post-
lockdown phase except in the residential areas. The
average Leq value was declined in the residential areas
during mid lockdown phase which might be due to the
closure of educational institutions including schools,
colleges, coaching centres etc., as well as the restric-
tions placed on community/religious events. Further-
more, public transit, such as buses and railroads, was
only partially functional (Lokhande et al., 2021a). In
the silence zone the increase in the average percentage
of Leq was observed, as these zones are surrounded by
hospitals. While maintaining social distance standards,
commercial and industrial establishments such as in-
dustries, retail malls (Royal Meenakshi Mall, Ascendas
Park Square Mall, Phoenix Market City, etc.), cinema
halls (Urvashi theatre, Cinepolis Multiplex, etc.) were

progressively reopened so the increase of 5.35% and
0.15% was observed in these areas.

During the late post-lockdown period, the average
percentage of Leq was slightly increased in all zones
except the industrial areas which might be due to con-
tainment measures adopted by the Karnataka State
government as the local increase in infections was re-
ported. Similar findings were observed by Mimani and
Singh (2021) in Guindy, an industrial area in Chennai.

ANOVA of overall average percentage change in dif-
ferent phases of the year 2020 shows that the noise level
did not differ significantly at all study sites.

Figure 5 represents the comparison of noise data
of ten different locations during the years 2019 and
2020. From this figure, we can observe that the sound
levels in all zones were reduced significantly during
the lockdown period in the year 2020 as people were
following the strict lockdown guidelines. However, as
noise terminals in these areas are located in the vicini-
ty of a major highway or near a traffic intersection
point facing the road, there was a marginal increase
in noise level in the industrial area during the lock-
down to early post-lockdown period, i.e. 8.4% in the
year 2020, as compared to the corresponding year of
2019, where all zones percentage increase in the noise
level was observed, as noise terminals in these areas
are located in the vicinity of a major highway or near
a traffic intersection point facing the road. During the
early post-lockdown and mid post-lockdown percenta-
ge decrease in noise level was observed in all areas in
the year 2019, as Bengaluru citizens were strictly fol-
lowing noise guidelines. But in 2020, a sharp increase
of percentage in noise level was observed in the in-
dustrial area (0.15%), commercial area (5.35%), and
silence area (9.61%), whereas in the residential area,
a decrease of 0.17% of noise was observed. This could
be possible because educational places and businesses
followed the “work from home” concept and also there
was a reduction in traffic. Then during the mid post-
lockdown and late post-lockdown period, the percen-
tage increase in the noise level was observed in all areas
in both years, however, in 2020, a decrease of 1.26%
was observed in the industrial area.

a) b)

Fig. 5. Comparison of noise during pre-lockdown, lockdown,
and post-lockdown period during 2019 (a) and 2020 (b).
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5. Conclusions and recommendations

Based on the data collected by the National Am-
bient Noise Monitoring Network, this paper outlines
the influence of lockdown in India on the noise levels, as
well as the magnitude of variations in the noise levels in
the industrial, commercial, residential, and quiet zones
of Bengaluru city (NANMN, 2016). The study’s main
goal was to look at how noise levels changed during
different stages of lockdown. At all ten noise monito-
ring locations (i.e. the early post-lockdown, mid post-
lockdown, and late post-lockdown), the results showed
a significant reduction in noise levels during the lock-
down phase compared to the pre-lockdown and post-
lockdown phases, which could be due to a ban on indus-
trial activities, air and road transportation, and service
sector companies during the lockdown and a partial re-
sumption of these activities after the lockdown amidst
the pandemic. Another cause could be that Bengaluru
is experiencing severe traffic noise pollution as a result
of urbanization and a significant increase in the num-
ber of vehicles, as well as an inadequate road network.
During the lockdown, a reduction in the noise level was
observed in all monitoring stations of Bengaluru, ex-
cept for the Indira Gandhi Institute of Child Health.
Because this quiet zone monitoring station is bordered
by hospitals and medical institutions, continuous ex-
posure to excessive noise can have a severe impact on
healthcare safety and quality, as well as cause hospi-
tal patients to heal and recover more slowly. However,
when the lockdown constraints were lifted from the
early post-lockdown period to the late post-lockdown
period, the noise levels in the commercial, residential,
and silence zones increased, following a similar trend to
the pre-lockdown period. Also, during lockdown stages,
all four zones, namely industrial, commercial, residen-
tial, and silence, had a reduction in noise levels, which
were significantly lower than the same period in 2019.

The findings of this study also show that strin-
gent traffic reduction strategies such as a no-honking
policy, for short trips, substituting active modes like
cycling and walking for motorized private transporta-
tion, parking management, and restricting access for
the noisiest vehicles can minimize noise pollution, im-
prove road safety, give recreational value to all users,
and promote community health (Mishra et al., 2021).
Furthermore, as the city has grown rapidly, the noise
level mapping is a vital tool for obtaining a visual map
of the sound contours of a specific area for the mana-
gement and control of environmental noise (Manwar
et al., 2017). Because the noise level in the silent zone
has increased, traffic officials and departments respon-
sible for noise reduction should take immediate action
to limit noise pollution near the hospitals. As a result,
a city-wide noise monitoring network should be cre-
ated at the local and regional levels, and a noise reduc-
tion strategy should be developed based on the data

collected by these monitoring stations. Furthermore,
more research may be required to address the long-
term effects of noise pollution and provide an overall
sustainable transport infrastructure.

Acknowledgments

The authors declare that they have no known com-
peting financial interests or personal relationships that
could have appeared to influence the work reported in
this paper. The authors are thankful to members of the
Environmental Biology Laboratory, Department of Zo-
ology, Patna University. This research did not receive
any funding.

References

1. Aletta F., Oberman T., Mitchell A., Tong H.,
Kang J. (2020), Assessing the changing urban sound
environment during the COVID-19 lockdown period
using short term acoustic measurements, Noise Map-
ping, 7(1): 123–134, doi: 10.1515/noise-2020-0011.

2. Arora S., Bhaukhandi K.D., Mishra P.K. (2020),
Coronavirus lockdown helped the environment to
bounce back, Science of the Total Environment, 742,
doi: 10.1016/j.scitotenv.2020.140573.

3. Asensio C., Pavón I., de Arcas G. (2020), Changes
in noise levels in the city of Madrid during COVID-19
lockdown in 2020, The Journal of the Acoustical So-
ciety of America, 148(3): 1748–1755, doi: 10.1121/
10.0002008.

4. Ashin M., Bilenko N., Friger M., Sergienko R.,
Sheiner E. (2018), Is exposure to traffic noise associ-
ated with the development of gestational diabetes mel-
litus?, American Journal of Obstetrics and Gynecology,
218(1): S583, doi: 10.1016/j.ajog.2017.11.523.

5. Banerjee D., Chakraborty S.K., Bhattacha-
ryya S., Gangopadhyay A. (2008), Evaluation and
analysis of road traffic noise in Asansol: an industrial
town of eastern India, International Journal of Envi-
ronmental Research and Public Health, 5(3): 165–171,
doi: 10.3390/ijerph5030165.

6. Basu B. et al. (2021), Investigating changes in noise
pollution due to the COVID-19 lockdown: The case
of Dublin, Ireland, Sustainable Cities and Society, 65,
doi: 10.1016/j.scs.2020.102597.

7. Bhosale B.J., Late A., Nalawade P.M., Cha-
van S.P., Mule M.B. (2010), Studies on assessment
of traffic noise level in Aurangabad city, India, Noise
and Health, 12(48): 195–198.

8. Central Pollution Control Board (2015), Protocol for
ambient level noise monitoring, Central Pollution Con-
trol Board Delhi.

9. Chakraborty D., Santra S.C., Roy B. (1998), Sur-
vey of community annoyance due to traffic noise-expo-
sure in Calcutta metropolis, Journal of Acoustic Socie-
ty of India, 26: 39–43.

https://doi.org/10.1515/noise-2020-0011
https://doi.org/10.1016/j.scitotenv.2020.140573
https://doi.org/10.1121/10.0002008
https://doi.org/10.1121/10.0002008
https://doi.org/10.1016/j.ajog.2017.11.523
https://doi.org/10.3390/ijerph5030165
https://doi.org/10.1016/j.scs.2020.102597


S. Anjum, A. Kumari – Evaluation of Noise Pollution in Bengaluru City. . . 139

10. Chang T.-Y., Liu C.-S., Bao B.-Y., Li S.-F., Chen T.-I.,
Lin Y.-J. (2011), Characterization of road traffic noise
exposure and prevalence of hypertension in central Tai-
wan, Science Total Environment, 409(6): 1053–1057,
doi: 10.1016/j.scitotenv.2010.11.039.

11. Cohn L.F., McVoy G.R. (1982), Environmental Ana-
lysis of Transportation Systems, John Wiley & Sons
Inc., New York.

12. Čurović L., Jeram S., Murovec J., Novaković T.,
Rupnik K., Prezelj J. (2021), Impact of COVID-19
on environmental noise emitted from the port, Science
of The Total Environment, 756: doi: 10.1016/j.scitot
env.2020.144147.

13. Derryberry E.P., Philips J.N., Derryberry G.E.,
Blum M.J., Luther D. (2020), Singing in a silent
spring: birds respond to a half century soundscape
reversion during the COVID-19 shutdown, Science,
370(6516): 575–579, doi: 10.1126/science.abd5777.

14. Dutheil F., Baker S.J., Navel V. (2020), COVID-19
as a factor influencing air pollution?, Environmen-
tal Pollution, 263: 114466, doi: 10.1016/j.envpol.2020.
114466.

15. Dutta A. (2020), COVID 19: only 4 trains operate as
Railways comes to standstill amid lockdown, Hindus-
tan Times, https://www.hindustantimes.com/india-
news/covid-19-only-4-trains-operate-as-railways-co
mes-to-standstill-amid-lockdown/story-8ftgCPCk8zZg
vllpMpo4lK.html (access: 19.01.2022).

16. Eriksson C., Nilsson M.E., Willers S.M., Gidha-
gen L., Bellander T., Pershagen G. (2012), Traffic
noise and cardiovascular health in Sweden: The road-
side study, Noise and Health, 14(59): 140–147, doi:
10.4103/1463-1741.99864.

17. Gandhiok J., Ibrar M. (2020), COVID-19: Noise
pollution falls as lockdown rings in sound of silence,
Times of India, https://timesofindia.indiatimes.com/
india/covid-19-noise-pollution-falls-as-lockdown-rings-
in-sound-of-silence/articleshow/75309318.cms (access:
26.06.2020).

18. Garg N., Sinha A.K., Dahiya M., Gandhi V.,
Bhardwaj R.M., Akolkar A.B. (2017), Evaluation
and analysis of environmental noise pollution in seven
major cities of India, Archives of Acoustics, 42(2): 175–
188, doi: 10.1515/aoa-2017-0020.

19. Geonica (n.d.), Environmental noise, Geonica,
https://www.geonica.com/en/environmental-noise-mo
nitoring.php (access: 19.01.2022).

20. Gerges S.N.Y., Sehrndt G.S., Parthey W. (2001),
Noise sources, Dortmund, Germany: Federal Institute
for Occupational Safety and Health, World Health Or-
ganization; 2001, WHO Special Report S 64.

21. Government of India – Ministry of Home Affairs (2020),
COVID-19 guidelines, https://www.mha.gov.in/notifi
cations/circulars-covid-19 (access: 19.01.2022).

22. Harekrishna B. (2020), COVID-19 lockdown: an-
imal life, ecosystem, and atmospheric environment,
Environment, Development, and Sustainability, 23(6):
8161–8178, doi: 10.1007/s10668-020-01002-7.

23. Jamir L., Nongkynrih B., Gupta S.K. (2014), Com-
munity noise pollution in urban India: need for public
health action, Indian Journal of Community Medicine,
39(1): 8–12, doi: 10.4103/0970-0218.126342.

24. Jamrah A., Al-Omari A., Sharabi R. (2006), Eval-
uation of traffic noise pollution in Amman, Jordan,
Environmental Monitoring and Assessment, 120: 499–
525, doi: 10.1007/s10661-005-9077-5.

25. Karnataka State Pollution Control Board (2020), Noise
levels measured at ten continuous noise monitoring
stations in Bengaluru City, https://kspcb.karnataka.
gov.in/ (access: 19.1.2022).

26. Kim K., Shin J., Oh M., Jung J.-K. (2019), Eco-
nomic value of traffic noise reduction depending on
residents’ annoyance level, Environmental Science and
Pollution Research International, 26(7): 7243–7255,
doi: 10.1007/s11356-019-04186-2.

27. Kisku G.C. et al. (2006), Profile of noise pollution in
Lucknow city and its impact on environment, Journal
of Environmental Biology, 27(2): 409–412.

28. Lokhande S.K., Chopkar P.F., Jain M.C., Hirani A.
(2021a), Environmental noise assessment of Bhandara
City in the adversity of COVID-19 pandemic: a crowd-
sourcing approach, Noise Mapp, 8(1): 249–259, doi:
10.515/noise-2021-0020.

29. Lokhande S.K., Motwani D.M., Dange S.S., Jain M.C.
(2021b), Abatement of traffic noise pollution on educa-
tional institute and visualization by noise maps using
computational software: a case study, [in:] Sustain-
able Communication Network and Application, Karup-
pusamy P., Perikos I., Shi F., Nguyen T.N. [Eds],
Springer Singapore, pp. 93–103.

30. Mandal I., Pal S. (2020), COVID-19 pandemic per-
suaded lockdown effects on environment over stone
quarrying and crushing areas, Science of the Total
Environment, 732: 139281, doi: 10.1016/j.scitotenv.
2020.139281.

31. Manjunatha P.S., Sudhakar R.M., Ramachan-
dra N.U., Gopalakrishna R. (2019), Study on noise
level and its effects in the commercial area of Bengaluru
city, International Journal of Applied Engineering Re-
search, 14(6): 1352–1356.

32. Manwar V., Mandal B.B., Pal A.K. (2017), Appli-
cation of noise mapping in an Indian opencast mine for
effective noise management, [in:] 12th ICBEN Congress
on Noise as a Public Health Problem, pp. 18–22.

33. Martín M.A., Tarrero M.A., González A., Ma-
chimbarrena M. (2006), Exposure–effect relation-
ships between road traffic noise annoyance and noise
cost valuations in Valladolid, Spain, Applied Acoustics,
67(10): 945–958, doi: 10.1016/j.apacoust.2006.01.004.

34. Mimani A., Singh R. (2021), Anthropogenic noise
variation in Indian cities due to the COVID-19 lock-
down during March-to-May 2020, The Journal of the
Acoustical Society of America, 150(5): 3216–3227, doi:
10.1121/10.0006966.

35. Mishra A., Das S., Singh D., Maurya A.K. (2021),
Effect of COVID-19 lockdown on noise pollution levels

https://doi.org/10.1016/j.scitotenv.2010.11.039
https://doi.org/10.1016/j.scitotenv.2020.144147
https://doi.org/10.1016/j.scitotenv.2020.144147
https://doi.org/10.1126/science.abd5777
https://doi.org/10.1016/j.envpol.2020.114466
https://doi.org/10.1016/j.envpol.2020.114466
https://www.hindustantimes.com/india-news/covid-19-only-4-trains-operate-as-railways-comes-to-standstill-amid-lockdown/story-8ftgCPCk8zZgvllpMpo4lK.html
https://www.hindustantimes.com/india-news/covid-19-only-4-trains-operate-as-railways-comes-to-standstill-amid-lockdown/story-8ftgCPCk8zZgvllpMpo4lK.html
https://www.hindustantimes.com/india-news/covid-19-only-4-trains-operate-as-railways-comes-to-standstill-amid-lockdown/story-8ftgCPCk8zZgvllpMpo4lK.html
https://www.hindustantimes.com/india-news/covid-19-only-4-trains-operate-as-railways-comes-to-standstill-amid-lockdown/story-8ftgCPCk8zZgvllpMpo4lK.html
https://doi.org/10.4103/1463-1741.99864
https://timesofindia.indiatimes.com/india/covid-19-noise-pollution-falls-as-lockdown-rings-in-sound-of-silence/articleshow/75309318.cms
https://timesofindia.indiatimes.com/india/covid-19-noise-pollution-falls-as-lockdown-rings-in-sound-of-silence/articleshow/75309318.cms
https://timesofindia.indiatimes.com/india/covid-19-noise-pollution-falls-as-lockdown-rings-in-sound-of-silence/articleshow/75309318.cms
https://doi.org/10.1515/aoa-2017-0020
https://www.geonica.com/en/environmental-noise-monitoring.php
https://www.geonica.com/en/environmental-noise-monitoring.php
https://www.mha.gov.in/notifications/circulars-covid-19
https://www.mha.gov.in/notifications/circulars-covid-19
https://doi.org/10.1007/s10668-020-01002-7
https://doi.org/10.4103/0970-0218.126342
https://doi.org/10.1007/s10661-005-9077-5
https://kspcb.karnataka.gov.in/
https://kspcb.karnataka.gov.in/
https://doi.org/10.1007/s11356-019-04186-2
https://doi.org/10.515/noise-2021-0020
https://doi.org/10.1016/j.scitotenv.2020.139281
https://doi.org/10.1016/j.scitotenv.2020.139281
https://doi.org/10.1016/j.apacoust.2006.01.004
https://doi.org/10.1121/10.0006966


140 Archives of Acoustics – Volume 47, Number 2, 2022

in an Indian city: a case study of Kanpur, Environ-
mental Science and Pollution Research International,
28(33): 46007–46019, doi: 10.10007/s11356-021-13872-z.

36. Mishra R.K., Parida M., Rangnekar S. (2010),
Evaluation and analysis of traffic noise along bus rapid
transit system corridor, International Journal of En-
vironmental Science & Technology, 7(4): 737–750, doi:
10.1007/BF03326183.

37. Montano W., Gushiken E. (2020), Lima soundscape
before confinement and during curfew. Airplane flights
suppressions because of Peruvian lockdown, The Jour-
nal of the Acoustical Society of America, 148(4): 1824–
1830, doi: 10.1121/10.0002112.

38. Münzel T., Sørensen M. (2017), Noise pollution
and arterial hypertension, European Cardiology Re-
view, 12(1): 26–29, doi: 10.15420/ecr.2016:31:2.

39. National Ambient Noise Monitoring Network (2016),
Status of ambient noise level in India, Central Pollu-
tion Control Board, https://cpcb.nic.in/openpdffile.
php?id=UHVibGljYXRpb25GaWxlLzk2OV8xNTg3NT
I3OTkwX21lZGlhcGhvdG8zMDY1My5wZGY (access:
19.01.2022).

40. Oh M., Shin K., Kim K., Shin J. (2019), Influence
of noise exposure on cardio cerebrovascular disease in
Korea, Science of the Total Environment, 651: 1867–
1876, doi: 10.1016/j.scitotenv.2018.10.081.

41. Öhrström E. (1989), Sleep disturbance, psycho-
social, and medical symptoms – a pilot survey among
persons exposed to high levels of road traffic noise,
Journal of Sound and Vibration, 133(1): 117–128, doi:
10.1016/0022-460X(89)90986-3.

42. Omidvari M., Nouri J. (2009), Effects of noise pol-
lution on traffic policemen, International Journal of
Environmental Research, 3(4): 645–652, doi: 10.22059/
ijer.2010.80.

43. Oyedepo O.S., Saadu A.A. (2010), Evaluation and
analysis of noise levels in Ilorin metropolis, Nigeria,
Environmental Monitoring and Assessment, 160(1–4):
563–577, doi: 10.1007/s10661-008-0719-2.

44. Peeyush K. (2020), Industrial and commercial zones
of trans-Hindon least noisy during the lockdown pe-
riod, Hindustan Times, https://www.hindustantimes.
com/cities/industrial-and-commercial-zones-of-trans-hin
don-least-noisy-during-the-lockdown-period/story-lksLu
hSOPIv0C8LrCEkg0K.html (access: 19.01.2022).

45. Phadnis A. (2020), Airports prepare to handle 30%
flights in first phase of ops after lockdown, Business
Standard, https://www.business-standard.com/article/
companies/airports-prepare-to-handle-30-flights-in-first-
phase-of-ops-after-lockdown-120042901409_1.html
(access: 19.01.2022).

46. Rabinowitz P.M. (2000), Noise-induced hearing loss,
American Family Physician, 61(9): 2749–2760.

47. Reddy R.B., Ramachandaiah A. (1995), Traffic noise
in some typical urban lanes, Journal of Acoustical So-
ciety of India, 23(4): 53–57.

48. Said M.A., El-Gohary O.A. (2016), Effect of noise
stress on cardiovascular system in adult male al-
bino rat: implication of stress hormones, endothelial

dysfunction and oxidative stress, General Physiology
and Biophysics, 35(3): 371–377, doi: 10.4149/gpb_20
16003.

49. Sazegar A., Bahrayni Tossi M.H., Moradi H.
(2005), Noise pollution and traffic noise index at some
Mashhad main streets in high traffic hours of summer,
Iranian Journal of Medical Physics, 2(3): 21–30, doi:
10.22038/ijmp.2005.8118.

50. Singh D., Prakash A., Srivastava A.K., Kumar K.,
Jain V.K. (2013), The effects of meteorological para-
meters in ambient noise modelling studies in Delhi, En-
vironmental Monitoring and Assessment, 185: 1873–
1882, doi: 10.1007/s10661-012-2674-1.

51. Singh S. (2018), Metro matters: Time, Delhi made
some noise about fighting noise pollution, Hindustan
Times, https://www.hindustantimes.com/columns/me
tro-matters-time-delhi-made-some-noise-about-fighting-
noise-pollution/storykoNnWn1o0a4r5IWK52yNGN.html
(access: 19.01.2022).

52. Singh U. (2020), Determination of maximum noise
from train horn using additional parameters, IOSR
Journal of Mechanical and Civil Engineering, 12(4):
58–65, doi: 10.9790/1684-12455865.

53. Somani S., Srivastava A.N., Gummadivalli S.K.,
Sharma A. (2020), Indirect implications of COVID-19
towards sustainable environment: an investigation in
Indian context, Bioresource Technology Reports, 11:
100491, doi: 10.1016/j.biteb.2020.100491.

54. Stansfeld S., Gallachar J., Babisch W., Shipley M.
(1996), Road traffic noise and psychiatric disorder:
prospective findings from the Caerphilly study, BMJ
Clinical Research, 313(7052): 266–267, doi: 10.1136/
bmj.313.7052.266.

55. TomTom (2020), TomTom Traffic Index: Global traffic
congestion up as Bengaluru takes crown of ‘World’s
Most Traffic Congested City’, GlobeNewswire,
https://www.globenewswire.com/news-release/2020/
01/29/1976528/0/en/TomTom-Traffic-Index-Global-
Traffic-Congestion-Up-as-Bengaluru-takes-Crown-of-
World-s-Most-Traffic-Congested-City.html (access:
29.01.2020).

56. Vidya Sagar T., Nageswara Rao G. (2006), Noise
pollution levels in Vishakhapatnam city (India), Jour-
nal of Environmental Science and Engineering, 48(2):
139–142.

57. Wallace G. (2020), Airlines and TSA report 96%
drop in air travel as pandemic continues, CNN (access:
19.01.2022).

58. World Health Organization (2005), United Nations
Road Safety Collaboration: A Handbook of Partner
Profiles, World Health Organization, Geneva.

59. World Health Organization (2020), A Joint Statement
on Tourism and COVID-19 – UNWTO and WHO call
for responsibility and coordination, World Health Orga-
nization, https://www.who.int/news/item/27-02-2020-
a-joint-statement-on-tourism-and-covid-19—unwto-and-
who-call-for-responsibility-and-coordination (access:
27.02.2020).

https://doi.org/10.10007/s11356-021-13872-z
https://doi.org/10.1007/BF03326183
https://doi.org/10.1121/10.0002112
https://doi.org/10.15420/ecr.2016:31:2
https://cpcb.nic.in/openpdffile.php?id$=$UHVibGljYXRpb25GaWxlLzk2OV8xNTg3NTI3OTkwX21lZGlhcGhvdG8zMDY1My5wZGY
https://cpcb.nic.in/openpdffile.php?id$=$UHVibGljYXRpb25GaWxlLzk2OV8xNTg3NTI3OTkwX21lZGlhcGhvdG8zMDY1My5wZGY
https://cpcb.nic.in/openpdffile.php?id$=$UHVibGljYXRpb25GaWxlLzk2OV8xNTg3NTI3OTkwX21lZGlhcGhvdG8zMDY1My5wZGY
https://doi.org/10.1016/j.scitotenv.2018.10.081
https://doi.org/10.1016/0022-460X(89)90986-3
https://doi.org/10.22059/ijer.2010.80
https://doi.org/10.22059/ijer.2010.80
https://doi.org/10.1007/s10661-008-0719-2
https://www.hindustantimes.com/cities/industrial-and-commercial-zones-of-trans-hindon-least-noisy-during-the-lockdown-period/story-lksLuhSOPIv0C8LrCEkg0K.html
https://www.hindustantimes.com/cities/industrial-and-commercial-zones-of-trans-hindon-least-noisy-during-the-lockdown-period/story-lksLuhSOPIv0C8LrCEkg0K.html
https://www.hindustantimes.com/cities/industrial-and-commercial-zones-of-trans-hindon-least-noisy-during-the-lockdown-period/story-lksLuhSOPIv0C8LrCEkg0K.html
https://www.hindustantimes.com/cities/industrial-and-commercial-zones-of-trans-hindon-least-noisy-during-the-lockdown-period/story-lksLuhSOPIv0C8LrCEkg0K.html
https://www.business-standard.com/article/companies/airports-prepare-to-handle-30-flights-in-first-phase-of-ops-after-lockdown-120042901409_1.html
https://www.business-standard.com/article/companies/airports-prepare-to-handle-30-flights-in-first-phase-of-ops-after-lockdown-120042901409_1.html
https://www.business-standard.com/article/companies/airports-prepare-to-handle-30-flights-in-first-phase-of-ops-after-lockdown-120042901409_1.html
https://doi.org/10.4149/gpb_2016003
https://doi.org/10.4149/gpb_2016003
https://doi.org/10.22038/ijmp.2005.8118
https://doi.org/10.1007/s10661-012-2674-1
https://www.hindustantimes.com/columns/metro-matters-time-delhi-made-some-noise-about-fighting-noise-pollution/storykoNnWn1o0a4r5IWK52yNGN.html
https://www.hindustantimes.com/columns/metro-matters-time-delhi-made-some-noise-about-fighting-noise-pollution/storykoNnWn1o0a4r5IWK52yNGN.html
https://www.hindustantimes.com/columns/metro-matters-time-delhi-made-some-noise-about-fighting-noise-pollution/storykoNnWn1o0a4r5IWK52yNGN.html
https://doi.org/10.9790/1684-12455865
https://doi.org/10.1016/j.biteb.2020.100491
https://doi.org/10.1136/bmj.313.7052.266
https://doi.org/10.1136/bmj.313.7052.266
https://www.globenewswire.com/news-release/2020/01/29/1976528/0/en/TomTom-Traffic-Index-Global-Traffic-Congestion-Up-as-Bengaluru-takes-Crown-of-World-s-Most-Traffic-Congested-City.html
https://www.globenewswire.com/news-release/2020/01/29/1976528/0/en/TomTom-Traffic-Index-Global-Traffic-Congestion-Up-as-Bengaluru-takes-Crown-of-World-s-Most-Traffic-Congested-City.html
https://www.globenewswire.com/news-release/2020/01/29/1976528/0/en/TomTom-Traffic-Index-Global-Traffic-Congestion-Up-as-Bengaluru-takes-Crown-of-World-s-Most-Traffic-Congested-City.html
https://www.globenewswire.com/news-release/2020/01/29/1976528/0/en/TomTom-Traffic-Index-Global-Traffic-Congestion-Up-as-Bengaluru-takes-Crown-of-World-s-Most-Traffic-Congested-City.html
https://www.who.int/news/item/27-02-2020-a-joint-statement-on-tourism-and-covid-19---unwto-and-who-call-for-responsibility-and-coordination
https://www.who.int/news/item/27-02-2020-a-joint-statement-on-tourism-and-covid-19---unwto-and-who-call-for-responsibility-and-coordination
https://www.who.int/news/item/27-02-2020-a-joint-statement-on-tourism-and-covid-19---unwto-and-who-call-for-responsibility-and-coordination



