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INTRODUCTION

A sound is a form of mechanical energy generated from a
vibrating body and transmitted through a medium in a series
of cyclic compressions and rarefactions (Chanlett et al. 1973).
Generally, the high-intensity sound causes noise pollution,
which is considered to be an emerging urban environmental
problem. High-intensity sound levels produced by increasing
traffic volume result in chaotic and disturbed urban environ-
ments leading to various health issues (Al-Omari & Sharabi
2006). However, due to indirect and passive impacts, noise
pollution studies received less priority than the other forms
of urban environmental pollution. Selected studies across the
world have revealed the effects of noise pollution on human
health and urban biodiversity resulting from exposure to high
noise levels (Sharma et al. 2014, Tyagi et al. 2014, Marathe
2012, Chauhan et al. 2010, Ogunsote 2010, Vera & Vila
Goday 1992). Continual exposure to high-intensity noise can
cause direct, indirect, and cumulative health impacts depend-
ing upon the noise sources, intensity, power, exposure time,
and duration (Getzner & Zak 2012). Pervasive traffic noise
pollution can cause various health impacts such as physical,
physiological, psychological, heart problem, nervous system
disorder, deafness, mental breakdown in individuals (Aluko
& Nna 2015, Welch et al. 2013, Adedeji & Folurunso 2010,
Banerjee et al. 2009, Singh & Davar 2004, Li et al. 2002).
It can also cause indirect impacts on the economy, as high

Noise pollution assessment was carried out in selected traffic junctions of Imphal city of Manipur, India,
using noise parameters and indices such as Lo, Lsg, Lgg Leg for the different periods of the day, i.e.,
morning, noon, and evening hours. The study of equivalent noise level (L), noise parameters, and
various noise indices have enabled the evaluation of the overall traffic noise environment of the city.
The noise indices such as traffic noise index (TNI), noise climate (NC), traffic noise pollution level (L),
noise exposure index (NEI) along with day time (L), night time (L) average, and day-night (L,) noise
levels were assessed for the selected traffic junctions. Moreover, spatial noise mapping was carried
out using the geostatistical interpolation technique to evaluate the changes of traffic noise scenarios
during the different time zones of the day. The L, values in a few traffic junctions exceeded the required
noise standards. The study shows equivalent noise levels ranging between 52.2-69.9 dB(A) during
the morning (7-10 am), 52.4 -69.3 dB(A) during noon (12 noon-2 pm), and 54.6-71.1 dB(A) during the
\ evening (4-7 pm) hours, respectively.

noise levels can deteriorate the working environment, effi-
ciency, and performances of workers leading to a reduction
in workforce and productivity (Pignier 2015, Al Refaee et
al. 2013). Higher noise levels can impact wildlife and urban
biodiversity by disturbing their habitats, ecological niches,
disrupting breeding grounds, matting, and reproductive
patterns in animals (Ortega 2012, Parris & Schneider 2009,
Popper & Hastings 2009). As the impacts of noise pollution
are indirect and passive, people are the least concerned about
the impacts of noise pollution (Alam 2011). So for sustaina-
ble urban planning and management, regular monitoring and
assessment of the noise environment are essential to curb the
escalating noise pollution emerging from rapid urbanization
and various developmental activities. In this regard various
noise pollution abatement measures can be adopted such as
design and fabrication of silencing devices, proper traffic
management, banning on electronic horns, creating noise
zones/noise barriers, development of open and green spac-
es, planting of green zones and trees to curb the escalating
noise levels (Garg et al. 2017, Onder & Akay 2015, Onder
& Kocbeker 2012, Mihaiescu & Mihaiescu 2009).

STUDY AREA

Imphal is capital city of the state of Manipur in India. It is one
of the significantly growing cities in the north-eastern Indian
region due to its strategic location and excellent prospects for
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various developmental initiatives for the south-east Asian re-
gion. Geographically the city extends between 24.48°-24.82°
N latitude and 93.56°-93.95° E longitudes and covers 29.57
sq. km. (Fig. 1), with a population size of 9,74,105 (Census
2011). There are three major national highways, NH-53, NH-
150, and NH-39, connecting Imphal to other Indian states and
the international border town, Moreh, near Myanmar (Table
1). Imphal city is the fastest-growing urban center in the state
due to developed basic civic facilities and services that have
resulted in a sharp increase in the urban population in recent
years. Moreover, the increasing population and number of
vehicles have changed the overall traffic scenario of the city
in the last few decades.

MATERIALS AND METHODS
Collections of Noise Levels

Noise levels were recorded during the morning, noon, and
evening hours for selected traffic junctions of Imphal city
using the sound level meter (SLM, Model: Lutron, SL-4001)
in A-weighted decibels scale [dB (A)]. This scale represents
and resembles human hearing range between 50-100 dB.
The measurements were made at 1.5 m above the ground
parallelly facing the source The coordinates of 30 spatially
distributed traffic junctions used for noise mapping and
delineation of vulnerable noise zone were collected using
GPS (Garmin, etrex 20), respectively.

Assessment of Equivalent Noise Level (L)

Energy equivalent continuous sound level (L,,) can be
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defined as the steady sound pressure level over a given
period with the same amount of total energy as the actual
fluctuating noise over that period. L,, is the rms sound level
for measuring duration for an averaging time (Canter 1996)

_ 1 (TP2() 4,0 5 _ 1
L,,=101log ( . fo P—Odt/dt)—Leq—IOIOg T

ie1 Ti((10)"/19) (D)

where T= total time of operation; 7;= total time duration of
the ith phase, L; = L, value of i phase and N= No. of phases;
P(#) = sound pressure, PO = reference sound pressure of 20
uPa. The L, is the energy equivalent sound level in dB (A)
for any time under consideration. The daytime average sound
pollution level (L)), night-time average sound pollution level
(Ly), and Day-night average (L,,) is calculated as per the
given equations.

Lp = 10log.q X % [Antilog (LEZ—EM)) + Antilog (L%(()A))
...(2)

Ly = 10log;o X ; [Antilog (Lﬂl’—(()A)) + Antilog (LEZ_((,E))]
..(3)

Lan = 10logso X 5-[15.(10)(¢0/10) 4 15, (10)En+107/10]
(@)

Assessment of Ly, Ls, Ly,
L, is defined as the sound pressure level (SPL) that does not
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Fig.1: The study area and noise assessment locations.
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Table 1: Table showing selected traffic-junctions of Imphal city.
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SI. Name of Locations Coordinates Elevation [m]
No. Lat [N] Lon [E]

T-1 Manipur University Gate 24.7507 93.9336 779
T2 Kakwa Traffic point 24.7681 93.9370 780
T3 Singjamei Traffic point 24.7822 93.9373 785
T-4 Keishamthong-Hijam Irabot Point 24.7954 93.9407 783
T-5 Kangla- Babupara Road 24.8025 93.9410 784
T-6 Konung- Mamang Road 24.8028 93.9490 784
17 Soibam leikai-Junction Road 24.8028 93.9581 785
T-8 JN Institute of Medical Science (JNIMS) Gate 24.8125 93.9592 783
T-9 Khurai Thoudam Leikai, Ayangpalli 24.8233 93.9620 782
T10 Chingmeirong-Sangakpham 24.8325 93.9454 787
T-11 Checkon Traffic point 24.8074 93.9497 783
T-12 Hatta-Checkon Road 24.8138 93.9503 784
T-13 Kangla-BOC Road 24.8148 93.9412 784
T-14 Chingmeirong-Dewhlaland 24.8261 93.9445 786
T-15 Assembly House Gate 24.8259 93.9405 787
T-16 Kangla-GP Womens College Road 24.8023 93.9384 782
T-17 Keishampat Traffic point 24.7842 93.9339 783
T-18 Kwakeithel Traffic point 24.7898 93.9241 782
T-19 Imphal International Airport 24.7664 93.8970 780
T-20 Mayailambi-Ningom Leirak Road 24.7843 93.9341 783
T-21 Waheng leikai-Humped bridge Road 24.8069 93.9332 782
T-22 Sagolband-Khamnam Leikai Road 24.7996 93.9177 785
T-23 Naoremthong Bridge-Uripok Road 24.8075 93.9148 783
T-24 Uripok-Bachaspati Leikai Road 24.8077 93.9243 783
T-25 Flyover-samumakhong Road 24.8076 93.9336 784
T-26 Nagamapal Traffic point 24.8106 93.9338 783
T-27 Rims-Uripok-Nagamapal Road 24.8140 93.9255 783
T-28 Lamphel-Sanakeithel-Thangmeiband 24.8264 93.9324 781
T-29 Khoyathong Traffic point Road 24.8153 93.9381 782
T30 Kangla Gate-Biotech Park Road 24.8075 93.9385 784

exceed 10% of the total time under consideration. It is also
called impulse noise or instantaneous noise. L, is a valid
descriptor of road traffic noise as it takes account of any
annoying peaks of noise or upper limit of fluctuating noise
such as that from road traffic. L, is the statistical average
that considers 50% of the time under consideration and Ly,
is the 90% of the time under consideration. Ly, is also called
the ambient background noise level in the absence of any
vehicular motor traffic.

Assessment of TNI, NC, LNP and NEI

Traffic noise index (TNI) indicates the degree of variation
in traffic noise levels and give the measure of annoyance
behavior of human. It indicates the overall fluctuations of
noise over time and disorderliness of traffic noise levels.
Traffic noise index (TNI) or traffic noise pressure levels are
estimated by the following equation (Banerjee et al. 2009)
given below.

Nature Environment and Pollution Technology ® Vol. 21, No. 2, 2022
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TNI = 4 x (L;5-Lgg) + (Lgy -30) dB (A) (5

Noise climate (NC) indicates traffic noise annoyance. More
the value of noise climate (NC), more is the difference
between the peak noise and the background noise level in
the absence of any motor vehicular traffic. Noise Climate is
the range over which sound levels fluctuate in an interval of
time and is estimated by the relation given below (Prachiti
et al. 2014)

NC= (L, — Loy) dB (A) ...(6)

Noise pollution level (L) is also used to express the varying
levels of noise that can cause physiological and psychological
disturbances. It is expressed as shown below.

Lyp =Lyt (Lyg-Log) + (L15-Lgy) /60 (D)

The noise exposure index (NEI) is the measurement to assess
noise-induced hearing loss and is determined by the given
equation (Oyedepo et al. 2019)

...(8)

where, ¢, t,, t;...t, are the actual limit of exposure and T,
T,, T,...T, represents the permissible limits of exposure at the
corresponding noise levels, respectively. The higher value of
NEI (>1) is considered as exposure to excessive noise accord-
ing to American National Standards (ANS) (NIOSH 1998).

Statistical Analysis and Cluster Analysis

The statistical correlation analysis was carried out to assess
the co-variability between traffic noise descriptors and noise
indices. The correlation (7) value in the range of 0.7<r<+
1.0, indicates strong co-variability/correlation between the
parameters. Similarly, the correlation is considered to be

ceefElece Leq (noon)
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moderate and weak if correlation lies between the value +0.5
to £0.7 and 0 to 0.5, respectively. To identify the traffic
junctions with similar noise characteristics, a hierarchical
cluster analysis (CA) and dendrogram were plotted for the
grouping of the traffic junctions.

Spatial Mapping

Spatial noise mapping is a statistical interpolation method
used to better visualize and delineate vulnerable noise zones
for the study area. Noise zone maps were prepared using
ArcGIS software, using a geostatistical interpolation “krig-
ing” technique which is an effective interpolation method
to predict the unknown values using the coordinated spatial
noise data (Alam 2011).

RESULTS AND DISCUSSION
Traffic Noise Descriptors and Noise Indices

Traffic noise descriptors such as annoying peak noise level
(L), statistical average or 50" percentile (Lsp), background
noise level (Lg,), and energy equivalent continuous noise
levels (L,,) and noise indices are presented in Table 2. It was
observed that traffic noise levels exceed during evening hours
than morning and noon hours due to high traffic congestions.
The energy equivalent noise (L,,) and background noise (Lg))
levels exceed the noise standards of 65 dB(A) (CPCB 2000)
in some of the traffic junctions of the city (Fig. 2).

Maximum noise level was recorded at traffic junction
T-5 (83.2 dB(A)) followed by T-30 (82.8 dB(A)), T-9 (82.6
dB(A)), T-5 (80.9 dB(A)), T-7 (80.8 dB(A)), T-26 (80.6
dB(A)), T-4 (80.5 dB(A)) respectively, during evening hours.
A similar trend was observed for L;,, Ls,, and Lg,. The an-
noying peaks of noise (L,,) were found higher than the noise
standards of 65 dB(A) for the traffic flow scenario (Table 3).

Noise Standards (CPCB,2000) —a — Leq (Morning)
—=e@— Leq (Eve)

Equivalent Noise(Leq), dB(A)

50 T T T T T T T T — T T T T T T T T T T T
TANTe eSS o022 A8l 88882%
D D O O O U N SR AR

Traffic Junctions

Fig. 2: Comparison of equise level (L,,) with noise standards (CPCB 2000) for the traffic junctions during the morning, noon and evening hours.
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Table 2: Traffic noise descriptors during morning (M), noon (N) and evening (E) hours.

SI. No. L,ydB(A) LsydB(A) LyydB(A) L,dB(A)
M N E M N M N E M N E
T 510 531 56.4 649  50.1 62.4 733 65.1 69.0 738 677 702
T2 543 567 584 64.1 628 664 721 617 710 8.6 700 712
T3 527 511 61.3 60.1 586 687 692 659 739 704 692 755
T4 546 494 61.6 61.5 593 740 635 651 785 668 661 805
T5 511 559 66.8 630 625 7716 671 645 819 684 811 832
T-6 486 504 54.6 576 573 605 622 629 648 643 642  66.1
T-7 497 497 533 575 575 619 636 636 652 657 657 671
T-8 502 502 53.4 594 594 611 647 647 652 660 662 664
T-9 463 48.1 502 568 587 597 629 631 645 649 653 669
T-10 532 513 58.0 587 571 652 628 629 676 643 644 688
T-11 513 483 58.3 602 587 614 641 645 658 651 655 680
T-12 501 467 526 569 637 605 636 657 643 66.1 664 677
T13 486 510 58.2 562 635  63.1 626 666 666 649 675 686
T-14 520 503 582 652 601 689 67.1 687 725 678 693 727
T-15 482 493 513 573 579 626 625 645 660 650 668 673
T-16 513 526 58.0 60.5 623 668 664 651 72.3 674 663 739
T-17 523 533 62.1 60.3 663 680 640 695 694 657 698 718
T-18 521 500 58.6 506 633 674 634 660  73.1 654 673 752
T-19 503 586 60.1 580 627 683 640 677 711 654 693 746
T-20 513 506 51.8 580 606 614 631 637 649 654 651 674
T-21 508 583 62.6 61.3 69.7  69.6 69.1 741 74.1 701 754 770
T-22 501 583 60.6 579 654 679 627 718 739 653 1733 753
T-23 614 518 61.7 68.3 685 708 705 723 747 710 742 760
T-24 512 592 63.6 580 690 697 643 733 749 656 753 759
T-25 486 518 62.3 586 625 721 628 673 765 650 682 809
T-26 584 573 68.3 660 644 765 68.1 719 784 705 734 806
T-27 521 6l4 60.6 609 733 730 66.1 787 796 672 796 808
T-28 481 503 57.3 582 610 658 620 677  69.6 640 684 729
T-29 583 583 66.8 614 643 767 646 713 820 659 728 826
T-30 503 523 66.4 590 653 780 639 706 809 660 726 828

The higher value of TNI indicates more disturbances due to
fluctuating noise concerning L,,. More annoyance w.r.t. TNI
was observed in the evening hours as compared to morning
and noon hours.

Similarly, Lyp is a better indicator that accounts for
variations in the sound signal and serves as a measure for
noise pollution descriptor for physiological and psycholog-
ical disturbance for the human. The highest TNI of 106.4
dB(A) is recorded at T-27 during noon and evening hours,
followed by T-4, T-5, T-29, and T-30 (Table 3). NC also in-

dicates traffic noise annoyance occurred due to sound level
fluctuations in an interval of time. More NC represents more
differences between the L,, and Ly,. It is found that fluctua-
tions between annoying peaks noise were higher during the
morning hours than noon and evening hours, indicating more
noise contribution from road traffic during morning hours.
This also suggests that the background noise levels during
morning hours are less due to fewer heavy motor vehicles.

NEI represents the noise exposure level w.rz. the refer-
ence duration (7) to the permissible limit of noise exposure

Nature Environment and Pollution Technology ® Vol. 21, No. 2, 2022
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duration (T) at the corresponding noise level. The NEI
values (Table 4 & Fig. 3) of morning hours show higher
NEI followed by the noon and evening hours. Some of the
traffic junctions (T-6, T-9, T-11, T-12, T-20) show higher NEI
values (NEI>1) throughout the assessment period (morning,
noon, evening), indicating a high level of noise exposure due
to excessive traffic congestion and noise levels. The higher
value also suggests the possibility of annoyance among the
exposed population due to elevated noise levels throughout
the exposed time. During morning hours 67.7%, noon hours
48.4%, and evening hours 26.1% of locations exhibit higher
NEI (NEI>1) values which are considered undesirable. Sim-
ilarly, day time (Lp), night time (L), and day-night (L,,)
average noise level exceeding 80 dB(A) is not acceptable
as they may have undesirable impacts on human health.

(=3

1 1 Il 1 1
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T2 |+
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Moreover, the higher L, values also indicate that people in
the vicinity of the traffic junctions are more vulnerable and
exposed to noise pollution.

Statistical Assessment

The correlation between the noise descriptors and noise
indices (Table 5), shows the co-variability between the pa-
rameters. Higher correlation () (> +£0.7) indicates a signifi-
cant strong co-variability between the noise descriptors and
noise indices (at p < 0.05). TNI, NC, and L show a strong
correlation with each other. Similarly, the noise descriptor,
L,, and Ls, show a high to moderate correlation with the TNT
and NC. The CA shows the traffic junctions with similar noise
descriptors or equivalent noise levels during the morning
(Fig. 4), noon (Fig. 5), and evening (Fig. 6) hours, respec-

2

(b)

-
NN I I A O A A I

Fig. 3: Dendogram showing the cluster of traffic junctions with similar trend of noise levels during (a) morning (b) Noon and (c) evening hours
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Table 3: Traffic Noise Index (TNI), Noise Pollution Level (Lyp) and Noise Climate (NC) for the selected traffic junctions.

S1 No. TNIdB(A) Lyp dB(A) NCdB(A)
M N E M N E M N E

T-1 110.0 71.0 76.7 95.4 73.5 77.6 223 12.0 12.6
T-2 95.5 70.7 78.9 87.2 75.8 81.7 17.8 11.0 12.6
T-3 88.9 80.4 81.8 81.2 71.0 84.0 16.5 14.8 12.6
T-4 60.1 82.0 99.3 71.6 79.0 95.7 8.9 15.7 16.9
T-5 85.0 60.4 97.1 83.2 72.4 96.5 16.0 8.6 15.1
T-6 73.1 70.3 65.5 74.4 72.4 72.4 13.6 12.5 10.2
T-7 752 75.2 70.9 74.6 74.6 76.1 13.9 139 11.9
T-8 78.0 78.0 70.7 774 774 75.2 14.5 14.5 11.8
T-9 82.7 78.1 713 77.9 77.4 71.4 16.6 15.0 14.3
T-10 61.7 67.9 66.4 69.9 71.0 76.3 9.6 11.6 9.6
T-11 72.6 83.2 85.3 75.8 79.3 69.8 12.8 16.2 7.5
T-12 74.2 92.6 69.2 73.4 88.7 74.4 13.5 19.0 11.7
T-13 74.4 83.4 62.0 73.4 83.2 72.8 14.0 15.6 8.4
T-14 82.6 94.0 85.4 84.2 84.2 86.7 15.1 18.4 14.3
T-15 75.6 80.1 80.1 75.0 71.0 80.8 143 15.2 14.7
T-16 81.6 72.7 85.2 79.3 71.5 84.5 15.1 12.5 14.3
T-17 69.0 88.0 61.2 74.2 86.9 76.2 11.7 16.2 73
T-18 67.1 84.0 86.4 73.0 83.6 85.3 11.3 16.0 14.5
T-19 75.2 65.0 74.1 74.9 732 81.4 13.7 9.1 11.0
T-20 68.6 72.9 74.2 72.1 76.5 713 11.8 13.1 13.1
T-21 93.9 91.5 78.8 85.1 89.7 83.4 18.3 15.8 11.5
T-22 70.5 82.1 83.7 73.2 81.9 84.1 12.6 135 13.3
T-23 67.9 103.8 83.8 78.8 96.0 86.6 9.1 20.5 13.0
T-24 73.5 85.5 78.6 73.9 86.4 83.1 13.1 14.1 11.3
T-25 753 83.9 89.3 76.1 82.1 89.7 14.2 15.5 14.2
T-26 67.2 85.8 78.9 71.3 82.6 88.4 9.7 14.6 10.1
T-27 78.1 100.5 106.4 78.2 95.5 97.9 14.0 17.3 19.0
T-28 73.9 89.9 76.4 75.3 83.4 80.6 13.9 17.4 12.3
T-29 533 80.2 97.8 68.3 80.1 95.8 6.3 13.0 15.2
T-30 74.9 95.4 94.3 75.7 89.2 95.9 13.6 18.3 14.5

tively. The CA categorizes the traffic junctions with similar
equivalent noise levels and locations with possible potential
impacts due to higher values of noise indices (Table 6).

Noise Mapping

Spatial noise mapping shows the interpolated vulnerable
noise maps prepared using the existing data concerning their
geographical coordinates. The noise mapping delineates the
noise zones and shows the variations of noise levels at various
locations during the morning, noon, and evening hours. The

noise map during the morning hours shows a greater extent of
the noise environment of Imphal city because of more traffic
congestions occurring during these hours due to plying of
more vehicles for offices and schools. The higher extended
noise zones during the morning hours spread towards the
south-eastern region of the city in the state and national
highways. Similarly, recorded high noise levels in the central
commercial zone of the city due to more traffic congestion
and gathering of people in the central zone of the city markets
during the noon hours. In the evening hours, high noise levels

Nature Environment and Pollution Technology ® Vol. 21, No. 2, 2022
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Fig. 4: Spatial variation mapping of noise levels in Traffic Junctions of Imphal city during morning (7-10 am) hours.
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Fig. 5: Spatial variation mapping of noise levels in Traffic Junctions of Imphal city during noon (12-2 pm) hours.
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Table 4: Noise Exposure Index (NEI) and Day time (Lp,) and Night time (Ly) average.

SINo. NEI Lin(Lp) dBA) Ly (Ly) dBA) Ly (L)
M N E dB(A)
T-1 0.76 1.11 0.68 73.0 69.2 76.4
T-2 0.53 0.73 0.45 79.2 70.6 79.8
T-3 0.82 1.09 0.31 74.4 73.4 79.9
T-4 1.35 1.17 0.19 77.8 77.6 84.0
T-5 0.87 1.08 0.10 82.3 823 88.7
T-6 1.52 1.54 1.07 66.7 65.3 719
T-7 1.35 1.35 0.97 68.0 66.4 73.1
T-8 1.14 1.14 0.98 67.9 66.3 73.0
T-9 1.62 1.39 1.22 67.6 66.2 72.8
T-10 1.43 1.50 0.76 68.1 67.1 73.7
T-11 1.17 1.25 1.01 68.2 67.0 73.6
T-12 1.42 1.33 1.12 68.6 67.1 73.8
T-13 1.61 0.88 0.82 69.0 68.1 74.6
T-14 1.01 0.88 0.37 72.2 71.4 77.9
T-15 1.54 1.26 0.94 68.3 67.1 73.7
T-16 0.98 1.04 0.43 72.3 71.6 78.1
T-17 1.17 0.70 0.59 71.5 70.9 77.4
T-18 1.24 1.02 0.38 73.2 72.8 79.3
T-19 1.26 0.82 0.51 73.1 72.7 79.2
T-20 1.34 1.24 1.04 67.9 66.4 73.1
T-21 0.90 0.32 0.29 76.8 76.3 82.8
T-22 1.48 0.45 0.33 74.7 74.4 80.9
T-23 0.61 0.49 0.27 76.0 75.2 81.8
T-24 1.24 0.33 0.26 75.8 75.6 82.0
T-25 1.42 0.81 0.45 78.2 78.1 84.5
T-26 0.85 0.49 0.24 78.7 78.3 84.8
T-27 0.96 0.22 0.23 80.4 80.2 86.7
T-28 1.55 0.99 0.70 71.6 71.2 77.6
T-29 1.13 0.50 0.11 80.1 80.0 86.4
T-30 1.28 0.64 0.12 80.3 80.2 86.6

were witnessed in the core city zone and the north-western
and south-eastern extent of the city, comprising significant
state and national highways.

CONCLUSION

The traffic noise assessment for selected traffic junctions of
the Imphal city was an attempt to appraise the traffic noise
scenario considering noise descriptors, indices, and vul-
nerable noise zone mapping. Noise descriptors were found
beyond the noise standards in many traffic junctions due to
the increasing number of vehicles, high traffic congestions,

poor road conditions, lack of diversion roads/flyovers, and
poor traffic management system. Similarly, traffic noise
indices such as Lyp, NC, NEI represent the higher traffic
noise scenario, abrupt noise fluctuations, and noise exposure
levels. Spatial noise mapping and cluster analysis indicate
the vulnerable traffic junctions of the city based on their
elevated noise levels. The study highlights the requirement
of direct or indirect noise pollution control management and
mitigation initiatives such as the development of pedestrian
and cycling lanes, increasing more greenery along the road-
side, restricting the use of pressure and multi-tone horns,
checking the vehicle’s condition, constructing road medians,
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Table 5: The correlation of noise descriptors, indices during morning, noon and evening hours.

Ly L, Ly, L, TNI NC Lyp NEI
Ly, 1.00
Ls, 0.76* 1.00 Morning hours
Ly, 0.50 0.81* 1.00
L, 0.43 0.68 0.90* 1.00
TNI -0.32 0.22 0.66 0.60 1.00
NC -0.54 0.00 0.46 0.42 0.97* 1.00
Lyp -0.01 0.57 0.84* 0.74* 0.92* 0.82* 1.00
NEI 0.65 0.86* 0.93* 0.83* 0.45 0.23 0.68 1.00
Ly, 1.00
Ls, 0.69 1.00 (b) Noon hours
Ly, 0.75* 0.91* 1.00
L, 0.77* 0.77* 0.78* 1.00
TNI 0.10 0.60 0.66 0.30 1.00
NC -0.35 0.31 0.35 0.01 0.93* 1.00
Lyp 0.21 0.81% 0.78* 0.49 0.94* 0.81% 1.00
NEI 0.80* 0.89* 0.95* 0.78* 0.53 0.21 0.68 1.00
Ly, 1.00
Ly, 0.92% 1.00 (c) Evening hours
Ly, 0.89% 0.97* 1.00
L, 0.88* 0.97* 0.99* 1.00
TNI 0.48 0.74% 0.83* 0.80* 1.00
NC 0.08 0.42 0.53 0.50 0.91* 1.00
Lyp 0.69 0.90% 0.94* 0.92% 0.95% 0.76* 1.00
NEI 0.88* 0.92* 0.95* 0.92* 0.73* 0.42 0.85* 1.00
*Indicates significant r at p < 0.05 (2-tailed)
Table 6: Clusters Analysis (CA) representing the Traffic Junctions with showing similar noise levels.
Group Noise Range, dB(A) Sampling Stations
Morning Noon Evening
Group A Above 75 T-1, T-2 T-5, T-21, T-24, T-27 T-4,T-5, T-25, T-26, T-27, T-29, T-30
Group B 70-75 T-3, T-21, T-23, T-26 T-22, T-23, T-26, T-29, T-1,T-2, T-17, T-28, T-14, T-21, T- 16,
T-30 T-19, T-18, T-22, T-3, T-24, T-23
Group C 60-70 T-4, T-5, T-6, T-7, T-8, T-9, T-10, T-1,T-2,T-3,T-4,T-6, T-7,T-8, = T-6, T-7, T-8, T-9, T-10, T-11, T-12,
T-11, T-12, T-13,T-14, T-15, T-16,  T-9, T-10, T-11, T-12, T-13,  T-13, T-15, T-20
T-17, T-18, T-19, T-20, T-22, T-24, T-14, T-15, T-16, T-17, T-18,
T-25, T-27, T-28, T-29, T-30 T-19, T-20, T-25, T-28,
Group D 50-60 Nil Nil Nil
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Fig. 6: Spatial variation mapping of noise levels in Traffic Junctions of Imphal city during evening (4-7 pm) hours.

etc. along with strict enforcement of noise pollution control
regulations and traffic rules.

ACKNOWLEDGMENT

The author acknowledges the Department of Earth Sciences,
Manipur University, to facilitate ArcGIS software for noise

mapping.

REFERENCES

Adedeji, Y.M.D. and Folurunso, C.O. 2010. Pollution management in hous-
ing environment and health of urban dwellers. International Conference
Organized by School of Environment Technology, Federal University
of Technology, Akure.

Al Refaee, K., Alaboud, E., Alramahi, N. and Weshah, S. 2013. Noise pol-
lution and its effect on the profitability of industrial companies: A study
from cement factories in Jordan. Glo. J. Manag. Bus. Res., 13(5): 26-34.

Alam, W. 2011. GIS-based assessment of noise pollution in Guwahati city
of Assam, India. Int. J. Environ. Sci., 2(2): 743-751.

Al-Omari, J.A. and Sharabi, R., 2006. Evaluation of traffic noise pollution in
the city of Amman, Jordan. Environ. Monit. Asses., 120(1-3): 499-525.

Aluko, E. and Nna, V. 2015. Impact of noise pollution on the human cardi-
ovascular system. Int. J. Trop. Diseas. Health, 6: 35-43.

Banerjee, D., Chakraborty, S.K., Bhattacharyya, S. and Gangopadhyay,
A. 2009. Appraisal and mapping the spatial-temporal distribution of
urban road traffic noise. Int. J. Environ. Sci. Technol. 16(2): 325-335.

Canter, L.W. 1996. Environmental impact assessment. Mc-Graw-Hills Inc.,
New York, pp. 304-340.

Census. 2011. District Census Handbook, Bishnupur, Census of India,
Series 15, Part XII-B. Directorate of Census Operation, Government
of Manipur.

Chanlett, E.T. 1973. Environmental Protection. Mc-Graw Hills Inc., New
York, pp.140-142.

Chauhan, A., Pawar, M., Kumar, D., Kumar, N. and Kumar, R. 2010.
Assessment of noise level status in different areas of Moradabad City.
Reprod. Opi., 2(5): 59-61.

CPCB, 2000. The Noise Pollution (Regulation and Control) Rules. Central
Pollution Control Board, New Delhi.

Garg, N., Sinha, K., Dahaiya, M., Gandhi, V.M., Bhardwaj, R.B. and Akol-
kar, A. 2017. Evaluation and analysis of environmental noise pollution
in seven major cities of noise. Arch. Acous., 42(2): 175-188.

Getzner, M. and Zak, D. 2012. Health impacts of noise pollution around
airports: Economic valuation and transferability. Environmental
health-merging issues and practice, Jacq. Oosth. Intech., 79: 247-272.

Li, B., Tao, S. and Dawson, R.W. 2002. Evaluation and analysis of traffic
noise from the urban main roads in Beijing. Appl. Acous., 63: 1137-
1142.

Marathe, P.D. 2012. Traffic noise pollution. Int. J. Edu. Develop., 9(5):
63-68.

Mihaiescu, T. and Mihaiescu, R. 2009. Traffic noise pollution in urban areas:
Case study-Bistritatown. Pro-Environment, 2: 222-225.

NIOSH. 1998. Criteria for a Recommended Standard, Occupational Noise
Exposure. National Institute for Occupational Safety and Health De-
partment of Health and Human Services, Public Health Service Centers
for Disease Control and Prevention, Cincinnati, Ohio.

Ogunsote, O.0. 2010. Environmental Control-Acoustics and Noise Con-
trol. Unpublished Lecture Notes. Department of Agriculture, Federal
University of Technology, Akure.

Nature Environment and Pollution Technology ® Vol. 21, No. 2, 2022



468

Onder, S. and Akay, A. 2015. Reduction of traffic noise pollution effects
by using vegetation, Turkey. J. Eng. Ecosys. Develop., 2(2): 23-35.

Onder, S. and Kocbeker, Z. 2012. Importance of the green belts to reduce
noise pollution and determination of roadside noise reduction effective-
ness of bushes in Konya, Turk. Int. J. Agri. Biosys. Eng., 6(6): 373-376.

Ortega, C. 2012. Effects of noise pollution on birds: A brief review of our
knowledge. Ornithol. Mono., 74(1): 6-22.

Oyedepo, S.0O., Adeyemi, G.A., Olawole, O.C., Ohijeagbon, O.I., Fagbe-
mi, O.K., Solomon, R., Ongbali, S.O., Babalola, O.P., Dirisu, J.O.,
Efemwenkiekie, U.K., Adekeye, T. and Nwaokocha, C.N. 2019. A
GIS-based method for assessment and mapping of noise pollution in
Ota metropolis, Nigeria. Methods, 6: 447- 457.

Parris, K. and Schneider, A. 2009. Impacts of traffic noise and traffic volume
on birds of roadside habitats. Ecol. Soc., 14(1): 29.

Pignier, N. 2015. The Impact of Traffic Noise on Economy and Environ-
ment: A Short Literature Study: Performed within the Scope of the
ECO2 Project ‘Noise Propagation from Sustainable Ground Vehicles’.
Technical Report, TRITA-AVE, 29, pp.1-16.

Ramtharmawi Nungate and Wazir Alam

Popper, A. and Hastings, M. 2009. The effect of human-generated sound
on fish. Int. Zool., 4(1): 43-52.

Prachiti, M., Joshi, N., Ambika J. and Bist, B. 2014. Study of fluctuating
noise levels in Palghar, Mumbai, India. Pollut. Res., 33(2): 1-6.
Sharma, R., Myrthong, I. and Lal, B. 2014. Noise-induced health impacts
in urban areas: A case study in Allahabad. Int. J. Sci. Res. Pub.,

4(12): 1-6.

Singh, N. and Davar, S.C. 2004. Noise pollution-source, effects, and
control. J. Hum. Ecol. 16(3): 181-187.

Tyagi, V., Kumar, K. and Jain, V.K. 2013. Road traffic noise attenuation
by vegetation belts at some sites in the Tarai region of India. Arch.
Acous., 38(3): 389-395.

Vera, M.N. and Vila Goday, J.F. 1992. Physiological and subjective ef-
fects of traffic noise: The role of negative statements. Int. J. Psych.,
12: 267-279.

Welch, D., Shepherd, D., Kim, N., Samantha, M. and Dirks McBride, D.
2013. Road traffic and health-related quality of life: A cross-sectional
study. Noise Health, 15(65): 224-230.

Vol. 21, No. 2, 2022 ® Nature Environment and Pollution Technology



