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ABSTRACT

Introduction: Urbanisation and increased vehicle usage have intensified environmental noise pollution, particularly
in developing cities. This cross-sectional study investigated environmental noise exposure from traffic at primary and
minor roads in Kota Bharu, Kelantan. Materials and Methods: Data were collected using a Sound Level Meter (SLM)
Cirrus CR171B Class 1 and manual traffic counts. The study covered five main areas including Telipot, Panji, Kubang
Kerian, Wisma, and Pasir Hor. Measurements were taken during peak hours from 4:00 PM to 7:00 PM across 44 se-
lected points. Results: The results indicated that primary road areas exhibited significantly higher noise levels (mean
LAeq: 73.7 + 2.2 dBA) compared to minor roads (mean LAeq: 67.5 + 4.6 dBA) (p<0.001). All primary road sites and
most minor road sites exceeded the Department of Environment (DOE) permissible limits of 60-65 dBA. Among
three types of vehicles, only motorcycles on primary roads showed a significant moderate correlation with the noise
levels (r = 0.433, p = 0.039). Conclusion: This study highlights the critical need for noise mitigation strategies, espe-
cially in high-traffic urban areas. Findings can support urban planners and local authorities in implementing policies

to reduce exposure to harmful traffic noise and improve quality of life in Kota Bharu.
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INTRODUCTION

Transportation is one of the major contributors to
excessive environmental noise exposure particularly
in cities. In the era of urbanisation, increasing numbers
of people own motor vehicles, leading to heavy traffic.
According to Department of Statistics Malaysia, there
were 943,579 registered vehicles in Kelantan in 2023,
which has shown an increasing pattern since 2018, about
4% [1]. The rising number of vehicles has contributed to
increasing traffic congestion in urban areas of Kelantan,
particularly in Kota Bharu. Similar growth in road traffic
has been linked to elevated noise levels and health risks
in other Malaysian cities and Southeast Asian urban areas
[2,3]. To avoid traffic jams, many drivers use alternative
routes. Roads in Malaysia are classified according to
their function and traffic characteristics. Primary roads
form the backbone of the transport network, linking state
capitals and major towns, and are generally maintained
by local authorities. In contrast, minor roads typically

serve rural or village areas, providing access to public
facilities such as schools, health clinics, mosques,
markets, and recreational centres. This classification
follows the Technical Instructions for Roads guideline
issued by the Malaysian Public Works Department [4].
In Kelantan, minor roads, which are often closer to
residential areas, are more frequently used, leading to
increased exposure to noise for local residents.

Traffic noise is more than just an annoyance, as it
can have profound effects on human health and daily
life. Chronic noise exposure has been linked to sleep
disturbances, increased stress, and higher risks of
hypertension and cardiovascular disease, as well as
auditory, psychological, and occupational impacts
such as hearing loss, anxiety, irritability and reduced
productivity [5-8]. Studies in Malaysia and the wider
region consistently report urban and residential noise
levels exceeding WHO and national guidelines, with
respondents frequently reporting headaches, sleep
problems and impaired concentration [3,9-10]. These
findings highlight that unmanaged traffic noise can
directly undermine public health, especially where
roads run close to homes, schools and health facilities
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[11]. Recent study in Kelantan have assessed noise
around selected residential and school areas or specific
towns, confirming exceedance of permissible limits but
without differentiating systematically between primary
and minor road types [9]. More broadly in ASEAN cities,
monitoring is typically concentrated along main roads,
leaving side streets and minor links under-characterised
despite their proximity to sensitive receptors [12,13].

While the primary roads naturally see more vehicles and
higher speeds, minor roads may also contribute to noise
pollution, but to a lesser degree and in varying patterns.
However, because monitoring and modelling efforts still
focus predominantly on major corridors, systematic data
on noise from minor roads and across different street
types remain limited, leaving urban planners and local
authorities without a complete understanding of where
noise problems are most intense or which areas might
require stricter noise control measures. When robust,
network-wide data on road-specific noise levels are
missing, urban authorities cannot reliably target noise
mitigation, undermining efforts to protect residents’
health and increasing the risk of legal and financial
liabilities for cities. Therefore, this study aimed to
address this gap by offering a detailed, comparative look
at noise levels in Kota Bharu’s primary and minor road
areas. By linking measured noise to established health-
based guideline values, the findings can support more
targeted zoning, road design and mitigation strategies
to protect community health in Kelantan and similar
Southeast Asian urban settings.

MATERIALS AND METHODS

Study Design and Location

This cross-sectional study was conducted in Kota Bharu,
Kelantan, Malaysia. A total of 44 measurement points
were selected using a purposive sampling approach to
ensure coverage of different road types, surrounding
land uses and population exposure. This included 23
primary roads with high traffic volumes that served as
main routes, as well as 21 minor roads commonly used
by public to avoid traffic congestion (Table I). Both
the primary and minor roads selected encompassed
residential areas and noise-sensitive receptors, such as
hospitals and schools. The criteria for these selected areas
prioritised public routes, business districts, educational
institutions and key transportation routes to capture the
impact of traffic noise on diverse environments. Within
these constraints, locations were chosen to represent
typical noise exposure along the main urban corridors in
Kota Bharu, rather than being strictly random, in order to
strengthen the practical representativeness of the traffic
noise environment. The sample size was calculated
using a two-mean formula. The significance level Za is
1.96, corresponding to a=0.05, and the power was set at
80%. The standard deviations and precision values were
extracted from a study conducted in India in 2022 [14].
Hence, the minimum sample size required for this study

was 7 for the primary road and 22 for the minor road.

Noise Measurements and Traffic Count

An Optimus sound level meter (SLM) CR 171B Class 1
(Cirrus, UK) was used to measure noise levels across
different areas in Kota Bharu, Kelantan. To ensure
accurate readings during outdoor sampling, an outdoor
microphone with a windshield and weather protection
kit was used together with the SLM. This helped to
reduce the impact of light rain and strong wind, making
the noise measurements more stable and reliable. At
each measurement point, data were collected over five
intervals, totalling one hour during the peak period
between 4:00 p.m. and 7:00 p.m. The sound level meter
was mounted on atripod, with the microphone positioned
between 1.2 meters above the ground. The microphone
was oriented according to the correct directivity (45-90
degrees) toward the noise source and kept free from any
obstructions or reflective surfaces. All measurements
were taken at least 3.5 meters away from buildings,
walls, or other structures to avoid sound reflection. Care
was taken to ensure that no interference occurred from
external noise sources such as air conditioning units or
machinery. The sound level meter was calibrated before
and after each use, as recommended by the Department
of Environment [15].

Prior to the actual measurement, a pilot sampling was
conducted for one hour at two different road types: a
primary road and a minor road. Both met a predefined
high-congestion criterion, which is average vehicle
speed below 20 km/h during the observation period,
consistent with speed-based congestion thresholds
commonly used in recent traffic studies [16,17]. During
the pilot sampling, it was observed that traffic jams were
significant on both roads, especially during peak hours
around 5:00 p.m. to 7:00 p.m. It was also identified
that many drivers used the minor road as an alternative
route to avoid delays at the traffic light on the primary
road. This observation helped in understanding the local
traffic behaviour and reinforced the selection of suitable
measurement points for the main study.

In addition to noise measurements, manual vehicle
counts were carried out using tally counters. These
simple, hand-held devices allowed for easy tracking
of vehicles as they passed by. A separate tally counter
was used for each vehicle category: two-wheelers
(e.g., motorcycles and bicycles), four-wheelers (e.g.,
cars, taxis, MPVs, SUVs, and vans), and larger vehicles
(e.g., buses, trucks, lorries, and tractors). This method
provided a straightforward and effective way to assess
traffic volume without requiring any complex equipment
or training. Data collection involved a singular
measurement session per sampling point, capturing
both acoustic data and total vehicle counts. Data were
collected between January and April 2025.

This study involved only environmental noise and
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traffic counts at public roadside locations. No human
participants were recruited and no identifiable personal
data were collected or recorded. According to the
guidelines of the Human Research Ethics Committee,
formal ethical approval was therefore not required.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version
29 was used to perform the data analysis. Traffic noise
levels (LAeq) expressed in decibels (dBA) were calculated
as the mean and standard deviation of all individual
sampling points within each location, representing
a total of 44 unique roads across the five study areas.
Specifically, the results for each location were derived by
averaging the noise levels from each designated primary
and minor road stations. An independent t-test was used

to determine whether there were significant differences
in noise levels between primary and minor roads at each
location. For the relationship between traffic count and
noise levels, Pearson correlation analysis was used.

RESULTS

Average Traffic Noise Levels

Table Il shows noise exposure levels measured at five
major locations at primary and minor roads (Telipot,
Panji, Kubang Kerian, Wisma and Pasir Hor) during
peak hours. The traffic noise levels across the five
studied locations demonstrate a consistent trend where
primary roads generally experience higher acoustic
pressure than minor roads. For primary roads, the mean
noise levels ranged from 73.0+1.2 dBA to 74.8+1.6

Table I: List of study locations by road category and GPS coordinates (N=44)

Primary Road (n=23)

Minor Road (n=21)

Locations "
Station ID Road Coordinates (Lat, Long) Station ID Road Coordligztge)s (Lat,
™1 Jalan Telipot 1 (Lorong 6.1085827, ™ Lorong Embi (Jalan Raja 6.1103109,
Embi) 102.2468453 Dewa Hulu 3) 102.2468896
™2 Jalan Kota Bharu-Kuala 6.1139046, ™2 Lorong Embi (Jalan Telipot 6.1123314,
Telipot (T) Terengganu 102.2494793 Jaya) 102.2471226
Jalan Telipot 2 (SMK ) 6.1110913,
TP3 Sultan Ismail) 6.108323, 102.249220 T™M3 Lorong Merican 102.2501857
TP4 Jalan Sultan Yahya Petra  6.116374, 102.245971 - -
Jalan Hospital 1 (Jalan 6.118278,
PP1 Tapang) 6.121742,102.283819 PM1 Jalan Kampung Belukar 102.283250
PP2 Jalan Guchil Bayam 6.111634, 102.277437 PM2 Lorong Desa Rahmat 6.113185,
uehitBay ‘ 10 5 102.280606
Panji (P) PP3 Jalan Hospital 2.0P) ¢ 119064, 102.291158 - -
Kelantan) !
PP4 Jalan Long Sulaiman 6.118380, 102.293840 - -
PP5 Jalan Raja Perempuan ¢ 4 1331 102289279 - -
Zainab Il
Jalan Raja Perempuan 6.094870,
KKP1 Zainab | 6.103365, 102.281096 KKM1 Jalan KK 4b/2 102.277193
Jalan Sultan Yahya Petra 6.100795,
KKP2 (Eco Shop) 6.096145, 102.271041 KKM2 Jalan KK 6/6 102.278668
Jalan Raja Perempuan 6.094778,
KKP3 Zainab 1l (USM) 6.096538, 102.278836 KKM3 Jalan KK 3/3 102.274510
Jalan Raja Perempuan . 6.096732,
KKP4 Zainab Il (KFO) 6.091794, 102.276501 KKM4 Persiaran KK1 102.272413
Jalan Sultan Yahya Petra 6.094506
KKP5 (Al-Sultan Ismail Petra 6.093566, 102.273857 KKM5 Jalan Pengkalan Demit 1 . ¢
102.279402
Kubang Kerian Jalan P Mo;que; (HON 101761
alan Pasir Hor - . 6.101761,
(KK) KKP6 DA) 6.102522, 102.276419 KKM6 Jalan Servis (HUSM) 102.284608
Jalan Pasir Hor 2 (Persi- 6.098785,
KKP7 aran KK1) 6.098684, 102.272594 KKM7 Jalan KK 5/1 102.277507
Persiaran Universiti 1 . 6.097886,
KKP8 (USM Main Gate) 6.095502, 102.279046 KKM38 Persiaran KK3 102.276063
) 6.094489,
- - KKM9 Jalan Pengkalan Demit 2 102.283569
. 6.101302,
- - KKM10 Jalan Servis (USM Gate 1) 102.285240
Persiaran Universiti 2 6.095446,
i i KM (USM Gate 2) 102.284514
WP1 Jalan Bayam 1 6.121829, 102.245047 WMI1 Jalan Dusun Muda 6.120617,
4 : e usun v 102.246929
WP2 Jalan Mahmood 6.121613, 102.241403 WM?2 Jalan Padang Perdana 6.122849,
Wisma (W) | s 102.239752
Jalan Hospital 3 (SK 6.115557,
WP3 Padang Garong) 6.125188, 102.241385 WM3 Lorong Kubur Maras 102.251962
WP4 Jalan Stadium 6.123368, 102.244070 - -
PHPI Jalan Pasir Hor (Lorong 6.0871334, PHM1 Jalan Tengku Mohd 6.088109,
. Pasir Lada) 102.2586360 Maasum 1 102.257226
Pasir Hor (PH) Jalan Tengku Mohd 6.090014
PHP2 Jalan Asrama Zainab 6.105125, 102.253261 PHM?2 Maasum 2 102.256005
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dBA, with Telipot recording the highest average. The
peak individual noise level on the primary road was
observed at station TP2 in Telipot, reaching 76.4 dBA. In
contrast, minor roads showed broader variability, with
mean levels spanning from 66.4+ 5.2 dBA to 73.9+2.8
dBA. Pasir Hor stood out as having the highest average
noise for the minor road, while the single loudest point
recorded across all minor road stations was KKM11 in
Kubang Kerian at 78.4 dBA. When comparing the two
road types, primary roads were significantly louder in
four out of five locations.

Table 11: Average traffic noise levels at primary and minor roads by
locations

MeanzSD, LAeq (dBA)

Locations
Station ID Primary Road Station ID Minor Road
TP1 72.7 ™1 66.8
TP2 76.4 ™2 66.3
Telipot (T) TP3 75.6 ™3 68.0
TP4 74.4
Average 74.8 +1.6 Average 67.0+0.9
PP1 72.9 PM1 65.2
PP2 74.5 PM2 68.5
PP3 72.0
Paniji (P)
PP4 71.9
PP5 76.2
Average 73.5 1.8 Average 66.9+2.3
KKP1 76.1 KKM1 70.9
KKP2 73.7 KKM2 66.0
KKP3 72.6 KKM3 70.7
KKP4 74.6 KKM4 65.6
KKP5 76.0 KKM5 66.1
Kubang KKP6 73.7 KKM6 63.5
Kerian
(KK) KKP7 76.0 KKM7 62.2
KKP8 66.2 KKM8 60.4
- KKM9 61.1
- KKM10 65.4
KKM11 78.4
Average 73.6 £3.3 Average 66.4+5.2
WP1 71.9 WMI1 67.1
WP2 72.2 WM2 72.6
“zsv")’“ wpP3 74.5 WM3 65.4
WP4 73.5
Average 73.0£1.2 Average 68.4+3.8
PHP1 74.6 PHM1 71.9
Pai:,’H';"” PHP2 72.8 PHM2 75.8
Average 73.7 £1.3 Average 73.9+2.8

SD: standard deviation

Traffic Count

The analysis of traffic volume across the surveyed
locations in Table Il reveals a substantial difference in
vehicle density between road categories, with primary
roads carrying a significantly higher burden of traffic
compared to minor roads. On primary roads, the highest
traffic volume was recorded at station TP4 in Telipot with
a total of 5,293 vehicles, whereas the lowest volume
was observed at station KKP8 in Kubang Kerian with
910 vehicles. Within the minor road category, PHM2
in Pasir Hor exhibited the highest traffic count with
2,800 vehicles, while the lowest activity was recorded
at station WM1 in Wisma, which saw only 236 vehicles.
Overall, 4-wheeled vehicles constituted the majority of
the traffic flow across all sites, particularly on primary
roads where total counts reached as high as 15,313 in
Kubang Kerian. Interestingly, the data shows that some
minor road locations, specifically in Pasir Hor, recorded
higher traffic volumes (Total: 5,086) than the primary
roads in the same area (Total: 4,606), suggesting an
anomaly in local traffic distribution. Heavy vehicles
(more than 4-wheels) were most prevalent on primary
roads.

Difference in Traffic Noise Levels Between Primary and
Minor Roads

An independent t-test reveals a significant disparity in
traffic noise levels between primary and minor roads
across most study locations as shown in Table IV.
Overall, primary roads exhibited significantly higher
noise levels (73.7£2.2 dBA) compared to minor
roads (67.5+4.6 dBA), resulting in a substantial mean
difference of 6.2 dBA (p < 0.001). The most pronounced
significant difference was observed in Telipot, where the
mean difference reached 7.7 dBA (p < 0.001), followed
closely by Kubang Kerian with a difference of 7.2 dBA (p
= 0.003) and Panji at 6.7 dBA (p = 0.009). These results
confirm that road category is a critical factor in noise
exposure within these areas. However, Wisma (p=0.063)
and Pasir Hor (p=0.951) showed non-significance mean
difference.

Correlation Between Traffic Volume and Noise Levels
by Vehicle Type

Table V summarizes the correlations between traffic
counts and LAeq for both primary and minor roads.
A statistically significant moderate correlation was
identified only for 2-wheeled vehicles (r = 0.433, p =
0.039) in primary roads, indicating that an increase in
motorcycle traffic is a key contributor to rising noise
levels in these areas. Whereas for minor roads, the
relationship between traffic volume and noise was
notably weaker across all vehicle categories. None of
the correlations were statistically significant.
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Table 11I: Total traffic count by road category and vehicle type

Table 1V: Difference of traffic noise levels between primary and
minor roads

Mean = SD, LAeq (dBA) Mean differ-
Location dBA p-value
Primary road  Minor road ence (dBA)
Telipot 74.8 £1.6 67.0 0.9 7.7 <0.001
Panji 73.5+1.8 66.9+2.3 6.7 0.009
Kubang 73.6+3.2 66.45.2 7.2 0-003
Kerian
Wisma 73.0+1.2 68.4+3.8 4.7 0.063
Pasir Hor 73.7+1.3 73.9+2.8 -0.2 0.951
Overall 73.7+2.2 67.5+4.6 6.2 <0.001

Significant at p-value< 0.05; Statistical test: Independent t-test; SD: standard

deviation

Table V: Correlation between traffic count and noise levels

Road Vehicle Traffic LAeq r p-value
type type count (dBA)
2 wheels 14927 0.433 0.039*
Primary 4 wheels 42322 73.7 0.246 0.258
road
>4 wheel 910 0.362 0.090
2 wheels 5292 0.130 0.576
Minor 4 wheels 14440 68.5 0.079 0.734
road
>4 wheel 206 0.139 0.549

h%(r:‘as- Station ID Traffic Count
2-Wheels 4-Wheels M4?Wh'léléilsn Total
Rone"™
Jﬁlipot TP1 580 1380 22 1982
TP2 692 1862 20 2574
TP3 504 1658 66 2228
TP4 1320 3948 25 5293
Total 3096 8848 133 12077
Paniji (P) PP1 678 1418 42 2138
PP2 640 1242 20 1902
PP3 320 1200 44 1564
PP4 480 1468 49 1997
PP5 1083 3136 122 4341
Total 3201 8464 277 11942
KngRg KKP1 826 1876 75 2777
55(5 KKP2 880 2436 223 3539
KKP3 760 3480 16 4256
KKP4 890 1960 26 2876
KKP5 711 2413 18 3142
KKP6 779 1659 13 2451
KKP7 511 807 6 1324
KKP8 225 682 3 910
Total 5582 15313 380 21275
M;ma WP1 490 2008 8 2506
WP2 332 1286 4 1622
WP3 450 1660 2119
WP4 510 1492 10 2012
Total 1782 6446 31 8259
Pasir PHP1 240 685 36 961
mﬂ) PHP2 1026 2566 53 3645
Total 1266 3251 89 4606
g
}I%lipot T™M1 227 616 12 855
TM2 196 356 4 556
T™M3 489 398 14 901
Total 912 1370 30 2312
Panji (P) PM1 195 478 28 701
PM2 483 1070 28 1581
Total 678 1548 56 2282
FngHg KKMT1 140 880 8 1028
KK) KKM2 265 1223 4 1492
KKM3 212 966 9 1187
KKM4 178 571 0 749
KKM5 188 229 0 417
KKM6 79 286 3 368
KKM7 162 850 5 1017
KKM8 103 483 7 593
KKM9 265 564 2 831
KKM10 228 280 5 513
KKMT11 133 240 2 375
Total 1953 6572 45 8570
}/\\//\}fma WMI1 97 137 2 236
WM?2 315 685 3 1003
WM3 113 328 8 449
Total 525 1150 13 1688
Pasir PHM1 444 1814 28 2286
Egﬂ) PHM?2 780 1986 34 2800
Total 1224 3800 62 5086
110

*Significant at p-value<0.05; Statistical test: Pearson correlation.

DISCUSSION

Traffic Noise Levels and Compliance

The average LAeq recorded during the evening peak
hours ranged from 73.0 dBA to 74.8 dBA, which is
above the noise limits recommended by Malaysia’s
Department of Environment (DOE). According to the
DOE [15], acceptable noise levels in high-density urban
areas should not exceed 65 dBA during the day. It's not
surprising that noise levels are higher on primary roads.
These are the main roads that connect different parts
of the city, and they carry all types of vehicles: cars,
motorcycles, buses, and heavy trucks. It is also having
higher traffic, especially during peak hours.

Among the five locations, Telipot recorded the highest
averagenoise level. Thisareais closetobusy urban centres
and is surrounded by several important facilities such as
factories and government offices like the Immigration
Department and SOCSO, as well as colleges and
schools. In the evening, many people leave these places
at the same time, causing the traffic to become heavy.
The road in Telipot has two lanes in each direction and is
mostly straight with fewer traffic lights. This allows more
vehicles to pass through quickly. Higher vehicle speeds,
particularly of larger vehicles, contribute to increased
traffic noise levels. This relationship is well-documented
in a study by Radjawane & Lao [18], who found that
noise levels on local roads in Indonesia increased with
higher traffic flow and vehicle speeds, with significant
effects observed in mixed traffic conditions.

Although Kubang Kerian recorded the highest number
of 4 wheeled vehicles, its average noise level was
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slightly lower than Telipot. This apparent discrepancy
highlights that road traffic noise is governed more by
traffic composition, flow conditions and urban form
than by volume alone [19]. The logarithmic nature
of the decibel scale also means that large differences
in vehicle counts can translate into relatively small
changes in LAeq when other acoustic factors differ
between sites [20]. Measurements on urban roads and
in vehicles indicate that more fluid traffic with higher
average speeds often produces higher continuous noise
levels than dense and slow “stop-and-go” conditions
[21,22]. Thus, the very high 4-wheel volume in Kubang
Kerian may be associated with lower effective speeds
and stabilised noise, whereas Telipot’'s primary roads
likely experience smoother and faster flow, yielding
higher LAeq.

The recorded LAeq values on minor roads ranged from
66.4 dBA to 73.9 dBA, all exceeding the recommended
limits set by Malaysia’s Department of Environment
(DOE). For residential areas, the DOE [15] suggests
that noise levels should not exceed 60 dBA during the
day. These results are particularly concerning in areas
where families reside and where children and elderly
individuals are more sensitive to noise. Among all
the locations assessed, Pasir Hor recorded the highest
average LAeq. This is likely due to several key factors.
The minor road in Pasir Hor serves as one of the few
available routes connecting Kubang Kerian to Telipot
without encountering traffic congestion during peak
hours. Consequently, many drivers use this road as a
shortcut to avoid traffic jams on other routes. The road
experiences heavy traffic during peak times, primarily
from motorcycles and private cars. Additionally, most
vehicles travel at high speeds because there are no
traffic lights along the road and the road surface is in
good condition. This allows drivers to move quickly, but
higher speed usually increase noise levels [21].

Additionally, the road in this area is also used by various
types of small commercial vehicles. For example,
delivery trucks for ice, gas, parcels like J&T, Shopee
Express and Ninja Van, and even small furniture
transporters regularly pass through. These vehicles,
although not originally meant to use residential routes,
often do so for convenience. Their presence not only
increases traffic volume but also contributes to the
overall noise, especially when combined with the sound
of engines, horns and braking [23]. It's also important
to note that in the evenings, children often play outside
or ride bicycles along these roads. The noise generated
during this time can disrupt the peaceful environment
and potentially pose risks to both safety and health.

When interpreted against international benchmarks,
the findings indicate that residents in Kota Bharu are
exposed to noise levels that exceed recommended
health based limits. The World Health Organisation
(WHO) [24] recommend an Lden of 53 dBA and

Lnight of 45 dB for road traffic noise guideline limit,
noting that adverse health effects such as annoyance,
sleep disturbance and cardiovascular outcomes are
expected to increase above these thresholds. Although
this study used LAeq measurements rather than Lden,
the recorded values on both primary and minor roads
are substantially higher than these guideline levels,
suggesting a considerable potential for noise related
health impacts in the study areas. Positioning the results
within this global framework strengthens the argument
that traffic noise in Kota Bharu is not just a local
nuisance issue but a public health priority aligned with
international evidence and policy agendas. Integrating
WHO guidelines and international standards into local
planning through zoning regulations, facade insulation
requirements, speed management and prioritisation of
quieter transport modes would enable authorities to
translate the findings of this study into concrete and
health oriented noise mitigation strategies [25].

Difference in Traffic Noise Levels Between Primary and
Minor Roads

The findings revealed a significant and statistically
meaningful difference in noise exposure between
primary and minor roads. Primary roads are notably
noisier due to their higher traffic volumes and the
diverse range of vehicles they accommodate. Unlike
minor roads, primary roads serve as major routes in
urban areas, facilitating not only private car, but also the
movement of heavy vehicles such as buses, lorries, and
delivery trucks. These larger vehicles contribute more
to noise pollution because of their engine power, tire
pressure, and size. As traffic volume increases, so does
the noise level, particularly in densely populated city
areas with extensive infrastructure [26,27].

Another factor that contributes to higher noise levels is
the time the data was collected between 4:00 p.m. and
7:00 p.m., which is typically peak traffic hour. During
this time, there is a high number of vehicles on the
road, leading to increased ambient noise. The WHO
[24] has pointed out that evening rush hours are some
of the noisiest periods in urban areas, often exceeding
safe noise levels. During peak hours, more honking,
frequent stops and starts, and longer idling times make
the environment even louder.

Recent study has confirmed that road surface conditions
significantly influence traffic noise levels. Uneven or
poorly maintained pavements, such as those made
of rough materials like concrete or gravel, increase
friction between tires and the road, leading to higher
noise emissions [28]. When vehicles move quickly or
frequently on these surfaces, the noise gets even louder. In
Kota Bharu, many primary roads are likely older or more
heavily used, which could contribute to higher noise
levels compared to quieter, less-used minor roads. Since
minor roads often run directly through neighbourhoods
and near schools, clinics and markets, even moderate
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but persistent noise may disproportionately affect
sensitive groups such as children, the elderly and people
with pre existing health conditions [29]. The observed
differences between primary and minor roads therefore
highlight not only where noise burdens are most intense,
but also which communities may be more vulnerable to
long term health impacts.

From an urban planning perspective, the results suggest
that current traffic distribution and road hierarchy in Kota
Bharu are unintentionally concentrating noise along
primary routes, while gradually transmitting part of this
burden to minor roads used as alternative shortcuts.
Without targeted planning interventions, continued
growth in vehicle ownership could further elevate noise
exposure in both categories of roads, undermining the
liveability of adjacent residential areas and increasing
future costs for mitigation.

Correlation Between Traffic Count and Traffic Noise
Levels

On primary roads, the number of two-wheel vehicles
showed a moderate positive correlation with LAeq. This
suggests that in areas with heavy two-wheel traffic, such
as motorcycles and scooters commonly used for daily
commuting, engine revving and frequent acceleration
contribute notably to overall noise levels. This aligns
with the findings of Singh et al. [30], who reported that
motorbikes, despite their small size, generate high-
frequency noise that disproportionately affects urban
sound levels, particularly in Southeast Asian cities where
motorcycle usage is high.

Conversely, for four-wheel and heavy vehicles on
primary roads, the correlations with LAeq were not
statistically significant. This may seem counterintuitive,
as larger vehicles typically emit more noise. However,
this could be attributed to variability in traffic flow and
speed. Heavy vehicles often move more slowly and
steadily, producing a consistent but less fluctuating
noise profile compared to motorcycles, which frequently
accelerate and decelerate, especially in congested areas
(31].

On minor roads, none of the vehicle categories showed
a significant correlation with LAeq in this study. This
pattern is consistent with the typical functional role
of minor streets, which generally carry lower traffic
volumes, more controlled speeds and are more likely
to incorporate traffic calming features such as narrow
carriageways, on street parking, speed humps and
gateway treatments that limit acceleration and peak
speeds [32]. Besides, in residential blocks and side
streets, fewer intersections, lower road network density
and the presence of adjacent buildings and roadside
vegetation can shield, reflect or absorb part of the traffic
noise, weakening direct statistical relationships between
counted vehicles and measured facade LAeq at a given
point [33,34]. In current study, not all minor roads

necessarily featured every one of these characteristics.
However, across the set of minor roads, the combination
of lower flows, speed reducing design and greater
landscape shielding provides a plausible explanation for
the absence of significant correlations between specific
vehicle types and LAeq.

Study Limitations and Strengths

During this research, several challenges affected the
data collection methods. Weather was a key limitation,
as heavy rain or strong winds could interfere with
sound level meter readings, resulting in inaccurate
measurements. Finding suitable and safe locations to
place the device was also difficult, particularly during
peak hours, because it needed to be positioned in an
open area away from reflective surfaces and pedestrian
interference. Ensuring that people did not disturb
the equipment was challenging in busy locations.
Additionally, public holidays occasionally fell on
weekdays during the study period, leading to lower
traffic volumes and altered noise patterns, which affected
the consistency of the data.

However, the data were collected across multiple
primary and minor roads in different urban areas of Kota
Bharu, providing a comprehensive representation of
traffic noise exposure. The study also analysed different
vehicle types, allowing identification of the main
contributors to noise levels, and focused on peak hours
to capture the highest exposure scenarios relevant to
public health. Furthermore, although most vehicle-noise
correlations in this study were weak or non-significant,
the correlation analysis is still informative for planning
because it clarifies which traffic variables are not reliable
levers for noise reduction at current study sites and
where other factors dominate. The absence of strong
correlations in this dataset, points planners toward
integrated interventions such as managing motorcycle
flows, improving pavement and building layouts rather
than relying solely on volume reduction, which aligns
with current recommendations for data-driven urban
noise management.

CONCLUSION

This study highlights that traffic noise levels in
Kota Bharu consistently exceed the Department of
Environment noise guideline limits, with primary roads
exhibiting significantly higher levels than minor roads.
On primary roads, 2-wheeled vehicles were identified
as the primary noise contributor, showing a significant
positive correlation with traffic noise. In contrast, noise
levels on minor roads did not demonstrate a statistically
significant correlation with any specific vehicle category,
suggesting that the acoustic environment is influenced
by a diverse mix of traffic and localised road conditions
rather than a single dominant vehicle type. To mitigate
these levels, policymakers should implement targeted
motorcycle exhaust noise enforcement on arterial routes
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and integrate noise-absorbent pavement materials into
urban street designs. While this study is limited by its
cross-sectional, single-session sampling protocol, future
research incorporating long-term monitoring and health
impact assessments is essential to refine these urban
noise mitigation strategies.
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