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Abstract: Analysing the air quality during the COVID-19 pandemic is important to
evaluate air quality management strategies and plans. This study aims to assess the air
quality changes during Movement Control Order (MCO) in Malaysia by investigating
air pollutants trends and evaluating the relative changes of air pollutant during different
Movement Control Order (MCO) phases. Data from 18 March 2020 to 30 June 2020 was
acquired which comprised Sulphur Dioxide (SO,), Carbon Monoxide (CO), Nitrogen
Dioxide (NO,), Ozone (O,), and Particulate Matter (PM, ., PM, ) this was checked on an
hourly basis at 65 stations in Malaysia. The data were retrieved from the Department of
Environment (DOE). The trend of air pollutants for all parameters decreased during the
restricted lockdown phases and increased during the unrestricted lockdown phases. During
strict lockdown, the average relative changes for the highest percentage reduction of PM,
PM,; SO,,NO,, O;, and CO were 61.5%, 63.2%, 51.9%, 35.0%, 66.9%, and 47.3% while
highest percentage reduction during unrestricted lockdown with value 23.1%, 29.3%,
38.7%, 9.1%, 56.6%, and 29.4%. In conclusion, there are variations in the levels of criteria
pollutants during the different MCOs in Malaysia due to the COVID-19 pandemic.
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Introduction

The initial case of Coronavirus Disease 2019
(COVID-19) was observed in late 2019 and
spread exponentially in Wuhan City, China
(Zhang et al., 2020). According to Mazinani
and Rude (2020), the earliest case occurred at
an open market for seafood that is consumed
live. It has been described as a zoonotic
disecase in animals. Some studies suggested
that snakes were mentioned as hosts, while
bats and pangolins were considered animal
hosts by others (Lam et al., 2020; Zhang et al.,
2020). They were considered as the root of the
infection because the genomic sequences of the
coronavirus origin of those two species were
identical to COVID-19 (Mazinani & Rude,
2020). This infection was dangerous because of

the severe respiratory symptoms caused by the
coronavirus of SARS-CoV-2. This catastrophic
and novel coronavirus spread rapidly among
people in close contact with infected people.
COVID-19 caused a severe respiratory infection
that could result in pneumonitis or other types of
pneumonia with several signs such as fever and
dyspnoea (Hashim et al., 2021). The first case of
COVID-19 in Malaysia was found on 25 January
2020 [Malaysian Ministry of Health (MOH),
2020]. The spread of these cases increased till
now with total cases of 34,173, total active
cases of 9168, and total mortality of 253 up to
2 November 2020 (MOH, 2020). A movement
control order was the best method to prevent the
spread of this pandemic in Malaysia. Several
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practices, including company operations, were
not authorised during the MCO, excluding
critical facilities and services [Malaysian
National Security Council (NSC), 2020]. The
social constraints force function limited the
diffuse of COVID-19, especially traffic in
several major cities, resulting in sudden and
essential changes in air pollutant release trends
and severely reduced. This was due to some
sectors being closed or running at drastically
reduced rates because only critical categories
were allowed to operate (Patel ef al., 2020).

Air contaminants were produced from
numerous sources, including both natural and
man-made or anthropogenic activities (Biswas
et al., 2020). Air pollution typically comes
from three primary roots: Stationary sources,
open burning, and transportation sources.
Malaysia dominated stationary sources, which
contain dust pollution from urban construction
work and factories, and mobile sources were
pollution from traffic (Halim ef al., 2018). Due
to this lockdown, decreasing activities reduced
the pollution in the air. For the existence
of all living things, air was a vital element.
Therefore, keeping it clean and secure is
important. Anthropogenic activities were a kind
of activity that caused the emission of many
hazardous substances. The leading cause of
ambient air pollution is a high concentration of
contaminants that are dangerous to our health
(Hashim et al, 2021). The status and level
quality of the air was represented in accordance
with the Air Pollutant Index (API) of each six
criteria pollutant which were Carbon Monoxide
(CO), Nitrogen Dioxides (NO,), Sulphur
Dioxide (SO,), Particulate Matter (PM, ,, PM, ),
and Ozone (O,). Exposure to air pollutants had
to be resulted in health implications, such as
cardiovascular, gastrointestinal, neurological,
and psychological disorders and was a
significant contributor to the burden of global
illnesses (DeFlorio-Barker et al, 2020; Jung
et al., 2021; Khojasteh et al., 2021;). It can be
said that 9 out of 10 individuals worldwide are
dealing with contaminated air, as reported by
the World Health Organisation (WHO) (Zhou et
al., 2019). This study was concerned with the

changes in the air quality level based on the air
pollutants parameters during COVID-19, on the
Movement Control Order (MCO) in Malaysia.
Air quality analysis has become integral to
controlling and preventing air pollution (Ma et
al., 2019; Roy, 2021). This study aims to identify
the changes in air quality during the COVID-19
pandemic in Malaysia within different periods
and phases. Reducing atmospheric particulate
pollution could be a useful way to control
COVID-19 infection. Stakeholders should pay
attention to reducing atmospheric particulate
pollution concentrations. Policies to combat air
pollution need to be clarified by the Department
of Environment, Malaysia when this pandemic
occurred. Furthermore, the intended research
significantly identifies great improvement in the
socio-economic and health aspects in Malaysia.
The Health Ministry of Malaysia will receive
the benefit of preparing the worst-case scenario
when the COVID-19 cases rise as a result of
pollutants increase and this study is perfectly in
line with the 11th United Nations Sustainable
Development Goals 2030 for sustainable cities
and communities. This MCO can result in the
reduction of pollutants because of the movement
restriction by decreasing the emission of
contaminants into the air. On 18 March 2020,
the Movement Control Order was carried out,
forcing the hold of all enterprises, excluding
those offering essential services and products.
Regulation of the directive has been increasingly
tightened, resulting in substantial changes (Khor
etal., 2020). The restriction prohibits motion and
assemblies at all places worldwide, including
ritual religion, and other service demands were
discontinued, all commerce premises excluding
manufacturers, processing, suppliers, marketers,
and food opening.

Materials and Methods

The study areas cover the 14 states of Malaysia.
Table 1 shows all study areas, consisting of
65 Air Quality Monitoring Stations (AQMs).
In this study, the parameters involved were
Sulphur Dioxide (SO,), Nitrogen Dioxide
(NO,), Carbon Monoxide (CO), Ozone (O,),
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and Particulate Matter (PM,,, PM,). All
these parameters were acquired from the
Department of Environment (DOE) under
The Water and Environment Ministry (Halim
et al, 2020) by using standard measurement
methods to quantify the concentrations. PM,
concentrations were measured using a Thermo
Scientific TEOM 1405-DF, a continuous
dichotomous ambient air monitoring system
with two Filter Dynamics Measurements
Systems. It provides three measurements:
PM,,, PM, ,, and PM-Coarse while accounting
for volatile and non-volatile PM fractions with
accuracy for mass measurement + 0.75%. NO,,
SO,, and CO concentrations were measured
using Thermo Scientific Model 42i NONO,-
NO_ Analyser, Thermo Scientific Model 43i
SO, Analyser, and Thermo Scientific Model
481 CO Analyser respectively (Ash’aari et al.,
2020). As part of quality assurance and quality
control (QA/QC), all data has gone through pre-
processing treatment, including detecting errors
and missing values. The data is collected on an
hourly basis starting from 18 March 2020 until
30 June 2020. The data that supports the findings
of this study are available at the Air Quality
Division, Department of Environment, Malaysia
but restrictions apply to the availability of this
data, which is used under license for the current
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study, and so is not publicly available. Data is
however available from the authors upon request
and with permission of the Air Quality Division,
Department of Environment, Malaysia. This
data was classified into six phases, 18 March
2020-12 May 2020 (four phases of MCO), 13
May-9 June 2020 (one phase of CMCO), and
10- 30 June 2020 (one phase of RMCO). MCO
Phase I (18-31 March 2020) (n = 106,058),
during Phase IT MCO (1 March—14 April 2020)
(n = 106,179) and Phase III MCO (15-28
April 2020) (n = 105,800), Phase IV MCO (29
April-12 May 2020) (n = 105,751), Phase V
CMCO (13 May-9 June 2020) (n = 211,907),
and Phase VI RMCO (10-30 June 2020) (n =
158,007). There is a 13.48% missing data, and
the total data used in this study is 687,644.
The missing data is omitted in this study. The
mean value has been calculated to compare the
concentration of each parameter involved for 65
stations on an hourly basis concentration. The
New Ambient Air Quality Standard (NAAQS)
acted as a guideline of recommendation or
guidance on protecting human beings or
receptors in the environment from the adverse
effects of air pollutants. The relative changes
(%) were measured using variations in pollutant
concentration between periods calculated to
figure out the relative changes in air quality.

Table 1: Study areas (DOE, 2020)

Region Station State Location of Station Classification

North S1 PERLIS Kangar Sub Urban
S2 KEDAH Langkawi Sub Urban
S3 KEDAH Alor Setar Sub Urban
S4 KEDAH Sungai Petani Sub Urban
S5 KEDAH Kulim Hi-Tech Industrial
S6 PULAU PINANG Seberang Jaya Urban
S7 PULAU PINANG Seberang Perai Sub Urban
S8 PULAU PINANG Minden Urban
S9 PULAU PINANG Balik Pulau Sub Urban
S10 PERAK Taiping Sub Urban
S11 PERAK Tasek Ipoh Urban
S12 PERAK Pegoh Ipoh Sub Urban
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S13
S14

Central S15

S16

S17
S18
S19
S20
S21
S22
South S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36
East S37
S38
S39
S40
S41
S42
S43
S44
S45
S46
S47
Sabah S48
S49

PERAK
PERAK

W.P. KUALA
LUMPUR

W.P. KUALA
LUMPUR

W.P. PUTRAJAYA
SELANGOR
SELANGOR
SELANGOR
SELANGOR
SELANGOR

NEGERI SEMBILAN
NEGERI SEMBILAN
NEGERI SEMBILAN
MELAKA
MELAKA
MELAKA
JOHOR
JOHOR
JOHOR
JOHOR
JOHOR
JOHOR
JOHOR
JOHOR
PAHANG
PAHANG
PAHANG
PAHANG
PAHANG
TERENGGANU
TERENGGANU
TERENGGANU
TERENGGANU
KELANTAN
KELANTAN
SABAH
SABAH

Seri Manjung
Tanjung Malim

Batu Muda

Cheras

Putrajaya
Kuala Selangor
Petaling Jaya
Shah Alam
Klang
Banting
Nilai
Seremban
Port Dickson
Alor Gajah
Bukit Rambai
Bandaraya Melaka
Segamat
Batu Pahat
Kluang
Larkin
Pasir Gudang
Pengerang
Kota Tinggi
Tangkak
Rompin
Temerloh

Jerantut

Indera Mahkota Kuantan

Balok Baru Kuantan
Kemaman
Paka
Kuala Terengganu
Besut
Tanah Merah
Kota Bharu
Tawau

Sandakan

Rural
Sub Urban

Sub Urban

Urban

Sub Urban
Rural
Sub Urban
Urban
Sub Urban
Sub Urban
Sub Urban
Urban
Sub Urban
Rural
Sub Urban
Urban
Sub Urban
Sub Urban
Rural
Urban
Sub Urban
Industrial
Sub Urban
Sub Urban
Rural
Sub Urban
Sub Urban
Sub Urban
Industrial
Industrial
Industrial
Urban
Sub Urban
Sub Urban
Sub Urban
Sub Urban
Sub Urban
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S50 SABAH
S51 SABAH
S52 SABAH
S53 W.P. LABUAN
Sarawak S54 SARAWAK
S55 SARAWAK
S56 SARAWAK
S57 SARAWAK
S58 SARAWAK
S59 SARAWAK
S60 SARAWAK
S61 SARAWAK
S62 SARAWAK
S63 SARAWAK
S64 SARAWAK
S65 SARAWAK

Kota Kinabalu Sub Urban
Kimanis Industrial
Keningau Background
Labuan Sub Urban
ILP Miri Rural
Miri Sub Urban
Samalaju Industrial
Bintulu Sub Urban
Mukah Rural
Kapit Rural
Sibu Sub Urban
Sarikei Rural
Sri Aman Rural
Samarahan Rural
Kuching Urban
Limbang Rural

Results and Discussion

The time series were plotted for daily
concentrations of PM,,, PM, ., SO,, NO,, O,,
and CO at different movement control order
(MCO) phases in Malaysia. The six phases are
from 18 March 2020 to 12 May 2020 (MCO)
Phase 1 (18-31 March 2020), Phase 2 (1
March—-14 April 2020), Phase 3 (15-28 April
2020), and Phase 4 (29 April-12 May 2020),
13 May to 9 June 2020 (CMCO) Phase 5 (13
May—9 June 2020), and 10 to 30 June 2020
(RMCO) Phase 6 (10-30 June 2020). As shown
in Figure 1(a), there is a substantial variation in
PM,, concentration during the different phases
of the MCO. At the beginning of the movement
control order (MCO), PM,, demonstrates
decreasing Phase 1 to Phase 4 of MCO. The
highest concentration of pollutants was 108.6
pg/m? and followed by 103.5 pg/m?in Phase 2
and Phase 3, respectively. Phase 5 and Phase 6
showed a gradually increasing trend of pollutant
behaviour in which most economic sectors and
activities were allowed to operate with Standard
Operating Procedures (SOP) such as social
distancing (Ash’aari et al., 2020).

Moreover, interstate travel was allowed from
10 June (Malaysia National Security Council
(NSC), 2020). The high level of concentration in
some periods during the lockdown was possible
because several small, medium, and heavy
industries were likely to be operating (Sahoo
et al., 2020). Table 2 illustrates the dramatic
decline in PM,  concentrations during P1 and P2
at 51 sites, accounting for 78.9% of total stations.
The largest decrease was 33.9% in Minden (S8)
(P1 = 25.7 g/m? P2 = 17 g/m?), whereas the
smallest drop was 0.1% at Bukit Rambai (S27)
(reduced by 1.7 g/m?®). Throughout P2 and P3
(MCO), PM,; concentrations were reduced at
50 sites, accounting for 76.9% of total stations.
Kota Bharu (S47) had the largest reduction
of 32.6% (P2 = 26.1 g/m’ P3 = 17.6 g/m?),
whereas Balok Baru, Kuantan (S41), and Pasir
Gudang (S33) had the lowest reductions at 0.6%
(decrease at 0.1 g/m*). PM  concentrations were
reduced at 53 sites between P3 and P4 (MCO),
accounting for 81.5% of stations. Rompin (S37)
had the largest decrease of 53.7% (P3 = 36.1 g/
m?®; P4 = 16.7 g/m?), while Petaling Jaya (S19)
had the lowest reduction of 0.5% (reduction at
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0.1 g/m?). During P4 and P5 (MCO & CMCO),
PM,, concentrations were reduced at six sites,
accounting for 9.2% of total stations. Kimanis
(S51) achieved the largest decrease of 34.1%
(P4 =17 g/m*; P5 = 11.2 g/m?), while ILP Miri
(S55) achieved the lowest reduction of 3.0%
(reduction at 0.4 g/m*). During P5 and P6
(CMCO & RMCO), PM,  concentrations were
reduced at 24 sites, accounting for 36.9% of
total stations. Alor Gajah (S26) had the largest
decrease at 25.5% (P5 =22 g/m’; P6 = 16.4 g/m’),
while Besut (S45) had the lowest reduction at
1.2% (reduction at 0.3 g/m?).

The concentration of PM,  is seen in Figure
1(b). The trend was steadily declining from
Phase 1 to Phase 4 (MCO). Phase 2 was 78.1
pg/m? and 43.6 pg/m’, while Phase 3 denotes
the highest value concentration with 98.7 pg/
m?. These results corroborated the finding that
the 2020 Malaysia movement control order had
a substantial effect on lowering PM, ; levels in
Malaysia (Abdullah et al.,, 2020). Phase 5 and
Phase 6 shows an increasing trend. Table 3
shows that the PM, , concentration signifies the
reduction at 51 stations, which ascribed to 78.5%
of stations during P1 and P2 (MCO). The largest
decrease was at Minden (S8), with 35.7% (P1
=7 pg/m?; P2 = 19.6 pg/m?), while the lowest
reduction was at Samalaju (S27), with 0.8%
(reduce at 0.2 pg/m?). The relevant reductions
for PM, ; were between 19 and 42% at industrial,
and between 23 and 32% at the urban sites
(Kinnah et al., 2020) where S27 was industrial
and S8 was an urban region. During P2 and P3
(MCO), the reduction of PM, , concentrations
occurred at 48 stations, which accounted for
73.8% of stations. Kota Bharu (S47) had the
largest decrease at 37.9% (P2 = 19.8 g/m’; P3 =
12.3 g/m?), whereas Larkin (S32) had the lowest
reduction at 0.7% (reduction at 0.1 g/m?). PM,
concentrations were reduced at 60 sites during
P3 and P4 (MCO), accounting for 92.3% of
stations. Rompin (S37) had the largest decrease
at 71.1% (P3 = 29.4 g/m?; P4 = 8.5 g/m?), while
Bukit Rambai (S27) had the lowest reduction
at 1.6% (reduction at 0.2 g/m?). According to
Abdullah et al. (2020), the MCO phase results
in the greatest reductions in pollutant emissions,

notably PM, ; concentrations, due to the absence
of motor vehicles and industrial activity. P4 and
P5 (MCO & CMCO) saw a decrease in PM,
concentrations at five stations, accounting
for 7.7% of stations. Kimanis (S51) had the
largest overall decrease at 35.4% (P4 = 8.2 g/
m?*; P5 = 5.3 g/m?), while Besut (S45) had the
lowest reduction at 4.9% (reduction at 0.5 g/
m®). PM, . concentrations were reduced at 33
stations during P5 and P6 (CMCO and RMCO),
accounting for 50.8% of stations. Kimanis (S51)
had the largest decrease at 28.3% (P5=5.3 g/m’;
P6=3.8 g/m?), while Besut (S45) had the lowest
reduction at 1.0% (reduction at 0.1 g/m?).

Particulate matter concentration was
primarily affected by transport, and it was
influenced by local biomass burning, traffic, and
industries (Karagulian et al.,, 2015). A vehicle
might contribute to the PM, concentration with
33% from the exhaust and 49% from the non-
exhaust (Lawrence et al., 2016). In Delhi, the
vehicles that contribute to PM,, the most are
cars (34%), buses (23%), and heavy commercial
vehicles (17%) (Singh et al., 2020). Further,
Breuer et al. (2020) highlighted that vehicles
that use diesel contribute to the high emission
of particulate matter. During the lockdown
period, the anthropogenic origin is lesser with
the closure of several sources, reducing the
PM,, level in India (Gayen et al.,, 2021). The
findings are parallel with Orak and Ozdemir
(2021), which clarified that PM, concentration
has the lowest concentration in April 2020 in
Turkey as a result of the lockdown due to less
human mobility, and 67% of the cities had
a lower average of PM,  concentrations as
compared to the previous 5-years. Furthermore,
Morocco also recorded a low PM,  level during
the lockdown period, which reduces motor
vehicles and industrial emissions (Otmani et
al., 2020). It is further supported by Agarwal
et al. (2021) that the effects of minimum flow
of vehicular movement in Bareilly, India, both
PM,, and PM, . concentrations recorded the
lowest values in April 2020, while in China,
the PM, and PM, ; levels both reduced during
the lockdown and increased again in September
2020 (Wang & Yang, 2021). The lessening

Journal of Sustainability Science and Management Volume 18 Number 11, November 2023: 148-163



Samsuri Abdullah et al.

industrial and construction activities, with the
reduction movement of most of the transport
key to reducing the exhaust and non-exhaust
emissions, typically suspended dust, may cause
a reduction of the PM level (Singh et al., 2020)
during MCO. Furthermore, it is noted that the
PM,, concentrations were reduced by 28-39% at
the industrial sites and by between 26 and 31%
in urban areas during the lockdown (Kanniah et
al., 2020).

Additionally, Figure 1(c) depicts the
trend in Sulphur Dioxide (SO,) air pollution
concentrations throughout the course of six
MCO phases. Several restrictions on mass
movement and gathering are implemented for
Malaysians travelling, tourists and visitors
entering, educational institutions, government,
and private agencies (except for essential
services) (Abdullah et al., 2020), resulting in a
decreasing SO, pattern with only increases in
Phase 1 and Phase 4 concentrations (Abdullah
et al., 2020). In Phase 5, SO2 concentrations
increased to a maximum of 0.0318 ppm.
Table 4 summarises the various stages of SO,
concentration. Data is unavailable at 12 of the
65 sites, including S13, S18, S26, S31, S37,
S54, S55, S59, S60, S62, S63, and S64. During
P1 and P2 (MCO), SO, concentrations reduced
by 49.1% at 26 sites. Kota Kinabalu (S50) had
the largest reduction at 72.9% (P1 = 0.001155
ppm; P2 = 0.000708 ppm), while Tawau (S48)
had the lowest reduction at 0.2% (reduction at
0.000001 ppm). In this context, Wuhan’s column
density of SO, has decreased significantly
(almost 71%) as a result of industrial shutdowns
and the suspension of full-scale operations of
several businesses (Ghahremanloo et al., 2021).
During P2 and P3 (MCO), SO, concentrations
were reduced at 38 stations, accounting for
71.7% of stations. Batu Muda (S15) had the
largest reduction of 67.6% (P2 = 0.000789 ppm;
P3 = 0.000256 ppm), while Pengerang (S34)
had the lowest reduction of 0.3% (reduction
at 0.000005 ppm). During P3 and P4 (MCO),
SO, concentrations were reduced at 27 stations,
accounting for 50.9% of stations. The largest
drop was 60.3% in Pegoh Ipoh (S12) (P3 =
0.000948 ppm; P4 = 0.000376 ppm), while the
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lowest reductions were 0.1% at Paka (S43) and
Tanah Merah (S46) (reduce at 0.000001 ppm).
During P4 and P5 (MCO & CMCO), SO,
concentrations were reduced at 19 stations,
accounting for 35.8% of stations. Labuan
(S53) had the largest reduction of 66.9% (P4 =
0.001253 ppm; P5 = 0.000415 ppm), whereas
Minden (S8) had the lowest reduction of 0.8%
(reduction at 0.000008 ppm). During P5 and
P6 (CMCO and RMCO), SO, concentrations
reduced at 22 stations, accounting for 41.5%
of stations. Kuching (S65) had the largest
reduction at 67.5% (P5 = 0.000515 ppm; P6
= 0.000763 ppm), while Banting (S22) had
the lowest reduction at 0.9% (reduction at
0.000011 ppm). Several studies noticed that the
SO, concentration during lockdown declined
in five cities (Beijing, Bengaluru, Delhi, Las
Vegas, and London) (Kumari & Toshniwal.,
2020). Sulfur dioxide (SO,) was released as a
result of human-caused emissions linked with
fossil-fuel combustion and sulfur-containing
air pollution (Bari et al., 2020; Kharol et al,
2020). As a significant pollutant emitted by
stationary sources (industries and power plants),
SO, is projected to decrease by between 9 and
20% in urban areas and between 17 and 19% in
suburban areas by 2020 (Kanniah et al., 2020).

Figure 1(d) shows the Nitrogen Dioxide
(NO,) trend from Phase 1 to Phase 4 where
the lower level of NO, has been documented.
Overall, NO, during Phase 1 to Phase 4 (MCO)
manifests the trend of a slight decrease in which
the concentrations decreased significantly during
the lockdown due to the stoppage of transport
and low mobility (Muhammad et al., 2020), and
NO, level dropped due to the decrease in road
densities, a week before the strict lockdown
(Sbai et al., 2021). Phase 5 (CMCO) of NO,
has increased, with the highest concentration
level of 0.0864 ppm. Phase 6 (RMCO) shows
the trend increased with the second-highest
concentration of pollution 0.0793 ppm. These
finding of NO, concentration is shown in Table
5 which 12 stations have unavailable data out
of 65 overall stations and were omitted namely
S13, S18, S26, S31, S37, S54, S55, S62, S63,
and S64. Notably, during P1 and P2 (MCO),
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NO, concentrations were reduced at 38 sites,
or for 71.7% of stations. Paka (S43) had the
largest reduction at 92.3% (P1 = 0.001236 ppm;
P2 = 0.000954 ppm), while Balik Pulau (S9)
had the lowest reduction at 1.9% (a reduction
of 0.000060 ppm). NO, concentrations were
reduced by 49.1% at 26 sites during P2 and P3
(MCO). The largest drop was 39.2% in Kangar
(S1) (P2 = 0.001795 ppm; P3 = 0.001091
ppm), while the lowest reduction was 0.7% at
Pengerang (S34) (reduced at 0.000021 ppm).
During P3 and P4 (MCO), NO, concentrations
were reduced at 27 sites, accounting for 50.9% of
stations. Tangkak (S36) had the largest reduction
of 40.3% (P3 = 0.002955 ppm; P4 = 0.001763
ppm), while Labuan (S53) had the lowest
reduction of 1.4% (reduction at 0.000018 ppm).
During P4 and P5 (MCO & CMCO), 19 stations
had a drop in NO, concentrations, accounting
for 35.8% of stations. The largest drop was
1.7% at Tanah Merah (S46) (P4 = 0.003325
ppm; PS5 = 0.003269 ppm), with no station
reporting the lowest reduction. During P5 and
P6 (CMCO and RMCO), NO, concentrations
were reduced at 22 stations, accounting for 4.5%
of stations. Port Dickson (S25) had the largest
reduction of 21.6% (P5 = 0.004313 ppm; P6
= 0.003383 ppm), while Keningau (S52) had
the lowest reduction of 0.4% (reduction at
0.000009 ppm). Pacheco et al. (2020) reported
that the air quality in Ecuador was greatly
improved during the lockdown, with a 23%
decrement in the NO, concentration due to
highly stringent lockdowns representing a
significant determinant of major reductions
in NO, concentrations (Ghahremanloo et
al., 2021). (Ghahremanloo, Lops, Choi, &
Mousavinezhad, 2021) NO, concentrations
decreased significantly in the spring of 2020
compared with prior years. This drop neared
34%, 27%, and 30% in Manila, Kuala Lumpur,
and Singapore, respectively (Kanniah er al,
2020), due to company and factory closures and
transportation restrictions caused by partial or
general lockdown (Muhammad et al, 2020).
Existing studies examine differences in NO,
(-62.39% and -38.16%) variation between
strict lockdown and before lockdown in urban

and rural stations (Gautam, 2020a; Martorell-
Marugan et al., 2020; Filonchyk et al., 2021).

The trend of air pollution for Ozone (O,)
is shown in Figure I(f). During Phase 1 to
Phase 4 (MCO), the levels of O, were increased
but still lower than in the other phases. At
the beginning of Phase 5, the level of O, was
gradually decreasing before it increased to the
second highest with 0.0953 ppm. During Phase
6 (RMCO), the concentration behaviour rises
with the highest value of O, (0.0996 ppm). Table
6 shows all phases of O, concentration, which
there are 12 stations have unavailable data out of
65 stations and were omitted, namely S5, S13,
S18, S26, S31, S34, S37, S41, S42, S43, S51,
S54, S55, S57, S59, S60, S62, S63, and S64.
O3 concentrations were reduced at 38 stations,
accounting for 71.7% of stations during PI
and P2 (MCO). Bandaraya Melaka (S28) had
the largest reduction of 44.9% (P1 = 0.026598
ppm; P2 = 0.014664 ppm), while Labuan (S53)
had the lowest reduction of 0.5% (reduction at
0.000087 ppm). During Phases 2 and 3 (MCO),
O3 concentrations were reduced by 49.1%at 26
sites. The maximum decrease was 33.5% at Batu
Muda (S15) (P2 =0.020072 ppm; P3=0.013346
ppm), while the lowest reduction was 1.6% at
Segamat (S29) (reduce at 0.000235 ppm), and
its levels are mostly stable throughout the year
in Malaysia. However, a minor rise (3-7%) was
seen at urban locations in 2020 (Kanniah et al.,
2020) due to a drop in NO levels, comparable
with that observed in other urban environments
(Dantas et al., 2020). During Phases 3 and 4
(MCO), O, concentrations were reduced at 27
stations, accounting for 50.9% of stations. Klang
(S21) had the largest reduction of 32.5% (P3 =
0.023937 ppm; P4 =0.016155 ppm), while Alor
Setar (S3) had the lowest reduction of 0.4%
(reduction at 0.000084 ppm). According to
Murugan et al. (2021), O, levels in urban and
rural stations vary between +50.09 and +15.58%
under severe lockdown and before lockdown.
During P4 and PS5 (MCO & CMCO), 19 stations
had a drop in O, concentrations, accounting for
35.8% of stations. Tawau (S48) had the largest
reduction of 36.0% (P4 = 0.013077 ppm; PS5
= 0.008375 ppm), while Bintulu (S57) had the
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lowest reduction of 1.7% (reduction at 0.000197
ppm). During P5 and P6 (CMCO & RMCO),
22 stations experienced a decrease in O,
concentrations, accounting for 4.5% of stations.
Pasir Gudang (S33) had the largest reduction
of 44.3% (P5 = 0.012914 ppm; P6 = 0.007187
ppm), while Kota Kinabalu (S50) had the
lowest reduction of 2.5% (reduction at 0.000278
ppm). O, has increased as a result of human
activities due to the unrestricted movement
and photochemical processes influenced by
anthropogenic emissions of ozone precursors
(NO,and VOCs) (Zoran et al., 2020). Thus, VOC
emissions reduction must be planned as a part
of air pollution control strategies. CO activities
might also be affected because, under low NO_
levels, ozone depletion can occur; however,
under high NO_ levels, CO can contribute to
ozone formation (Tobias ef al., 2020; Sbai et al.,
2021). In another study, O, increases during the
lockdown because of the lower titration of O,
by NO and NO, emissions (Bracher, 2021). In
addition, most of the parameters show relative
changes of PM, ,, O,, NO,, SO,, and CO in four
different cities in China on lockdown with a
significant reduction towards PM,, (-53% to
-31%), NO, (-76% to -45%), and CO (-46% to
-14%) (Liu et al., 2020).

Figure 1(g) shows the Carbon Monoxide
(CO) trend distribution during all phases of
MCO. CO trends during Phase 1 to Phase 4
(MCO) are at a low level with less than 3.264
ppm. CO was observed at the end of lockdown
concentrations and slowly increased (Vultaggio
et al., 2020). In Phase 5 (CMCO), the trend
shows a significant increment with the highest
value of 6.735 ppm compared to other phases.
During Phase 6 (RMCO), the trend increased
and afterwards had a decreasing trend. Table
7 summarises all stages of CO concentration;
data for 12 of the 65 sites are unavailable.
CO concentrations were reduced at 38 sites
between Pl and P2 (MCO), accounting for
71.7% of stations. Sandakan (S49) had the
largest reduction of 32.6% (P1 = 0.531186
ppm; P2 = 0.358214 ppm), while Bintulu (S)
had the lowest reduction of 0.7% (reduction
at 0.003000 ppm). During P2 and P3 (MCO),
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CO concentrations were reduced at 26 sites,
accounting for 49.1% of stations. Taiping
(S10) had the largest reduction of 40.2% (P2
= 0.268141 ppm; P3 = 0.160360 ppm), while
Bukit Rambai (S27) had the lowest reduction
0f 0.1% (reduction at 1.7 ppm). CO levels have
decreased in each of the four areas during the
lockdown, with the greatest decrease occurring
in the IGP region (Singh et al., 2020). During
P3 and P4 (MCO), CO concentrations were
reduced at 27 sites, accounting for 50.9% of
stations. The largest drop was 39.9% in Pegoh
Ipoh (S12) (P3 =0.413660 ppm; P4 = 0.248651
ppm), while the lowest reduction was 1.8%
at Klang (S21) (reduce at 0.010713 ppm).
Kanniah et al. (2020) observed a between 25
and 31% reduction in CO concentrations in
Malaysian metropolitan areas during lockdown
circumstances in comparison to the same times
in 2018 and 2019. Additionally, they discovered
considerable decreases in CO concentrations
in Malaysia’s industrial, suburban, and rural
areas. CO concentrations were reduced at 19
stations between P4 and P5 (MCO & CMCO),
accounting for 35.8% of stations. Kota Bharu
(S8) had the largest reduction of 34.60% (P4
= 0.474974 ppm; P5 = 0.310843 ppm), while
Keningau (S27) had the lowest reduction of
0.8% (reduction at 0.005139 ppm). During P5
and P6 (CMCO & RMCO), CO concentrations
were reduced at 22 stations, accounting for 4.5%
of stations. Kota Kinabalu (S8) had the largest
reduction of 54.60% (P5 = 0.546997 ppm; P6 =
0.248330 ppm), whereas Cheras (S27) had the
lowest reduction of 0.2% (reduction at 0.001485
ppm).

In general, limiting combustion activities
resulted in a decrease in CO levels, a pollutant
produced directly by incomplete combustion
sources (vehicular traffic and biomass burning).
CO reductions are greater (at between 25 and
32%) in urban and suburban areas of between
25 and 27% (Kanniah et al., 2020). The air
pollutants of NO,, SO,, PM,,, and CO levels
decreased by 24.16%, 19.51%, 20.25%, and
6.88%, respectively, during the lockdown O,
increased by a maximum of 4.52% (Roy et al.,
2021). In addition, Sahraei et al. (2021) found
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that the PM, ., PM, , SO,, and NO, decreased
by 16%, 21%, 41%, and 35%, which was
associated with the reduction in public transport
usage, and the same findings by Shen et al.
(2021) established that the PM, ., PM,, SO,,
NO,, and CO reductions in different urban
types ranged from 6.6% to 62.4%, except for
O,. The movement control order which the
Malaysian government implemented, could
become a pioneer in reducing air pollution. It
is clarified that the main culprit of emissions is
motor vehicles. Thus, a stringent policy should
be implemented, which in turn can reduce the
air pollution problem. Although the changes in
air quality during this COVID-19 pandemic are
short-term, exploring the strict emission control
plan with the related stakeholders can improve
the air quality of the Malaysian government
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despite intermittent and sudden interventions.
Reduced economic activity, the closure of high-
energy-consuming plants, the suspension of air
and railway traffic, the reduction of automobile
traffic, and a reduction in power production
all contributed to a reduction in emissions
into the atmosphere, resulting in a noticeable
improvement in air quality (Gautam, 2020b).
The findings provide a unique chance to develop
future environmental protection measures
following the COVID-19 pandemic to ensure
the region’s greatest air quality. The findings
indicate that even brief changes in anthropogenic
activity can have a major effect on air quality
(Filonchyk et al., 2020). It can serve as a guide
for various countries as they examine COVID-
19’s influence on the global environment.
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Conclusion

In conclusion, the findings showed that
PM,,, PM,, SO,, NO,, O,, and CO show a
sharp declining trend with up and down and
a significant reduction during the lockdown
periods in MCO phases. The criteria air
pollutants increased significantly during CMCO
and RMCO, which was affected by COVID-19
unrestricted lockdown and reopening policies.
Most of the reduction occurred during lockdown
phases during Phases 1, 2, 3, and 4 which most
stations have the highest decline. Moreover,
during Phases 5 and 6, which are unrestricted
lockdowns, most stations have a lower reduction
in all parameters.
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