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Abstract

Urban pollution has now become increasingly recognized as an important
determinant of air pollution in developed countries. The effect of urban air
pollution in developing countries, on the other hand, has not been adequately
addressed in the data Spatio-temporal time series. Thus, this study was in-
tended to characterize the effect of urbanization on air pollution for an urba-
nized Klang Valley, Malaysia using Spatio-temporal data from 2008 to 2017.
The Air Pollution Index (API) data and local pollutant concentration were
employed to establish the links between urban air pollution. The analysis will
be supported by determining the source of pollutants during the study period
using Principal Component Analysis (PCA). The study identified that Carbon
monoxide (CO), Nitrogen Dioxide (NO,), and Ozone (O;) are the major air
pollution that has contributed to degrading air quality in the Klang Valley
due to the vehicles, combustion process, and industries.

Keywords

Urban Pollution, Air Pollution Index (API), Spatio-Temporal
Characterization, Source of Pollutants, Inverse Distance Weighted (IDW),
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1. Introduction

Understanding the patterns and the magnitude of pollution in the urban environ-
ment is increasingly important (Adedeji, Oluwafunmilayo, & Oluwaseun, 2016).
Air pollution occurs when air is contaminated with natural and anthropogenic
pollutants associated with human activities, including polluting residuals from

consumption and production activity (Mackenzie & Turrentine, 2021). More fossil
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fuels are burned as urbanization, industrial development, vehicle use, and other
environmentally hazardous processes increase, resulting in increased carbon dio-
xide (CO,), nitrogen dioxide (NO,), sulfur dioxide (SO.), ozone (Os), and particu-
late matter (PM) concentrations in the troposphere (Liu et al., 2012; Tian et al.,
2014; Yan et al., 2016). This link exists due to how urbanisation increases the in-
tensity of human social and economic activities, leading to air pollution through
fossil fuels (Wang et al., 2020).

Malaysia’s air quality decreases gradually because of rapid urbanisation, in-
dustrial and population growth (Sentian, Herman, & Wui, 2019). A study con-
ducted by Azid et al. (2014) shows that air pollution exists only in highly urban
areas such as Kuala Lumpur, Johor Bahru, and George Town, Penang. It also
found that primary sources of pollutants in Malaysia, natural sources, mobile
and anthropogenic sources (Mohd Zizi et al., 2018). Rapid urbanisation also in-
fluences traffic emissions that impact the population, economic growth, and ac-
tivity services, particularly in the city centres. According to the 10" Malaysia
Plan, the rate of urbanisation in Malaysia has increased from 25% in 1960 to
65% in 2005, with the expected increase of 75% of the population residing in the
Klang Valley conurbation by 2020 (Shafiee & Mahmud, 2020).

In Malaysia, private cars, motorcycles, light and heavy vehicles are significant
contributors to the deterioration in air quality which is most rapid in urban
areas. The total number of newly registered motor vehicles from 2004 to 2017
was 286,771,902 units, comprising five classes: passenger cars, motorcycles,
vans/lorries, and taxis/buses (Department of Environment (DOE), 2017). Mo-
torcycles and passenger cars are the dominant classes of motor vehicles, with
6,572,366 units in 2004 that increased by 35% to 11,989,591 units in 2015 (De-
partment of Environment (DOE), 2015). The same situation was shown for pas-
senger cars, with 5,911,752 units in 2004 that grew by 35% to 13,173,030 units in
2017 (Department of Environment (DOE), 2017). Table 1 shows the amount of
transportation in Klang for eight years (2010-2017).

These increasing emissions from the transportation sector contribute to domes-

tic air pollution, global climate change, human health problems, and ground-level

Table 1. Amount of transportation for whole Klang Valley in 2010 to 2017 (Sources:
Ministry of Transportation (MOT), 2021).

Motorcycle Car Bus Taxi  Self-Drive Logistic ~Others
2010 1,578,757 3,225,420 17,171 23,580 725 239,108 117,535
2011 1,678,779 3,476,028 18,056 25,760 789 250,752 123,005
2012 1,797,664 3,738,904 18,409 27,849 877 263,987 129,805
2013 1,916,369 4,017,422 18,844 29,297 1455 278,662 137,883
2014 2,012,759 4,243,408 19,355 31,537 1843 292,884 145,087
2015 2,155,802 4,223,807 21,317 55,978 46,334 321,935 260,364
2016 2,165,950 4,502,876 20,522 36,513 13,201 317,080 142,138
2017 2,229,288 4,576,399 20,904 36,672 15,880 327,914 144,890
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ozone formation at both regional and national scales (Saija & Romano, 2002;
Azam et al.,, 2016, Shafiee & Mahmud, 2020). Generally, the primary sources of
urban air pollution to individual health are particulate matter (PM) and nitrogen
dioxide (NO,) through emission from vehicle exhaust (Ghaffarpasand et al.,
2020, Shafiee & Mahmud, 2020). Similarly, (Zhou et al., 2018) discovered that
urbanisation worsens regional PM, s pollution.

Therefore, the study provides insight into understanding the healthy level
trend in urban areas using the Spatio-temporal characterization of the Air Pollu-
tion Index (API). In addition, to determine the significant pollutant to relate as a

local emission to the urban air quality degradation.

2. Materials and Methods

Klang Valley, centered in Kuala Lumpur, was selected and known as Malaysia’s
industrial and commercial heartland, and it is densely populated (Awang et al.,
2000). The current population in Klang Valley is 7.2 million, which is about a
quarter of Malaysia’s total population and the region size is 2843 km? Klang
Valley is located in Peninsular Malaysia, and the two types of monsoon that oc-
cur in this study area are Northeast and Southwest monsoon. Titiwangsa Moun-
tain geographically delineates this place to the northwest, Semenyih in the
southeast, and Port Klang in the Southwest. The region’s development occurred
primarily in the East-West direction, between Gombak and Port Klang. None-
theless, the urban areas surrounding Kuala Lumpur have expanded south to the
border of Negeri Sembilan and north to Rawang (Azmi et al., 2010).

Table 2 shows that the Air Quality Monitoring Station (AQMS) Klang Valley
was located based on different surrounding activities or land use (Sentian, Her-
man, & Wui, 2019). The monitoring station is strategically located in four other
areas; residential, industrial, busy traffic, and rural area (Afroz, Hassan, & Ibra-
him, 2003). The selection of a location-based on historical and current monitor-
ing, representativeness, accessibility, and availability of support services, security,

Table 2. Air monitoring station in Klang Valley.

Nold Station Coordinates  Area Category
N 3.21260
S1 Sek. Keb. Batu Muda, Kuala Lumpur Urban
E 101.68360
) o N 3.10700
S2 Sek. Men. Keb. Seri Permaisuri, Cheras Urban
E 101.71770
N 3.01160
S3  Sekolah Menengah (P) Raja Zarina, Klang Urban
E 101.40900
N 3.13150
S4  Sek. Keb. Bandar Utama, Petaling Jaya Industrial
E 101.60820
N 3.10660
S5 Sek. Keb. TTDI Jaya, Shah Alam Urban
E 101.55730
N 2.9310
S6  Sek. Keb. Putrajaya 8(2), JIn P8/E2, Putrajaya Urban
E 101.6804
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and topographic effects. Five from six-station are ranked as urban areas; Batu
Muda, Cheras, Klang, Shah Alam, and Putrajaya, while the station in Petaling
Jaya was ranked as Industrial area. The stations of Klang and Shah Alam are lo-
cated in the Klang Valley’s central region. Klang station is in an immediate in-
dustrialized area with congested main roads and is close to Port Klang, a busy
port. Station contrast, Shah Alam station is surrounded by busy highways and is
located in residential and commercial areas. According to (Fang et al., 2015),
Cheras and Petaling Jaya stations are located on the main roads of industrial and
high-density residential areas, frequently affected by traffic-related pollution.,
for visualizing contrast, Putrajaya station is located in a less polluted area sur-
rounded by residential areas and major roads. Station in Batu Muda is located in
central Kuala Lumpur, a highly congested area with a total population of 1.76
million (2016) (Rahman et al., 2015). Malaysia Ambient Air Quality standard air
pollution index (API) and the concentration of pollutants depends on varying
time averages. The Air Pollution Index (API) is calculated using the sub-indices
of air pollutants; Ozone (O;), Carbon monoxide (CO), Sulfur Dioxide (SO,),
Particulate Matter (PM,o), and Nitrogen Dioxide (NO,), and only the highest
sub-indices of each pollutant were used as API values (Afroz et al., 2003). Air
Pollution Index (API)’s daily data for ten years from 2008 to 2017 were obtained
from the Department of Environment (DOE) via a private company as Alam Se-
kitar Malaysia Sdn Bhd (ASMA) for all stations in Klang Valley.

Methods

For temporal characterization Air Pollution Index (API) trend follows with time
series of annual average analysis of air pollutants; Ozone (O;), Carbon Monoxide
(CO), Sulfur Dioxide (SO,), Particulate Matter (PM,y), and Nitrogen Dioxide
(NO,) were plotted.

The ten years of annual average Air Pollution Index (API) was interpolated to
observe the spatial distribution. The interpolation technique with geographical in-
formation system (GIS) software was applied to interpolate the air quality data to
determine the distribution of the pollutants. geographical information system
(GIS) integration in this study helps visualize air pollution dispersion and evaluate
the association between the high concentration level and potential pollution
sources. The general concept of Inverse Distance Weigthed (IDW) is to estimate
the unknown value of Y(X;) in location X, given the observed Y value at sampled
locations X; according to the formula in Equation (1) (Hussein & Abdullah, 2019).

Y(Xo)=ZL%Y(Xi) 1)

According to (Gimond 2021), principal component analysis (PCA) is a di-
mensional reduction method that is often used to reduce the dimensionality of
large data sets by transforming large data sets into smaller ones without chang-
ing the information. The small data sets are easier to explore and visualize and

make the data analyzing process easier and faster for machine learning algo-

rithms without an extraneous variable to process. In this study, principal com-
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Air Pollution Index

ponent analysis (PCA) has been performed to determine the significant pollu-
tant in study areas. Identification and observation of variation’s source taking
place after reduction of data set and generally written in the following mathe-
matical Equation (2):

PC, =1; X, + 1, X, +---+1; X, (2)

where PC; is define as ith principal component, /; is define as variable loading

and X;is define as observed variable (Jamalani et al., 2016).

3. Results and Discussions
3.1. Temporal of API and Pollutants

As shown in the graph, Figures 1-6 panel (a) is the time series trend of daily API
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Figure 1. (a) Trend of air pollution index (API) for Batu Muda from 2008 to 2017 (b) Annual frequency of air pollution index
(API) categories followed Malaysian ambient air quality standard (MAAQS).
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Figure 2. (a) Trend of air pollution index (API) for Cheras from 2008 to 2017 (b) Annual frequency of air pollution index (API)

categories followed Malaysian ambient air quality standard (MAAQS).

value years for each station while panel (b) the annual frequencies of Air Pollu-
tion Index (API) categories for ten years of data. The daily reading of API was
compared to the Malaysian Ambient Air Quality Standard (MAAQS). From all
agglomeration where the monitoring station is located, the Air Pollution Index
(API) trend shows that most of the stations in Klang Valley from 2008 to 2017
are at unhealthy levels. Moreover, Klang and Shah Alam are found at hazardous
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Figure 3. (a) Trend of air pollution index (API) for Klang from 2008 to 2017 (b) Annual frequency of air pollution index (API)
categories followed Malaysian ambient air quality standard (MAAQS).

levels with API values greater than 300. For the Klang station, Air Pollution In-
dex (API) with values of more than 300 were recorded between middle 2013 to
early 2014, while for Shah Alam, the Air Pollution Index (API) value was de-
tected in the middle of 2013 and 2015. The highest Air Pollution Index (API)
recorded is 495 at Klang, which is hazardous.

Figures 1(b)-5(b) identify the category “moderate” as dominant for the ag-
glomerations were stations located in compact urban activities. This finding
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Figure 4. (a) Trend of air pollution index (API) for Petaling Jaya from 2008 to 2017 (b) annual frequency of air pollution index
(API) categories followed Malaysian ambient air quality standard (MAAQS).

shows that all monitoring stations recorded moderate air pollution even without
haze episodes. This finding might be due to pollutant emissions from local sources,
such as anthropogenic emissions as contributing factors (Jang et al., 2017; Ner-
riere et al., 2005).
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Figure 5. (a) Trend of air pollution index (API) for Shah Alam from 2008 to 2017 (b) annual frequency of air pollution index
(API) categories followed Malaysian ambient air quality standard (MAAQS).

Figure 7 illustrates the annual trends of air pollutants; Ozone (O;), Carbon
monoxide (CO), Sulfur Dioxide (SO,), Particulate Matter (PM,), and Nitrogen
Dioxide (NO,) in Klang Valley from 2008 to 2017. The annual average of con-
centration is between moderate and reasonable categories of Malaysian Ambient
Air Quality Standard (MAAQS).
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Figure 6. (a) Trend of air pollution index (API) for Putrajaya from 2008 to 2017 (b) Annual frequency of air pollution index (API)
categories followed by Malaysian ambient air quality standard (MAAQS).

The trends show that Klang station recorded high concentrations of all pollu-
tants except Nitrogen Dioxide (NO,). Klang station is located in the center of
Selangor and the hub of industrial activities and transportation. One of the busi-
er ports in Malaysia, Port Klang, might contribute to the heavy traffic congestion
from the port (Shah et al., 2010; Department of Environment (DOE), 2011).
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Annual Trend of Ozone (O,) for 10 years
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Annual Trend of Particulate Matter (PM, ) for 10 years
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Figure 7. Annual trends of ozone (Os), carbon monoxide (CO), sulfur dioxide (SO2), nitrogen dioxide (NO:)
(ppm) and particulate matter (PMio) (ug/m?) in Klang Valley from 2008 to 2017.

The Petaling Jaya station was surrounded by many industries and residential
and commercial areas (Rahman et al., 2015). In a study by Abdullah et al. (2018),
Nitrogen Dioxide (NO,) pollutants come from transportation. Almost 2.2 mil-
lion vehicles were registered in Selangor and Petaling Jaya as one city with a high
number of vehicles. Open burning activities, long-range transport of air pollu-
tants, and domestic fuel sources are also known as main Nitrogen Dioxide (NO,)

concentrations (Rajab et al., 2011).

3.2. Spatial Distribution of API

Figure 8 depicts an Inverse Distance Weighted (IDW) interpolation map of the
Annual Average of Air Quality Index (API) followed Malaysian Air Quality
Standard (MAAQS) categories of Air Quality Index (API) in Klang Valley over
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Figure 8. Spatial interpolation of annual average Air Pollution index (API) followed Malaysian ambient air quality standard

(MAAQS).

ten years. The six points on each map represent the location of Air Quality
Monitoring Station (AQMS) in the study area. The Air Quality Index (API)
reading was interpolated, and the reading decreased as the distance from the
monitoring station increased. Interpolation results showed that the distribution
of Air Quality Index (API) from 2008 to 2014 is the same, while all stations rec-
orded moderate Air Quality Index (API) in 2015. However, in 2016 and 2017,
Putrajaya and Petaling Jaya had low and high Air Quality Index (API) distribu-
tions, respectively, compared to other stations.

3.3. Sources of Pollutant Determination Using Principal
Component Analysis (PCA)

The Principal Component Analysis (PCA) was applied to five parameters to
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identify the most significant parameter besides understanding the multiple
sources of pollutants contributing to air pollution in the Klang Valley region.
The parameter was air pollutants; Ozone (O;), Carbon Monoxide (CO), Sulfur
Dioxide (SO,), Particulate Matter (PM,), and Nitrogen Dioxide (NO,).

Table 3 shows the eigenvalues for each linear component which only two
principal components (PCs) were found for each station. Dominick et al. (2012)
stated that only strong factor loading was selected for the principal components
(PCs) interpretation. The variability of each station is approximately 62.34 per-
cent (Batu Muda), 59.54 percent (Cheras), 58.99 percent (Klang), 58.88 percent
(Petaling Jaya), 56.43 percent (Shah Alam), and 59.93 percent for Putrajaya.

After determining the number of eigenvalues, rotation was applied to the se-
lected principal components (PCs) to enable interpretation. Varimax factors (VFs)
were obtained from the process after it was used. The Varimax factors (VFs) with
values greater than 0.75 were chosen as criteria in this study because they are solid
and stable, and they display moderate to solid loadings on the extracted compo-
nent (Azid et al., 2015). Four of the five air quality variables utilized in this study
meet the 0.75-factor loading requirement, as shown in Table 4 Carbon Monoxide
(CO), Nitrogen Dioxide (NO,), Ozone (Os) are the pollutants in consideration.
The potential contribution of pollution in the Klang Valley monitoring station is
then assigned to these pollutants. Furthermore, VF1 of all stations except Putrajaya
has a high positive factor loading toward Carbon Monoxide (CO) while for Nitro-
gen Dioxide (NO,), only Cheras, Petaling Jaya, Shah Alam. As for Particulate
Matter (PM,o) only Batu Muda and Putrajaya has high positive of VF1.

This result shows VF1for all sites contribute to traffic-related emissions (Pa-

pamanolis et al., 2015). Meanwhile, the second VF shows positive factor loading

Table 3. Eigenvalue of factor from principal component analysis (PCA).

Rotation Sums of Squared Loadings

Component
Total % of Variance Cumulative %
1 1.853 37.064 37.064
Batu Muda
2 1.266 25.322 62.386
1 1.725 34.507 34.507
Cheras
2 1.251 25.029 59.536
1 1.861 37.210 37.210
Klang
2 1.089 21.783 58.993
1 1.630 32.593 32.593
Petaling Jaya
2 1.315 26.291 58.884
1 1.692 33.836 33.836
Shah Alam
2 1.130 22.598 56.434
1 1.550 31.002 31.002
Putrajaya
2 1.446 28.923 59.925
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Table 4. Factor loading after varimax rotation for six stations.

S1 S2 S3 S4 S5 S6

Varimax Factor (VF)

1 2 1 2 1 2 1 2 1 2 1 2

Os 0.66 0.38 0.78 0.66 -0.18 —0.18 0.80 0.75 0.61 -0.44
CO 0.80 0.12 0.83 0.76 0.20 0.78 -0.15 0.82 -0.17 0.73 0.20
SO; 0.81 0.66 0.22 0.85 0.60 0.19 0.66 0.74
PMio 0.86 0.67 046 0.74 0.12 023 0.77 0.61 027 0.78 0.36
NO: 0.21 0.67 0.76 0.50 -0.53 0.76 0.25 0.78 0.16 0.20 0.73

is Ozone (O3). Interestingly, only three out of six stations shown a solid positive
contribution toward Ozone (O;). The VF factor loading for Cheras (0.78), Pe-
taling Jaya (0.80), and Shah Alam (0.75), respectively. In addition, Petaling Jaya
also exhibit high positive factor loading with Particulate Matter (PM;o) with a
value of 0.77. Two stations; Batu Muda and Klang have high positive toward
Sulfur Dioxide (SO,) with values 0.81 and 0.85.

As can be observed from the above, Carbon Monoxide (CO) was one of the
major pollutants in Klang Valley, together with Nitrogen Dioxide (NO,) and
Ozone (O;). Carbon Monoxide (CO) has been identified as one of the primary
environmental air pollution sources in Klang Valley especially Shah Alam, ac-
cording to prior studies. Carbon Monoxide (CO) is mostly produced by incom-
plete combustion of fuel in motor vehicles (Dominick et al., 2012) which trans-
portation sector is responsible for 77% of Carbon Monoxide (CO) emissions
worldwide (Rahman et al., 2015). Studies by Makmom et al. (2012) have pre-
dicted that motor vehicles in Malaysia are one of the major contributors to the
deterioration of atmospheric conditions.

The following significant contaminant is Nitrogen Dioxide (NO,). A study by
Isiyaka et al., (2015) Nitrogen Dioxide (NO,) emissions are primarily caused by
industrial activities as well as traffic congestion. As a result, motor vehicle emis-
sions in high-traffic areas were the primary source of Nitrogen Dioxide (NO).
This assertion was also supported by a study conducted by (Dominick et al.,
2012) which concluded that Nitrogen Dioxide (NO,) is a byproduct of heavy
traffic and industrial activity.

The study also revealed that Ozone (O;) is amongst the prevalent pollutant in
urban areas. It is considered as the primary component of smog formed by pho-
tochemical oxidation of its precursor Nitrogen monoxide (NOx), Carbon mo-
noxide (CO) and Volatile Organic Compounds (VOCs) (Banan et al., 2013,
Isiyaka et al., 2015). A study from Sadanaga et al. (2012) stated that concentra-
tion of Ozone (O3), especially in urban and suburban is probably contributed by
Nitrogen monoxide (NOx) and the downwind plume of Ozone (Os) precursors
from industrial activities (Wei et al., 2012, Monteiro et al., 2012).

According to Zakaria et al. (2017), Particulate Matter (PM,o) was produced by

DOI: 10.4236/gep.2022.101015

232 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.101015

N. Sahak et al.

point sources such as power generating, industrial operations, construction sites,
and automobile emissions. In Shah Alam, non-point sources included soil dust,
open burning activity around the research area, and Sumatra bush burning
(Isiyaka et al., 2015, Vallero, 2014). Particulate Matter (PM,,) is also formed as a
secondary pollutant by photo chemical oxidation of its precursors in favorable
air conditions (Rahman et al., 2015, Isiyaka et al., 2015). It was the primary
component of dust fall that moved from a source to an on-source location.

In addition, Sulfur Dioxide (SO,) was also detected as one of the potential
major pollutants in this study. According to Sahrir et al., 2014, Sulfur Dioxide
(SO,) is an acidic gas in the air that converts to sulfuric acid under moist condi-
tions or to sulfate under dry conditions. Major Sulfur Dioxide (SO,) problems
now tend to occur only in cities where coal is still widely used for domestic
heating, industry, and power plants (Sahrir et al., 2019). Because many power
plants are now located away from urban areas, Sulfur Dioxide (SO,) emissions
may have an impact on air quality in both rural and urban areas. Even low con-
centrations can cause a decrease in lung function in asthmatics (World Health
Organization, 2018). Sulfur Dioxide (SO,) is more harmful when particulate and

other pollution levels are high.

4. Conclusion

In conclusion, the Spatio-temporal characterization technique successfully iden-
tified the selected air quality parameters as well as the pattern of air monitoring
stations in Klang Valley, Malaysia. Temporally of ten years (2008-2017), ap-
proximately 56% frequency of days on air quality in Klang Valley was recorded
as a moderate category. Meanwhile, five percent was classified as unhealthy to
hazardous. Cheras station was identified as the most polluted station which rec-
orded 696 unhealthy days followed by Shah Alam and Batu Muda with 544 and
454 were recorded unhealthy to hazardous respectively. Meanwhile, the rest of
the stations were recorded below 300 unhealthy days. A similar pattern of Air
Quality Index (API) is distributed at all stations at good to moderate. Putrajaya
is the only station that has shown spatially good air quality. Overall the air pol-
lutant’s trend shows that major pollutant concentrations are within Malaysia’s
Ambient Air Quality Standard (MAAQS). Some stations are subjected to the
highest levels of pollutants with daily observation. Four pollutants in annual ob-
servation, Klang station exhibited high concentrations of Ozone (O;), Carbon
Monoxide (CO), Sulfur Dioxide (SO,), and Particulate Matter (PM,o). It also
found that Petaling Jaya consistently recorded a high concentration of Nitrogen
Dioxide (NO;). Three major pollutants are Carbon Monoxide (CO), Nitrogen
Dioxide (NO,) and Ozone (O3), found high at almost stations at Klang Valley,
which indicated traffic-related emissions. Furthermore, Particulate Matter
(PM,y) is also identified as a significant pollutant in different types of urban ac-
tivities, for instance, Putrajaya Station is known as an administrative urban type.

The rapid growth of urbanization and industrialization where the progressive
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expansion suburbs into closer proximity to an industrial plant in certain areas
has led to the problem of air pollution becoming an increasingly important is-
sue. Industrial activities as one contributor of the Air Quality Index (API) level
also need attention. Enforcing regulations by the government regarding indus-
trial activities can help Air Quality Index (API) value at the healthy level. There-
fore, comprehensive studies involving emission inventory, industrial emission
are needed. Statistical models for detecting where and when pollutants could

occur also can be considered.
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