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Abstract Multiple variables must be analyzed in order to assess air quality trends. It turns
into a multidimensional issue that calls for dynamic methods. In order to provide an
improved spatial cluster distribution with distinct validation, this study set out to illustrate the
hybrid cluster method in air quality monitoring stations in Peninsular Malaysia. The
Department of Environment, Malaysia (DOE), provided the data set, which covered the
two-year period from 2018 to 2019. This study included six air quality pollutants: PM1o,
PMz25s, SO2, NO2, Os, and CO. Principal component analysis (PCA), a multivariate
technique, was used to condense the information found in enormous data tables in order to
better comprehend the variables (to reduce dimensionality) prior to grouping the data. The
PCA factor scores were then used to produce the AHC. The clusters were validated using
discriminant analysis (DA). 36 of 47 stations required additional analysis using AHC,
according to the PCA factor scores. Low Polluted Region (LPR = seven stations), Moderate
Polluted Region (MPR = 20 stations), and High Polluted Region (HPR = nine stations) were
created from AHC and share the same characteristics. The DA results showed 84 %
correct classification rate for the clusters. With regard to identifying and categorizing
stations according to air quality characteristics, the framework presented here offers an
improved method. This illustrates that the hybrid cluster method utilized in this work can
produce a new method of pollutant distributions that is helpful in air pollution investigations.
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A With the economic and technological development of cities, environmental pollution problems are
article is distributed under

arising, such as water, noise and air pollution. Particularly, air pollution is growing in importance as a

the terms ofthe Creative global environmental problem since poor air quality can have a negative impact on people's health, the
Commons Attribution environment, and national economies. Any material of any sources within the atmosphere could be
License, which permits exists in particulate matter (PM1o, PM2sand Ultra Fine Particulate (UFP)), sulphur dioxide (SO2), nitrogen
unrestricted use and dioxide (NO2), ozone (Os), carbon monoxide (CO), heavy metals and volatile organic compounds
redistribution provided that (VOCs). Both industrialised and developing nations are concerned about the quality of the air they
the original author and breathe in today's world. The primary reasons of the reduction in air quality may include both
source are credited. anthropogenic (such as emissions from industry and cars) and natural (such as volcanic emissions and
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forest fires as transboundary pollution) sources [1]. Studies showed evidence that air pollution could be
a potential role in neurological diseases [2, 3] as well as in cognitive impairment [4-6]. Moreover, air
pollution showed an association in diabetes mellitus prevalence in Malaysia [7]. Recent studies in
school-aged children have also demonstrated an elevated risk for conditions including autism [8],
respiratory problems [9, 10], and asthma [11, 12] that are associated to genotoxicity brought by air
pollution [13]. With the significance health impacts from the polluted air, therefore air quality index
becoming the main indicator towards human health status. Air Pollution Index (API) is providing easily
comprehensible information about the air pollution indicator. Since 1989, the Malaysian Department of
Environment (DOE) has embraced API as a crucial tool to educate the public about air quality, potential
health consequences, and other environmental concerns [14]. The bigger the APl number, the more
hazardous the air is to human health. According to API values, the air quality is divided into five
categories: good, moderate, unhealthy, very unhealthy, and hazardous, with values corresponding to O
to 50, 51 to 100, 101 to 200, 201 to 300, and greater than 300. For instance, an API score of 50 indicates
good air quality, whereas an API value over 300 indicates hazardous air quality [15]. In the middle of
year 2017, DOE has upgraded the index calculation by using six pollutants parameter instead of five
parameters. PMzs has been introduced as one of the pollutants to be incorporated in the calculation
index [16]. The Recommended Malaysia Ambient Air Quality Guideline (RMAQG) has been replaced by
a New Ambient Air Quality Standard (NAAQS). This new standard incorporates six criteria for air
pollutants, including five existing ones: PMio, SO2, CO, NO2, and Os. Additionally, it includes an
additional parameter, PMzs. The implementation of the new standard includes interim targets such as
IT-1in 2015 and IT-2 in 2018, with full implementation scheduled for 2020.

Due to DOE's programmes on air pollution in Malaysia, it is essential for Malaysia, a growing nation, to
have an effective system for monitoring air quality. Chemometric techniques, sometimes referred to as
multivariate analysis, are one of the most up-to-date and trustworthy statistical methods used by
researchers to examine massive volumes of data. It is founded on the statistical principle, which calls
for monitoring and assessing several variables at once while keeping the workload manageable.
Because they can preventincorrect interpretation of results, these strategies are the best ones to employ
when applying to a significant amount of complicated environmental monitoring data [17]. It has been
demonstrated to be a more effective tool for analysing air quality than conventional statistical methods,
such as for spatial variations, which offers an understanding of the key trends and underlying
relationships in data, for contamination sources identification, data reduction, and interpretation [18,19].
These strategies offer better processing and interpretation of air quality data as well as effective
management of air quality monitoring programmes by minimising database complexity. Numerous
scientific investigations [14,19-23] have utilised principal component analysis (PCA), agglomerative
hierarchical cluster analysis (AHC), and discriminant analysis (DA), particularly in the monitoring of air
quality. The formulation of suitable plans for the efficient administration of air quality monitoring
programmes is made possible by the application of these techniques for decoding challenging
databases, which improves our understanding of the air quality in the research area [24].

Clustering is an exploratory data analysis technique that examines the data's underlying structure. K-
means and AHC, two well-known and commonly utilised techniques, have been used in air pollution
research since the 1980s and have attracted a lot of attention [25]. AHC analysis is a technique for
categorising items into clusters in which the objects (monitoring stations) inside a cluster are similar to
one another while objects in other clusters are distinct [26]. Characterization of the spatial variation of
air quality parameters can deliver an enhanced understanding of the ecological circumstance and aid
strategy producers to plan needs for practical air quality administration. The level of air quality is dictated
by measured air pollutants. Numerous studies have been done on these techniques, such as an
evaluation of PM2s in Malaysia based on spatial cluster analysis [14], a study on spatial PM2.5 using k-
means cluster analysis [27], a study on the classification of significant pollutants using AHC [28, 29], and
a study using cluster analysis to determine the pattern of air quality in Klang Valley [1]. However, several
multivariate statistical approaches, including agglomerative hierarchical cluster analysis (AHC),
discriminant analysis (DA), principal component analysis (PCA), and factor analysis (FA), were used to
analyse and reveal significant information from huge, complex data about air quality studies.

Using data gathered between 2018 and 2019, the hybrid clustering method (PCA-AHC) was used in this
study to classify sites throughout Peninsular Malaysia according to air quality pollutants. The study's
goals are to determine whether this newly developed approach will enable a better comprehension of
the heterogeneity in air quality pollutants. This shows that the hybrid methodology used in this work can
produce better pollutant distributions that are helpful in investigations of air pollution. We hope that the
identified clusters can be used to further investigate the heterogeneity in the relationship between air
pollutants concentration of the sampling sites and morbidity across the Peninsular Malaysia.
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