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ABSTRACT
This study aims to assess and compare levels of particulate matter (PM10 and PM2.5) in urban and industrial areas 

in Malaysia during haze episodes, which typically occur in the south west monsoon season. The high concentrations 
of atmospheric particles are mainly due to pollution from neighbouring countries. Daily PM concentrations were 
analysed for urban and industrial areas including Alor Setar, Tasek, Shah Alam, Klang, Bandaraya Melaka, Larkin, 
Balok Baru, and Kuala Terengganu in 2018 and 2019. The analysis employed spatiotemporal to examine how PM 
levels were distributed. The data summary revealed that PM levels in all study areas were right-skewed, indicating the 
occurrence of high particulate events. Significant peaks in PM concentrations during haze events were consistently 
observed between June and October, encompassing the south west monsoon and inter-monsoon periods. The study 
on acute respiratory illnesses primarily focused on Selangor. Analysis revealed that Klang had the highest mean 
number of inpatient cases for acute exacerbation of bronchial asthma (AEBA) and acute exacerbation of chronic 
obstructive pulmonary disease (AECOPD) with values of 260.500 and 185.170, respectively. Similarly, for outpatient 
cases of AEBA and AECOPD, Klang had the highest average values of 41.67 and 14.00, respectively. Shah Alam and 
Sungai Buloh did not show a significant increase in cases during periods of biomass burning. The statistical analysis 
concluded that higher concentrations of PM were associated with increased hospital admissions, particularly from 
June to September, as shown in the bar diagram. Haze episodes were associated with more healthcare utilization 
due to haze-related respiratory illnesses, seen in higher inpatient and outpatient visits (p < 0.05). However, seasonal 
variability had minimal impact on healthcare utilization. These findings offer a comprehensive assessment of PM 
levels during historic haze episodes, providing valuable insights for authorities to develop policies and guidelines for 
effective monitoring and mitigation of the negative impacts of haze events.
Keywords: Haze; Particulate matter (PM10 and PM2.5); AEBA and AECOPD; Spatial variability
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1. Introduction
The haze event is defined as the presence of fine 

particles (0.1-1.0 μm in diameter) dispersed at a high 
concentration through a portion of the atmosphere 
that diminishes the horizontal visibility, giving the 
atmosphere a characteristic opalescent appearance [1].  
In the meantime, China Meteorological Adminis-
tration defined haze as a pollution phenomenon that 
cuts atmospheric visibility to 10 km due to complex 
materials that are suspended in the atmosphere, 
such as solid or liquid particulates, dust, smoke, and 
vapour [2]. Due to a toxic mixture of air pollutants, 
including particulate matter and toxic gases, that 
are impacted by weather patterns including ambi-
ent temperature, relative humidity, and wind speed, 
these circumstances enhance the severity of the air 
quality [3]. Since the 1980s until recently, Malaysia 
has endured this terrible phenomenon for a decade. 
Whenever the relative humidity is less than 80% and 
vision is less than 10 km, haze is observed if the sur-
rounding air has a high concentration of particulate 
matter remaining in the air, which could or could not 
been seen with the naked eye [4].

Transboundary smoke haze from open biomass 
burning in Indonesia can affect Malaysia’s air quality. 
This environmental issue is a seasonal occurrence [5].  
Haze pollution, caused by the burning of forests, 
has been identified as a global environmental issue 
affecting South East Asian countries such as Malay-
sia, Singapore, Indonesia, Brunei Darussalam, and 
Southern Thailand [6]. Haze occurs in Indonesia be-
cause of recurring biomass burning, including wild-
fires, wetlands, and agricultural burning. The effect 
of uncertain monsoon rain as well as the El-Nino 
event are worsening the transboundary haze given 
the long and dry meteorological conditions, particu-
larly throughout the south west monsoon condition [7].

Indonesia, being the largest global producer, re-
lies heavily on palm oil production as its primary 
economic driver. The country supplies approximate-
ly half of the world’s palm oil. This industry has wit-
nessed a remarkable surge, escalating from 157,000 
tonnes in 1964 to an astounding 43.5 million tonnes 
in 2020 [8]. The islands of Borneo and Sumatra are 

the primary contributors to Indonesia’s palm oil out-
put. Unfortunately, a prevalent practice among many 
landholders involves the deliberate burning of forests 
and peatlands to facilitate clearance, drainage, and 
subsequent replanting for industrial plantation pur-
poses [9]. 

Regrettably, this method leads to the occurrence 
of haze, an atmospheric phenomenon, which can 
disperse to neighboring nations such as Malaysia, 
Singapore, and other countries in South-east Asia [10]. 
This dispersion is influenced by key meteorological 
factors including temperature (T), relative humidity 
(RH), wind speed (WS), and wind direction (WD). 
During haze episodes, there is a significant increase 
in the concentration of particulate matter, particu-
larly those with an aerodynamic diameter equal to 
or less than 10 µm (PM10), in the surrounding air. 
These concentrations often exceeded the Malaysian 
Ambient Air Quality Standard (MAAQS) for PM10, 
which is set at 100 µg/m3 for a 24-hour average [11]. 

Typically, the seasonal transboundary haze occurs 
due to the release of smoke from combustion, re-
sulting in high concentrations of airborne particulate 
matter. Most of these particles have a size of less 
than 2.5 microns (PM2.5), allowing them to remain 
suspended in wind currents for extended durations. 
Furthermore, their small size enables them to pen-
etrate deep into the respiratory tract of humans [12]. 
During seasonal haze episodes, there is a noticeable 
exacerbation of asthma and other respiratory-related 
symptoms in the short term. However, the long-term 
health implications of intermittent extreme episodes 
of seasonal haze exposure are still not well under-
stood. While some studies have indicated a potential-
ly elevated risk of chronic diseases like lung cancer, 
these findings have primarily been observed in the 
context of chronic exposure [13,14]. 

Consequently, lack of conclusive evidence re-
garding the potential health impacts of haze-induced 
morbidity in developing countries within ASEAN 
especially Malaysia. Therefore, further research 
particularly in Malaysia is necessary to facilitate 
more effective public health planning in the future. 
Taking this into account, the objective of this study 
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is to identify the spatiotemporal patterns of particu-
late matter (PM10 and PM2.5 level) and assess the 
potential health impacts of seasonal haze exposure 
resulting from biomass burning in Malaysia using 
statistical methods. 

2. Materials and methods

2.1 Study area and dataset

In this research, the daily measurement data 
(2018-2019) for PM10 and PM2.5 of air monitoring 
stations in Peninsular Malaysia were collected from 
the Department of Environmental (DOE) Malaysia. 
This study focused on peninsular Malaysia with 
certain locations including Shah Alam and Klang 
(Selangor), Bandaraya Melaka (Melaka), Balok Baru 
(Kuantan), Larkin (Johor Bahru), Alor Setar (Kedah), 
Kuala Terengganu (Terengganu) and Tasek (Ipoh) 
since peninsular Malaysia are closer to Sumatera and 
are more densely populated [11] as well as have expe-
rienced significant haze events in the past, making 
them relevant study sites for understanding the his-
torical and ongoing impacts of transboundary haze. 
Besides, these areas have established research infra-
structure, including monitoring stations and data col-
lection systems [15]. This infrastructure can provide a 
valuable foundation for conducting comprehensive 
studies on the effects of transboundary haze. The 
air quality dataset that was acquired from the De-
partment of Environment, Malaysia was commonly 
subjected to standard quality control processes and 
quality assurance procedures [16]. The procedures that 
were used in the monitoring stations followed the 
standards outlined States Environmental Protection 
Agency (USEPA) [17].

Figure 1 shows the location of the study area in 
Peninsular Malaysia. Table 1 provides a detailed 
description of the selected monitoring areas and the 
climatic conditions such as the average wind speed 
(m/s), relative humidity (%) and temperature (°C). 
The lowest wind speed was observed in Shah Alam 
and Larkin (0.89 m/s) whereas the highest temper-
ature was recorded in Klang (28.4 °C) and Melaka  
(28.2 °C).

There was no exact article that mentioned the 
starting and end date of haze episode in 2019 but 
there was one newspaper article written by Sinar Ha-
rian dated 21st September 2019 mentioned that the 
hazy weather that hit the region of the country was 
expected to improve within the week due to the mon-
soon transition phase [18]. In addition, it was reported 
by the Department of Environment [19] that air quality 
in Malaysia is considered rather degraded, as the an-
nual mean PM2.5 concentration was about 20 µg m−3 
in 2019, thus exceeding the limit set by WHO.

In addition, the health data for two consecu-
tive years (2018-2019) of monthly in-patients and 
out-patients diagnosed with Acute Exacerbation of 
Bronchial Asthma (AEBA) and Acute Exacerbation 
of Chronic Obstructive Pulmonary Disease (AE-
COPD) due to the association with particulate matter 
during haze events were collected from the Ministry 
of Health (MOH). Respiratory health data from eight 
hospitals in Peninsular Malaysia were used for the 
analysis. However, due to limited cooperation from 
some hospitals, the respiratory health data were only 
obtained from hospitals in Selangor. 

2.2 Contour plot (ArcGIS and Kriging Method)

GIS is a significant tool for monitoring and 
analysing air quality. GIS has been used in certain 
significant studies for geographical and tempo-
ral characterization of emitted air pollutants [20]. A 
spatial interpolation method is one of the common 
techniques for mapping air pollution [21]. Further-
more, incorporating spatial analysis in GIS can assist 
researchers in expanding their understanding of the 
distribution of pollutants in specific locations or are-
as, as well as understanding the factors that influence 
trends and significance. The spatial map may give an 
initial overview of the potential health risks faced by 
people living in areas with high levels of air pollu-
tion [22].

Interpolation involves utilizing sample data from 
neighboring locations and considering spatial auto-
correlation-variogram to predict the pollutant values 
in areas where direct measurements are not availa-
ble. By leveraging GIS and interpolation techniques, 
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Figure 1. Air quality monitoring station in Peninsular Malaysia.

Table 1. Air quality monitoring station.

Monitoring location Area Coordinates Background
Average 
wind speed
(m/s)

Average 
relative 
humidity
(%)

Average 
temperature
(°C)

Secondary Islamic 
School of Kedah Alor Setar N 6.213148

E 100.329915 Urban 1.33 79.10 27.92

Jalan Tasek National 
Secondary School Tasek N 4.630805

E 101.117826 Industrial 1.28 74.71 27.69

TTDI Jaya Primary 
School Shah Alam N 3.104710

E 101.556179 Urban 0.86 78.24 27.49

Raja Zarina 
Secondary Girls 
School

Klang N 3.009994
E 101.408374 Urban 1.38 78.55 28.40

Melaka Secondary 
High School

Bandaraya 
Melaka

N 2.191726
E 102.254588 Urban 1.41 78.02 28.24

IPG, Campus 
Temenggong Ibrahim Larkin N 1.492353

E 103.738014 Industrial 0.89 83.47 27.59

Balok Baru Primary 
School Balok Baru N 3.96175

E 103.38212 Industrial 1.94 82.28 26.79

Pusat Chabang Tiga 
Primary School

Kuala 
Terengganu

N 5.306791
E 103.122190 Urban 1.26 82.44 26.88
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it becomes possible to gain additional insights into 
the distribution of PM10 and PM2.5 beyond the 
coverage of monitoring stations. In this study, spatial 
analysis was performed using Ordinary Kringing 
Interpolation Method (OKM) using ArcGIS software 
version 10.5 to analyze the continuous distribution of 
PM10 and PM2.5 concentration for all the stations [23]. 
Compared with the Inverse Distance Weighted (IDW) 
interpolation method, the output of the OKM has 
better continuity. In addition, OKM is widely applied 
to study the spatiotemporal distribution of air quality, 
and the corresponding model has the best superiority 
in cross validation [24].

3. Results and discussion

3.1 Temporal analysis of particulate matter 
concentration

Table 2 presented data on the concentration of 
particulate matter (PM) in the eight different loca-
tions over a two-year period. According to the Ma-
laysian Ambient Air Quality Standard (MAAQS) 
interim target 2 (IT-2), the recommended limit for 
the 1-year average of PM10 is 45 µg/m3. The mean 
PM10 values in the selected study areas for all sta-
tions were below this threshold, however, the mean 
values of PM10 and PM2.5 level for all stations in 
2018 and 2019 exceeded their median values, sug-
gesting that the distribution of the data were skewed 
or extreme concentrations of PM10 were present 
during those years.

Overall, the mean values observed in all stations 
during the two years were higher than the median 
values, indicating a positively skewed distribution 
of PM10 concentrations. This suggests a higher 
likelihood of PM10 measurements exceeding the 
permissible value of MAAQS (IT-2), which was 120 
µg/m3 for the 24-hour average. The skewness values, 
mostly greater than +1 in most areas, further indicate 
that the data was highly skewed to the right.

In 2019, the maximum PM10 concentration was 
recorded as the highest value compared to all study 
areas during the two-year period. Bandaraya Mela-
ka and Klang had the highest concentrations, with 

measurements of 173.897 µg/m3 and 163.536 µg/m3 
respectively. Alor Setar, Tasek, Shah Alam, Larkin, 
Balok Baru, and Kuala Terengganu recorded their 
highest PM10 concentrations ranging from 80.015 
µg/m3 to 156.553 µg/m3. In general, most of the 
maximum values in each year of the study exceeded 
the MAAQS.

For PM2.5, the MAAQS sets a guideline of 25 
µg/m3 for the 1-year average. The mean PM2.5 val-
ues in the study area, which is primarily categorized 
as an urban industrial area, exceeded this standard. 
Similar to PM10, the mean values of PM2.5 concen-
tration for all stations in 2018 and 2019 exceeded 
their median values, indicating the concentration was 
right skewed hence signifying the extreme concen-
trations of PM2.5 during those years. This suggests 
a positively skewed distribution of PM2.5 concen-
trations, with a higher possibility of exceeding the 
permissible value of MAAQS, which is 50 µg/m3 for 
the 24-hour average.

The highest PM2.5 concentration in 2019 was 
recorded in Bandaraya Melaka and Shah Alam, with 
measurements of 151.105 µg/m3 and 144.917 µg/m3, 
respectively, compared to the other study areas. The 
standard deviation indicates that the PM2.5 measure-
ments showed more variability, with a higher range 
of PM2.5 levels observed in Shah Alam. In general, 
the concentrations of PM10 and PM2.5 in 2019 were 
significantly higher compared to 2018, indicating 
the occurrence of an intense haze event during 2019. 
Despite the lower particulate matter concentration in 
2018, it still exceeded the standard value set by the 
MAAQS.

Daily variations of particulate matter PM10 and 
PM2.5 were shown in Figures 2 and 3 respectively. 
The black solid line indicates the Malaysian Ambient 
Air Quality Standard (MAAQS) for 24-hour average 
time which was 120 µg/m3 for PM10 and 50 µg/m3 
for PM2.5. Seasonal patterns were clearly observed 
in Figure 3 in which higher PM10 concentration 
values can be seen during the South west monsoon 
(June to September). During this period, almost 
all air quality monitoring stations in the Malaysian 
Peninsular area were affected by the transboundary 
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Table 2. Data summary of PM10 and PM2.5 concentration.

Stations Statistics
2018 2019

PM10 (µg/m³) PM2.5 (µg/m³) PM10  (µg/m³) PM2.5 (µg/m³)

Alor Setar N (Valid) 365 365 365 365

Mean 21.514 14.659 22.278 16.103

Median 19.116 12.336 19.026 12.804

Std Dev 10.756 9.264 12.710 10.989

Variance 115.683 85.828 161.554 120.762

Skewness 2.392 2.919 1.730 2.198

Minimum 6.072 3.335 5.516 3.288

Maximum 95.089 84.178 80.015 71.074

Tasek N (Valid) 365 365 365 365

Mean 28.757 18.752 31.142 22.843

Median 28.627 17.862 27.199 18.889

Std Dev 9.969 6.949 17.653 16.032

Variance 99.377 48.293 311.639 257.040

Skewness 0.858 1.568 3.470 3.471

Minimum 11.266 6.702 11.113 6.606

Maximum 78.185 60.630 149.742 133.332

Shah Alam N (Valid) 365 365 365 365

Mean 34.508 25.202 41.989 32.138

Median 32.898 23.773 37.129 27.273

Std Dev 10.367 8.148 21.607 19.708

Variance 107.485 66.384 466.842 388.392

Skewness 0.721 0.832 2.643 2.961

Minimum 11.757 8.155 15.023 10.111

Maximum 78.380 62.641 156.553 144.917

Klang N (Valid) 365 365 365 365

Mean 40.898 27.787 41.419 33.037

Median 39.889 25.976 36.104 28.909

Std Dev 15.730 11.234 22.582 18.517

Variance 247.440 126.197 509.967 342.864

Skewness 1.319 2.387 2.597 2.930

Minimum 13.588 9.210 11.688 9.764

Maximum 135.369 117.015 163.536 140.321

Bandaraya 
Melaka

N (Valid) 365 365 365 365

Mean 25.595 18.692 30.624 23.491

Median 23.542 16.847 24.797 18.782

Std Dev 10.780 8.890 21.125 18.348

Variance 116.200 79.027 446.273 336.656

Skewness 1.660 2.400 2.947 3.092

Minimum 7.571 3.200 9.147 5.223

Maximum 98.075 94.033 173.897 151.105
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Stations Statistics
2018 2019
PM10 (µg/m³) PM2.5 (µg/m³) PM10 (µg/m³) PM2.5 (µg/m³)

Larkin N (Valid) 365 365 365 365
Mean 29.248 20.479 35.604 24.660
Median 27.554 19.629 31.812 21.492
Std Dev 8.625 6.783 16.139 14.180
Variance 74.386 46.011 260.472 201.063
Skewness 0.633 0.592 2.584 2.658
Minimum 8.184 5.285 10.339 6.750
Maximum 56.704 42.954 135.588 112.243

Balok Baru N (Valid) 365 365 365 365
Mean 28.555 17.846 33.818 23.184
Median 27.025 16.431 28.755 18.177
Std Dev 9.934 7.754 18.587 17.400
Variance 98.694 60.129 345.492 302.743
Skewness 0.534 0.887 2.704 2.765
Minimum 7.316 3.533 9.965 4.563
Maximum 58.324 47.538 141.645 129.584

Kuala Terengganu N (Valid) 365 365 365 365
Mean 25.344 17.343 28.862 19.738
Median 24.334 16.324 26.175 17.291
Std Dev 10.169 8.138 14.072 12.840
Variance 103.417 66.224 198.032 164.860
Skewness 0.997 0.851 2.735 2.766
Minimum 6.057 3.011 8.325 3.566
Maximum 76.347 53.167 118.189 103.259

Table 2 continued

sources of biomass burning from Sumatra, Indone-
sia [21]. In 2018, the level of PM10 began to increase 
in early May and reached its peak by the end of 
September and October. This peak can be clearly 
observed before weakening in November when the 
arrival of delayed monsoonal rain helped extinguish 
fires and improve air quality in the region [22]. During 
the peak period, all study areas were found to have 
similar intensities of PM10 levels.

However, Klang recorded the highest concen-
tration, with levels reaching almost 135.659 µg/m3, 
exceeding the 120 µg/m3 threshold set for a 24-hour 
duration. Conversely, the lowest concentration of 
PM10 during the peak was observed in Larkin, with 
a concentration of 56.704 µg/m3. In early March, 
Melaka exhibited a higher PM10 concentration, 
although it did not exceed the MAAQS value. Over-

all, a significant peak in PM10 concentration was 
observed from June during the south west monsoon 
until the inter-monsoon period in October. Although 
Melaka experienced higher PM10 concentrations 
in early March, it remained within the acceptable 
MAAQS limits. In general, all monitoring stations 
recorded PM10 concentrations below the standard 
value, except for Klang.

Meanwhile, in 2019, the concentration of PM10 
was significantly higher compared to 2018. It was 
evident that haze events occurred more frequently, 
starting around June and lasting until October, with 
the peak period observed in September and Octo-
ber. However, for certain locations like Shah Alam, 
Klang, and Melaka, the peak extended until the end 
of December. Among these areas, Melaka recorded 
the highest PM10 concentration at 173.897 µg/m3, 
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followed by Klang and Shah Alam with 163.536 µg/m3 
and 156.553 µg/m3 respectively. The distribution of 
pollutants during this period was likely influenced by 
monsoons.

The transboundary air pollution resulting from 
the burning of fires on Indonesia’s Sumatra Island 
was a major contributor to the haze event. Strong 
winds carried the smoke across the Melaka Strait 
during the south west monsoon season. The peak 
concentration levels of PM10 were mostly detected 
from June to September, coinciding with the south 
west monsoon when low-level winds facilitated the 
long-range transport of pollutants [22]. These fine 
particles were able to be transported across borders 
from Sumatra and Kalimantan, moving northward to 

peninsular Malaysia due to the prevailing regional 
wind direction [25].

The daily concentrations of PM2.5 in all study 
areas mostly exceed the standard value of the Ma-
laysian Ambient Air Quality Standard (MAAQS) 
for 24-hour which is 50 µg/m3 (Figure 3). The 
concentration of PM2.5 was higher during the haze 
episode than before it. The highest PM2.5 value was 
117.015 µg/m3 in Klang in 2018 and 151.105 µg/m3 
in Melaka in 2019. Each highest result was in June 
to September which may be related to the South west 
Monsoon. During the haze episode, the smoke from 
Sumatra will travel to Peninsular Malaysia. In most 
cases, all the stations located on the west coast of 
Peninsular Malaysia have similar patterns of PM2.5 

(a)

(b)
Figure 2. Daily time-series plot of PM10 concentration (a) 2018 and (b) 2019.
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concentration during the haze episode based on the 
intensity of the smoke and wind direction. 

On top of that, Balok Baru, Kuantan recorded the 
highest peak in late March until late May. During 
this period, the eastern coast of peninsular Malaysia 
was influenced by the northeast monsoon, which 
brought dry and stagnant weather conditions. These 
conditions can lead to the accumulation of pollutants 
in the air, resulting in higher PM2.5 concentrations [26]. 
Besides, Balok Baru, being an urban area with indus-
trial activities and transportation, has local pollution 
sources that contribute to the higher PM10 levels. In-
dustrial emissions, vehicle exhaust, and construction 
activities can all release particulate matter into the 

air, increasing the concentration of PM10.
South west monsoon largely influenced phases of 

the El Nino phenomenon [27]. These dry conditions 
coupled with the warm temperatures associated with 
El Nino create an extremely favorable and conducive 
environment for large-scale outbreaks in Sumatra 
and Kalimantan. PM2.5 concentrations were strong-
ly affected by meteorological parameters such as 
wind direction, wind speed, temperature, and relative 
humidity [4]. At low wind speeds, the atmosphere 
tends to stabilize and spread slowly, and discharged 
contaminants easily accumulate, resulting in a higher 
concentration of particulate matter [22]. Lower wind 
speeds might inhibit the dispersion of pollutants in 

(a)

(b)

Figure 3. Daily time-series plot of PM2.5 concentration (a) 2018 and (b) 2019.
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vertical and horizontal directions, while higher tem-
peratures and humidity promote gas-to-particle con-
version and generate secondary aerosols [28].

3.2 Spatial variation of particulate matter 
concentration

Monthly variations of PM10 and PM2.5 concen-
tration for all study areas were analyzed by using 
contour plots as depicted in Figures 4 and 5. The 
spatial variation of PM10 and PM2.5 for selected 
study areas showed spatial variability from January to 
December. In general, the levels of PM10 concentra-
tion were in the range of 19 to 74 µg/m3 while PM2.5 
concentration was in the range of 13 to 61 µg/m3  
from January to December. From January to March, 
Klang and Shah Alam stations recorded elevated 
PM10 and PM2.5 concentrations of between 38 to 46 
and 29 to 35 respectively and the other stations also 
displayed a similar but smaller distribution range 
while Melaka showed the highest PM10 and PM2.5 
concentration in April. 

However, monthly PM10 and PM2.5 concentration 
was observed higher from May until September which 
was during the south west monsoon. From previous 
analysis, it can be determined that seasonal variation 
of PM10 and PM2.5 levels seem much related to 
south-westerly winds which coincides with the region-
al biomass burning period which starts around May 
and lasts until September. The seasonal variations, El 
Nino modulation enhance the effects of haze and the 
pollutants concentration in the region during the south 
west monsoon dry season [29]. Overall, the highest 
monthly concentration was observed during the end 
of the south west monsoon especially in August and 
September whereas the concentration dropped in No-
vember when the north east monsoon started. 

A study by Elhadi et al. [30] revealed that the south 
west monsoon wind from Sumatra reaches the cen-
tral area of peninsular Malaysia within 48-h during 
south west monsoon season prevailing every year. 
Overall, the higher PM10 and PM2.5 observed dur-
ing the south west monsoon season were influenced 
by local sources of emissions. In addition, low wind 
speeds, low temperature, low humidity, and low 

rainfall promote higher concentrations of PM2.5 and 
PM10, especially during this season [31]. On top of 
that, spatial variation in particulate matter levels has 
been observed during the wet season which is north 
east monsoon. A Low level of particulate matter can 
be seen from November until March with the range 
of 38 to 46 µg/m3 for PM10 and 27 to 35 µg/m3 for 
PM2.5. During the wet season, the humidity level 
is high and there is a higher chance of rainfall. The 
water vapors wash away all the suspended particles 
from the atmosphere, thereby reducing the particu-
late matter level [32,22].

3.3 Descriptive analysis of acute respiratory 
disease

Data summary for respiratory disease hospitali-
zations in three study areas, namely Hospital Shah 
Alam, Hospital Sungai Buloh, and Hospital Tengku 
Ampuan Rahimah in Klang, are presented in Table 
3 for 2018 and 2019. The statistics include mean, 
median, standard deviation, skewness, minimum, 
and maximum values. Overall, Klang had the high-
est number of patients admitted to the hospital for 
ACOPD and AEBA.

For inpatient AECOPD and AEBA cases, Hospi-
tal Tengku Ampuan Rahimah in Klang recorded the 
highest mean values of 185.17 and 260.50, respec-
tively, in 2018, with standard deviations of 40.296 
and 54.959. The mean values observed in all study 
areas and years were higher than the corresponding 
medians, indicating a positively skewed distribution 
for inpatient AECOPD and AEBA cases. Similarly, 
for outpatient AECOPD and AEBA cases, Hospital 
Tengku Ampuan Rahimah in Klang had the highest 
mean values of 14.00 and 41.67, with standard devi-
ations of 12.799 and 17.385, respectively.

Furthermore, the highest maximum values for 
hospital admissions were 400 in 2018 and 297 in 
2019, both for AEBA inpatient cases at Hospital 
Tengku Ampuan Rahimah in Klang. However, the 
specific data on hospital admissions for AECOPD 
and AEBA at Hospital Shah Alam and Hospital Sun-
gai Buloh may not indicate a significant increase 
during periods of biomass burning from forest and 
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Figure 4. Mapping of PM10 concentration distribution at study area (January-December).
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Figure 5. Mapping of PM2.5 concentration distribution at study area (January-December).
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Table 3. Data summary of acute respiratory ill diseases.

Year Healthcare utilization
(Respiratory disease) Statistics

Hospital
Shah
Alam

Hospital 
Sungai
Buloh

Hospital Tengku 
Ampuan Rahimah, 
Klang

2018
Inpatient AECOPD

N (Valid) 12 12 12

Mean 30.750 15.420 185.170

Median 27.000 15.000 173.500

Std Dev 14.040 5.125 40.296

Variance 197.114 26.265 1623.788

Skewness 0.612 0.727 0.990

Minimum 9 9 144

Maximum 56 26 260

AEBA N (Valid) 12 12 12

Mean 88.420 46.500 260.500

Median 88.500 49.500 244.500

Std Dev 26.559 11.844 54.959

Variance 705.356 140.273 3020.455

Skewness 0.775 –0.084 1.642

Minimum 44 30 203

Maximum 150 64 400

Outpatient AECOPD N (Valid) 12 12 12

Mean 0.670 0.580 14.000

Median 0.000 0.000 8.500

Std Dev 1.155 1.730 12.799

Variance 1.333 2.992 163.818

Skewness 1.638 3.309 1.763

Minimum 0 0 2

Maximum 3 6 47

AEBA N (Valid) 12 12 12

Mean 16.420 19.580 41.670

Median 17.000 14.500 38.500

Std Dev 7.192 13.521 17.385

Variance 51.720 182.811 302.242

Skewness –0.079 2.393 1.173

Minimum 5 9 21

Maximum 29 58 82
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Year Healthcare utilization (respiratory 
disease) Statistics

Hospital 
Shah 
Alam

Hospital 
Sungai 
Buloh

Hospital Tengku Ampuan 
Rahimah, Klang

2019
Inpatient AECOPD

N (Valid) 12 12 12

Mean 20.580 14.330 157.080

Median 18.000 15.000 145.500

Std Dev 9.199 5.805 33.530

Variance 84.629 33.697 1124.265

Skewness 0.465 –0.081 0.789

Minimum 9 3 107

Maximum 36 24 229

AEBA N (Valid) 12 12 12

Mean 88.500 43.250 203.670

Median 82.000 42.500 194.500

Std Dev 30.527 7.300 45.777

Variance 931.909 53.295 2095.515

Skewness 1.008 –0.151 0.752

Minimum 54 32 152

Maximum 154 54 297

Outpatient AECOPD N (Valid) 12 12 12

Mean 5.830 1.420 9.830

Median 1.500 0.000 10.500

Std Dev 7.756 2.275 7.802

Variance 60.152 5.174 60.879

Skewness 1.429 1.603 0.052

Minimum 0 0 0

Maximum 22 6 23

AEBA N (Valid) 12 12 12

Mean 14.250 14.670 39.330

Median 8.500 11.000 38.500

Std Dev 14.372 8.195 11.523

Variance 206.568 67.152 132.788

Skewness 1.779 0.750 0.652

Minimum 4 6 23

Maximum 50 29 63

Table 3 continued

peat fires caused by agricultural land clearing in In-
donesia. It is important to consider that certain health 
conditions, such as respiratory infections or seasonal 
allergies, may exhibit seasonal patterns. Factors like 

haze, increased pollen levels, or climate changes dur-
ing specific times of the year can worsen respiratory 
conditions and lead to higher hospital admissions 
during those periods.
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3.4 Trends of healthcare utilization

Figure 6 illustrates the bar diagram for the 
monthly average of healthcare utilization for 2018 
and 2019. The trend in healthcare utilization can be 
seen in those hospitals. The findings of this study 
indicate that there was a higher utilization of health-
care services for respiratory illnesses from June until 
September which coincided with the south-westerly 
monsoon season. The analysis considered both acute 
exacerbation of bronchial asthma (AEBA) and acute 
exacerbation of chronic obstructive pulmonary dis-
ease (AECOPD), examining the total and average 
number of hospital admissions and outpatient visits.

Hospital Tengku Ampuan Rahimah, Klang 
showed the highest number in healthcare utilization 
among all study areas. Klang located in the western 
area experienced higher PM10 and PM2.5 concen-
tration distribution as compared to the eastern and 
northern parts of Klang Valley. It can be evident 
from previous analysis in the time series plot (Fig-
ures 2 and 3), that Klang depicts the highest PM 
concentration among all study areas. 

During these periods, the highest recorded levels 
of haze were observed due to biomass burning re-
sulting from agricultural land clearing in Indonesia. 
This situation was exacerbated by the south-west 
monsoon season, which typically occurs from May 

(a)

(b)

Figure 6. Monthly histogram plot healthcare utilization (a) inpatient and (b) outpatient.
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to September. The prevailing winds from Sumatra, 
which followed the south west monsoon pattern, 
took approximately 48 hours to reach all Continuous 
Air Quality Monitoring (CAQM) stations in Selan-
gor, Malaysia. As the wind carried the particulate 
matter and gaseous pollutants from the affected re-
gion, particularly Selangor’s western part, it contrib-
uted to the elevated levels of haze in the area [33].

3.5 Association between healthcare utilization 
and particulate matter concentrations

The Mann-Whitney U test was used to compare 
the healthcare utilization (AEBA inpatient and out-
patient) between two independent groups mainly 
particulate matter PM10 and PM2.5. Based on Table 
4, the overall mean AEBA inpatient with particulate 
matter (PM10 and PM2.5) was higher than the mean 
AEBA outpatient with particulate matter (PM10 
and PM2.5) which indicates that hospital admission 
in Selangor was higher compared to outpatient. 
Overall, the p-values for both healthcare utilization 
variables are less than 0.001 (except for AEBA out-
patient in Klang), indicating a strongly statistically 
significant relationship between healthcare utiliza-
tion and particulate matter levels in this area. Hence, 
there was sufficient evidence to reject that there was 
no difference between the mean of PM10 and PM2.5 

with acute respiratory diseases.
In order to observe seasonal association, Table 5 

shows the mean values and p-values for healthcare 
utilization (AEBA inpatient and outpatient) during 
the South West Monsoon (SWM) and North East 
Monsoon (NEM) seasons, along with the particulate 
matter concentrations (PM10 and PM2.5). Overall, 
both particulate matter concentrations (PM10 and 
PM2.5) were statistically significant with healthcare 
utilization, as indicated by the p-values of < 0.001 
(except for AEBA outpatient during the North east 
monsoon season). The results indicate that higher 
concentrations of PM10 and PM2.5 are associated 
with increased healthcare utilization for both AEBA 
inpatient and outpatient cases during both the SWM 
and NEM seasons. However, it is important to note 
that the association with PM2.5 becomes non-sig-
nificant for AEBA outpatient cases during the NEM 
season. During haze episodes, particulate matter was 
the most dominant air pollutant. Previous studies 
showed that particulate matter triggered inflammato-
ry reactions, mainly affecting the respiratory system, 
and resulted in AEBA [34]. As a result of exposure 
to higher concentrations levels of particulate matter 
during haze episodes, the number of AEBA cases 
was also expected to rise and subsequently lead to 
an increase in healthcare utilization during haze epi-
sodes, as seen in this study. 

Table 4. Association between healthcare utilization and particulate matter concentrations.

Location Healthcare utilization PM10 PM2.5

Shah Alam

AEBA 
inpatient

Mean 63.360 58.573

P-value < 0.001 < 0.001

AEBA outpatient
Mean 26.798 22.011

P-value < 0.001 < 0.001

Sungai Buloh

AEBA 
inpatient

Mean 41.569 36.781

P-value 0.013 < 0.001

AEBA outpatient
Mean 27.694 22.906

P-value < 0.001 < 0.001

Klang

AEBA 
inpatient

Mean 136.620 131.251

P-value < 0.001 < 0.001

AEBA outpatient
Mean 40.828 35.460

P-value 0.536 0.006
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Table 5. Association between healthcare utilization and particu-
late matter concentrations during monsoon season.

Healthcare 
utilization

Monsoon 
seasons PM10 PM2.5

AEBA 
inpatient

SWM
Mean 74.994 69.785
P-value < 0.001 < 0.001

NEM
Mean 88.162 83.235
P-value < 0.001 < 0.001

AEBA 
outpatient

SWM
Mean 31.944 26.735
P-value < 0.001 < 0.001

NEM
Mean 31.312 26.385
P-value < 0.001 0.128

3.6 Association between healthcare utilization 
and meteorological parameter

Table 6 shows the coefficients, p-values, and VIF 
(Variance Inflation Factor) values for healthcare utili-
zation (AEBA inpatient and outpatient) meteorolog-
ical parameters, wind speed (WS), relative humidity 
(RH), and temperature (T) in different locations (Shah 
Alam, Sungai Buloh, and Klang). Overall, VIF val-
ues recorded were less than 10 which indicates that 
no multicollinearity issues were involved. In Shah 

Alam, the p-values for WS, RH, and T were 0.860, 
0.431, and 0.019, indicating that only the tempera-
ture (T) variable has a statistically significant rela-
tionship with AEBA inpatient healthcare utilization. 

For AEBA outpatient cases in Shah Alam, none 
of the coefficients for WS, RH, and T were statisti-
cally significant based on their p-values. In Sungai 
Buloh, none of the coefficients for WS, RH, and T 
were statistically significant for both AEBA inpatient 
and outpatient cases. In Klang, for AEBA inpatient 
cases, the p-values for WS, RH, and T were 0.034, 
0.006, and 0.001, indicating that wind speed (WS), 
relative humidity (RH), and temperature (T) have 
statistically significant relationships with AEBA in-
patient healthcare utilization. 

For AEBA outpatient cases in Klang, none of the 
coefficients for WS, RH, and T were statistically sig-
nificant based on their p-values. Overall, the results 
suggest that the weather parameters have varying 
levels of association with healthcare utilization for 
AEBA in different locations. Specifically, in Shah 
Alam, only temperature (T) is significantly associat-
ed with AEBA inpatient cases. In Klang, wind speed 
(WS), relative humidity (RH), and temperature (T) 

Table 6. Association between healthcare utilization and meteorological parameters.

Location Healthcare utilization WS RH T

Shah Alam

AEBA inpatient
Coefficient 9.560 –2.902 –47.620
P-value 0.860 0.431 0.019
VIF 1.077 3.060 3.154

AEBA outpatient
Coefficient –37.627 0.446 –3.398
P-value 0.142 0.790 0.695
VIF 1.077 3.060 3.154

Sungai Buloh

AEBA inpatient
Coefficient –13.978 –0.152 –0.317
P-value 0.558 0.924 0.969
VIF 1.077 3.060 3.154

AEBA outpatient
Coefficient 17.508 –2.266 –13.031
P-value 0.505 0.207 0.161
VIF 1.077 3.060 3.154

Klang

AEBA inpatient
Coefficient –187.103 –15.230 –92.417
P-value 0.034 0.006 0.001
VIF 1.828 1.974 2.149

AEBA outpatient
Coefficient –13.242 –2.015 0.206
P-value 0.687 0.314 0.983
VIF 1.828 1.974 2.149
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show significant associations with AEBA inpatient 
cases. However, for AEBA outpatient cases, there are 
no significant associations observed with the weather 
parameters.

In addition, to provide a clearer understanding, 
Table 7 shows the coefficients, p-values, and VIF 
(Variance Inflation Factor) values for healthcare uti-
lization (AEBA inpatient and outpatient) during the 
South West Monsoon (SWM) and North East Mon-
soon (NEM) seasons, along with the weather param-
eters wind speed (WS), relative humidity (RH), and 
temperature (T). Overall, VIF values recorded were 
less than 10 which indicates that no multicollinearity 
issues were involved. For AEBA inpatient cases dur-
ing the SWM season, the p-value of WS and AEBA 
inpatient is 0.002 suggesting that this relationship 
was statistically significant. However, RH and T do 
not show significant associations. 

During the NEM season for AEBA inpatient cas-
es, the p-value for WS was 0.035, which was also 
statistically significant. For AEBA outpatient cases 
during the SWM season, the coefficient for WS 
was 49.040, indicating a positive relationship with 
healthcare utilization and it was statistically signifi-
cant with a p-value of 0.006. However, RH and T do 
not show significant associations. 

During the NEM season for AEBA outpatient 
cases, none of the coefficients for WS, RH, and T 
were statistically significant. In summary, the results 
suggest that wind speed (WS) has a significant posi-
tive association with healthcare utilization for AEBA 
inpatient cases during both SWM and NEM seasons. 
However, the associations with relative humidity 
(RH) and temperature (T) are generally not signif-
icant. For AEBA outpatient cases, the associations 
with the meteorological parameters were not statisti-
cally significant during both seasons. 

In summary, the findings indicate that during the 
south west monsoon season, there is a significant 
impact of wind speed on both AEBA inpatient and 
outpatient cases, with p-values of 0.002 and 0.006, 
respectively. However, during the north east mon-
soon season, only AEBA inpatient cases show a 
significant impact on wind speed, with a p-value of 

0.035. Additionally, AEBA inpatient cases during the 
north east monsoon season also exhibit a significant 
impact on temperature, with a p-value of 0.051.

Table 7. Association between healthcare utilization and meteor-
ological parameters during monsoon season.

Healthcare 
utilization

Monsoon 
seasons WS RH T

AEBA 
inpatient

SWM
Coefficient 182.850 –0.210 5.337
P-value 0.002 0.966 0.872
VIF 4.855 2.158 5.934

NEM
Coefficient 157.343 9.607 89.800
P-value 0.035 0.155 0.051
VIF 4.855 2.158 5.934

AEBA 
outpatient

SWM
Coefficient 49.040 –2.140 –4.357
P-value 0.006 0.169 0.670
VIF 4.855 2.158 5.934

NEM
Coefficient 12.391 0.690 12.118
P-value 0.365 0.586 0.159
VIF 4.855 2.158 5.934

The causal relationship between AEBA inpatient 
and outpatient with meteorological parameters is 
given in Table 8. The table reveals both positive and 
negative correlations between AEBA inpatient and 
outpatient with meteorological parameters. A strong 
negative correlation was found between AEBA 
inpatient and temperature in Shah Alam with an 
r-value of –0.60 while a moderate positive correla-
tion between inpatient and relative humidity with an 
r-value of 0.40. This result denoted that temperature 
contributes much influence on inpatients compared 
to relative humidity. A study by Anderson et al. [35] 
stated that a larger increase in daily temperature 
would result in more excess hospitalizations and a 
lower increase in fewer hospitalizations. 

Furthermore, a strong negative correlation was 
found between meteorological parameters such as 
relative humidity and temperature ranging from 
–0.81 to –0.67 which indicated that an increase in 
temperature causes a decrease in relative humidity 
and vice versa. Besides, in Klang a strong negative 
correlation was observed between wind speed and 
relative humidity with an r-value of –0.59. Mean-
while, a strong positive correlation between wind 
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speed and temperature with an r-value of 0.63. 
Overall, in Sungai Buloh, the correlation recorded 
between AEBA inpatients and meteorological pa-
rameters were negatively correlated which indicated 
that meteorological parameters did not influence the 
number of AEBA Inpatients during the haze event.

Table 8. Correlation coefficient matrix of AEBA inpatient and 
outpatient with meteorological parameters.

Shah Alam
Inpatient Outpatient WS RH T

Inpatient 1
Outpatient 0.32 1.00
WS –0.10 –0.35 1.00
RH 0.40 0.22 –0.02 1.00
T –0.60 –0.28 0.17 –0.81 1.00

Sungai Buloh
Inpatient Outpatient WS RH T

Inpatient 1
Outpatient 0.39 1.00
WS –0.14 0.06 1.00
RH –0.02 –0.04 –0.02 1.00
T –0.01 –0.13 0.17 –0.81 1.00

Klang
Inpatient Outpatient WS RH T

Inpatient 1.00
Outpatient 1.00 1.00
WS 0.07 0.07 1.00
RH –0.25 –0.25 –0.59 1.00
T 0.14 0.14 0.63 –0.67 1.00

4. Conclusions
The objective of this project was to analyze the 

spatial and temporal variations of particulate matter 
(PM10 and PM2.5) in urban and industrial areas of 
Malaysia, specifically in Alor Setar, Tasek, Shah 
Alam, Klang, Melaka, Larkin, Balok Baru, and Kua-
la Terengganu. Additionally, the study aimed to in-
vestigate the relationship between particulate matter 
and acute respiratory illnesses in the Selangor region, 
focusing on Klang, Shah Alam, and Sungai Buloh. 
During the haze events in 2019, the levels of PM10 
and PM2.5 exceeded the permissible limits set by the 
Malaysian Ambient Air Quality Standard (MAAQS). 

Bandaraya Melaka and Klang had the highest con-
centrations of PM10, while Bandaraya Melaka and 
Shah Alam had the highest concentrations of PM2.5 
during the same year. The time series analysis re-
vealed that Bandaraya Melaka had the highest peak 
in haze event in 2019 which happened in September, 
during the south west monsoon season. 

Data analysis of respiratory illnesses diseases 
revealed that Klang had the highest mean number 
of inpatient and outpatient cases for AEBA and AE-
COPD. Besides, the highest healthcare utilization for 
both AEBA and AECOPD cases occurs mainly from 
June to September or during the south west monsoon 
season. The Mann-Whitney U test revealed a statisti-
cally significant association between particulate mat-
ter and hospital utilization, with p-values below 0.05, 
indicating sufficient evidence to reject that there was 
no difference between the mean of PM10 and PM2.5 
with acute respiratory ill diseases. Multiple linear 
regression analysis identified significant associations 
between healthcare utilization and meteorological 
parameters. Specifically, for AEBA inpatients in 
Klang, wind speed, relative humidity, and temper-
ature showed significant associations. Moreover, 
seasonal variability analysis indicated significant 
associations between wind speed, temperature, and 
healthcare utilization during the South West Mon-
soon (SWM) and North East Monsoon (NEM).

More research is required to determine consistent 
associations between wildfire smoke exposure and 
cardiovascular effects, specific causes of mortality, 
birth outcomes, and mental health outcomes. The 
current estimations are largely based on common 
statistical methods, making it difficult to establish a 
direct causal relationship between haze and certain 
health conditions due to the complex nature of air 
pollutants and the lack of accurate epidemiological 
records. By addressing these research areas, future 
studies can contribute to a better understanding of 
the association between particulate matter and res-
piratory diseases during haze events. This knowledge 
can inform public health policies, air pollution man-
agement strategies, and targeted interventions to pro-
tect vulnerable populations and mitigate the health 
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impacts of haze-related particulate matter exposure.
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