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Air pollution has become an issue at all rates in the world. In Malaysia, there is
a system is known as air quality index (API) used to indicate the overall air
quality in the country where the air pollutants include or the new ambient air
quality standard are sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon
monoxide (CO), ozone (O3) and particulate matter with size less than 10
(PM10). The concentration levels of the air pollutants were said to be affected
by the monsoon changes. Therefore, this study is conducted to examine the
existence of temporal variations of each air pollutant then identify the
differences of each air pollutants concentration in temporal variations. This
study uses secondary data where data that has been retrieved from the
Department of Environment (DOE) where it is data of air pollution specifically
for Kota Bharu, kelantan records. Hierarchical agglomerative cluster analysis
was conducted to group monthly air quality. As a conclusion, the study can
conclude that the five air pollutants grouped into several different monthly
clusters mostly representing the two main monsoon seasons. Mostly air
pollutant varied accordingly towards the monsoon season. During the
southwestern monsoon, air pollutant concentration tends to higher compare to
the northeastern monsoon with mostly due to meteorological factors.
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1. INTRODUCTION

Air pollution has turned our lives into a bane. Not only in our country, it involves countries all over
the world. This is a problem. Simpler speaking, at all rates worldwide air pollution is a problem. For example,
a high level of air pollutants can cause health problems in the environment, including respiratory conditions,

conjunctivitis and lung functions.

In general, there are many studies have been done related to the temporal variation of pollution.
There are five major pollutants listed by the Department of Environment Malaysia (DOE) counted in, which
are sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), and particulate matter with a
diameter of 10 microns (PM10) and ground-level ozone (O3) [1]-[4]. Apart from ozone, air pollutant
concentrations are normally higher in urban areas than in rural areas. In cities, air quality (particularly
concerning PM10 and NO2 concentrations) tends to be worse near busy roads, where poorer communities

often live [5].
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Air pollution based on temporal variations previously had been studied by many researchers.
Previous research proves the temporal variability is existed in the air pollutants [6]-[10]. Temperature and
sunlight affect chemical reactions in the atmosphere that cause the concentration levels of air pollutants to be
increased [7]. During hot weather, the air pollutants concentration is higher compared to during cold
weather [6]. In the colder months O3 values at the monitoring site are lower and in the warmer months
higher [8]. However, has stated that chemical and biophysical feedback are at high temperatures responsible
for lower O3 concentrations [9]. PM10 concentrations rose sharply in the autumn for most stations and
decreased during the winter in northern background and suburban stations [10].

This phenomenon also occurs in Malaysia. A study taken placed at Kuala Terengganu which
analyzed hourly data from the Department of Environment (Malaysia) for the criteria pollutants (PM 10, CO,
03, NO2, and SO2) and meteorological factors (temperature, relative humidity, wind velocities) for 10 years
found that the PM10, NO2, and SO2 concentrations during southwest monsoon (SWM) are higher [11]. CO
also found significantly different based on the temporal variable. SWM recorded the highest average level of
CO, followed by inter-monsoons and northeast monsoon (NEM). This result also similar to [12]. However,
according to [13], No major seasonal distinctions existed over the years between SO2, CO and NO2
concentrations, as calculated in Tukey's multiple comparison tests. In the coastal urban area, a different study
found that SO2 and NO2 had a negative temperature correlation over the summer and monsoon seasons
except post-monsoon seasons. Furthermore, during the whole season, except post-monsoon, the PM 10
showed a positive correlation with temperatures. Other than that, humidity showed a positive correlation with
SO2 and a negative correlation with PM10 [14].

The concentration level of PM10 had become worse during the southwest monsoon. A study
conducted at three testing sites in the highly populated industrial zones based on five years of observations
between 2008 and 2012 found that PM10 has recorded the highest air pollution during southwest monsoon
especially in industrial areas [15]. The highest concentration of air pollutants during the southwest monsoon
is PM10 and its lower during the northeast monsoon [1]. A study on PM10 at two monitoring station Larkin
and Pasir Gudang found that the average concentration of PM10 during southwest monsoon is the highest in
both Larkin and Pasir Gudang [16].

In a study conducted by [1], O3 distributions were observed affected by monsoonal factor. During
the winter monsoon from the northeast of the Malaysian Peninsula, the Indochina and the South China Sea
has brought the pollutant O3 into a few urban areas in Malaysia affecting the highest concentration of O3
from January to Mac. Otherwise, O3 become lower from Julai to August [1].

The main objective of this research is to identify the temporal variation of air pollutants. Kelantan
has recorded the highest reading of the air pollution index (API) at Kota Bharu city in 2019 [17]. Kelantan
has been chosen as a study area in this study since the past study of air pollution in Kelantan is not focused on
the temporal variations. However, there are studies about temporal variations in other states such as the study
taken in Kuala Terengganu where analyzed the data of air pollutants and meteorological factors based on
temporal variations which are southwest monsoon, northeast monsoon and inter-monsoon by [18]. In
addition, meteorological factors in Terengganu are similar in Kelantan since these states are situated on the
east coast of Malaysia. Stated by [19], Kelantan and Terengganu issued bad weather during mid-November
caused by heavy rain.

2. RESEARCH METHOD

The first section describes the field of study included in the study. The second section details the
data used for example the data type, and the data source and the data categories. In addition, the hierarchical
agglomerative analyzes used is explained in detail in the third section.

2.1. Study area

The state of Kelantan lies at 6° 7' 38.8668" latitude and at 102° 14' 32.2332" longitude on the
northeastern corner of the peninsula. The illustrated area shows the whole area of Kelantan based on Figure 1.
During the year Kelantan encounters hot and rainy weather with a total of about 2500 mm of rainfall per year
since Malaysia lies close to the equator. The average temperature of Kelantan is 27°C. The region of
Kelantan, in particular, is encountered by two monsoon winds: The southwest monsoon between the end of
May and September, and the north east monsoon between November and March [20]. In comparison with the
southwest monsoon, the northeast monsoon causes more rainfall. The study selects Kota Bharu as an
observation site. The town of Kota Bharu acts as the capital of Kelantan and the economy is growing rapidly.
The map of Kota Bharu, Kelantan is shown in Figure 1. The area highlighted is the district of Kota Bharu.
With an estimated 319,600 populations, the overall area of Kota Bharu is about 115.6 km?.
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Figure 1. Map of Kota Bharu, Kelantan

2.2. Data description

This study used secondary data that has been collected by the Malaysian Department of
Environment (DOE) through continuous air monitoring by Alam Sekitar Sdn Bhd (ASMA). Monthly data
was collected at the air pollution monitoring station located in Tanjung Chat Secondary School Kota Bharu
with 6.1465° latitude and 102.2479° longitude. This secondary data is quantitative. The dataset includes air
pollutants concentration of CO (ppm), NO2 (ppm), SO2 (ppm), O3 (ppm) and PM10 (ug/m3) are the
variables for this study. It is recorded monthly from the year 2013 to 2017.

2.3. Method of data analysis

A hierarchical clustering method is utilised to cluster the monthly pollutant concentration. Boxplot
comparison of clusters provided by hierarchical cluster analysis for each pollutant to indicates how the
cluster is varied.
Hierarchical clustering analysis

Hierarchical clustering analysis is used to group the objects with similar characteristics into a few
groups where each larger group contains a set of subgroups which are known as clusters. Two methods are
commonly used in hierarchical clustering but, this research will utilize agglomerative clustering with the
average group linkage method [21]. The formula to calculate this method is:

The equation of average linkage clustering as shown in (1):

dip = =2 By d(xy)) (1)
where:
X1, X0 ey Xg : Observation from cluster 1
Y1, V2, s Vi : Observation from cluster 2
d(xy) : Distance between a subject with observation vector x and a subject with observation
vector y

3. RESULTS AND DISCUSSION

This study analyzes the observation mean to get the cluster of monthly mean data for each pollutant.
Table 1 shows the result for descriptive analysis. Based on the descriptive analysis of 52 observations, the
minimum values for variables SO2, NO2 and O3 are the same which is 0.000 ppm. Meanwhile, the
maximum values are all different where the maximum value for SO2 is 0.0046 ppm, NO2 with 0.0146 ppm
and for O3 is 0.0309 ppm. For CO and PM10 variables, the minimum values recorded are 0.4413 ppm and
30.0968 jg/m3 respectively while the maximum values are 1.2513 ppm and 90.8065 pg/m3 respectively.

The mean value for the SO2 is 0.0009 ppm. The other four pollutants which are NO2 03, CO and
PM10 recorded mean values of 0.0106 ppm, 0.0309 ppm, 0.7354ppm and 53.8748 pg/m3 respectively.
Lastly, the standard deviation for SO2 is 0.0009 ppm while NO2 with 0.0033 ppm value of the standard
deviation. As for the pollutant O3, the standard deviation read is 0.0104 ppm. Then, for CO and PM10, these
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two pollutants recorded the standard deviation of 0.1385 ppm and 14.6630 g/m3 respectively. Generally,
the result on [11] has a bit lower average values on almost all pollutants compared to the current study
although both studies situated in the region that experience the same monsoon season. According to [22],
open coastal locations are often subjected to strong, even severe wind strengths. Meanwhile, [23] stated that a
higher speed of wind could have caused decrease in pollutant concentration in a certain area. Therefore, the
result [11] might happen because the study area located exactly on the coast which has a lower pollution
concentration strongly affected by the wind speed compared to the location of the current study.

Table 1. Descriptive statistic
Minimum Value Maximum Value Mean

Variables N Standard Deviation
(ppm or pg/m3) (ppm or pg/m3) (ppm or pg/m3)
Sulphur Dioxide 52 0.0000 0.0046 0.0009 0.0009
Nitrogen Dioxide 52 0.0000 0.0146 0.0106 0.0033
Ozone 52 0.0000 0.0446 0.0309 0.0104
Carbon Monoxide 52 0.4413 1.2513 0.7354 0.1385
Particulate Matter 10 52 30.0968 90.8065 53.8748 14.6630

Figures 2 (a)-(e) is the cluster analysis using a dendogram based on monthly mean concentration for
each pollutant. Further analysis on the distribution of pollutant according to the cluster is depicted in
Figures 3 (a)-(e). Figure 2 shows the monthly clusters of sulphur dioxide (SO2). Based on vertical line on the
dendrogram, three monthly clusters are appropriate for this air pollutant. Cluster one is clustered in January,
February, August, August, October, November and December. Meanwhile, Cluster two comprises June and
July and the last cluster consists of April and May. Based on Figure 3 (a), the increase in the mean of SO2
concentration from the first cluster until the third cluster is observed. Lowest concentrations are recorded in
cluster one followed by cluster two and the highest mean recorded in cluster three. According to [24], lower
temperature and humidity during rainy season (Cluster 1) leading to low-rate SO2 from the atmosphere.
However, the box plot analysis could not confirm whether is there any definite significant differences
between the cluster. It might be or not holding the result as found by [13], need for further analysis to
confirm the differences.

The results in Figure 2 (b) show that NO2 is possible to divide into four clusters but only two
clusters are explained. Cluster one consists of January, February, March, April and November. For cluster
two consists of May, July, August, September and October. Meanwhile, only June in cluster three and
December in cluster four. Furthermore, Figure 3(b) shows the distribution of NO2 concentrations according
to four clusters. It can be observed that the NO2 concentrations for the three clusters are increasing from
cluster one to cluster three. However, in the fourth cluster, the mean concentration of NO2 is declined as the
lowest mean compared to the other three clusters. Therefore, the highest mean concentration of NO2 is
recorded in cluster three where it occurs in June while the lowest mean concentration of NO2 is recorded in
cluster four where it occurred in December. The increase of NO2 concentration in the earlier to the mid-year
is due to the smaller number of rainy days during the southwest monsoon compared to the northeast monsoon
period. As stated by [25] the amount of the air pollutant reduction by rainfall scavenging effect can be
affected by the amount, duration and intensity of rainfall. The higher the amount, duration and intensity the
rainfall scavenging effect will also high. This proven in the current study when NO2 concentration is high
during the dry season (southwest monsoon) and lower during the rainy season (northeast monsoon).

Based on Figure 2 (c) above, shows that O3 clustering is possible to be divided into four clusters.
The first cluster is comprised of October and November. The second cluster includes January, February,
March, April, July and August. Concerning the third cluster, May and June are the months. The last cluster
consists of one month which is December. During May and June, the highest monthly average concentrations
of O3 are observed as indicated in Figure 3 (c). In [26] stated that, O3 is a product of vehicle emissions,
energy plants, boiler factories, refineries, manufacturing installations, and other chemically-responding
sources. O3 is the most likely to be harmful in urban areas during hot, sunny days, but in colder months it can
reach higher concentrations as O3 can be transported long distances by wind. As the monitoring station in
Kota Bharu, an urban area of Kelantan, it is possible to conclude that even during the northeast monsoon
concentrations for O3 are slightly higher.

Dendrogram as in Figure 2 (d) is for PM10 concentration. It is depicting that three monthly clusters
could be formed. For the first cluster, it clustered the months of January, February, March, April, May and
September. Meanwhile, the months June, July and October grouped in cluster two. The last cluster consists of
the months August, November and December. The concentration of PM10 of cluster one and two was nearly
identical based on Figure 3 (d). PM10 concentration highest on cluster two during June, July & October
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which coincided with the southwest monsoon. This event highly associated with high temperature and lower
humidity during this dry season [14]. Otherwise, concentration is recorded at cluster three which may be
represented as northeast monsoon.

For CO, three clusters can be observed from the dendrogram as in Figure 2 (€). The months in the
first cluster are April, May, June, July, September and October. This monthly cluster could be representing
the southwest monsoon period. Whereas, the northeast monsoon group represented by the third cluster
(February, December & January). Meanwhile the second cluster (March, November & August) is an
inter-monsoon group of clusters. Boxplot as shown in Figure 3 (e), a decreasing pattern is from the first
cluster to the third cluster is detected. Therefore, the monsoonal effect on the concentration of CO is possible
since there is a different concentration between southwest monsoon and northeast monsoon. According
to [27], [28], incomplete combustion of fossil fuels and the combustion of biomass is the main sources of
CO. However, due to the considerable depositing phenomena during the northeast monsoon, hydroxyl groups
function as sinks for removing CO from the atmosphere [28], [29].
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4. CONCLUSION

The result from this study shows that there is the existence of temporal variations of air pollutants.
Generally, most of the cluster formed for each pollutant has a strong relationship to three seasonal monsoons
which are southwest monsoon, northeast monsoon and inter-monsoon. From the monthly variation, it shows
that the mean for SO2 concentration recorded the highest reading in months April and May which is during
inter-monsoon as previously proven that there is a positive relationship between temperature and
concentration in SO2. The highest mean concentration of NO2 was recorded during a high-temperature
period which during SWM similar to what had been observed in previous study. The highest monthly
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average of O3 concentration recorded during May and June which is during the SWM. This paper also
supports the previous study where the period of SWM is the period of the emissions from vehicles, power
stations, factory boilers, refineries, manufacturing facilities and other sources that easily react chemically to
the sun. The highest concentrations of PM10 can be seen during June to October which coincides with the
southwest monsoon where it experiences a dry season all over the region in peninsular Malaysia. The
concentration level of CO is the highest during the southwest monsoon. The above investigation of variations
in CO, NO2, SO2, 03 and PM10 concentrations in different monthly cluster in Kota Bharu, Kelantan shows
that the mean of air pollution concentration in this large urbanized city depends on meteorological factors.
One of the main factors that caused the high concentration is mainly related to the seasonal monsoon.
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