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ABSTRACT 
This study is aimed at determining the trend and status of particulate matterup to 10 micrometers in size(PM10) 
concentration in three major cities situated in the East Coast of Peninsular Malaysia and its correlation with 
meteorological factors. PM10 concentration and meteorological data between the year 2006 to 2012, excluding year 
2008, for the three study areas, were obtained from the Department of Environment in Malaysia. The highest daily 
average PM10 concentration was recorded in Kuala Terengganu, having a value of 50.3 µg/m3,and all three stations have 
statistically different PM10 concentration, owing to the fact that all three study areas have different percentages of 
urbanization. Positive correlation was shown for PM10 concentration and temperature. Based on the back-trajectory 
analysis, the air masses were known to travel from Chinathrough the South China Sea and the Philippines, before finally 
arriving at the stations during the North East Monsoon whereas, during South West Monsoon, the air masses usually 
originates from Indonesia, passing through the Straits of Malacca. 
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INTRODUCTION  
Particulate matter is one of the major pollutants that contribute to an unhealthy pollution day in the API 
measurement in Malaysia.  PM can be formed from primary sources, such as soot and dust from 
combustions, and from secondary sources such as nitrates and sulphates, that form during atmospheric 
chemical reactions [1]. PM is divided into two main categories based on their aerodynamic diameter.  
PM10are particles whose sizes are between 2.5 and 10 microns (micrometers) in diameter (a human hair 
is about 60 microns in diameter); PM2.5are particles whose sizes are smaller than 2.5 microns [2]. 
Urbanization process has resulted in the deterioration of ground level air quality and studies have proven 
that vehicular emission is one of the major sources of PM [3-5]. According to the Malaysia Environmental 
Quality Report 2012 [6], the trend in the annual average levels of PM10 concentration in the ambient air 
between the year 1999 and 2012 based on landuse categories,showed that  urban areas have the highest 
level of PM10,having 11 years of PM10 out of the 14 years period. The major sources of PM10 emission are: 
motor vehicles (76%), power plants (15%), industries (4%) and others (5%).  
High levels of PM are consistently associated with adverse health conditions, such as worsening of asthma 
conditions in patients, lung inflammation and increased mortality as well as hospital admissions [7-10]. 
Deposition of PM on the surface of vegetation was proven to cause radiative heating, reduction in the rate 
of photosynthesis and also alter the cycles of decomposition, which in turn, affect animal communities 
[11,12]. 
Air monitoring is a medium of protecting and assessing air quality, and it is important as a result ofa 
significant increase observed in air pollutant emissions. Air monitoring gives the status of the air quality 
for a given source of pollution and at a given time. The air monitoring involves measurement, the 
measurement is accurate, but it is costly and time-dependent. In Malaysia, the DOE is saddled with the 
responsibility of monitoring. 
Terengganu, Pahang and Kelantan are the three states located on the East Coast of Peninsular Malaysia. 
The east coast of peninsular Malaysia faces the South China Sea[13]. Being close to the coastal region, 
there are particles emanating from the sea. Inorganic sea salt and organic matter combine together to 
form sea-spray aerosol. It is composed of sodium chloride (NaCl),and also having traces of magnesium 
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(Mg) and sulphate (SO4
2-). The giant sea spray particles come from the sea, and the particle diameter is 

influenced by wind speed[14]. Sea spray from the ocean has been observed to contribute to the 
PM10concentrations in the air[15]. This study aims to determine the trend of PM10 concentration in the 
three capitals, on the East Coast of Malaysia, the correlation between the PM10 concentrations in the three 
study areas and the meteorological factors and backward trajectories will also be performed, to trace the 
former path of the air parcel before arriving in the study areas. 
 
MATERIALS AND METHODS 
Sampling Locations 
Three main cities in the states,located on the East Coast of Peninsular Malaysia, facing the South China Sea 
was selected which are: Kelantan, Terengganu and Pahang. An air quality monitoring station situated in 
the urban area of the state was being selected for each state. The station for Kelantan is located in Maktab 
Sultan Ismail, Kota Bahru (S1); for Terengganu is SK ChabangTiga (S2), and that of Pahang is located in SK 
InderaMahkota (S3). The location of these stations was shown in Fig. 1. The details of the air quality 
stations are stated in Table 1.  
 

 
Figure 1. Location of study areas 

 
Table 1. Location of air quality stations 

Station  Latitude Longitude Background 

Maktab Sultan Ismail (Kelantan) S1 N06° 6.383" E102° 12.822" Urban 
SK ChabangTiga (Terengganu) S2 N05°18.487" E103°07.226" Urban 

SK InderaMahkota (Pahang) S3 N03 49.138" E103 17.817" Sub-Urban 

 
Data Collections 
The datas used for this analysis were obtained from the air quality monitoring stations,being managed by 
a private company, AlamSekitarSdn. Bhd. (ASMA), under the Department of Environment (DOE).The 
datas used were the daily average temperature, daily average relative humidity, daily average wind speed 
and daily average PM10 concentration for the duration of 6 years, between the month of January 2006 to 
December 2012, excluding year 2008 for all three stations, as the data for year 2008 are not available. 
Data Analysis 
The PM10 concentration and meteorological data for the respective stations were sorted out for the period 
between year2007-2012, excluding year 2008. The monthly trends of the assembled datas were depicted 
in graphs. Analysis of variance was used to determine the normal distribution as well as the significant 
difference between the data sets. The Pearson’s correlation coefficientwas conducted to measurethe 
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linear relationship between the PM10 concentration and the meteorological factors, such as relative 
humidity, wind speed and ambient temperature. The missing values within the study period were 
deliberately omitted in the statistical computations.  
Trajectory Analysis 
The backward trajectories were calculated using the Hybrid Single Particle Lagrangian Integrated 
Trajectory (HYSPLIT) Model. This model was introduced by the National Oceanographic and Atmospheric 
Administration (NOAA), through the website http://www.arl.noaa.gov/ready.html. The backward 
trajectories track the parcel of air reversedper time, in an hourly sequence for a specified period, in order 
to determine the path where the air parcel passed through. The trajectories for the four stations were 
developed in 72 hours and the model calculation were set at a height of 100m above sea level on the 1st 
of January and 1st of August inthe year 2006 and 2012 respectively, signifying North East Monsoon and 
South West Monsoon. 

 
RESULTS AND DISCUSSION 
Long Term Variations in PM10 Concentration and Meteorological Data 
The daily averaged PM10 concentration and meteorological data at the three stations were tabulated in 
Table 2.  

Table 2.  Summary of PM10 concentration and meteorological data at different stations. 
Parameters Station No. Durationa Mean Median StdDev Max Min 
PM10b S1 

Jan 2006 - Dec 
2012 

41.3 41.9 6.6 60.2 21.5 

 
S2 50.3 49.9 7.9 64.5 31.4 

 
S3 36.4 35.8 7.4 0.9 21.5 

WSc S1 5.2 5.1 1.0 8.7 3.5 

 
S2 5.5 5.3 1.0 8.1 1.8 

 
S3 6.6 6.6 0.7 7.9 4.8 

RHd S1 79.7 80.1 3.5 87.9 73.6 

 
S2 81.6 81.0 3.4 92.0 74.8 

 
S3 85.4 82.9 5.1 97.7 78.4 

Tempe S1 26.9 26.9 1.0 29.3 24.5 

 
S2 27.3 27.4 1.0 29.5 25.2 

 
S3 26.9 27.1 0.9 28.8 24.7 

a Duration of data used for analysis, excluding year 2008 
b Daily averaged concentration of Particulate Matter less than 10 microns, µg/m3 
c Daily averaged windspeed, km/hr 
d Daily averaged relative Humidity, Percentage 
e Daily averaged ambient Temperature, ˚C 
 
The daily averaged concentration for PM10 for S1, S2 and S3 are 41.3 µg/m3 (21.5-60.2 µg/m3), 50.3 
µg/m3 (31.4-64.5 µg/m3) and 36.4 µg/m3 (21.5-60.9 µg/m3) respectively. The daily averaged PM10 
concentration for the three stations fell within the range of the suggested concentration, which was 
recommended by the Malaysian government, being 150 µg/m3 for the duration of 24 hours. The daily 
averaged ambient temperature are 26.9˚C (24.5-29.3˚C) for S1, 27.3˚C (25.2-29.5˚C) for S2 and 27.3˚C 
(25.2-29.5˚C) for S3, respectively. The P-value obtained from the ANOVA is less than 0.05, which indicates 
that the daily average PM10 concentration as well as the daily average temperature is statistically different 
between the three stations as shown in Table 3.  
 

Table 3. Analysis of variance of PM10 concentration and meteorological data at different stations. 
Parameters Comparison Sum of squares df* Mean square F-Value P-Value 
PM10 Between groups 7125.542 2 3562.771 65.819 0.000 

 
Within groups 11529.679 213 54.130   

 
Total 18655.221 215    

WS Between groups 74.391 2 37.195 42.767 0.000 

 
Within groups 176.552 203 0.870   

 
Total 250.943 205    

RH Between groups 1183.148 2 591.574 34.742 0.000 

 
Within groups 3575.822 210 17.028   

 
Total 4758.970 212    

Temp Between groups 6.366 2 3.183 3.475 0.033 

 
Within groups 195.128 213 0.916   

 
Total 201.494 215    
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S2 recorded the highest value for the daily average PM10 concentration, the daily average temperature, 
and the daily maximum temperature due to the fact that, Terengganu is the most urbanized state among 
the three areas studied. According to the Department of Statistics [16], by the year 2010, the Terengganu 
state has attained an urbanization of 59.1% which ranked the 8th most urbanized state throughout 
Malaysia, excluding Federal Territories. The lowest urbanization percentage was recorded in Kelantan 
state, Terengganu state has the least, which is only 50.15%, whereas, for Kelantan and Pahang states, the 
urbanization percentage is 53.77% and 57.52%[17], respectively. Deforestation reduces land cover and 
results in higher ground surface temperature due to the radiative heating of the earth’s surface like a 
black body[18].A reduction in land cover and land use change, causes substantial reductions in the rate of 
precipitation and surface temperature increment[19-22]. 
The daily averaged windspeed for S1, S2 and S3 are 5.2 km/hr (3.5-8.7 km/hr), 5.5 km/hr (1.8-8.1 
km/hr) and 6.6 km/hr (4.8-7.9 km/hr) respectively. The daily averaged relative humidity for S1, S2, and 
S3 are 79.7% (73.6-87.9%), 81.6% (74.8-92.0%) and 85.4% (78.4-97.7%) respectively. The values for 
both daily averaged windspeed and daily averaged relative humidity for the three stations, were found to 
differ significantly (P<0.05), and for both parameters, their highest values occurred in S3, with the daily 
averaged windspeed of 6.6 km/hr and daily averaged relative humidity of 85.4% respectively.  
 
Monthly Trend for PM10 

Figure 2.Monthly trends for PM10 concentration at different stations. 
 

The monthly trend for PM10 in the three stations is depicted in Fig. 2. For the months of June and 
November, the concentration of PM10rose, with some minor fluctuations, whereas,for the monthsof July 
and October, the concentration started to decrease. There are two distinct monsoon and two inter-
monsoon seasons. The Southwest monsoon (SWM) winds blow, beginning from April till September, and 
the northeast monsoon (NEM) winds blow, beginning from November to February[23]. The SWM is the 
dry monsoon and it is usually linked with the trans-boundary haze, caused by the burning of biomass in 
the neighboring country, thus, the PM10 concentration will be higher during these periods. The NEM is the 
wet monsoon, and it is accompanied by heavy precipitation. The aerosol concentrations can fall by 55-
70%, during the monsoon period, where heavy rainfall was observed [24]. 
Correlation between PM10and Meteorological Factors 

Table 4. Correlation (r-value) between PM10 concentration and meteorological factors at different 
stations. 

Station Factors PM10a WSb RHc Tempd 

S1 PM10 1    
WS 0.07996 1   
RH -0.4145 0.07869 1  
Temp 0.04097 -0.08901 -0.50330 1 

S2 PM10 1    
WS 0.22066 1   
RH -0.39492 -0.02910 1  
Temp 0.22395 -0.38791 -0.38780 1 

S3 PM10 1    
WS 0.16292 1   
RH -0.11343 0.116414 1  
Temp 0.30965 -0.08141 -0.47472 1 
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a Daily averaged concentration of Particulate Matter less than 10 microns, µg/m3
b Daily averaged windspeed, km/hr
c Daily averaged relative Humidity, Percentage
d Daily averaged ambient Temperature, 
The correlation between the daily average PM
stations are presented in Table 4. Daily average PM
temperature and windspeed in all the three stations. The correlation coefficient for PM
for S1, S2 and S3 are 0.0409, 0.2239 and 0.3096 respectively, while for daily average PM
average windspeed are 0.0799, 0.2206 and 0.1629 for S1, S2 and S3 respectively. High temperature in 
tropical climate country, often induces open fire while, during hot, dry weather, minor air turbulence can 
stir up road dust as well as soil particles and 
coefficient was recorded in the relationship between relative humidity and temperature, which is 
for S1. The relative humidity of the ambient atmosphere depends strongly on the temperature a
the amount of moisture available. Higher temperature increases the evaporation rate and in turn, 
increases the relative humidity[27,28].
Back-Trajectory Analysis 
The Back trajectory analysis carried out for NEM and SWM,between the year 2006 and 2
the HYSPLIT model were depicted in Fig. 3. In both monsoons, the air masses arrive at the study area 
within 72 hours. During the NEM of the year 2006, the air mass, passes through the East coast of Vietman 
and arrive at all stations from Hainan, China,while in the year 2012, the direction of wind changes and it 
brought air masses from the Philiphines to the stations, by passing through South China Sea. Sea
aerosols is one of the major sources of ionic species associated with PM in Ea
Malaysia[29].  
 

Figure 3. Back trajectory analysis using HYSPLIT Model for north
southwest monsoon (SWM) for Year 2006 and 2012.
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Daily averaged concentration of Particulate Matter less than 10 microns, µg/m3
Daily averaged windspeed, km/hr 
Daily averaged relative Humidity, Percentage 
Daily averaged ambient Temperature, ˚C 

The correlation between the daily average PM10 concentration and meteorological factors at all three 
stations are presented in Table 4. Daily average PM10 concentration,showed a positive correlation with 
temperature and windspeed in all the three stations. The correlation coefficient for PM
for S1, S2 and S3 are 0.0409, 0.2239 and 0.3096 respectively, while for daily average PM
average windspeed are 0.0799, 0.2206 and 0.1629 for S1, S2 and S3 respectively. High temperature in 
tropical climate country, often induces open fire while, during hot, dry weather, minor air turbulence can 
stir up road dust as well as soil particles and suspend them in the air[25,26]. The strongest correlation 
coefficient was recorded in the relationship between relative humidity and temperature, which is 
for S1. The relative humidity of the ambient atmosphere depends strongly on the temperature a
the amount of moisture available. Higher temperature increases the evaporation rate and in turn, 
increases the relative humidity[27,28]. 

The Back trajectory analysis carried out for NEM and SWM,between the year 2006 and 2
the HYSPLIT model were depicted in Fig. 3. In both monsoons, the air masses arrive at the study area 
within 72 hours. During the NEM of the year 2006, the air mass, passes through the East coast of Vietman 

Hainan, China,while in the year 2012, the direction of wind changes and it 
brought air masses from the Philiphines to the stations, by passing through South China Sea. Sea
aerosols is one of the major sources of ionic species associated with PM in East coast of Peninsular 

. Back trajectory analysis using HYSPLIT Model for north-east monsoon (NEM) 
southwest monsoon (SWM) for Year 2006 and 2012. 
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Daily averaged concentration of Particulate Matter less than 10 microns, µg/m3 

concentration and meteorological factors at all three 
concentration,showed a positive correlation with 

temperature and windspeed in all the three stations. The correlation coefficient for PM10 and temperature 
for S1, S2 and S3 are 0.0409, 0.2239 and 0.3096 respectively, while for daily average PM10 and daily 
average windspeed are 0.0799, 0.2206 and 0.1629 for S1, S2 and S3 respectively. High temperature in 
tropical climate country, often induces open fire while, during hot, dry weather, minor air turbulence can 

suspend them in the air[25,26]. The strongest correlation 
coefficient was recorded in the relationship between relative humidity and temperature, which is -0.5033 
for S1. The relative humidity of the ambient atmosphere depends strongly on the temperature as well as 
the amount of moisture available. Higher temperature increases the evaporation rate and in turn, 

The Back trajectory analysis carried out for NEM and SWM,between the year 2006 and 2012, by utilizing 
the HYSPLIT model were depicted in Fig. 3. In both monsoons, the air masses arrive at the study area 
within 72 hours. During the NEM of the year 2006, the air mass, passes through the East coast of Vietman 

Hainan, China,while in the year 2012, the direction of wind changes and it 
brought air masses from the Philiphines to the stations, by passing through South China Sea. Sea-spray 

st coast of Peninsular 

 
east monsoon (NEM)  and 
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In the SWM of both years, 2006 and 2012 respectively, air masses were brought from Sumatera, 
Indonesia in southern direction. The concentration of PM is usually high during SWM, due to the haze 
episodes and as a result of forest fires from Sumatera, Indonesia. The trajectory model of S1 in the year 
2012, shows that the air masses linger around the North eastern part of the Peninsular Malaysia, 
particularly Kelantan. This is due to the unique geographical features of the Kelantan state, which is 
surrounded by highlands and deep valleys, thus, trapping the air parcel. 
 
CONCLUSIONS 
The results from this study show that averaged concentration of PM10 at all three stations are below the 
concentrations recommended by the Malaysian Government. The PM10 concentration varies significantly 
among the three stations. The highest daily average and PM10 concentration and daily average 
temperature were recorded at S2 with the value of 50.3 µg/m3 and 27.3˚C,owing to the fact that 
Terengganu has the highest percentage of urbanization, when compared with the other two states.  For 
windspeed and relative humidity, the highest value was logged at S3. The monthly trend in the daily 
average PM10 concentration, showed that the peak usually occurs during the dry monsoon (SWM), which 
is in the month of  June. The daily average PM10 concentration showed positive correlation with 
temperature and windspeed in all three stations. The air masses were noted to travel through South 
China Sea from China and Philippines, before arriving at the stations during NEM, whereas, during SWM, 
the air masses usually originate from Indonesia, passing through the Straits of Malacca. Based on the 
findings of this study, it can be observed that urbanization process is directly proportional to atmospheric 
PM10 concentration. Therefore, future development, especially in Kuala Terengganu, must be subjected to 
proper planning and assessment before the project is implemented. 
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