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 Background: A source apportionment receptor modelling technique based on principal 

component analysis (PCA) was applied on two segregated atmospheric particulate size 
fractions PM2.5 and PM2.5-10 sampled at one site of Kuala Lumpur. A total of 112 

collocated samples of PM2.5 and PM2.5-10 collected by the Gent Stacked Filter Unit 

(SFU) were analyzed for the elemental constituents and subjected to the PCA. Five 
major factors were identified by the PCA with Varimax rotation for the coarse size 

fraction PM2.5-10, attributed to soil and resuspended road dust (31.4%), construction 

works and cement plant (17.4%), industrial (12.1%), vehicular exhaust emission 
(10.7%), and non-ferrous smelter (9%). While for the fine particulates size fraction 

PM2.5, the major sources were identified as biomass burning and soil, the pigment-

based industry, industrial coal burning, vehicular emission and the non-ferrous smelter. 
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INTRODUCTION 

 

 Particulate matter or atmospheric aerosol is known to be harmful and nuisance to either human or 

environment. Particulate matter (PM) can be described as small pieces of solid or liquid substances in air, water 

and solid surfaces, ranged from Angstroms (1×10
-10 

meters) to fractions of centimeter. Characterization of 

particulates matter is the most important step in air pollution source identification as part of developing an 

effective air quality management plan. It is a significant strategy in air quality planning as well as estimating the 

effects on earth’s climate and ecology.  

 Severe problems in air quality in the Peninsular Malaysia only exist in a highly urbanised area like the 

Klang Valley Region [2]. Three main sources of air pollution have been recognized in this country, which are 

mobile sources, stationary sources, and open burning sources. Mobile source especially in the urban area is the 

main contributor to Malaysia ambient air as reported elsewhere [2, 5, 10]. Mobile sources attributing to motor 

vehicles emissions contributed to at least 70% to 75% of the total air pollution in Malaysia [1]. Rashid [15], 

using a source apportionment technique, successfully resolved that automobile was one of the five major 

sources of air pollution in the Kuala Lumpur area. Given that so limited studies on this subject matter in 

Malaysia, this study was initiated primarily to investigate present scenario of the elemental composition of 

PM2.5 and PM2.5-10 in the Kuala Lumpur air shed. The possible sources of the PM2.5 and PM2.5-10 based on their 

individual elemental composition were identified through principle component analysis (PCA). 

 

MATERIALS AND METHODS 

 

Sampling site description: 

 Being the most highly developed and densely populated, Klang Valley is the most prone region to serious 

air pollution compared to other parts of the country [5]. In 2002, 70% of the days with unhealthy air quality in 

the Klang Valley region were due to high level of PM10 while the remaining were due to high ground level 

ozone concentrations. Kuala Lumpur is the capital city of Malaysia, making up an area of 243 km
2
 and located 

within latitude of 3°10’29” N and longitude of 101°43’14” E. The sampler was sited on the Universiti Teknologi 

Malaysia (UTM) city campus, which is 2 km from the heart of Kuala Lumpur, enclaves within the state of 
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Selangor. The site is a mixed industrial-commercial-residential air shed. A marked increased in the demolition 

and construction activities was observed near the site (within 1 km radius) during the sampling in May 2009 to 

October 2009 and January 2010 to May 2010, which could affect the local air quality of the area. Most of the 

primer industries are located in the southwest direction, precisely in Shah Alam, Petaling Jaya and Klang areas.  

 There are four monsoon seasons experienced by this region, which are: 1) two inter monsoon periods from 

April to May and October to November, 2) Northeast monsoon from December to March and 3) Southwest 

monsoon from June to September. During the southwest monsoon season, the prevailing wind is generally south 

westerly and light (below 7.72 m/s) while steady (between 5.14 m/s and 10. 29 m/s) easterly or northeasterly 

winds prevailed during the northeast monsoon. The region has a mean daily temperature ranging from 26°C to 

30°C, coupled with heavy annual precipitation. The maximum rainfall distribution occurred during the two inter 

monsoon periods. Generally, wind speed is light throughout the year averaging 1.5 m/s. Meteorological data 

such as dry bulb temperature, wind speed and direction, rainfall amount and duration were obtained from the 

Malaysia Meteorological Department (MMD) weather station located in Petaling Jaya, Selangor. 

 

Particulates sampling and data collection: 

 The ambient PM2.5 and PM2.5-10 were collected using the Gent stacked filter unit (SFU) sampler, provided 

by the International Atomic Energy Agency (IAEA) in collaboration with the Malaysian Nuclear Agency. There 

were two units of Gent SFU samplers operated at the same location, in which one of it was assigned as the 

“control” sampler to ensure that the equipment is highly précised. These samplers were placed on the rooftop of 

a two-storey building in UTM city campus at 15 meters height. The sampling was carried out once a week 

entirely during weekdays for 24 hours period, applying the sampling protocol suggested by Watson [22]. The 

first stack collects PM2.5-10 on a 47 mm diameter Nucleopore track etched polycarbonate filter with a pore size of 

8 μm while finer particulates (PM2.5) uses the 47 mm diameter Nucleopore polycarbonate filter but with a pore 

size of 0.4μm. An average sampling air flow rates of 15 L/min was used in the study, in which its cut off point is 

at 12 L/min. The samples collected were invalidated for the cases of power failure problem, off sampling 

duration of 24±2 hours, damage of the filter paper and samples collected at below the flow rates cut-off point. 

However, throughout the sampling, there was no occurrence of power failure or filter paper damaged. 

 A total of 112 collocated samples of PM2.5 and PM2.5-10 were collected and underwent series of different 

analysis procedures, which are the gravimetric analysis for the determination of airborne particulate mass 

concentration, the elemental analysis for the characterization of possible elements in airborne particulate matter 

as well as the statistical analysis for the source identification purpose. The filters were conditioned in a 

desiccator for at least 24 hours pre-and-post sampling prior to gravimetric analysis using a microbalance 

(Mettler Toledo, Model MT5). The microbalance was equipped with a Polonium-212 (alpha emitter) 

electrostatic charge eliminator (STATICMASTER®) to eliminate the static chargers that interferes the accurate 

measurement of the samples. The filters were placed in an environmentally controlled room of temperature at 

20
0
C to 23

0
C and relative humidity of 30 – 40%.  

 

The ED-XRF analysis: 

 Eighteen elements in particulates matter were determined by the energy-dispersive XRF (ED-XRF) model 

MiniPal 4 of PANalytical manufacturer applying the USEPA method IO-3.3 [4]. All the elements were detected 

at more than 15% above the detectable limit except for V, Co, As, Ba and Th. The calibration was established 

using a single standard, SRM 2783 and a blank sample provided by the National Institute of Standards and 

Technology [12]. Most of the elements such as Mg, Si, S, K, Ca, Ti, Cr, Mn, Fe, Zn, Pb and Al have showed 

good agreement with the certified values for more than 90% recovery. In overall, good precision was also shown 

by some elements, and even their repeatability and reproducibility values are nearly identical. 

 

RESULTS AND DISCUSSIONS 

 

Temporal variability of elemental PM2.5, PM2.5-10 and PM10 compositions: 

 A total of 112 collocated samples consisting of PM2.5 and PM2.5-10 and eighteen elements were analysed in 

the ED-XRF laboratory from Universiti Malaysia Perlis. The samples represent three years monitoring 

programme from February 2008 until May 2010, which was collected once a week on week days. Eighteen 

elements in particulates matter have been identified by MiniPal 4 ED-XRF, which is presented in Table 1. All 

the elements were detected at more than 15% above the detectable limit except for V, Co, As, Ba and Th. 

Nevertheless, their contribution to the total PM will still be discussed. Elemental contribution in PM2.5 in 

descending order was Al > K > Mg > S > Si > Fe > Pb > Zn > Ca > Cu > Ti > Ba> V> Mn > Th > Cr > Co > 

As, while in PM2.5-10 was Al > Si > Ca > Mg > Fe > K > S > Pb > Ti > Cu > Ba > Cr > Mn > V > Th > Co > As. 

These elements were chosen because of their suspected abundance, strong tracer characteristics and qualitative 

knowledge. The concentration of fine particulates (PM2.5) was slightly higher i.e 22.8±13.1 µg/m
3
 as compared 

to the coarser fraction (PM2.5-10), which was 19.6 ± 14.2 µg/m
3
. The elemental PM2.5, PM2.5-10 and PM10 trends 
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were summarized in box plot graphs (Figures 1). The length of those box plots indicates the characteristics of 

each element. Smaller length of box plots (such as of K) represent the locality of the elements since their 

concentrations were distributed well. In contrast, wider box plots indicate the wider range of particular elements 

(such as of Fe), could be influenced by seasonal and meteorological characteristics. Contribution of detected 

elements in fine fraction was 15.3% of total PM2.5. 

 
Table 1: Descriptive statistics of elemental segregated particulates matter collected by the Gent SFU sampler at a Kuala Lumpur site from  

year 2008 to 2010. 

Average SD Min Max Average SD Min Max Average SD Min Max

Al 112 3.74E+03 1.71E+03 1.29E+02 7.43E+03 3.99E+03 1.32E+03 8.72E+01 6.26E+03 7.73E+03 2.43E+03 4.32E+02 1.25E+04

K 112 2.26E+02 1.37E+02 7.10E+00 6.66E+02 1.66E+02 7.78E+01 3.72E+00 4.06E+02 3.91E+02 1.83E+02 1.04E+02 1.03E+03

Mg 112 8.14E+01 1.72E+02 1.33E+00 7.46E+02 7.01E+01 1.07E+02 5.79E+00 5.00E+02 1.52E+02 2.43E+02 9.18E+00 1.06E+03

S 112 1.39E+02 3.16E+02 3.07E+00 1.37E+03 1.06E+02 3.45E+02 4.30E-01 2.60E+03 2.45E+02 5.18E+02 4.56E+00 3.45E+03

Si 112 1.05E+02 1.22E+02 3.22E+00 5.70E+02 8.79E+02 2.42E+03 3.04E-01 1.83E+04 9.83E+02 2.42E+03 9.66E+00 1.84E+04

Fe 112 1.62E+02 1.61E+02 9.62E-01 1.30E+03 3.26E+02 1.81E+02 1.35E+00 9.32E+02 4.88E+02 2.66E+02 8.37E+01 1.62E+03

Pb 112 3.19E+01 1.98E+01 1.32E+00 1.00E+02 2.89E+01 2.10E+01 6.82E-01 1.08E+02 6.08E+01 2.88E+01 9.98E+00 1.67E+02

Zn 112 4.06E+01 2.92E+01 3.72E+00 2.41E+02 3.34E+01 5.59E+01 5.30E+00 5.94E+02 7.40E+01 6.58E+01 1.94E+01 6.51E+02

Ca 112 3.66E+01 4.40E+01 3.08E+00 2.21E+02 3.62E+02 2.12E+02 3.86E+00 9.71E+02 3.99E+02 2.34E+02 7.90E+00 1.03E+03

Cu 112 2.99E+01 1.23E+02 9.46E-02 1.25E+03 1.69E+01 3.60E+01 6.38E-01 3.51E+02 4.68E+01 1.54E+02 2.37E+00 1.60E+03

Ti 112 1.22E+01 9.34E+00 2.21E+00 4.28E+01 2.37E+01 2.35E+01 4.34E-02 9.71E+01 3.60E+01 2.73E+01 5.66E+00 1.11E+02

Ba 112 2.47E+01 2.70E+01 2.87E-01 1.33E+02 2.46E+01 2.77E+01 8.09E-01 1.18E+02 4.92E+01 4.25E+01 4.43E+00 1.83E+02

V 112 9.17E+00 1.13E+01 1.91E-01 5.52E+01 9.05E+00 1.06E+01 4.23E-02 5.13E+01 1.82E+01 1.79E+01 1.39E+00 1.03E+02

Mn 112 9.06E+00 1.38E+01 4.09E-02 8.61E+01 1.03E+01 1.60E+01 1.20E-02 8.05E+01 1.94E+01 2.31E+01 9.71E-01 1.39E+02

Th 112 1.26E+00 7.30E-01 2.28E-02 3.22E+00 1.07E+00 8.28E-01 1.57E-02 3.46E+00 2.33E+00 1.10E+00 2.34E-01 5.24E+00

Cr 112 5.37E+00 1.27E+01 3.10E-01 9.56E+01 9.98E+00 1.98E+01 5.41E-02 1.28E+02 1.54E+01 2.37E+01 6.05E-01 1.52E+02

Co 112 3.33E+00 6.42E+00 7.65E-03 3.41E+01 5.90E+00 1.08E+01 3.06E-02 6.13E+01 9.23E+00 1.41E+01 9.98E-02 7.04E+01

As 112 7.53E-01 9.77E-01 5.67E-03 4.22E+00 9.81E-01 1.08E+00 7.67E-03 4.57E+00 1.73E+00 1.72E+00 6.07E-02 6.25E+00

TOTAL 112 2.28E+04 1.31E+04 2.19E+03 9.22E+04 1.96E+04 1.42E+04 4.76E+02 1.13E+05 4.25E+04 2.17E+04 5.57E+03 1.29E+05

PM10

Concentration (ng/m3)

Elements N PM2.5 PM2.5-10

 
 

 The similitude of elemental PM2.5 with PM2.5-10 as well as the comparability data analysis in three 

monitoring years (2008 to 2010) at the monitoring site is presented in Figure 2. Aluminium (Al) was the 

dominant element detected in both fine and coarse size fractions at the sampling site with an average 

concentration of 5.8±2.8 µg/m
3
 in total particulates (PM10). In PM2.5 fraction, Al accounted for 6.4% of total PM 

but slightly higher in PM2.5-10 fraction by 0.8% from total particulates. Aluminium in coarse fraction is a 

precursor element in soil or crustal material, usually originated from local source. However, in PM2.5, it can be 

originated from crustal material as well as from smelter, travelled far away by wind-blown or re-suspended by 

traffic [7, 8, 20]. Apart from being the most abundant detectable element in PM10, aluminium concentration was 

getting decreased in overall PM10 and PM2.5 but it was increasing in PM2.5-10 fraction. Therefore, Al decrement 

in PM2.5 of more than 15% each year signified a little reduction from its emitter, could be from the metal or 

recycling industries.  

  

 
Fig. 1: Box plot of 18 detectable elements in PM2.5, PM2.5-10 and PM2.5-10 at Kuala Lumpur site (2008 – 2010).  

Annual averages are shown by square box connected by red lines. The boundary of the box closest to  

zero indicates the 25th percentile, a line within the box marks the median, and the boundary of the box  

farthest from zero indicates 75th percentile. Whiskers (error bars) above and below the box indicate the  

90th and 10th percentiles. 
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 Apart from aluminium, elements like potassium (K), magnesium (Mg) and sulfur (S) were among the 

highest compounds found in PM2.5, accounted for 5.0%, 4.5% and 3.7%, respectively. On the other hand, silica 

(Si), calcium (Ca) and Magnesium (Mg) were found in PM2.5-10 with total elemental contribution of 17.3%, 

6.3% and 4.0% respectively. Elements such as Si, Ca, Cr, Fe and Ti were having fine-to-coarse fractions of 

lower than 0.5 suggesting their concentrations in PM2.5-10 were more than double of their concentrations in fine 

fraction. Mean concentrations of Si and Ca in PM2.5-10 were more than nine times higher than their contribution 

in PM2.5. This indicates that crustal compound or soil through mechanical activity (from construction) could be 

the major source of silica as well as Ca in Kuala Lumpur area. Furthermore, coarser particles settled faster and 

can only be transported in shorter distance as compared to finer particles, inferring that local source was the 

main origin of coarser particles (PM2.5-10). The lowest concentration of elements found in both fraction was 

arsenic (As) with its concentration found in PM2.5 size fraction nearly triple to its concentration found in PM2.5-10 

fraction. Other elements such as V, Mn, Cu, Co, Zn, Ba, Pb, Th and Al were almost fractionated well (ratio of 

nearly 1.0) in both PM2.5 and PM2.5-10.  

 

 
 

Fig. 2: Ratio of elemental composition in PM2.5 with PM2.5-10 for year 2008 to 2010 

 

Source apportionment of PM2.5 and PM2.5-10 elemental compositions: 

 Principal component analysis (PCA) with Varimax rotated factor was employed to both elemental 

concentrations of PM2.5 and PM2.5-10. Elements with communality values of <0.500 were omitted from the data 

set, which 12 detected elements were left for both fractions. Five factors were identified for PM2.5 fraction, 

embodying more than 60 percent of total variance explained as in Table 2a. The factors identified were the 

biomass burning and soil, pigment-based industry, industrial coal burning, vehicular emission and non-ferrous 

smelter. First factor having the most explained variance with higher loading of elements K, Ca and Fe was 

marked as the combination of both soil and fly ash sources as suggested by Hopke [9]. Elements such as K and 

Ca are from the fly ash component and are often related to the biomass burning [11]. To a lesser extent, S also 

showed moderate factor loading of 0.455, while Mn and Co were negatively correlated. Thus, factor 1 was 

ascribed to biomass burning and soils, taking into account that their composition in fine fraction was moderately 

to highly enrich and their correlations to PM2.5 (especially K) were much meaningful. 

 Factor 2 has high loadings for element Ti and Ba (negative loading), but with respect to moderate factor 

loading of Ca and S (negative loading). Both Ca and Ti were associated to re-suspended soil dust [3] generated 

by vehicular emission, could be from metal and brake linings as well as paint tears and wears. Sharma [18] 

reported that Ti as an elemental marker for paints and pigments industry. However, paints could also be of tare 

and wear from vehicles or buildings. Since the elemental was emitted in PM2.5 size fraction, Ti is much 

associated to the pigment-based industry. The Ba loading, however showed negatively high value meaning that 

when there is a significant Ti input to the samples, there is a decreased Ba concentration. Major sources of 

pigment-based industries may be in general, lie in other direction of those industries that emit high concentration 

of Ba. The third factor was more related to industrial emission of high temperature processes, as well as kiln 

operations in cement plan. Arsenic is predominant emission from coal combustion, in form of fly ash as well as 

emission from oil combustion. Zinc (Zn) however was much associated to vehicular emission and non-ferrous 

or metal industry. Since Zn, Pb and Mn was grouped in the same factor with As, the third source profile was 

attributed to emission from industrial activities. 

 Higher loading of Cu and Pb was associated to diesel combustion from vehicular exhausts, which explained 

for 11.19% of the variance. Pastuszka [14] reported that Cu concentration in PM2.5 at crossroads was more than 

double of the concentration at urban background site, while Pb of the same crossroad sites was more than five 

times higher than the urban background site. Cu is a marker element for diesel emission [17] as well as metal 

emission from brake linings [21]. Pb is often associated with motor vehicle emission [11]. High loadings of Zn 

and moderate for Mn and S indicate emission from metal industry. Zinc (Zn) while manganese (Mn) is related to 

steel-making by virtue of its alloying properties.  
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 In coarse particulate (PM2.5-10), five factors were required to explain 80.58% of the variance as presented in 

Table 2b. Factor 1 represents the highest variance of 31.44%, being referred as soil and re-suspended road dust 

origin, having high loadings for Ca, Cr, Fe, K and Ti. Moderate loading for Si was also observed, which is a 

major indicator for soil or crustal. Ca, Fe and Si might be emitted from various construction sites surrounding 

the sampling site. Well correlations between PM2.5-bound elements (of Ca, Cr, Fe and K) and PM2.5-10-bound 

elements were observed, suggesting they were distributed by similar source. However, K showed a better 

correlation to fine particulate meaning that K in coarse fraction was from crustal or soil origin. Thus, factor 1 in 

PM2.5-10 PCA was not influenced by biomass particle.  

 Factor 2 represents the emission from cement plant and/or construction works, containing higher loadings 

of Si and S and moderate loadings of K and Ca. Similar result was observed by Biswas et al. (2001) where those 

elements (except Fe) was found in coarse size fraction of PM10 at Dhaka, Bangladesh. The author also reported 

for source classification of element S and Si (together with EC, Fe and Zn) in PM10 as being emitted from refuse 

burning. The third component was formed by high loadings of As and Pb. As is a marker element in coal 

combustion, known from man-made emission sources such as power plant; mining, smelting and refining; waste 

incineration as well as pesticides use. Pb is one of the identified elements in fly ash as well as in oil combustion. 

Thus, both elements implied the emission from industry.  

 
Table 2: Rotated component matrixa in PCA of elemental (a) PM2.5 and (b) PM2.5-10 

 
 

 Higher loadings of Zn as well as moderate loading of Pb in factor 4 were the indicator of emission from 

traffic while Al is the predominant element of soil, especially in coarser particulates. Zn was found as the largest 

source of metal emission from tire tread rubber and found in diesel soot along with Pb [21]. Thus, Factor 4 is 

related to the presence of vehicle engine coupled with soil. Factor 5 however showed for high loading of Cu and 

could be attributed to Cu smelter or recycling plant. 

 

Conclusion: 

 The source identification techniques of PCA was applied to PM2.5 and PM2.5-10 data sets in which five 

factors were identified for each particulate fraction. Industrial emissions were defined by the fine particulates 

fraction while the coarser was attributed to soil, re-suspended road dust and construction works emissions. 

Elements of aluminium were found to be the highest in both particulates fraction and were referred as soil 

fingerprint. PCA analysed major elements such as Fe, K and Ca for both fractions, however the interpretation 

was different since the elemental loadings in both PM2.5 and PM2.5-10 fractions were of different elements.  
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