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Abstract

This study was conducted to determine heavy metal concentrations in particulate matter (pM10) and the 
source identification in the areas affected by traffic during the southwest monsoon from June to July 2014. 
Collection of the particulate samples was done at three sampling sites that have varying traffic densities 
(high, medium, and low). Samples were collected using a high-volume air sampler. Heavy metals in the 
particulate matter (pM10) were assessed with inductively coupled plasma mass spectrometry. The results 
show that the mean concentrations of pM10 for high-, medium-, and low-density traffic were found to be 
207.63±7.82, 164.92±10.68, and 90.09±20.70 µg m-3, respectively. The concentrations in high- and medium-
density areas were found to be significantly higher than 150 µg m-3 for 24 hrs as per Recommended Malay-
sian Air Quality Guidelines (RMAQG). The heavy metals found were dominated by Ba and Fe, followed by  
Cu > V> Zn > pb > Mn > Cr> As > Ni >Cd > Co. A comparison of the concentrations of heavy metals with 
the United State Environmental protection Agency (USEpA) and World Health Organization (WHO) guide-
lines revealed that As was higher than the standards in high- and medium-density areas. Cluster analysis 
(CA) and principal component analysis (pCA) were employed in the identification of the sources of metals 
for high-, medium-, and low-traffic densities. The CA identified three clusters for high-, medium-, and 
low-traffic densities, while pCA extracted four sources for high-, medium-, and low-traffic densities and 
the major pollution sources identified were vehicle exhaust emission, non-exhaust emission (brake and tire 
wear), and re-suspension dust.
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Introduction 

particulate matter (pM) in the atmosphere is among 
the most important pollutants of the environment affecting 
the atmosphere at different concentrations. Moreover, it 
affects human health when it enters the respiratory system 
[1]. Recent studies on the health problems associated with 
exposure to  particulate matter (pM) with an aerodynamic 
diameter of 10 µm or less (pM10) have identified a variety 
of health-related problems that include deterioration in 
lung function, chronic pulmonary disease, heart disease, 
and premature death, along with a rise in mortality [2-4].

Airborne particulates are significant conveyors 
of metals, some of which are toxic and typically exist 
naturally and excessively in the environment. These 
particulates carrying levels of heavy metals in various 
forms pose a serious health risk when breathed in or 
swallowed [1]. Consequently, heavy metals in association 
with pM definitely affect the biological and physiological 
functioning of the human body. 

Traffic emission and road dust have often been 
used for detecting heavy metal environmental pollution 
[5]. Hence, the degrees of heavy metal pollution in 
road dust reported worldwide have existed for decades 
[6] . Metals, including Cd, Co, Ni, pb, and Zn, may 
be grouped as road-specific heavy metals. They are 
primarily a result of combustion residues, losses from 
fuels, engine, transmission oils, brake linings, exhaust 
catalysts, and abrasion from tires and road pavement [7-
8]. A high number of motor vehicles, together with more 
industries and a huge quantity of road dust, are suspected 
to contribute to the level of pM10 in the atmosphere [9]. 
Some research has been conducted on the properties of 
heavy metal levels in road dust produced by vehicular 
activities [5, 10]. For instance, the concentration and 
distribution of heavy metals in urban airborne particulate 
matter in Frankfurt, Germany were the highest values on a 
main street with high traffic density. Non-exhaust sources 
contributed almost the same levels as engine exhaust on a 
high-traffic road in London. The non-exhaust particles are 
normally derived from abrasive sources such as tire wear, 
brake wear, and road surface abrasion. Brake and tire wear 
contribute significantly to the presence of heavy metals in 
urbanized areas, and especially in places with high traffic 
[8]. Furthermore, particle re-suspension from the road 
surface is very important, particularly in drier weather [8].

In Malaysia, automobile emissions alone contributed 
about 82% of pollutants, including particulate matter and 
organic and inorganic compounds in the atmosphere, while 
the remaining 18% were from various sources including 
industry, power stations, and domestic and commercial 
sources (DOE 1996) [11]. previous studies have found 
that the deterioration of air quality in peninsular Malaysia 
has become more pronounced in recent times, primarily 
due to the continuous dust fall-out and the increase in 
concentration of suspended particulate matters in the 
ambient air along congested roadsides. These problems 
are principally attributed to the emissions from motor 
vehicles and open burning [9, 12].

The concentration of Zn in pM10 was once reported 
as the highest compared to Cr and Mn in urban areas in 
Malaysia, which indicated an association between Zn 
and emissions from tire use, car brakes, and different 
types of petrol [12-13]. However, recent studies on heavy 
metals in pM10 have shown that Fe had the highest levels, 
indicating that vehicular emissions were the main source 
of pM10 around a very busy highway [14]. Generally, 
the most commonly reported heavy metals composition 
in pM10 were pb, Zn, Co, Cd, Cu, Fe, As, and Ni, which 
are associated with vehicular emissions [12, 15-16]. 
Therefore, the aims of this present study were to examine 
the heavy metals such as pb, Zn, Co, Cd, Cu, Fe, As, and 
Ni in particulate matter (pM10), and to identify the source 
of heavy metals in pM10 using cluster analysis (CA) and 
principal component analysis (pCA). This research can 
serve as a guide for policy formulation in order to develop 
a framework for vehicular traffic in urban Malaysia. It 
would also contribute to the growing literature about 
heavy metals concentrations in atmospheric pM10 in these 
areas. 

Material and Methods

Study Area

Cheras is a southeastern suburb of Kuala Lumpur, 
the Malaysian capital city. The township (3.0422°N, 
101.7706°E) is adjacent to Ampang and Kajang, which 
are major towns within the metropolitan area. Cheras is 
one of the major towns in the Klang Valley region, which 
is highly populated with high transportation density. The 
town is warmest in the month of March, and experiences 
heavy rains during the month of November as the 
northeast monsoon moves in from October to March. The 
climate of the area during the study period (June to July 
2014) is characterized as tropical, receiving daily average 
rainfall of about 2.3 mm, temperature fluctuating between 
28 and 31ºC, and wind speed of 3.69 m/s with a direction 
of about 206.83SW [17]. For this study, the sampling sites 
were located in different traffic densities as shown in  
Fig. 1 high (CH), medium (CM), and low (CL) traffic 
density. High traffic density refers to areas near the 
highway with average traffic volume (56,316 vehicle/day) 
[18], while the medium density are areas around the city 
center closer to major roads with average traffic volume 
of nearly 11,645 vehicle/day. However, the low-density 
areas refer to those locations around the neighborhood 
with minor roads, characterized by low traffic volume 
with an average of 2,800 vehicles/day (field survey).

Sampling Collection

particulate matter (pM10) samples were collected daily 
during the southwest monsoon for 24 hours excluding 
the weekend, from midday on 24 June to 4 July 2014. 
Altogether, 24 pM10 samples were taken with high-volume 
samplers (USA, model B/MV2000HX), which were 
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designed especially for pM10 at a specified flow rate of 
1.13 m3/min with an inlet height of 1 m. Samples were 
collected from three sampling sites with different traffic 
densities (highway, medium, and low densities) using 
glass fiber filters (Whitman EpM 2000, 20.3 × 25.4 cm). 
The sampling points are about 1 km from each other and 
around 16, 10, and 7 m from the roads for high-, medium-, 
and low-traffic densities, respectively. The filters were 
periodically checked as per manufacturer’s instructions 
to ensure the reliability of pM10 data [19].

Gravimetric Analysis

The levels of particulate matter (pM10) were 
determined gravimetrically by weighing the filters before 
and after sample collection. The filters were kept for 24 
h in a desiccator, which was maintained at 50% relative 
humidity at 20ºC [20]. An analytical balance with a 
precision of 0.1 mg was employed for weighing the 
filters. The pM10 concentration levels were obtained on 
the basis of the sample quantities obtained and the volume 
of pumped air [20].

Chemical Analysis

For heavy metal analysis, half of the pM10 filter 
paper was cut into smaller pieces and placed into a 
150 ml conical flask. The filters were extracted with 

100 ml mixture of hydrochloric and nitric acid (3:1) 
 using a hot plate acid [20]. Digestion was conducted in the 
fume chamber for one and a half hours [21]. It was then 
cooled and filtered using 0.45 µm filters and refrigerated 
in a pre-cleaned robust polyethylene bottle until analysis 
[22-23]. The determination of the heavy metals was 
undertaken using an inductively coupled plasma mass 
spectrometer (ICp-MS perkin Elmer Elan 9000). The 
calibration of the ICp-MS was performed with standard 
multi-element solutions. The concentrations of pM10 
composition were corrected from the reagent and filter 
blank samples. These reagent and filter blanks were 
exposed to similar digestion procedure for quality 
assurance (QA) and quality control (QC) purposes. The 
recovery (%) of the heavy metals using standard reference 
material (NIST SRM1648a for urban particulate matter) 
was obtained from the U.S. National Institute of Standards 
and Technology (NIST). Results exhibited that the 
recoveries for all the metals measured were in the range 
79-95%. The detection limits were 0.12 ng m-3 for pb, 
0.10 ng m-3 for Zn, 0.05 ng m-3 for Co, 0.02 ng m-3 for 
Cd, 0.3 ng m-3 for Cu, 0.4 ng m-3 for Fe, 0.3 for As, and  
0.13 ng m-3 for Ni.

Statistical Analysis

The data obtained was analyzed using univariate 
and multivariate methods using SpSS software version 

Fig. 1. Sampling sites (CH, CM, and CL) in Cheras traffic area.
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20.0 (student version of the statistical package for social 
sciences) and XLSTAT 2015 software. Basic statistical 
parameters such as mean, standard deviation, and maximum 
and minimum values were used for the analysis of the data 
for atmospheric pM10 and heavy metals concentrations. 
One-way analysis of variance (ANOVA) was used to 
detect the significant difference between metals from 
different sampling sites (p<0.05). Multivariate statistical 
analysis, including CA and pCA, was used to identify the 
source apportionment of the heavy metals in pM10 in the 
study area as previously conducted by other researchers 
[23, 24].

Cluster Analysis

CA is a multivariate technique used for the classification 
of a system of objects into groups or clusters on the basis 
of their similarities. The primary aim is to determine an 
optimal grouping for clusters with similar observations 
and those that were dissimilar to other clusters. The aim 
of CA is to determine a systematic organization of the 
variables based on shared common characteristics of 
groups/clusters. In this way it cognitively facilitates the 
prediction of common properties on the basis of overall 
group membership [13]. Cluster analysis was applied to 
heavy metals in pM10 from an air sampling standardized 
matrix of samples by means of the complete linkage 
method, and the outcomes were recorded as a dendrogram.

principal Component Analysis

pCA is the most commonly applied method of 
multivariate statistical analysis among various options  
[25, 26]. It is a procedure that determines data patterns 
and then expresses them on the basis of their similarities 
and differences. pCA explains how the variables are 
quantitatively related in the form of groups within the 
data, which minimizes the number of variables and 
dimensionality in a data-set utilizing a reduced number 
of linearly independent new variables, which are major 
components (pCs). This means that the variables are 
maximally correlated with one component, but have little 
or no correlation with the others. Thus the components 
are arranged in descending order (from the largest to 
the smallest contributor) as precisely as possible with 
few major components [26-27]. The post-rotation factor 
loadings are classified as strong (>0.70), moderate 
(0.50-0.70), and weak <0.50) [27]. pCA groups the var
iables as major components (pCs), with their eigenvalues, 
variability (%), and cumulative values (%) of individual 
and collective pCs. These are applied in the  plotting of a 
graph that identifies the pCs with eigenvalues exceeding 1 
that are to be retained [28]. The measurement of sampling 
adequacy applied was the Kaiser-Mayer-Olkin (KMO) 
followed by the execution of the pCA. This was done 
in others to obtain the evaluation of the appropriateness 
of pCA as well as to check the adequacy of samples. 
proceeding to the next level is done only if the KMO value 
is 0.5 and above [29]. 

Results and Discussion

Table 1 presents a statistical summary of pM10 and 
associated heavy metals for three sampling sites during 
the period of study (southwest monsoon). The mean 
concentration of pM10 for  high-, medium-, and low-density 
traffic was found to be 207.63 ±7.82, 164.92±10.68, and 
90.09±20.70 µg m-3, respectively. The maximum and 
minimum values of high-, medium-, and low-density 
traffic were 217.24, 196.35, and 181.54 (max.), and 
152.29, 126.47, and 69.32 (min.) µg m-3, respectively. 
These levels of pM10 were higher than the 150 µg m-3 for 
24 hrs recommended by the U.S. EpA and Recommended 
Malaysian Air Quality Guidelines (RMAQG). On the 
contrary, the low density was found well below these 
limits, because low density characterized by low traffic 
volume ranged between 3,000-1,200 vehicle/day. The 
results also exposed significant differences among sites 
(p<0.05) for pM10. The results were consistent with the 
findings of  [9, 13], where pM10 concentrations were 
higher during the southwest monsoon. This is because 
high density has a higher traffic load and is characterized 
by movement of heavy-duty vehicles where great number 
of particulates are produced and pollute the atmosphere. 
Also, studies by [14] have reported that the concentration 
of pM10 over the Klang Valley is generally high during 
the southwest monsoon due to the contribution of biomass 
burning from regional sources.

The mean concentrations for different heavy metals at 
various sites (high, medium, and low densities) are shown 
in Table 1. The significant variations (p<0.05) were seen 
between the heavy metals in three sites, where the highest 
mean concentration was found for Ba at (729.29±44.42, 
649.21±62.48, and 312.35±155.52 ng m-3) for the three 
densities, respectively, while Fe was recorded as the 
second values at for all the sites followed by Cu > V > Zn 
> pb > Mn > Cr> As > Ni > Cd > Co. However, medium 
and low traffic densities followed this order: Zn > V > Cu 
> pb > Mn > Cr> As > Ni >Cd > Co and Zn > V > Cu > 
Cr > pb > Mn > As > Ni >Cd > Co, respectively. These 
metals are frequently linked with traffic sources, either 
vehicular exhaust emissions or non-engine combustion 
sources, such as fuel combustion, tires, and clutch wear 
along with road dust [29-30]. Among the heavy metals, the 
levels of As were found to exceed the U.S. EpA standards 
and WHO guidelines, whereas pb and Cd were below the 
standards (Table 1). These results are in line with previous 
studies [12, 15] where high concentrations were reported 
for Fe, although this study revealed higher concentrations 
as conducted during the southwest monsoon, whereas the 
concentrations were lower compared with the findings 
of [31].  The results revealed that the high traffic density 
recorded high concentrations of heavy metals compared 
with medium and low, which may be characterized by high 
traffic volume vehicles [5]. Moreover, the lower amount 
of rainfall during the southwest monsoon season increased 
the density of air pollutants. Also, other meteorological 
parameters such as low wind speed, wind direction, high 
temperature, and relative humidity ambient temperatures 
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commonly increased the concentrations of heavy metals 
during the southwest monsoon [13] .

Multivariate statistical analysis was applied for eight 
heavy metals for different traffic densities (high, medium, 
and low) utilizing pCA and CA to evaluate potential 
contributing sources of heavy metals in the study area 
which are considered of the most prevalent and useful 
statistical methods for uncovering the potential structure 
of a set of variables [12]. 

CA was also employed in order to determine the 
sources of heavy metals in pM10 based on the similarity 
of the elements in the group for the three sampling sites 
(high, medium, and low density). CA for (high density) is 
presented in a dendrogram, where the variables are grouped 
into three statistically dissimilar clusters depending on the 

similarities between the variables and dissimilarities with 
other groups. Fig. 2a) shows cluster analysis using the 
total linkage procedure for the high traffic density that was 
classified into three clusters. The first cluster consisted 
of V, pM10, Mn, and Cd, which could be associated with 
vehicle exhaust and non-exhaust (brake and tire wear) [7, 
29]. The second cluster was comprised of pb, As, Ni, Zn, 
Fe, Cu, and Co, possibly originating from vehicle exhaust 
and brake wear [7, 32], and the third cluster consisted 
of two metals, Ba and Cd, which most likely came from 
non-exhaust emission sources [33-34]. The dendrogram 
of cluster analysis for medium traffic density was also 
classified into three clusters Fig. 2b). The first cluster 
was comprised of V, Zn, pM10, Cr, and Cd, whereas the 
second cluster consisted of metals such as Co, pb, Fe, Ni, 
As, and Mn, which could have emanated into the local 
atmosphere from vehicle exhaust and non-exhaust [7, 35]. 
The third cluster contained Ba and Cu, which reveal that 
the brake wear was the main sources [36]. Fig. 2c) shows 
cluster analysis for low-density traffic, which exhibited 
three clusters categorized as CA1, comprising of Fe, Mn, 
Zn, Cd, and pM10, probably coming from vehicle exhaust 
and non-exhaust emissions. CA2 consisted of V, As and 
Ni these were believed to be from exhaust emissions 
and brake wear [16], while the third cluster included 
Cr, Cu, pb, Co, and Ba, which indicates that exhaust 
and nonexhaust are the main source for these metals 
[33]. These clusters provided evidence that the variables 
have different behaviors in each site. Moreover, since 
the study was conducted during the southwest monsoon 
where the atmosphere was characterized by haze, it can 
be concluded that apart from vehicular emissions, other 
likely sources of pM10 can be from the haze, which makes 
it exhibit the same character in the three traffic densities 
(high, medium, and low) as shown in Fig. 2.

pCA was also used to infer possible common sources 
of heavy metals in pM10. Even though the result obtained 
from CA shows classification of the elements based on 
sources, the pCA (unlike CA) gives detailed information 
with regards to classification. In this study pCA was used 
for the eight parameters and it produced seven pCs for 
high, medium, and low densities, respectively. However, 
only pCs with eigenvalue greater than 1 are considered 
to be the most important [23], thus three pCs for high 
density and four for medium and low density seem to 
be significant (Figs 3a-c, Table 2), and the higher the 
eigenvalue of a pC, the higher the contribution of that pC 
to the source of pM10 and heavy metals [27]. Moreover, in 
this study the Kaiser-Mayer-Olkin (KMO) test of heavy 
metals data illustrates 0.62, 0.74, and 0.51 for the high, 
medium, and low traffic densities, respectively. This 
considers that all variables are adequate and can apply for 
further analysis. The Bartlett’s test of sphericity exposed 
the heavy metals data to the sphericity assumption since 
it had noticed a chi-square value of 41.337 (p < 0.05, 
df = 28), then confirming that the data variables were 
associated and not orthogonal. This suggests that pCA will 
allow for interpretation of the variability in the data with 
less than the number of variables.

Fig. 2. Cluster analysis of pM10 and heavy metals: a) high, b) 
medium, and c) low traffic densities.
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Table 2 shows the pCA results for high, medium, and 
low densities. The four pCs with eigenvalues greater than 
1 obtained for high traffic density seem to be significant 
sources of pM10 and heavy metals, making up more than 
92% of the total variance. The first component with 
51.24% total variance and an eigenvalue of 4.611 exhibits 
the highest loadings of As, pb, Cu, Ni, Cd, Zn, and Fe, 
where Mn showed moderate loadings. These heavy 
metals could have originated from a mixture of vehicle 
exhaust and non-exhaust sources (brake and tire wear) 
[29, 35]. The second component accounted for 13.62% of 
total variance, consisting of a high loading of V with a 
moderate loading of pM10. The possibility originated from 
the combustion of engine oil, and brake and tire wear 

[28, 33, 37]. The third component, which accounted for 
12.65% of the total variance, had  the highest loading of 
Cr and moderate loadings of Co, which mainly originated 
from exhaust and non-engine combustion sources (brake 
wear) [31]. The fourth component explains 9.67% of the 
total variability and consists of moderate loading of Ba. 
This suggests a brake wear source [8].

Similarly, four components for medium density show 
88.8% of cumulative variance. The first component 
accounts for 41.17% of total variance, and consists of the 
highest loading of As, pb, Ni, Co, Fe, and V, and moderate 
contributions from pM10, Mn, and Zn, with  a weak 
contribution of  Cr, which mostly originates from vehicle 
exhaust emissions and non-exhaust (brake and tire wear) 
[1, 38-39]. The second component, which accounts for 
17.4% of the total variance, has the highest loading of Cd 
and Cr, and moderate loading of Zn and Ba with a weak 
loading of V, which is mainly produced from exhaust, 
combustion of engine oil, brake wear, and tire wear [37, 
39, 40]. The third component explains 15.2% of the total 
variability and exhibits a high contribution of Cu and 
moderate loading of Mn, while Fe shows weak loading, 
which mainly resulted from exhaust and brake wear [5, 8, 
12]. However, the fourth component accounts for 8.16% 
of the total variability, which has a moderate loading of 
Mn only. This could be emitted from exhaust emission and 
brake wear [40]. 

Likewise, four pCs exhibit 88.01% of cumulative 
variance. The first component has a high factor loading for 
Ba only and moderate loading of  Cr, which are associated 
with automobile exhaust and brake wear emissions 
[8, 31]. The second component, which accounts for  
24.15% of total variance, has the highest loading of Ni 
and V with a moderate loading of As, which indicates that 
diesel engine exhaust sources, combustion of engine oil, 
and brake wear are the main sources of these metals [35, 
41]. The third component contains the highest loading of 
Cu with significant contributions from pb, Zn, and Cr, and 
a weak contribution of Mn, which originated from vehicle 
exhaust and brake and tire wear [6, 33, 40]. However, the 
fourth component accounts for 8.37 of the total variability 
and was associated with Mn ,which originated from 
exhaust and brake wear [40]. 

Conclusions

Concentration levels of pM10 and related heavy 
metals were studied at three sampling sites with different 
traffic densities (high, medium, and low) during the 
southwest monsoon. The mean concentrations of pM10 
for high-, medium-, and low-density traffic was found to 
be 207.63±7.82, 164.92±10. 68, and 90.09±20.70 µg m-3, 
respectively. These concentrations of pM10 levels were 
seen to be significantly higher in highway and medium-
density sites compared to low-density sites, and both were 
higher than for the U.S. EpA and RMAQG. Overall, the 
trend of heavy metals recorded in the study area was in 
the order Ba > Fe > Cu > V > Zn > pb > Mn > Cr > As 

Fig. 3. Scree plot of principal components: a) high, b) medium, 
and c) low traffic densities.
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> Ni > Cd > Co, while medium and low traffic densities 
followed the orders, respectively, Ba > Fe Zn > V > Cu > 
pb > Mn > Cr > As > Ni > Cd > Co and Ba >Fe > Zn > V 
> Cu > Cr > pb > Mn > As > Ni >Cd > Co. Between the 
heavy metals As was found to exceed the U.S. EpA and 
WHO guidelines. 

The results also revealed significant differences 
among sites (p< 0.05) for pM10 and heavy metals. Source 
identification study through CA and pCA helped identify 
different sources of heavy metals in pM10 in the local 
atmosphere, such as vehicle exhaust (fuel composition), 
non-exhaust (brake and tire wear), and re-suspension 
particles from different road dusts. Owing to the effects 
of pM10, which is associated with health risks, the level 
of pM10 and its content of heavy metals, especially As, 
should be monitored frequently in order to achieve a 
healthy environment, especially within this study area. 
Also, this study indicated that for the future and effective 
management of Malaysian air quality, an effort should 
be made toward identification of point and non-point 
pollution sources as a priority in controlling air pollution.
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