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Abstract: While the fate of various air pollutants in the urban areas has always been the main focus, this study
aimed to identify the levels and sources of heavy metals in PM  for two seasons (Southwest and Northeast10

monsoon). This study reported the concentrations of heavy metals in PM  determined by using EPM 2000 filter10

followed by acid digestion, extraction and analysis through inductively coupled plasma  mass  spectrometry.
The mean  concentrations  of  heavy  metals  were  found  to be as following Fe>Zn>Pb>Ba>Mn>Cr>As>Cd
for the Southwest monsoon while for Northeast monsoon they were dominant by
Fe>Zn>Ba>Mn>Pb>Cu>As>Cr>Cd. The concentration of these metals was higher during the southwest
monsoon than the Northeast monsoon, except for Mn. PCA was used to determine the sources of heavy metals
and how they contributed to particulate matter. The main contributors of airborne heavy metals were found to
be mostly oil combustion/industries, brakes wear/resuspended road dust and tires wear. 
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INTRODUCTION compounds, the most significant are the heavy metals

Airborne particulate matter consists of a wide class of sources like crustal materials, road dust, construction
chemically and physically different elements various in activates, automobiles, coal oil composition, burning and
sizes, chemical compositions, formations, sources and various industrial activities [3, 4]. 
concentrations, across space and time. Particulate matter Motor vehicle exhaust is known as a significant
has been associated with health effects related to source of air pollution, especially in urban areas where
respiratory, cardiovascular problems and premature traffic emission from the massive number of vehicles
mortality [1]. It has been found that airborne particles with commuting on the highway is a threat to clean air in the
an aerodynamic diameter of <10 mm (PM ) often are Klang Valley, particularly during peak hours of working10

harmful for health and can affect climate and reduce days [5]. To measure the air quality of Shah Alam
visibility as they participate in a several significant highway area for PM  and heavy metals, the aims of this
atmospheric processes. Generally, The particulates research were to determine the levels of PM  and the
contain a diverse collection of chemical species, from content of heavy metals and also to identify the source
organic and inorganic compounds [2]. Of the inorganic apportionment of heavy metals using principle component

emissions from a variety of natural and anthropogenic
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analysis (PCA) techniques. Additionally, it was to bottles until analysis [4]. The blanks were then similarly
determine how different heavy metals are related during prepared. The quantitative analysis of the digested
the  Southwest  and Northeast monsoons using samples was carried out for heavy metals (Pb, Zn, Cd, Cr,
correlation analysis Firstly, the ambient air quality is Cu, Fe, As, Ba, Mn) using inductively coupled plasma
monitored to determine the level of pollution in a mass spectrometry (ICP-MS Perkin Elmer Elan 9000).
particular focused area. Therefore, this research may be
useful for scientific records and raising public awareness Statistical Analysis: After obtaining the data, they were
since few studies on the source tracking of these chemical statistically analyzed including univariate analysis using
pollutants (heavy metals) in atmospheric particulate SPSS version 20.0 statistical software. In addition to
matter have been conducted, particularly in tropical multivariate statistics in terms of Principal Component
countries. Analysis (PCA) and Pearson correlation matrix was

MATERIALS AND METHODS applied was the Kaiser-Mayer-Olkin (KMO followed by

Study Area: Shah Alam is the capital of Selangor state in suitability of PCA and to test the adequacy of samples.
West Malaysia and is located in the Petaling District and Proceeding to the next level is done only if the KMO
in part of the Klang District (between 3.0833° N, 101.5333° value was 0.5 and above [8]; in this study the KMO was
E) and is approximately 25 kilometres west of, Kuala found to be 0.620 and 0.604 for Southwest and Northeast
Lumpur, the Malaysian capital. March is the warmest monsoons respectively. PCA extracts variables into
month, while heavy rains in November make it the wettest groups known as principal components (PCs), with their
month with the onset of the Northeast monsoon eigenvalues, variability (%) and cumulative values (%) of
beginning in October and lasting until March. Shah Alam individual and collective PCs and these were used to plot
is a sizeable city in the Klang Valley region which is a graph from which the PCs with eigenvalue greater than
highly  populated  with  high  transportation  activities. 1 were retained.
Fig. 1 shows the sampling location for this study.

Sampling and Analysis: The PM  sampling took place10

between November 2014 and January 2015 for two Particulate Matter (PM ) Concentrations: The statistical
seasons (Southwest and Northeast monsoons). The distribution  parameters  for  PM10  and  heavy  metals
sampling  was  undertaken  using  a   high  volume (Pb, Zn, Cd, Cr, Cu, Fe, As, Ba, Mn) for Southwest and
sampler (HVS) (USA; model: B/M2000HI) equipped with Northeast monsoons are given in (Table 1, Fig. 1) PM10
fiber glass filter paper (Whatman EPM 2000, size (20.3 cm mean  concentration  was  found  to  be  the highest
9 25.4 cm). The filter paper  was  stored  in  a  desiccator (210.41 ± 85.93 µg/m ) during the Southwest monsoon
for 24 h before being weighed using analytical balance. season with the maximum and minimum values (243.12,
The sampling was conducted over 24 h at a flow rate of 180.60 µg/m ), respectively and (139.28 ±3.69 µg/m3)
1.13 m /min. After sampling, the filters were conditioned during the Northeast monsoon season with the maximum3

for 24 h in a room of constant temperature and relative and minimum values (143.68, 133.01 µg/m ) respectively in
humidity in a desiccator and then gravimetrically which 24 h PM10 concentration was shown to exceed the
weighted. Pre and post-field air samples were collected Malaysian air quality standard of 150 µg m3 for the
using the related formula [6]. Southwest monsoon. There appeared to be a statistical

To process the sample, the filter paper was cut into difference  between  the  Southwest and Northeast
strips and then placed into a 150 mL conical flask. The seasons as exhibited by using (T-Test). This could have
filters were extracted with 100 ml mixture of hydrochloric been caused by varying meteorological conditions and
and nitric acids (3:1) and 1 ml of H O . Digestion was rates of emission resulting in the relatively large2 2

conducted in the fume chamber using hot plate acid [6]. deviations from the standard [9]. The seasonal mean
The cooling of the sample was done by leaving it at room precipitation of 2000 is shown in Fig. 3. The global mean
temperature for 30 min Then, the solution was filtered feature from the model closely follows the pattern from
using 0.45 µm filters and refrigerated in polyethylene what was observed.

performed using XLSTAT software. The first measure

the execution of the PCA. This is to evaluate the

RESULTS AND DISCUSSIONS
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Table 1: Statistical distribution of PM10 (µg/m ) and trace metals levels (ng/m ) in particulate matter of study area (Southwest and Northeast monsoons).3 3

Southwest monsoon Northeast monsoon
---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------

Parameter Mean Max Min Median  SD Mean Max Min Median  SD

PM 210.41 243.12 180.60 241.85 85.93 139.28 143.68 133.01 140.3 3.6910

Pb 120.21 140.85 92.54 120.42 16.81 32.08 54.27 13.3 24.17 15.91
Zn 190.25 215.74 167.86 199.67 17.51 60.35 88.45 28.54 55.88 20.94
Cd 3.01 3.9 0.88 3.63 1.11 0.44 0.67 0.27 0.312 0.15
Cr 18.49 25.58 11.71 18.7 4.27 5.61 6.71 4.85 5.78 0.66
Cu 135.62 170.28 106 132.03 20.62 21.6 30.75 16.77 19.53 4.48
Fe 704.13 885.93 468.15 710.87 121.24 268.14 334.3 194.96 261.33 48.59
As 16.68 18.37 13.83 16.87 1.57 8.86 11.34 6.39 8.69 1.64
Ba 237.81 315.82 175.04 236.30 45.02 85.76 95.78 69.70 87.48 9.18
Mn 33.75 44.65 25.1 34.33 7.66 35.04 43.73 25.67 36.78 6.53

Table 2: Factor loading after varimax rotation using PCA. 

Southwest monsoon Northeast monsoon
------------------------------------------------------------------- -----------------------------------------------------------------

Elements F1 F2 F3 F1 F2 F3

Pb -0.932 -0.088 -0.265 -0.033 -0.626 0.745
Zn -0.468 -0.693 -0.264 0.75 -0.541 0.189
Cd 0.76 0.223 -0.591 0.917 0.216 0.079
Cr -0.39 0.863 -0.148 -0.07 0.727 0.529
Cu 0.899 0.142 0.046 0.129 0.944 0.068
Fe 0.567 -0.613 0.523 0.855 0.49 -0.096
As 0.855 0.062 0.046 -0.82 -0.223 -0.326
Ba 0.018 0.437 0.539 -0.503 0.614 -0.06
Mn -0.48 0.168 0.765 0.766 -0.23 -0.493
Eigenvalue 3.908 1.902 1.665 3.671 2.869 1.242
Variance% 43.424 21.136 18.497 40.792 31.878 13.805
Accumulative Variance% 43.424 64.56 83.057 40.792 72.669 86.474

Table 3: Correlation matrix of heavy metals for the Southwest and Northeast monsoons

Southwest monsoon
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Variables Pb Zn Cd Cr Cu Fe As Ba Mn

Pb 1 0.558 -0.565 0.269 -0.947 -0.633 -0.725 -0.082 0.169
Zn 1 -0.389 -0.319 -0.451 -0.016 -0.385 -0.249 -0.161
Cd 1 -0.042 0.658 -0.021 0.642 -0.229 -0.754
Cr 1 -0.121 -0.807 -0.373 0.217 0.250
Cu 1 0.482 0.631 0.006 -0.331
Fe 1 0.390 -0.037 0.030
As 1 0.286 -0.427
Ba 1 0.227
Mn 1

Northeast monsoon

Pb 1 0.405 -0.134 -0.083 -0.502 -0.399 -0.091 -0.422 -0.202
Zn 1 0.601 -0.280 -0.432 0.341 -0.498 -0.678 0.601
Cd 1 0.025 0.243 0.851 -0.921 -0.173 0.516
Cr 1 0.782 0.277 -0.112 0.263 -0.392
Cu 1 0.600 -0.258 0.371 -0.071
Fe 1 -0.742 -0.204 0.608
As 1 0.109 -0.340
Ba 1 -0.595
Mn 1



World Appl. Sci. J., 35 (2): 223-229, 2017

226

Fig. 1: Map of study area indicating sampling site

Fig. 2: Averaged seasonal concentration for PM  (µg/m3) for Southwest (S1) and Northeast monsoons (S2)10
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Fig. 3: Factor loading plot after varimax rotation which visualize the distribution of variables on the respective factor
axes for the Southwest (S1) and Northeast monsoons (S2).

This is supported by various studies [10, 11] which seasons were statistically different as determined by
showed that the PM  concentration over the Klang valley metals concentrations in T-Test. The heavy metals Pb,10

is generally high during the Southwest monsoon as a As, Cd and Ba studied could be compared with annual
result of additional haze caused by biomass combustion WHO and USEPA standards for atmospheric metal
in the surrounding areas. The lower amount of concentrations. The As exceeded the WHO and USEPA
precipitation during  the  Southwest  monsoon  season standards (6.6 ng/m ) for two seasons. The concentration
increased density of air pollutants. Also, ambient of heavy metals was higher in the Southwest than in the
temperatures are usually of a higher level during the Northeast monsoon season, as a result the highway had
Southwest monsoon than the Northeast monsoon season. higher traffic density and is characterized by the
Ambient temperature has been observed to be strongly movement of heavy-duty vehicles and also the prevalence
correlated to overall suspended particulate matter as of hazy atmospheric conditions, meteorological
atmospheric convection and dispersion are curbed [4, 12]. parameters and the lower amount of precipitation during

Heavy metals Concentrations in PM : Descriptive had an effect on the sources of air pollutants [9, 13].10

statistics  for   heavy   metals   concentrations   in  PM10

are shown in Table 1. Fe showed the highest mean Source Apportionment: For the purpose of understanding
concentration   during    the    Southwest    monsoon the sources of heavy metals in the study area for the two
(704.13  ±  21.24)  ng/m )  with maximum and minimum seasons (Southwest and Northeast monsoons), in this3

values of (885.93 and 468.15 ng/m ) respectively. The present study, source apportionment was done through3

concentration of the other main heavy metals in the application of principal factor analysis (Varimax
descending  order  was  Ba  (237.81  ±  45.02  ng/m )  and rotated analysis). Principle component analysis can3

Zn (190.25 ± 17.51 ng/m ) followed by efficiently explain detail of these metals quantitatively as3

Cu>Pb>Mn>Cr>As>Cd. The highest  mean  concentration well as their related sources [2, 14]. Table 2 shows the
of heavy metals in the Northeast monsoon was recorded Principal Component (PC) loadings for the metal data of
for Fe (268.14 ± 20.62 ng/m3) followed by Ba> Zn> Mn> the study period with related eigenvalues and variations.
Pb> Cu> As> Cr> Cd. The concentration of heavy metals The details for heavy metals were included based on three
was higher in the Southwest than in the Northeast common factors: three with eigenvalues in excess of 1.0
monsoon and except Mn is higher in the Northeast were derived with 83.057 and 86.474% cumulative variance
monsoon than in the Southwest  monsoon;  the  two for the Southwest and Northeast monsoon seasons

3

the Southwest monsoon. Climatic fluctuations also have
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respectively. The first factor (F1) with 43.424% for the Southwest and Northeast monsoon seasons was the
Southwest monsoon season’s total variance showed a
strong negative loading of Pb and strong positive
loadings of Cu, As, Cd with moderate loadings for Fe,
thus showing the high association of metals in PM ,10

resulting mainly from combustion of fuel and diesel
engines/ brake wear [15-18]. The second factor (F2)
accounted for 21.136% of the variance, which consists of
a high loading of Cr. This metal had been associated with
the automobile  emissions tire wear/industrial emission
[15, 19].

The third factor (F3) accounted for 18.497% of the
variance, consisting of a significantly positive loading of
Mn and moderate loadings of Ba and Fe and negative
loading of Cd, which revealed that the brake wear /road
dust are main sources [20, 21]. However, for the Northeast
monsoon the highest loading of Cd, Fe, Mn and Zn in first
factor ( F1) with a total variance of 40.792 %, was believed
to originate from tire wear from tire wear/ re-suspended
road dust [21-23]. The second factor (F2) showed
maximum loadings of Cu, Cr and Ba which mainly originate
from brake wear [21]. The third factor (F3) showed highest
loadings for Pb only, which was contributed by fuel
combustion [19, 24].

Correlation Analysis: The correlation matrix of specific
parameters concentrations in air were studied to find out
how different parameter was related. And the correlated
data for the specific parameters are shown in Table 3. In
the case of the Southwest monsoon season, (Pb, Cu and
As) were negatively related while there was a moderately
negative correlation between (Pb and Cd). However, a
moderate a relationship existed between (Pb and Zn). Cd
exhibited moderately positive relationship with (Cu and
As) but a high negative correlation with Mn. Other strong
negative relationships were seen between (Cr and Fe). Cu
had a moderate correlation with As only. Heavy metals
with similar concentration trend or high correlations are
likely to have the same emission sources [9]. For the
Northeast monsoon season, Pb had a moderate negative
correlation with Cu while Zn displayed moderate
correlation with (Cd and Mn) and negative correlation
with Ba. Strong and moderate positive correlation has
been found to exist between (Cd and Fe), (Cd and Mn)
whereas strong negative correlation has been shown
between (Cd and As). Cr had a high correlation with Cu
only, whereas Cu had a moderate correlation with Fe. Fe
had a high negative correlation with As and moderate
correlation with Mn. As has only negative correlation
with Mn, Different behavior for selected parameters in  the

result of the scavenging effect of rain, which is not
effective in washing out fine particles [25].

CONCLUSIONS

Based on the Malaysian air quality standards, the
average PM  concentration exceeded the stipulated10

maximum levels. The concentration of all the heavy metals
was determined except Mn, which was higher in the
Southwest than in the Northeast monsoon and this could
be the result of the presence of haze that occurs in this
period. The PCA analysis clearly showed that the
possible sources of heavy metals in the study area are
dominated by combustion of fuel and diesel
engines/brake wear, brake wear source/road dust and tire
wear/industrial emission. The findings of this research
could be used as a comprehensive database for framing
an appropriate strategy to initiate the appropriate
preventive measures.
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