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Abstract This study aims to explore the trend of ambient air pollution (i.e. PM;o, CO, NO,, O3) within the eight selected
Malaysian air monitoring stations in Klang valley of five years database (from 2007 to 2011). It integrated statistical analysis
to compare the air pollution database with the recommended Malaysian Ambient Air Quality Guidelines (MAAQG) standard
and to determine the association between pollutants and meteorological factors. The geographical information system (GIS)
softwarewas used to assess the spatial trend of air pollutants across the north-east and south-west monsoons and the Principal
Component Analysis (PCA) to determine the major sources of the air pollution. The statistical analysis showed the hourly
trends (1-hour averaging time) of PM;y, CO, O; and NO, in the Klang Valley were below the MAAQG standard. Klang
recorded the highest concentration of PM,, while Petaling Jaya recorded the highest concentrations of CO and NO, and Shah
Alam recorded the highest O;. The 24-hour data for PM,, was found to exceed the MAAQG throughout the five-year period.
All pollutants were positively correlated with each other with the exception of CO and O;. Meteorological factors, i.e.
ambient temperature, wind speed and humidity were alsosignificantly associated with the pollutants. The spatial distribution
map indicated that the PM;, levels remain highly concentrated during the south-west monsoon (hot and dry season), while the
CO levels were highly concentrated during the north-east monsoon (wet season). NO, and O; were highly determined during
the first inter-monsoon.
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are among elements detected in the ambient air along
congested roads which mainly attributed to motor vehicles
[5]. Other sources of air pollution include power plants,
industrial waste incinerators, the emission of dust from
urban construction works and quarries, along with
openburning [17]. Klang Valley also was among the worst
hit areas in Malaysia from the widespread forest fires in
Kalimantan and Sumatra in 1997 [11-13, 18].

The air pollutant distributions also strongly affected by
atmospheric circulations. For example, in China, the East
Asian summer monsoon is a major atmospheric system
affecting air mass transport, convection, and precipitation
[19, 20]. Malaysia is located near to the equator with a hot

1. Introduction

Klang Valley is the mainstream economic region in
Malaysia with extensive physical development of the
infrastructure, industrialisation, and urbanisation [1] which
have considerably deteriorated the air quality [2-5]. This
area has recorded with high number of unhealthy days in
2010 (59 days), 2011 (48 days) and 2012 (37 days) [6].
The air pollution in Klang Valley was related to the increase
rate of respiratory diseases which are among the 10
principal causes of death in the Malaysia in 2009 [7-9]. The
sources of pollutants in this region are highly varied, from

commercial and industrial development [2], motor vehicles
[10] to trans boundary haze [11-15].

Motor vehicles are the major mobile source of air
pollution in urban areas in most developing countries [4, 10,
16]. Dust fall-out, suspended particularmatter and lead
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and humid climate throughout the year, bring two types of
monsoon to the country — the north-east monsoon and the
south-west monsoon [21]. The north-east monsoon,
originates from China and the North Pacific, brings heavy
rainfall to the country between November and March; while
the south-west monsoon, originates from the deserts of
Australia bring mainly hot and dry weather from June to
September. There are two transition periods between these
two monsoons, i.e. in April and October. During the
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north-east monsoon, the precipitation of rain will carry the
pollutants to the earth; hence, reducing the level of
pollutants in the atmosphere [22]. However, during the
south-west monsoon, the warmer air near the surface area
rises to higher latitude, which causes the pollutants to
become unstable; thus resulting in a high level of pollutants
in the atmosphere [23]. This factor has impacted on the
distribution of pollutants in the atmosphere in the country.

This study aims to explore the hourly trend of ambient air
pollution (i.e. PM;o, CO, NO, Os) within the eight selected
Malaysian air monitoring stations in Klang valley of five
years database, from 2007 to 2011. The air pollution
databases were compared to the recommended Malaysian
Ambient Air Quality Guidelines (MAAQG) and the
association between air pollutants and meteorological
factors also assessed. In addition, this study interpolates the
pollutant distribution pattern across Klang valley during the
north-east and south-west monsoons to determine influence
of these monsoons on the trend.

Integrating spatial analysis in GIS and statistical
modelling can help the researcher to expand the
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understanding concerning the distribution of the pollutants
in some locations or areas and to understand the factors that
influence the trends and significance. The spatial map can
provide an initial overview of the potential health risks
experienced by people who are exposed to high air
pollutants in certain areas.

2. Materials and Methods

2.1. Description of Study Area

The Klang Valley, located at N 3.139003 and E
101.686855, is an urbanized region in Peninsular Malaysia.
This area, with a size of 29,11.5 km?, consists of Rawang,
Gombak, Selayang, Kuala Lumpur, Ampang, Petaling Jaya,
Subang Jaya, Shah Alam, Klang, Serdang, Kajang, Puchong,
Cyberjaya, and Sepang (Figure 1) [24]. There were 6.9
million inhabitants in Klang valley (in 2013). Klang Valley
is the mainstream economic region in Malaysia as it
contributed 23.5% of the Growth Domestic Product of
Malaysia in 2012 [25].
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Figure 1.

The areas and air quality stations in the Klang Valley
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2.2. Air Quality Sampling Stations

Table 1. The air quality monitoring stations
. . . . . Area
Air quality station location Area Coordinates
category
N 3.212417
Sekolah Kebangsaan BatuMuda BatuMuda Urban
(Kuala Lumpur) E 101.682209
. N N 3.106222
Sekolah Menengah Kebangsaan Seri Permaisuri Cheras Urban
E 101.717909
N 3.104710
Sekolah Kebangsaan TTDI Jaya Shah Alam Urban
E 101.556179
. . N 3.009994
Sekolah Menengah Perempuan Raja Zarina Klang Urban
E 101.408374
. . N 2.931862
Sekolah Kebangsaan Presint 8(2) Putrajaya Urban
E 101.681775
. . . N 2.816971
Kolej MARA Banting Banting Suburban
E 101.623052
. N 3.326548
Sekolah Menengah Sains Kuala Selangor Kuala Selangor Suburban
E 101.258880
. . . N 3.109474 .
Sekolah Rendah Sri Petaling Petaling Jaya Industrial
E 101.638829

Source: Department of Environment (DOE)

Table 1 lists the details of the air quality monitoring
stations. The stations were categorized as urban, suburban
and industrial area (Table 1). The station in Batu Muda is
located in central Kuala Lumpur, a highly congested area
with a total population of 1.6 million (2010) [1]. The stations
in Shah Alam, Cheras, Petaling Jaya and Klang are located
on the main roads of the industrial and high density
residential areas, which are frequently affected by
traffic-related pollution [26]. The Putrajaya and Kuala
Selangor stations are located in less populated areas. The
Banting station is located near the roadside of a highway and
is an area that is less populated and surrounded by trees and
oil palm plantations [1].

2.3. The Air Quality and Meteorological Data

The air quality level was monitored 24 hours a day from
the automatic air quality control remote station [27]. In line
with other countries and the World Health Organization, the
selected pollutants that were monitored were ground level
ozone (O3), carbon monoxide (CO), nitrogen dioxide (NO,),
sulphur dioxide (SO;) and particulate matter with an
aerodynamic diameter of less than 10 microns (PM,) [28].
These pollutants are also known as air quality indicators and
expressed as an index known as the Air Pollution Index
(API). The API is calculated based on the average daily
concentrations of air pollutants SO,, NO,, CO, O; and PMy,,.
The dominant air pollutant with the highest concentration
determines the API reading. Normally, the concentration of
fine dust (PMj,) is the highest compared to the other
pollutants and determines the API reading. An API reading
of more than 300 is considered as hazardous, 200 to 300 as
very unhealthy, 100 to 200 as unhealthy, 51 to 100 as
moderate, and 0 to 50 as good [29]. Meteorological

parameters, such as ambient temperature ('C), wind speed
(m/sec), and humidity (%), were also monitored from this air
quality station [28].

For this study, the 24-hour and 1-hour averaging time of
PM;, (ug/m’) and 1-hour averaging time of Os, CO, and
NO, (in parts per million, ppm) were sourced from the
automatic air quality monitoring stations of the Department
of Environment (DOE). Air quality and meteorological
datafor five years (i.e. 2007 to 2011) were selected for the
analysis.

2.4. Data Analysis

2.4.1. Comparison to Malaysian Ambient Air Quality
Guidelines (MAAQG)

Data were analysed using IBM SPSS statistical software
version 21 for descriptive statistics. The hourly trends
(1-hour averaging time) of PM;,, CO, O; and NO, in the
Klang Valley from 2007 to 2011 were compared to the
Malaysian Ambient Air Quality Guidelines (MAAQG) by
the DOE [6] in Table 2. The MAAQG values are the
minimum requirements for outdoor air quality to protect
human health and the environment [27]. Total suspended
particulates (TSP), sulphur dioxide (SO,) and lead (Pb) were
not analysed in this study as these variables are constantly
low throughout the year.

The number of days recorded with the highest and most
dominant pollutant in determining the API readings — i.e.
fine dust (PM,,) concentration of more than 100pg/m’ and
150pg/m’~ were tabulated in this study. The concentration
at 100 pg/m’ is considered to be moderate for sensitive
sub-groups, such as children, the elderly and pregnant
women, while the exposure level exceeding 150 pg/m’ is
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considered as unhealthy for everyone in the population,
particularly the sensitive groups who may experience
serious health effects [6].

Table 2. Recommended Malaysian Ambient Air Quality Guidelines

) Malaysian
Pollutant Avgragmg Guidelines
time 3
ppm pg/m
1 Hour 0.10 200
Ozone (O5)

8 Hours 0.06 120
i 1 Hour 300 | 35mg/m’
Carbon Monoxide (CO) 3
8 Hours 9.0 10 mg/m

. L. 1 Hour 0.17 320

Nitrogen Dioxide (NO,)

24 Hours 0.04 75

Sulphur Dioxide (SO») 1 Hour 0.13 350

HipRurloxIde I 24 Hours 0.04 105

. 24 Hours - 150

Particulate Matter (PM,)

12 Months - 50

Total suspended 24 Hours - 260

particulates (TSP) 12 Months - 90

Lead (Pb) 3 Months - 1.5

Source: DOE

2.4.2. The Correlation to Meteorological Data

The Pearson correlation test was used to determine the
correlation between the air pollutants and the
meteorological factors, as the data were normally
distributed. In this study, the correlation of the subgroups
was based on Guildford’s principle correlation coefficient
[30] where the r-value between 0.0 to 0.49 is considered as
low correlation, 0.5 to 0.69 as moderate correlation, and 0.7
to1.00as high correlation.

2.4.3. Principal Component Analysis (PCA)

Principal component analysis (PCA)was used to combine
subgroups together based on the correlation patterns
between two or more air pollutants and the meteorological
factors [31] to determine the major pollutants in this study
that are the most dominant. Less significant variables were
excluded during the analysis from the whole data set with
very minimum loss of original information. The factors are
calculated by ordering the variables in such a way that the
first factor explains the largest proportion of variability
within the original data. The second factor explains the
largest proportion of the variability which has not been
explained by the first factor and subsequently [32]. The
Kaiser Meyer Olkinmeasure of sampling adequacy (MSA)
was used to test the adequacy of the samples before
extracting the factors in the PCA. The MSA is acceptable if
the value is above 0.5 [33]. The PCA extracts the factors for
several components for which the eigenvalues, percentage
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(%) of variance, percentage (%) of cumulative variance and
eigenvalues of more than 1 are selected [33]. The factor
loadings after rotation are important because they reflect
how much the variable contributes to that particular factor
and to what extent one variable is similar to the other.
Those that are greater than 0.75 are considered strong; 0.75
to 0.50 as moderate and 0.49 to 0.30 as weak [35]. The
higher the factor loading of that variable, the more the
variable contributes to the variation accounted for the
particular factor [34].

2.4.4. Interpolation with Geographical Information System
(GIS)

The interpolation technique with  geographical
information system (GIS) software was applied to interpolate
the air quality data to determine the distribution of the
pollutants. The integration of GIS as a tool in this study is
useful to visualise the dispersion of air pollution and to
evaluate the association between the high concentration level
and potential pollution sources. A deterministic method of
spatial interpolation provides the estimated values that could
not be measured in real life. The inverse distance weight
(IDW) was applied in this study as it provides the low root
mean square error (RMSE) value compared to other
techniques, such as kriging and spline [36]. The general
concept of IDW is to estimate the unknown value of Y(X,) in
location X, given the observed Y value at sampled locations
X; according to the formula in equation 1.

Y (Xo) = Y7 Y (X0) (1)

The IDW application assumes that the estimated value of
concentration at Y(X,) will have more weight if it is located
near the sampled locations compared to its location at
farther points [36].

3. Results and Discussion

3.1. The Comparison of Ambient Air Pollutants with the
Malaysian Ambient Air Quality Guidelines
(MAAQG)

Figure 2 illustrates the hourly trends (1-hour averaging
time) of PM,p, CO, Osand NO, in the Klang Valley from
2007 to 2011. The hourly average concentrations of all
pollutants in this study were below the MAAQG standard.
Even though the pollutant level did not exceed the standard,
the highest concentration of PM;, was recorded in Klang,
which is the centre of Selangor and the hub of many
industrial activities and businesses. It is also home to the
busiest and biggest port in Malaysia, Port Klang, which
possibly contributes to the heavy traffic congestion from the
Port [37, 38].
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Figure 2. Hourly trends of PM,, (ug/m?), CO, NO,, and O; (ppm) in the Klang Valley from 2007 to 2011

The highest concentration of CO and NO, was recorded in
Petaling Jaya. This is related to its location in that it is
surrounded by many industries, residential and commercial
areas [4]. The high levels of CO and NO, in Petaling Jaya are
probably related to motor vehicle emissions, as was
highlighted by Abdullah et al. (2012) [13]. In 2010, there
were 4.6 million motor vehicles registered in Kuala Lumpur
and 2.2 million motor vehicles in Selangor, which are mainly
concentrated in the main cities, such as Petaling Jaya [39].
Fuel combustion with a high temperature and pressure
oxidizes the nitrogen in the fuel to produce NO, with
sufficient oxygen [40]. Another main source of NO, in air
comes from industrial processes [40]. Open burning,
long-range transport of air pollutants and domestic fuel
sources also contribute to the NO, level [41]. For example,

the worst episode of agricultural and open burning in
Malaysia was reported in 2002 in Sepang and Kuala
Selangor, which involved 500 hectares of agricultural waste
and led to an unhealthy level of API in the Klang Valley [42].

Shah Alam is a semi-urban area and recorded a high
concentration of Oz, which is possibly related to the high
production of its precursor pollutant NOy from vehicle
emissions. O; is a type of gas that is formed through
photochemical reactions involving sunlight and heat from its
precursor pollutants — NO, and volatile organic compounds
(VOC) [40, 43].

The findings in this study indicate that PM,,, CO, and NO,
in the Klang Valley were at their peak value from 7 a.m. to 9
a.m. (Figure 2). This is the morning peak hour for people
who are going to work and sending their children to school;
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thus, causing traffic congestion in particular areas and
increasing the pollutant levels [4]. The pollutant levels
declined towards the afternoon from 11 a.m. to 2 p.m. and
started to increase from 5 p.m. onwards when people were
returning from work [4, 44]. However, the results for O,
illustrated a different situation in that the concentration of the
pollutants started to increase from 9 a.m. to 3 p.m. and,
thereafter, decreased up until 9 p.m. The highest Os
concentration at the peak time was observed at the Shah
Alam station while the lowest concentration was found at the
Petaling Jaya station.

Figure 3 illustrates the daily 24-hour averaging time of
PM,, from 2007 to 2011. PM;, exceeded the MAAQG
standard (150pg/m®) in certain months of the year —February
2007; February, May, and August 2008; June, July and
August2009; and February and May2011. Table 3 shows the
number of days in which PM;, exceeded the air pollution
index (API) value of 100 pg/m® and 150 pg/m’ in the data for
the 5 years. Klang was the city with the highest number of

250 -

200 -

PM,, concentration (ug/m?)
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days with the PM, value > 100 pg/m*; 14 days in 2007, 37
days in 2008, 39 days in 2009, and 41 days in 2011. For
almost half of a month a year, the city recorded PM;,>
150pg/m’® (12 days in 2009). In addition, PM;, was mostly
recorded as > 100pg/m’ and 150pg/m’ for most of the days in
2009 and 2011 at all stations in the Klang Valley. This was
related to the haze episodes between June and August 2009
[45], and May and September 2011 [27]. During the haze
episodes, the south-west monsoon wind transported the
suspended particulate PM;, from Sumatra to the west coast
of Peninsular Malaysia, which resulted in severe haze
conditions in Klang and Kuala Selangor [27, 46]. It is likely
that the distribution of pollutants was influenced by these
monsoons [47]. In addition, the high traffic congestion in
Klang also contributed to the high pollution level [14, 27].
However, the high PM;, in 2008 was not due to the haze
episode, but rather to the hot and dry weather [48].
Interestingly, PM;,was not high for most of the days in 2010
(only 8 days > 100pg/m’ in Klang).

MAAQG for 24 hours PM, = 150ug/m’

1/1/2007 1/1/2008 1/1/2009
=—4=—Klang ~{li—Petaling Jaya
=f=Putrajaya Cheras

1/1/2010 1/1/2011
=—Shah Alam ===TKuala Selangor
===DBatu Muda Banting

Figure 3. Daily 24-hour averaging time of PM,, concentration in the Klang Valley from 2007 to 2011 (ng/m®)

Table 3. Total number of days between 2007 and 2011 when the PM, standards exceeded MAAQG
Total number of days when MAAQG were exceeded
2007 2008 2009 2010 2011
Areas N =365 N =365 N =365 N =365 N =365
>100 >150 >100 >150 >100 >150 >100 >150 >100 >150
pg/m’ ug/m’ pg/m’  pgm®  pgm’ opgm’ pgm’ opgm’ pgm® g/’
Klang 14 2 37 8 39 12 8 0 41 3
Petaling Jaya 0 0 0 0 13 0 0 0 12 0
Shah Alam 2 0 5 0 18 0 4 0 21 0
Kuala Selangor 8 0 4 0 39 10 0 0 21 0
Putrajaya 0 0 0 0 9 0 3 0 3 0
Cheras 0 0 0 0 21 1 0 0 8 0
Batu Muda NA* NA NA NA 18 1 0 0 11 0
Banting NA NA NA NA NA NA 2 0 13 0

Note: N — total days with PM;, value, *— air station not yet operating, NA — Not available
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3.2. The Correlation between air Pollutants and
Meteorological Data

Table 4 reports the correlation between single air
pollutants by controlling the influence of other variables. All
pollutants have a significant positive correlation with each
other except for Os;.PMj, in this study has a positive
moderate correlation with CO (r=0.514, p<0.01) and a low
correlation with NO, (r = 0.190, p = 0.14), while CO has a
positive moderate correlation with NO,(r = 0.685, p < 0.01).
This finding is consistent with Mansouri et al. (2011) and
Varadarajan (2004) who reported a high correlation of PMq
and CO [49, 50]. However, although Atkinson et al. (2012)
determined a negative correlation between PM;, and O3 in
cold weather, the correlation became positive in hot
conditions because the high temperature induced the
formation of the pollutants [51].

Table 4. Correlation between air pollutant parameters in all cities

S g, 0o o
PMo 1
co 0.514%% 1
0s 0.409%%  -0.567%* 1
NO; 0.190%  0.685%%  0.373%* |
Relative humidity ~ -0.130%*  0.009 0.111%%  0.026*
tefﬂ?:ri;itre 0.264%  0.171 0.074%  0.195%*
Wind velocity ~ -0.055%*%  -0.049%*%  _0.157%%  .0.147%*

** Correlation is significant at p < 0.001, * Correlation is significant at p < 0.05

The formation of O; in this study has a significant
negative low relationship with its main precursor pollutant,
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NO, (r=-0.373, p <0.01), as well as with PM;, (r =-0.409, p
< 0.01), and a moderate relationship with CO (-0.567, p <
0.01). NO,, and CO plays a major role in producing O; in the
environment [43]. Although all combustion in air might
produce this chemical compound, it does rely on the
composition of the nitrogen in the combustion emissions
[40]. Furthermore, other researchers, such as Zhang et al.
(2006); Han et al. (2011); Saini et al. (2008); and Mao and
Talbot (2004), indicated the same finding [52-55]. However,
Real et al. (2008) found a negative relationship between CO
and O;, which indicates that hydrocarbon oxidation uses O3
and produces CO [56].

Conversely, all the pollutants in this study have a
significant correlation with the meteorological data, i.e.
relative humidity, ambient temperature and wind velocity
except for CO (no correlation with relative humidity, r =
0.009, p = 0.405) and ambient temperature (r = 0.171, p =
0.269) (Table 4). Only PM;, shows a negative low
correlation with relative humidity (r = -0.130, p<0.001),
while O; and NO, have a significantly positive low
correlation with relative humidity (r=0.111, p<0.001 and r =
0.026, p<0.001 particularly). All pollutants have a
significantly positive low correlation with ambient
temperature (PM,, r = 0.264, p<0.001), O; (r = 0.074,
p<0.001), and NO, (r = 0.026, p<0.001)), including CO
although the result was not significant (r=0.171, p = 0.269).
In addition, all pollutants have a significantly negative low
correlation with wind velocity (PM;, (r = -0.055, p<0.001),
CO (r=-0.049, p<0.001), O3 (r=-0.157, p<0.001), and NO,
(r=-0.147, p<0.001).

3.3. Spatial Temporal Dynamics of Air Pollutants by
Monsoon
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Figure 4. PM,, concentrations during (a) the northeast monsoon (pg/m®), (b) first intermonsoon (pg/m?), (c) southwest monsoon (pg/m’), and (d) second

intermonsoon (pg/m’)
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Figure 4 to Figure 7 illustrates the spatial distribution
maps of air pollutants across monsoons. PM;, was
persistently present in the Klang Valley during the
south-west monsoon — the hot and dry season and at low
concentration during the north-east monsoon (wet season).
This is possibly because of the large volume of warmer air
near the surface area, which rises to higher latitude and
results in turbulence, which mixes the PM;, in the
surrounding air during the hot and dry seasons [23]. Kuala
Selangor and Shah Alam (the western part of the state) were
areas that were highly affected by PM;, during the
south-west monsoon. Nevertheless, PM;, appeared to be
highly concentrated in Klang during both the monsoons.

In contrast, CO was highly concentrated in Klang and
Petaling Jaya during the north-east monsoon and the first
inter-monsoon period from April to May; wet season
compared to dry season. NO, was highly concentrated in the
first inter-monsoon in Petaling Jaya. O; has a similar trend to
NO,, in that Cheras and Shah Alam were the areas that were
highly affected during the first inter-monsoon. During these
monsoons, the precipitation of rain will carry the pollutants
to the earth and reduce the level of pollutants in the
atmosphere [22]. This causes all pollutants to remain at a low
concentration. However, high level of pollutants in the air
during these monsoons may not be related to meteorological
factors but it is more related to environmental factors such as
pollution from industries, vehicles and urbanisation.

3.4. Principal Component Analysis (PCA)

The PCA results produced three main component factors
that explained a total variance of 55.94% of the data, as
explained in Table 5 with the component factors. The PCA
results summarized the component factors in this study in
which CO and NO, were grouped together as Factor 1, which
explained 25.88% of the data variance. This indicates that
CO and NO, were the major outdoor air pollutants in the
Klang Valley. CO is mainly produced from the incomplete
combustion of vehicle fuel engines [57]. According to
USEPA (2012), 77% of the world CO emissions come from
the transportation sector [40]. A trace of nitrogen impurities
in fuel oxidizes into NO, and increases with the load and
speed of the vehicles [58]; thus suggesting that the heavy
traffic congestion in this area is a possible contributory factor
to the increase in air pollutants.

PM ), humidity, and ambient temperature were grouped as
Factor 2, which explained 17.15% of the data. This suggests
that PMj, was also one of the major air pollutants in the
Klang Valley after CO and NO,.The meteorological data is
the factor that influences PM,, in this area, which is
consistent with Barmpadimos et al. (2011) who highlighted
that PM tends to increase in concentration in low humidity
and high temperature, and can be determined from the
different directions of the monsoon [23]. The water vapour in
humid conditions (high relative humidity) holds the
particulate matter from suspended in the air, thus producing a
low concentration of PM;y [23]. In addition, Verma and

Desai (2008) indicated that a high temperature contributes to
a high level of dispersion of air pollutants [59].

Table 5. Correlation between air parameters and environmental
parameters in all cities
Variable Factor 1 Factor 2 Factor 3
Cco 0.867
NO, 0.800
PM; 0.661
Relative humidity -0.518
Ambient temperature 0.727
O; 0.796
Wind velocity -0.588
Eigenvalue 2.07 1.37 1.03
Variance (%) 25.88 17.15 12.91
Cumulative (%) 25.88 43.03 55.94

Moreover, O; and wind velocity were grouped as Factor 3,
which explained 12.91% of the data variance. This result
highlights that O; is the third pollutant of concern in the
Klangvalley, and that this was negatively influenced by the
velocity of the wind. High wind speed was found to have a
significant precipitation effect to clear the air pollutants from
the cities [60]. This indicates that a high wind velocity
decreases the tendency of pollutants to accumulate, and,
instead, they disperse in the air.

4. Conclusions

The Klang valley recorded a fluctuating rate of outdoor air
pollution from 2007 to 2011. All pollutants were below the
recommended standard. Humidity, ambient temperature and
wind speed were significantly correlated to the concentration
of air pollutants in these areas.CO and NO, were the major
sources of outdoor air pollution in the Klang valley followed
by PMjpand O;.The hot weather is another possible factor to
explain the high concentration of PM,, in the Klang valley.
In addition, the formation of O3 from the chemical reactions
involving sunlight and heat as well as from the precursor
oxides of nitrogen (NO,) explained the concentration of
pollutants in the Klang valley. The PM;, levels remain
highly concentrated during the south-west monsoon (hot and
dry season) while the CO levels were highly concentrated
during the north-east monsoon (wet season). NO, and O;
were highly determined during the first inter-monsoon. The
adoption of GIS in this study is a practical method to
visualize the trend of air pollution in the city.
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