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ABSTRACT

Nowadays, air quality problem has become a major issue in Malaysia for the past two decades.
This study aims to determine the pattern of the air quality status, investigate the significant
pollutant, relationship between air pollutants and API and evaluate the pattern of air pollution.
Data from Putrajaya monitoring station based on three years observation (2011-2013) were
used. Multivariate techniques such as principal component analysis (PCA), factor analysis
(FA) and statistical process control (SPC). The method of PCA and FA has identified that five
parameters with the value >0.75 affected the quality of air. SPC shows that SO, pollutants had
influence the quality of air the most compared to other pollutants. From the study, it can be
stipulated that the chemometric technique can provide meaningful information on the spatial

variability of large and complex air quality data.
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1. INTRODUCTION

1.1.Background

Nowadays, air quality problem has become a major issue in Malaysia for the past two decades.
Rapid urbanization and industrialization parallel the worsening air quality in certain areas. Air
pollution can be defined as contamination of the indoor or outdoor environment by biological,
chemical or physical agents which changes the natural features of the atmosphere [1]. In
Malaysia, mobile sources are the major source of air pollution, followed by stationary sources
and trans-boundary sources. A densely populated urban area is a highly potential area and a
very prone zone to experience the air-quality problems. The exposure to air pollutants can
give serious effects on human health, animals and vegetation, buildings and global
environment [2].

The Putrajaya is one of the main economic zones in Malaysia. The rapid transformation of the
area into a wide urban region during the last decades of the 20th century has contributed too
many of the environmental issues, particularly air pollution. For the past five years, the three
major sources of air pollution in Malaysia are mobile sources (70-75% of total air pollution),
stationary sources (20-25%) and open burning (3-5%) [3]. Besides, other sources of pollutants
such as dust and fine particulate which contributed to the development of haze in the Klang
Valley were contributed by the inefficiency of diesel-powered vehicles and the smoke aerosol
from fires on Peninsular Malaysia [4]. The exposure to air pollution may adversely affect
human health.

In Malaysia, air pollution had been constantly an overwhelming issue for legislators, aviation
industry and the citizens. It is constantly making headlines in major newspapers and
subsequently heightens the anxiety of the citizens, particularly during the haze episode. The
worst episode of agricultural and open burning in Malaysia was reported in Sepang and Kuala
Selangor in 2002 which 500 hectares of agricultural waste involved, thus led to an unhealthy
level of API in the Klang Valley [5].

Previous reports had shown that there are strong associations between outdoor air pollution

exposure and Ischemic Heart Disease (IHD), stroke, Chronic Obstructive Pulmonary Disease
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(COPD), Acute Lower Respiratory Infections (ALRI) and lung cancer [6].

1.2.Chemometric Techniques

Chemometric techniques (also known as multivariate techniques) are a better tool and better
understanding for analyzing air quality data. Chemometric in the environmental field is
verified to be a functional tool to identify the sources of pollution [7-8]. The analysis is the
most suitable tool for the reduction and interpretation of the data [7].

There are few studies in Malaysia using chemometric techniques such as principal component
analysis (PCA), factor analysis (FA) and statistical process control (SPC). PCA is a method of
creating new variables which are linear composites of the original variables to identify the
sources of pollutant [8]. Besides, FA is usually applied following the PCA method [7]. It
presents the most significant variables details due to spatial and temporal variations by putting
them from the less significant variables with minimum loss of the original information [8].
SPC is a statistical analysis that commonly used for quality control techniques in an
organization or a process.Therefore, the application of chemometric techniques was suggested

for the effective air quality management in Malaysia [8].

2. EXPERIMENTAL

2.1. Study Design

The study conducted is an analytical study design, which based on statistical principles to
analyze a set of database on air quality parameters. This study is designed to analyze the
pattern of the air quality in Putrajaya, Wilayah Persekutuan, Malaysia.

2.2. Study Area

The sampling station used in this study is namely as Putrajaya air monitoring station (latitude:
3°00' 44" N; longitude: 101° 68' 59" E) (Fig. 1). The air monitoring stations are managed by
the Air Quality Division of the Department of Environment (DOE) under the Ministry of
Natural Resource and Environment, Malaysia. Putrajaya air monitoring station was located at
SekolahKebangsaanPutrajaya 8(2), Jalan P8/E2, Presint 8, which surrounded by residential
area and major road. This area is selected to give a general representation of the air quality

level in Putrajaya, Malaysia.
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Fig.1. Putrajaya map within Skm radius of Putrajaya monitoring station

2.3. Data Collection

Secondary air quality data was obtained from the Air Quality Division of the Department of
Environment (DOE) under the Ministry of Natural Resource and Environment, Malaysia. The
data was collected and monitored by AlamSekitar Malaysia Sdn. Bhd. (ASMA) which is one
of the authorized agencies.

A three-year databases (2011-2013) were used in this study and it contains five major air
pollutants include carbon monoxide (CO), nitrogen dioxide (NO,), sulphur dioxide (SO),
ozone (O3) and particulate matter with diameter less than 10 microns (PMjg) as well as
meteorological variables such as wind speed, wind direction, ambient temperature and
humidity. The measurement for these variables is recorded hourly. In addition, Air Pollutant
Index (API) values were also used in this study.

A total of 263,050 hourly data sets (2, 6305 observations x 10 parameters) were used in this
study. There is several number of missing data from the overall data sets. Therefore, the
nearest neighbour method was applied to predict the unknown values using the known values
at the neighbour locations where sample points are missing [8,12]. The data was computed by
using XLSTAT 2017 software.

2.4. Principal Component Analysis (PCA)

Principal component analysis (PCA) is a technique used to emphasize variation and bring out

strong patterns in a dataset. It is often used to make data easy to explore and visualize. In this
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study, interrelated variable was interpreted by PCA to identify the sources of air emission in
Putrajaya, Wilayah Persekutuan, Malaysia. This can be done as this method would show the
most significant parameters and omit the less significant parameters without losing the
original variables. PCA was calculated as in equation below:

Zij = aj1 X1j + a2 XoF a3 X3j Tooent AimXimj (1

where ‘z’ is component score,’a’ is component loading, ‘x’ is the measured value of variables,
‘1" is the component number, ‘j’ is the sample number and ‘m’ is the total number of variables.
2.5. Factor Analysis (FA)

FA is usually carried out after PCA has been successfully applied to identify the different
possible sources of pollution base on the activities in the air quality monitoring environment
[7]. It also helps to reduce the least significant variables in the dataset to simplify the data
structure in the PCA [16]. Varimax rotation is only applied to the PCs with eigenvalues equal
to or more than 1, which considered significant to obtain the new variables called as varimax
factors (VFs) or factor loadings [12].

In addition, the VFs coefficient with a correlation from 0.75 are considered as strong
significant factor loading, those that range from 0.50-0.74 have moderate while of 0.30-0.49
are classified as weak significant factor loading. FA was calculated as in equation below:

Zij = ap Xii T ap X2i + ag X3i To.o.o.t Anfmi T €5 (2)

where ‘z’ is the measured value of a variable, ‘a’ is the factor loading, ‘f is the factor score, ‘¢’
is the residual term accounting for errors or other sources of variation, ‘i’ is the sample
number, ‘j’ is the variable number and ‘m’ is the total number of factors.

2.6. Statistical Process Control (SPC)

In this study, SPC is applied to evaluate pattern of the significant air pollutants that influence
air quality in Putrajaya, Wilayah Persekutuan, Malaysia within three years database time
(2011-2013). From the control chart, a straight line connected the successive points which
demonstrating the characteristic level of an air pollutant in time. Moreover, there were there
straight lines that indicating the upper control limit (UCL), the control limit (CL) and the
lower control limit (LCL). These control limits were compared to the national air quality

standard limit.
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3. RESULTS AND DISCUSSION

3.1. Descriptive Statistic of Hourly Average Air Quality and Air Pollution Index

Table 1 shows the descriptive analysis of hourly average air quality concentration of SO,,
NO3,, O3, CO, PM,y and API value for the period 2011-2013. It shown that concentration of
SO,, NO,, and CO did not exceed the permitted level of RMAQG which is 0.13ppm, 0.17ppm
and 30.00 ppm over three years period.

However, Putrajaya had been exposed to the maximum concentration of O3 and PM,y which
exceed the reading of the RMAQG (Table 1). The maximum value of O3 was 0.12ppm which
higher compared to the level of RMAQG, 0.10ppm. The highest maximum value of PMj
concentration was 592ug/m’, which was higher than the RMAQG permitted level of
150pg/m’. This value was high but did not exceed the hazardous level of PM, that is
600pg/m’.

Table 1. Descriptive statistic of hourly average air quality and air pollution index in Putrajaya,

2011-2013
Parameters
Statistic SO, NO; O3 CO PM;yo API
(ppm)  (ppm) (ppm) (ppm)  (ng/m’)
Min 0.00 0.00 0.00 0.00 5.00 8.00
Max 0.10 0.07 0.12 7.26 592.00 199.00
Mean 0.00 0.02 0.03 0.77 48.51 45.65
SD 0.01 0.01 0.02 0.47 28.97 17.87
Averaging lhr lhr lhr lhr 24hrs
time
RMAQG 0.13 0.17 0.10 30.00 150.00

Note: Min = Minimum, Max = Maximum, SD = Standard deviation, RMAQG =
Recommended Malaysia Air Quality Guidelines

Moreover, the average mean of API was 45.65 shows that it will be categorized under good
API status without any effect on human health. However, the maximum value of API was 199
which indicate that the air status in unhealthy condition with mild aggravation of symptoms

among high risks group such as those with heart or lung diseases. The maximum value of API
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increased was probably reflected from the PM ;¢ maximum reading as proven that PM, give
high impact on API value [9].

3.2. Identification of Major Possible Sources of Pollutants

PCA together with FA was performed on the data sets (Ws, Wd, Humidity, SO,, NO,, O3, CO
and PM ) for three consecutive years 2011 to 2013 to examine the parameters as well as to
identify the major possible sources of variation at Putrajaya, Wilayah Persekutuan, Malaysia.
Four PCs were obtained with the eigenvalue greater than 0.75 (>0.75) which account for more
than 23%, 46%, 58% and 79% respectively of the total variance in the data set as shown in the
PCA loading plot in Fig.2. Four varifactors (VFs) were obtained through the FA performed on
the PCs. Only factor loadingsare greater than 0.70 were interpreted. The result of FA is

presented in Table 2 as well as factor loadings, eigenvalues, the total variance and cumulative

percentages.
Table 2. The factor loadings after varimax rotation (PCA)

Variables VF1 VF2 VF3 VF4
Ws 0.203 0.828 0.055 -0.213

wd -0.132 0.828 0.044 0.017
Humidity -0.269 -0.708 -0.127 0.214
SO, 0.075 0.074 0.988 0.064

NO, 0.162 -0.056 0.083 0.906

0O; 0.704 0.447 -0.011 0.143

CcO 0.261 -0.170 0.014 0.862

PM;j 0.732 -0.046 0.134 0.443
Eigenvalue 2.953 2.471 0.948 0.757
Variability (%) 23.083 23.505 11.418 21.202
Cumulative (%) 23.083 46.588 58.006 79.208

The second varimax factor (VF2) accounts for 23.08% of the total variance which indicate a
strong positive loading for wind speed (0.828), wind direction (0.828). The transportation of
both primary and secondary pollutants from point source to non-point source are by wind
speed [10-11].

Meanwhile, the third varimax factor (VF3) accounts for 11.42% of the total variance which
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shows a strong positive loading for SO, (0.988). The sources of SO, is resulted from the
motor vehicles combustions, coal powered power plants and uncontrolled burning of forests,
volcano activities and dust storm from neighbouring country due to various activities [7].

For the fourth varimax factor (VF4) records 21.2% of the total variance with a strong positive
loading for NO; (0.906) and CO (0.862). The spatial variation in the source of CO is from
engine boats and motor vehicles, especially when the engines are not turned properly which
causes incomplete combustion [12]. NO, is largely due to the industrial activities as well as
the heavy traffic congestion. An analysis on NO, emission in Malaysia proves that power
stations and industrial activities released about 69% of this pollutant to the air, while 28% is
from motor vehicles and the remaining 3% is from other sources [13]. Besides, a study state
that there are two condition that produce NO; in the air as when the nitrogen in the fuel is
burnt also when the nitrogen at the very high temperature and oxygen react in the air [14].
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Fig.2. Plot diagram for PCA loading after varimax rotation
3.3. Coefficient of Correlation (Spearman)
Spearmen’s correlation test was used to determine the correlation between the air pollutants
parameter and Air Pollution Index (API). Thus, in this study, the coefficient correlation (r) is
determined by the range of 0-0.49 (low correlation), 0.5-0.69 (moderate correlation) and

0.7-1.0 (high correlation). Only high correlation coefficient value was interpreted in this study.
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The result of coefficient correlation in the study area from 2011-2013 can be seen in Table 3.
From Table 3, NO, and CO shows high correlation with the coefficient correlation value of r
= 0.729. The result illustrated that the dispersion of NO, from the industrial activities in the
study area (Putrajaya) which also affected by other factor including the CO released from
engine boats and motor vehicles, especially when the engines turned on, thus leads to the
incomplete combustion [15].

Next, the coefficient correlation between APl and PM,( shows high correlation value, which
r=0.701. This indicates that the concentration of PM, dispersed in the air proven to give high
impact on the API as compared to other pollutants [9].

Table 3. Result of coefficient correlation in study area from 2011-2013

Variables SO, NO; O3 CO PM;p API
SO, 1 0.142 0.129 0.080 0.182 0.160
NO, 0.142 1 0.240 0.729 0.475 0.315

0Os 0.129 0.240 1 0.215 0.406 0.617
CcO 0.080 0.729 0.215 1 0.549 0.360
PMo 0.182 0.475 0.406 0.549 1 0.701
API 0.160 0.315 0.617 0.360 0.701 1

3.4. Pattern of the Major Air Pollutants and Air Pollution Index in Putrajaya, Malaysia
The pattern of air pollutant (SO,) and API were computed via time series analysis by using
SPC. A control chart for the SO, parameters was derived to monitor the concentration of the
air pollutants and to identify the value that exceeding the permitted limits value.

Fig.3 shows the finding of control chart in the monitoring the pattern of SO, at Putrajaya
(2011-2013). The control limit (CL) value for SO, was 0.004ppm, upper control limit (UCL)
was 0.006ppm and lower control limit (LCL) was 0.002ppm. The highest value of SO, was
0.11ppm on 24™ December 2011 which resulted from the motor vehicles combustions, coal
powered power plants and uncontrolled burning of forests, volcano activities and dust storm

from neighbouring country due to various activities [7].
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Fig.3. Control chart of SO, for Putrajaya (2011-2013)

4. CONCLUSION

In this study, multivariate statistic and chemometric techniques were used to identify the
spatial variation of air quality in selected monitoring stations in Putrajaya, Wilayah
Persekutuan, Malaysia. The descriptive analysis was used to describe the analysis of hourly
average air quality concentration of major air pollutant value such as SO,, NO,, O3, CO, PM;,
and API for the period of 2011-2013. PCA together with FA indicates that only five
parameters with strong positive loadings >0.75 which is Ws, Wd, SO,, NO; and CO that have
strong variation. The major contribution sources to these pollutants are from
anthropogenically induced emission (automobiles, industries, power plants, transboundary
sources and construction sites). The pattern of air pollutant (SO,), which had influence the
quality of air the most and were computed by using time series analysis by using SPC

[17-18].
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