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Abstract There are many factors that influence
PM10 concentration in the atmosphere. This paper
will look at the PM10 concentration in relation
with the wet season (north east monsoon) and
dry season (south west monsoon) in Seberang
Perai, Malaysia from the year 2000 to 2004. It is
expected that PM10 will reach the peak during
south west monsoon as the weather during this
season becomes dry and this study has proved that
the highest PM10 concentrations in 2000 to 2004
were recorded in this monsoon. Two probability
distributions using Weibull and lognormal were
used to model the PM10 concentration. The best
model used for prediction was selected based on
performance indicators. Lognormal distribution
represents the data better than Weibull distrib-
ution model for 2000, 2001, and 2002. However,
for 2003 and 2004, Weibull distribution represents
better than the lognormal distribution. The pro-
posed distributions were successfully used for es-
timation of exceedences and predicting the return
periods of the sequence year.
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Introduction

In countries with temperate climate, high pol-
lution episode occurs mainly during wintertime
(Marcazzan et al. 2001), up to twice the concen-
tration in summer (Corani 2005). This is due to
higher entropic emissions such as heating emis-
sions from building and the unfavorable disper-
sion conditions. A country with tropical climate
(Malaysia) experiences uniformed temperature
and continuous high humidity. Seasons in this
country are distinguished according to the changes
in wind flow patterns and rainfall. As it is located
near the equator, the wind over the country is
generally light and variable. However, there are
some uniform periodic changes in the wind flow
patterns that explain the four seasons experienced
by the country namely, north east monsoon (No-
vember to March), transitional period (April to
May), south west monsoon (June to September),
and another transitional period from October to
November (Meteorological Department 2008).

The first aim of this study is to show the mon-
soonal differences influencing PM10 concentration
in Seberang Perai, Penang (Fig. 1) located in the
northern part of Malaysia during the north east
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Fig. 1 The location of monitoring station

and south west monsoons. Malaysia receives sub-
stantial amount of rainfall all year round. How-
ever, there is a distinct peak wet season during the
north east monsoon. Otherwise, Malaysia receives
less rainfall during the south west monsoon in the
west coast of Peninsular Malaysia and the western
part of Sarawak. Generally known as the northern
hemisphere summer monsoon, the PM10 concen-
tration during south west monsoon is expected to
be high in the area of study as a result of dry
weather condition. The time series plot of the
average daily and monthly of PM10 concentration
for each year was used to determine the season
with maximum value of PM10.

The second aim of this study is to estimate the
exceedences and return period of PM10 concentra-
tion in Seberang Perai using probability distribu-
tion. The air pollutants data are usually random
variables (Lu 2002; Ott 1995) and statistical model
such as probability distribution is a useful tool to
model the air pollutants data. There are many
types of probability distribution that have been
used to fit the air pollutants data such as Weibull
distribution (Wang and Mauzerall 2004; Lu 2002;
Fitri et al. 2005), Gamma distribution (Lu 2003;
Karaca et al. 2005; Rumburg et al. 2001), and
lognormal distribution (Lu and Fang 2003; Sedek
et al. 2006; Hitzenberger and Tohno 2000). How-
ever, only lognormal and Weibull distribution
will be used in this study. The best distribution will
represent the PM10 concentration data and will
be utilized to predict the exceedences and return
period.

Area of study

Seberang Perai, Penang is geographically located
at latitude 5◦22′58′′ north of the equator and
longitude 100◦22′58′′ east of the prime meridian.
Seberang Perai covers an area of 738 km2 from
1,031 km2 of the state of Penang. It is located
in the northern part of Malaysia and is a heav-
ily industrialized area with several petrochemi-
cal complexes. Climatically, Penang represents a
typical tropical monsoon characterized by uni-
formly high temperatures between 27–30◦C in the
daytime and 22–24◦C at night. Besides experi-
encing heavy annual precipitation throughout the
year with the mean annual rainfall of 267 cm,
the relative humidity is also high, between 70%
and 90%.

There were 647 industrial projects (14% of the
national total) which have been approved by the
Penang state government between 2000 and 2004
(Penang State Government 2008). These projects
include electronic and electrical industry, ma-
chinery manufacturing, fabricated metal products,
petrochemical industries, and food industries. The
growth in industrial sectors had caused the in-
crease in the problem of air pollution in Seberang
Perai and subsequently affecting the people ex-
posed to it. The main pollutant of concern was
SO2 (DoE 2004). However, in 2004 the pollutant
of concern was PM10 emitted by industrial activ-
ities, motor vehicle emissions and transboundary
pollutants which normally occurred during the
south west monsoon.
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The growth in industrial activities is normally
accompanied by the rapid increase in population
and traffic density. The population distributions
in Seberang Perai also grow every year due to
the increase in vacancies offered by the industries.
The population distribution increased by 2.22%
and 2.06% in 2002 and 2003. While in 2004, it
went up by 1.96%. The total number of population
estimated in Seberang Perai for 2004 is about
775,200. In addition to that, the number of mo-
bile sources including passenger cars, taxis, buses,
motorcycles, vans, and lorries has also increased
every year. In 2001, the number of mobile sources
increased 7.11% compared to the previous year.
In 2002, it increased by 6.53% and in 2003 and
2004, it increased by 6.46% and 7.21%, respec-
tively. The total number of mobile sources in 2004
is 1 461,274.

Penang is one of the states affected by haze
in 2004. In 2004 the haze events range be-
tween slight to moderate in June, August, and
September (DoE 2004). Haze is formed by
tiny particulates suspended in the atmosphere.
Muraleedharan et al. (2000) conducted a chemi-
cal characterization of haze in Brunei had found
that particulate matter was the dominant pollu-
tant during haze episodes. Back in 1997, haze
event in Malaysia was caused by massive biomass
burning for agricultural purposes in Indonesia.
The wild fires significantly increased the input of
organic aerosol components to the atmosphere
(Abas et al. 2004). Therefore, it is expected that
PM10 concentration in 2004 will be high.

Method

The data

There were 51 continuous air quality monitor-
ing stations (CAQMS) in Malaysia. The stations
are strategically located in residential, urban, and
industrial areas to detect any significant change
in the air quality which may be harmful to hu-
man health and the environment. Seberang Perai
station is located in a heavily industrialized area
of Seberang Perai. The samples of PM10 were
collected by using continuous particulate moni-
tor BAM 1020 (Met One Instruments, Inc.). This

instrument automatically measures and records
hourly PM10 concentration levels (in milligrams or
micrograms per cubic meter) using the industry-
proven principle of beta-ray attenuation. The data
used in this study is hourly PM10 data in Seberang
Perai taken from the year 2000 to 2004. The data
are regularly subjected to standard quality control
processes and quality assurance procedures by
the DoE.

Missing values were replaced using mean top
bottom method where the data were filled with
the average of data available above and below the
missing values (Yahaya et al. 2005). Assume that
y1,y2,. . . ,yn be a time series data with n number
of observations and there are k missing values
denoted by y∗

1, y∗
2, . . . , yk where k<n. Thus, the

observed data with missing values can be repre-
sented as follows:

y1, y2, ..., yn1, y∗
1, yn1+1, yn1+2, · · · ,

yn2, y∗
2, yn2+1, yn2+2, · · · , y∗

k, yn (1)

Therefore, the first missing values in Eq. (1) occur
after n1 observations and the second missing val-
ues occur after n2 observations and so on. There-
fore, for y∗

1 will be replaced by

y1 = yn1 + yn1+1

2
(2)

and y∗
2 will be replaced by

y2 = yn2 + yn2+1

2
(3)

If there are large missing values in the series of
data denoted y∗

k1, y∗
k2, y∗

k3, . . . , y∗
k that occurs after

n1 observations, the series of observed data with
missing values can be represented as follows:

y1, y2, . . . , yn1, y∗
k1, y∗

k2, y∗
k3, . . . ,

y∗
k, yn+1, yn1+2, . . . , yn (4)

Thus, y∗
k1 will be replaced by

ȳk1 = yn1 + yn1+1

2
(5)

For the next missing value, y∗
k2 will be replaced

by an average of new top value (ȳk1) and bottom
value (yn+1). The same method goes to the next
missing value y∗

k3 that will be replaced by the
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average of new top value (ȳk2) and bottom value
(yn+1). Equation (6) depicts the formula to replace
the next missing values after y∗

k1.

ȳk,i+1 = ȳk,i + yn1+1

2
Where i = 1, 2, 3, . . . , k

(6)

After replacing missing values, the descriptive
statistics of the data such as the mean, median,
standard deviation, variance, skewness, and kur-
tosis were determined to describe the statistical
characteristics of the data sets.

Moreover, in order to show the monsoonal
differences of PM10 concentrations in Seberang
Perai, a time series plot were generated for every
year (2000 to 2004). The daily average of PM10

concentrations were calculated by taking the av-
erage of 24 h data from the hourly PM10 data. The
daily data in μg/m3 vs. days were first plotted to
see the average daily concentration in 1 year. The
x axis that represents the days is further divided
into four seasons. The data was also presented as
a monthly average to show the seasonal variation
of PM10 concentration each year. Therefore, a
monthly average was determined by calculating
the average of 1 month from the hourly PM10

concentration. A monthly average PM10 concen-
tration in 2000 to 2004 was plotted. The temporal
PM10 concentration was divided into four seasons
to determine the maximum PM10 concentration.

The Weibull distribution

The Weibull distribution was used to fit the hourly
PM10 concentration in this research. The two pa-
rameter Weibull probability density function with
parameters α and β is given by (Lu 2003)

f (x) = α

β

(
x
β

)α−1

exp

[
−

(
x
β

)α]
(7)

The cumulative distribution function takes the
form

F (x) = 1 − exp

[
−

(
x
β

)α]
(8)

where x ≥ 0, α = shape parameter, β = scale
parameter

The α and β are the shape and scale parameters
which need to be estimated. Two methods were

used to estimate the parameters of α and β for the
Weibull distribution, that is the maximum likeli-
hood estimators (MLE) and method of moments
(MoM).

The maximum likelihood estimator

For the MLE, a likelihood function is defined as
(Mendenhall and Sincich 1994)

L =
n∏

i=1

f (x, α, β) =
n∏

i=1

α

β

(
x
β

)α−1

exp

[
−

(
x
β

)α]

= α

βnβ

n∏
i=1

xα−1
i exp

(
−

n∑
i=1

xα
i

)
(9)

and log-likelihood function is

ln L = n ln α − nα ln β

+ (α − 1)
∑

ln xi −
∑(

xi

β

)α

(10)

Therefore, α and β are the solutions of the follow-
ing partial derivatives

∂ ln L
∂α

= 0 and
∂1nL
∂β

= 0

Therefore, β was obtained by the solution as
shown below

n∑
i = 1

(
xβ

i ln xi

)
n∑

i=1
xβ

i

− 1

β
− 1

n

n∑
i = 1

ln xi = 0 (11)

α was then calculated using the following equation

α =
(

1

n

n∑
i = 1

xx̂
i

) 1
β

(12)

The method of moments

For MoM, estimation of the parameters can be ob-
tained using the sample mean and sample variance
(Kottegoda and Rosso 1998). Using the expres-
sion for the mean and variance, β was obtained
by the solution of

s2

x̄
=

�
(

1 + 2
β

)

�
(

1 + 1
β

)2 − 1 (13)
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α is calculated by the following equation

α = x̄

�
(

1 + 1
β

) (14)

The lognormal distribution

The lognormal distribution was used to fit the
hourly PM10 concentration in Seberang Perai.
The two parameter lognormal probability density
function with parameters α and β is given by (Lu
2003)

f (x) = 1

xα
√

2π
exp

[
−1

2

(
ln (x) − β

α

)2
]

(15)

The cdf form for the lognormal distribution is

F (x) = 1

2π

ln x −β

α∫
−∞

e
−x2

2 dt (16)

where x ≥ 0, α = shape parameter, β = scale
parameter.

Two methods were also used to estimate the
parameters of α and β for the lognormal distrib-
ution that is the maximum likelihood estimators
and method of moments.

The maximum likelihood estimator

For the MLE of the lognormal distribution, a like-
lihood function is defined as (Evans et al. 2000)

L =
n∏

i=1

f (x, α, β) =
n∏

i=1

1

xα
√

2π

× exp

[
−1

2

(
ln (x) − β

α

)2
]

, x > 0, α, β > 0

= α−n (2π)−
n
2

n∏
i=1

x−1
i exp

[
−1

2

n∑
i=1

(
ln (xi−β

α

)2
]

(17)

and the log-likelihood function is

ln L = −n ln α − n
2

ln (2π) − ln

(
n∏

i=1

xi

)

− 1

2

n∑
i=1

(
ln xi − β

α

)2

(18)

Therefore, α and β are the solutions of the follow-
ing partial derivatives

∂ ln L
∂α

= 0 and
∂ ln L

∂β
= 0

Thus, β was obtained by the solution as shown
below

β = 1

n

n∑
i=1

ln (xi) (19)

and

α =
√√√√ 1

n

n∑
i=1

[ln (xi) − β] (20)

The method of moments

In this method, α and β were obtained directly
from the following equations (Kottegoda and
Rosso 1998)

α =
√

ln
(
s2 + (x̄)2

) − 2 ln (x̄) (21)

β = ln (x̄) − α2

2
(22)

where;

s2 = 1

n

n∑
i=1

x2
i and x̄ = 1

n

n∑
i=1

xi (23)

Performance indicators

In this paper, three performance indicators (PI)
have been used to determine the agreement be-
tween predicted and observed PM10 hourly con-
centration data. The tests are root mean square
error (RMSE), prediction accuracy (PA), and co-
efficient of determination (R2) that are shown in
Eqs. (24)–(26), respectively. For PA and R2, the
value would be from 0 to 1 and the PI with value
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that is closes to 1 gives the best fit. For RMSE, the
value that is closest to zero gives the best fit.

RMSE = 1

n − 1

n∑
i=1

(Pi − Oi)
2 (24)

PA =

n∑
i=1

(
Pi − P̄

) (
Oi − Ō

)
(n − 1) σPσO

(25)

R2 =

⎛
⎜⎜⎝ 1

n

n∑
i=1

(
Pi − P̄

) (
Oi − Ō

)
σPσO

⎞
⎟⎟⎠

2

(26)

Where n is the number of observations, Pi and
Oi are the predicted and observed concentrations,
respectively, P̄ and Ō are the means of predicted
and observed concentration, respectively. σp and
σ 0 refer to standard deviation of predictions and
observations, respectively.

Result and discussion

PM10 concentration level in Seberang Perai

Table 1 shows the descriptive statistics for hourly
PM10 concentration in Seberang Perai from 2000
to 2004. The frequency distribution of hourly
PM10 data is depicted in Fig. 2. Table 1 shows that
each year the mean was higher than the median,
indicating that the data was skewed to the right
and there were extreme event that occurred. The
skewness in Table 1 shows positive numbers that
also signify the occurrences of extreme events.
Moreover, the trend of positive skewness shown

in Fig. 2, where the frequency distributions for
all years were skewed to the right indicated high
particulate emissions. The mean and median were
also increasing, suggesting increasing air pollu-
tion problem. The Department of Environment
reported haze event in 2004 and Seberang Perai
was moderately affected (DoE 2004). However,
the skewness showed high value in 2000 and 2002.
After 2002, the decreasing skewness showed that
the tendency of recording high PM10 event was
reducing. The value of kurtosis in Table 1 shows
that the peak of the PM10 distribution in Seberang
Perai was higher than the normal distribution. The
highest kurtosis was in 2002, followed by the years
2000 and 2001.

The air quality status in Seberang Perai
recorded by the DoE Malaysia is described in
Fig. 3. The air quality status for Seberang Perai
was based on Malaysia Air Pollution Index scale
which closely follows the Pollutant Standard In-
dex system of the United States (DoE 1996).
Based on Fig. 3, Seberang Perai experienced mod-
erate air quality status most of the time. There
was also good air quality status recorded from
2000 to 2002. The numbers of good air quality
days were 59 and 55 for 2000 and 2001, respec-
tively, and only 2 days were recorded for 2002. No
good air quality status was recorded in 2003 and
2004. However, the unhealthy air quality status
was recorded every year indicates that the level
of air pollution in Seberang Perai is below the
acceptable level (150 μg/m3) at certain time of
the year.

Monsoonal differences

Figure 4 shows the plot of the daily average con-
centration of PM10 in Seberang Perai. It was clear

Table 1 Descriptive
statistics of hourly PM10
data in Seberang Perai

2000 2001 2002 2003 2004

No. 8,784 8,760 8,760 8,760 8,784
Mean 54.82 61.73 75.03 80.13 92.31
Median 48.00 54.00 70.00 76.00 87.00
Standard deviation 31.50 32.45 30.76 35.62 38.09
Variance 992.02 1,053.06 946.39 1,268.91 1,450.51
Skewness 1.79 1.38 1.41 0.71 0.73
Kurtosis 5.40 1.90 7.86 1.31 1.72
Minimum 5 6 7 5 5
Maximum 310 248 540 362 421
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Fig. 2 Hourly PM10
concentration data for
Seberang Perai from 2000
to 2004
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Fig. 3 Air pollution index recorded for Seberang Perai
(Department of Environment 2000, 2001, 2002, 2003, 2004)

that there were periods with high PM10 concen-
tration which exceed the Malaysian Ambient Air
Quality Guideline (150 μg/m3) for every year,
excluding 2003. In 2000, the concentration ranged
between 20 μg/m3 to the maximum of 170 μg/m3.
The maximum concentration occurred during the
south west monsoon; however, it was short-lived.
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Fig. 5 Monthly average of PM10 concentration in
Seberang Perai from 2000 to 2004

The range of PM10 concentration in 2001 was
between 20 μg/m3 to 155 μg/m3. The maximum
concentration occurred during the south west
monsoon for a longer period than the previous
year. In 2003, the PM10 concentration began to in-
crease during the first inter monsoon and reached
its peaks during the early south west monsoon.

Fig. 4 Daily average of
PM10 concentration in
Seberang Perai from 2000
to 2004
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Wet Season Dry Season

Fig. 6 Wind rose distributions in wet and dry season in Seberang Perai 2002

The year 2004 exhibited a clear peak on the first
inter monsoon, but again reached its peak during
the south west monsoon.

Figure 5 illustrates the plot of the monthly
average of PM10 concentration in Seberang Perai
(2000 to 2004). The plot showed clearly that the
highest concentration period of PM10 was during
the south west monsoon, between June to Sep-
tember. In contrast, the concentration during the
north east monsoon is generally lower than the
south west monsoon. This may be caused by the
influence of substantial amount of rainfall dur-
ing north east monsoon which had increased the
removal rate of PM10 through precipitation. In
addition, the PM10 concentration saw an increased
every year.

During the south west monsoon, the prevailing
wind was generally south westerly and light (be-

low 15 knots) (Meteorological Department 2008).
Figure 6 illustrates the wind rose for wet and dry
seasons in Seberang Perai in 2002. During the
dry season, more than 20% of winds were pre-
dominantly blowing from the south west with an
average wind speed of 14.05 m/s. The wind from
the south west carried pollutants emitted from
Indonesia caused by biomass burning for agricul-
tural purposes. Therefore, PM10 concentrations
were high during the south west monsoon. Stable
atmospheric condition and low rainfall particu-
larly in the west coast state of Peninsular Malaysia
including Penang and western part of Sarawak
aggravated the high PM10 concentration.

The north east monsoon usually commences
in early November and ends in March. Dur-
ing this season, steady easterly or north easterly
winds of 10 to 20 knots prevail (Meteorological

Table 2 Parameters for
the weibull and lognormal
distribution

Year Parameter Weibull Lognormal

MLE MoM MLE MoM

2000 α 1.8690 1.8011 0.5465 0.5341
β 62.0614 61.6465 3.8579 3.8614

2001 α 2.0306 1.9874 0.5050 0.4940
β 69.9906 69.6438 3.9972 4.0007

2002 α 2.5123 2.6221 0.4160 0.3942
β 84.3935 84.4503 4.2357 4.2402

2003 α 2.3667 2.3960 0.5266 0.4246
β 90.3330 90.4050 4.2676 4.2936

2004 α 2.5305 2.6040 0.5036 0.3965
β 103.7098 103.9237 4.4230 4.4466
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Table 3 The result of
performance indicators

Year PI Weibull Lognormal

MLE MoM MLE MoM

2000 RMSE 6.753746 6.429064 0.861199 0.0000
R2 0.952892 0.957524 0.998726 0.998901
IA 0.987765 0.989208 0.999572 0.999778

2001 RMSE 7.622258 7.501725 6.60616 6.376834
R2 0.943899 0.946086 0.959305 0.960478
IA 0.985552 0.986208 0.989536 0.989973

2002 RMSE 6.451572 6.492875 3.665362 2.870622
R2 0.958071 0.954669 0.989139 0.990015
IA 0.989024 0.988461 0.996402 0.997547

2003 RMSE 3.174484 3.206679 13.70309 5.041664
R2 0.991236 0.990896 0.954837 0.979015
IA 0.997833 0.99777 0.971462 0.994753

2004 RMSE 4.975957 4.985441 15.43711 4.955016
R2 0.983013 0.982019 0.960593 0.9822
IA 0.995639 0.995521 0.969327 0.995565

Department 2008). From Fig. 6, it can be seen
that almost 30% winds were predominantly blow-
ing from north with an average wind speed of
14.67 m/s. During this monsoon, the primary max-
imum rainfall occurs between October and No-
vember while the secondary maximum generally
occurs from April to May. Thus, the high rainfall
during this season increases particulate washout
and reduce the concentration of PM10.

Parameter estimation

The Weibull and lognormal distribution models
were used to fit the hourly PM10 concentration
observed in Seberang Perai. Table 2 shows the pa-
rameters obtained for the Weibull and Lognormal
distribution using the MLE and MoM methods. It
shows that the results are different when differ-
ent methods and probability distributions models
were used. Performance indicators were used to
determine the best method and distribution to
represent the PM10 concentration. Table 3 shows
the result for the performance indicators. For R2

and IA, the closer value to 1 gives the best result
that fit the data while for RMSE, the smallest
value gives the best fit. Therefore, from 2000 to
2002, it shows that the lognormal distribution us-
ing MoM is the best. Lognormal distribution pre-
cludes values less than zero and the distribution
has no upper bound. Therefore, the lognormal

distribution’s shape has considerable potential to
describe environmental quality data (McBean and
Rovers 1998). The Weibull distribution using the
MLE represented the best PM10 concentration for
2003 and 2004. This might be because 2003 and
2004 show high means of 80.13 and 92.31 ug/m3,
respectively.

Pdf and cdf plots

Figure 7 shows the pdf plot of the best distri-
butions using the final shape and scale parame-
ters selected from the best distribution shown in
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Fig. 7 The pdf plot of the selected distribution for
Seberang Perai
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Table 4 Final α (shape)
and β (scale) parameters

Year Selected probability distribution α (shape) β (scale)

2000 Lognormal (MoM) 0.5341 3.8614
2001 Lognormal (MoM) 0.4940 4.0007
2002 Lognormal (MoM) 0.3942 4.2402
2003 Weibull (MLE) 2.3667 90.3330
2004 Weibull (MLE) 2.5305 103.7098

Table 4. The pdf plot represents the observed data
from 2000 to 2004. In 2000, the pdf plot shows that
the PM10 concentrations were lower compared
to other years. Conversely, extreme values had
been recorded as shown by the long tail. In 2001,
the density was lower and the mode of the plot
skewed more to the right indicated that PM10 con-
centration had increase. In 2002, the plot showed
higher density functions and the mode of the plot
was more skewed than the previous year. The
year 2003 and 2004 showed that the densities were
becoming lower and the modes of the plots were
getting more right skewed indicating that there
were more pollution sources that contributed to
high PM10 concentration over the years.

In general, every year have a long tail signifying
that extreme events had occurred. The pdf plot
illustrates the expected trend of PM10 concentra-
tion based on the descriptive statistics. Every year
from 2000 to 2004, the right skewed distribution
indicated increasing level of PM10 concentration
was recorded.

Figure 8 shows the cdf plot for the best dis-
tribution that represents the observed data from
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Fig. 8 The cdf plot of the selected distribution for
Seberang Perai

2000 to 2004. The plot was utilized to determine
the probability of PM10 concentration exceed-
ing more than the Malaysia Ambient Air Qual-
ity Guideline (MAAQG) that is 150 μg/m3. The
MAAQG for 24-h average of PM10 concentration
follows the National Ambient Air Quality Stan-
dard (NAAQS) by the USEPA (Table 5).

The cdf plot also shows that the concentrations
were increasing every year and the probability ex-
ceeding more than 150 μg/m3 was also increasing.
The probability of exceeding more than 150 μg/m3

and the return period obtained from the cdf plot is
shown in Table 6. Table 6 shows that the predicted
return periods were underestimated for all years.
However, the differences between the predicted
and actual days were small except for the years
2000 and 2003, which have shown 68.4% and 50%
differences in predicted and actual days, respec-
tively. This might be due to many missing values
in 2001 that reflected the number of days with high
PM10 concentration in that year. In Fig. 4, it can be
seen that at highest concentration, the plot had be-
come flat indicating that there were many missing
values at that point that make the replaced PM10

concentration using mean top bottom technique
had become constant. Additionally, haze event
have been recorded in 2004 that had increased the
number of days with high particulate event in that
year that make a large difference in the predicted
value in 2003. Even though the predicted values

Table 5 Ambient air quality standards—Malaysia and the
United States

Air pollutant Malaysia (μg/m3) USEPA (μg/m3)

Particulate matter (PM10)

Annual 50 N/S
24-h average 150 150a

Source DoE 2006 and USEPA 2009
N/S not specified
aNot to be exceeded more than once per year on average
over 3 years
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Table 6 Exceedences and return period of PM10 >

150 μg/m3 in Seberang Perai

Years Probability > 150 μg/m3 Return period (days)

Predicted Actual

2000 0.015774 6 19
2001 0.020519 7 8
2002 0.025385 9 14
2003 0.036120 13 26
2004 0.078527 29 34

were influenced by the quality of the observed
data and the haze event, the trends for the next
years were successfully predicted. Parallel with
time series plot in Fig. 5, both the predicted return
period and the plot showed that the concentration
of PM10 in Seberang Perai is increasing over the
years. The years 2000 to 2001 show only slight
increases in the return period that are between
1 and 2 days. On the other hand, the year 2003
had started to show a significant increase of return
period, which is 13 days, 4 days more than the
previous year while the next year had recorded
29 days, that is 16 days more than in 2003. The
predicted days with high PM10 concentration
could happen continuously or at different time.
Based on monsoonal differences in Seberang
Perai, it is predicted that the high PM10 concen-
tration will occur mostly during the south west
monsoon.

Conclusion

This study showed the monsoonal differences in
PM10 concentration clearly by using the daily av-
erage and monthly average plot. From both plots,
the south west monsoon that is also known as the
northern hemisphere summer monsoon recorded
the highest PM10 concentration every year. There-
fore, the effects of differences in weather condi-
tion experienced in different monsoon have been
shown successfully.

This study had revealed that the air quality sta-
tus in Seberang Perai were not good all the time.
Over the years, the air pollution index has been
increasing. The PM10 concentrations are also in-
creasing and trigger worries due to the bad effects
on human health as well as the environment. The

seasonal variation for Seberang Perai showed the
highest PM10 concentration recorded during south
west monsoon every year proving that wind speed
and wind direction do affect the concentration
of PM10. Thus, the predicted return period might
occur during this season.

From the probability distribution used to fit
the observed data, the lognormal distribution
agrees with the data in 2000, 2001, and 2002 bet-
ter than the Weibull distribution. However, the
Weibull distribution fit the observed data better
in 2003 and 2004. These results also indicate the
increasing trend of PM10 concentration as Weibull
is better to fit the high concentration emission.
It is further proved by the return periods that
were increasing over the years. The return pe-
riod for 2000 and 2001 is 6 and 7 days, respec-
tively. 2002 recorded 9 days, 2003 13 days, and
2004 29 days. Therefore, the Weibull distribution
might be better than the lognormal distribution
to represent the high PM10 concentration in the
future if no actions were taken to reduce the PM10

concentration.
There are many local sources in Seberang Perai

that contribute to the increase in PM10 concentra-
tion. Even haze event that have been recorded in
2004 might influence the high PM10 concentration
in 2004, but local sources should be given more
emphasis as they are under the control of local
authority and actions could be taken to penalize
the responsible persons or organizations. Further-
more, the pdf plot showed an increasing trend
over the years, meaning that the PM10 concen-
tration in 2004 might be higher than the previous
year even without haze event.

Although only PM10 data in Seberang Perai
were analyzed, the methods can be extended to
other stations in Malaysia. The results of this study
provide useful information on air quality status in
Seberang Perai and can be used for air quality
management as well as to develop air pollution
control strategy.
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