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Abstract—This study investigated the relationship between urban 

and rural ozone concentrations and quantified the extent to which 
ambient rural conditions and the concentrations of other pollutants 
can be used to predict urban ozone concentrations. The study 
describes the variations of ozone in weekday and weekends as well as 
the daily maximum recorded at selected monitoring stations. The 
results showed that Putrajaya station had the highest concentrations 
of O3 on weekend due the titration of NO during the weekday. 
Additionally, Jerantut had the lowest average concentration with a 
reading value high on Wednesdays. The comparisons of average and 
maximum concentrations of ozone for the three stations showed that 
the strongest significant correlation is recorded in Jerantut station 
with the value R2= 0.769. Ozone concentrations originating from a 
neighbouring urban site form a better predictor to the urban ozone 
concentrations than widespread rural ozone at some levels of 
temporal averaging.  It is found that in urban and rural of Malaysian 
peninsular, the concentration of ozone depends on the concentration 
of NOx and seasonal meteorological factors. The HYSPLIT Model 
(the northeast monsoon) showed that the wind direction can also 
influence the concentration of ozone in the atmosphere in the studied 
areas. 
 

Keywords—Ozone, Hysplit model, Weekend effect, Daily 
Average and Daily maximum, Malaysia 
  

I. INTRODUCTION 
ZONE is considered a secondary pollutant as it is a by 
product of the reaction. Under normal conditions, it will 

react with NO to form NO2 and O2. But since VOCs are more 
attracted to NO, the forward reaction is preferred, leading to 
the formation and accumulation of O3.  Ozone makes up an 
essential part of the atmosphere, especially the troposphere, 
the layer nearest to the Earth’s surface. The major ozone 
sources in the atmosphere are the air mass exchange between 
the stratosphere and troposphere, in situ photochemical 
production or destruction and surface dry deposition [34]. The 
first source is a natural process where ozone is transported 
from the stratosphere to the troposphere. The influence of  
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stratospheric-tropospheric ozone exchange has also been 
investigated as a possible cause of changes in the background  
ozone level [38]. The second source is the product of the 
anthropogenic precursor emissions, and contributes heavily to 
the amount of ozone in the troposphere globally. Debaje and 
Kakade [6] believe that the life cycle of O3 in the lower 
troposphere depends on the season and the altitudes. It usually 
lies within the range of a few days (5-8) at the ground level to 
a few weeks (3-15) in the free troposphere. 

Ozone is important as it shields the Earth’s surface from 
UV radiation. Ozone depletion is becoming a global challenge 
these days. Depletion depends heavily on season, in late 
winter and spring [34]; the depletion of the ozone layer is 
more pronounced due to periods of increased UV-B [2], [31]. 
The depletion of the ozone layer between the years 1979 to 
1991 has a mean value of 46% per decade in the Northern 
Hemisphere [10]. In several parts of the Northern Hemisphere, 
researches have shown that the concentration of ozone has 
increased significantly in the free troposphere and at the 
surface [7], [15], [22], [23], [36]. 

Ozone found in the troposphere plays an essential role in 
establishing the oxidising capacity of the atmosphere, both in 
its elementary form as well as a precursor of the hydroxyl 
radical OH [4], [29]. Some fifteen years ago, it was observed 
that the global increase in ozone concentration was not the 
only problem, but it also dealt with photochemical production. 
Subsequently, concern about tropospheric ozone amplified 
[13], [38].   

The augmentation in tropospheric ozone concentration is 
due to higher emissions of its precursors, which are the 
products of human activities. However, the concentration is 
lessened in areas where there is heavy vehicular traffic as 
ozone reacts with NOx to produce nitrogen dioxide and 
oxygen [2], [1], [5], [35]. 

This study has been conducted at three different air 
monitoring stations in the Malaysia, namely Putrajaya, 
Petaling Jaya and Jerantut which are located at three different 
regions. This study also aims to describe the variations of 
ozone in weekday and weekends as well as the daily 
maximum recorded at selected monitoring stations. Moreover, 
comparisons of average and maximum concentrations of 
ozone and the other are based on backward trajectories 
considered using the HYSPLIT Model for the three stations. 
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II. METHODOLOGY 

A.  Location of Sampling Stations 
The stations used in this study were considered at urban and 

rural areas in Malaysia. The Putrajaya air monitoring station 
(N02º 55.915’, E101º40.909’; S1) is a recently built township 
in the Selangor state of Malaysia. It was declared a federal 
territory on the 1st February 2001 and hosts the administrative 
offices, as well as the Federal Government of the country. It is 
located 24 km south of Kuala Lumpur and 20 km from the 
Kuala Lumpur International Airport and covers an overall area 
of 49.30 kilometers square. The Petaling Jaya air monitoring 
station (N03º06.140’, E101º43.330’; S2) is located in the 
Selangor state of Peninsular Malaysia, more precisely within 
the Klang Valley region and covers an area of 97.2 kilometers 
square. This sampling station is the nearest station to Kuala 
Lumpur’s city centre and is surrounded by industries, 
residential and commercial areas and the area is very 
compacted.  

The last air quality monitoring station is in Jerantut, Pahang 
(N03º 55.59’, E102º 22.120’; S3). It is located 200 kilometres 
from Kuala Lumpur, and 180 km from Kuantan. This 
monitoring station is located at the Malaysian Meterological 
Deparment at Batu Embun, Jerantut, Pahang in the middle of 
the Malaysia (Fig. 1). In fact, Natural forest, soil dust, open 
burning and a low number of motor vehicles are expected to 
contribute to air quality status at this monitoring station. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 A geographical map of the sampling stations located in 
Malaysia 

B. Air Quality Data 
The air quality data were collected from the air quality 

monitoring sites by the Department of the Environment (DOE) 
in Malaysia is managed by a private company, Alam Sekitar 
Sdn Bhd (ASMA). The overall air quality data used in this 
study was collected from January to December (2005-2009). 

C. Trajectory Analysis 
The backward trajectories of atmospheric pollutants have 

been determined by using the Hybrid Single Particle 
Lagrangian Integrated Trajectory (HYSPLIT) Model 
introduced by the National Oceanographic and Atmospheric 
Administration through the website: 
http://www.arl.noaa.gov/ready.html at different monsoon 
seasons in Malaysia. The model assumed that there was a 
well-mixed layer in which transports the pollutants and, then 
dispersion takes place. HYSPLIT Model, shows that the 
trajectories to these two main stations, namely Petaling Jaya 
and Putrajaya, have been developed for 72 hour on the 5th of 
February 2009 (North East Monsoon), the 1st of April 2009 
(North East monsoon), the 13rd of April 2009 (North East 
Monsoon), the 7th of Jun 2009 (South West Monsoon), the 
12th of Jun 2009 (Inter-monsoon) and the 3rd of December 
2009 (North East Monsoon). 

III. RESULTS 
Comparisons of the Weekly Concentrations of Ozone for the 

Three Study Areas 
 The higher ozone level was found during the weekends 

(Saturday and Sunday) than in weekdays (from Monday to 
Friday); in addition to that it has been widely monitored at 
urban sites all over the world [11], [26], [29], [33]. 
Conversely, Beaney and Gough [3], Pudasainee et al. [27] 
emphasized that this phenomenon was not monitored or not 
found at some remote rural sites. 

In 2005 and 2009 the ozone concentrations of weekdays 
and weekend presented a clear contrary characteristic of an 
anti-weekend effect with higher ozone level in weekdays than 
in weekend. Fig.2 indicated the results of the concentration of 
O3 in accordance to the weekly pattern. The result of the 
concentration of O3 in accordance to the weekly pattern shows 
that there was little differences between the concentrations of 
O3 in working days (Monday to Friday) and in non-working 
days (Saturday and Sunday). The result of ANOVA test shows 
that there is a statistically significant difference in the amount 
of ozone during weekdays and weekends in Jarantut and 
Petaling Jaya. However, there exists no statistically significant 
difference in the amount of ozone in Putrajaya during 
weekdays and weekends.  

Additionally, the main causes of emissions of all sorts of 
airborne pollutants are by human activities. In this regard 
these emissions affects the weekly cycle of ambient pollutant 
concentrations. In the past decade, ozone has been the subject 
of research interest of the weekly and weekend differences in 
ambient concentrations of air pollutants. In the light of that 
studies conducted by Lal et al. [15], Lee et al. [26], Qin et al. 
[28] reveal that high concentrations of O3 on weekends due to 
differences in the rate of NO2 and VOC contamination which 
results into a reduction in the ratio between VOC and NO2 and 
occur during weekend. During weekends, the primary 
reduction of pollution is caused by the decrease in traffic 
overcrowding over the weekend, this is because majority of 
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people spend more in their houses rather than out and this 
leads to the increase in the formation of O3 on weekends. 

In the light of that, stresses more on this phenomenon that 
during weekends a decrease in absorption of sunlight resulting 
in enhanced ozone formation is due to lower fine particle 
concentration [18], [19]. Similarly, Han et al. [9] elaborate on 
this point by stating that the impact of the weekend can be 
demonstrated to some extent using the following mechanism: 
low NO emissions during weekend mornings consume less O3 
whereas in the daytime it cannot be depleted further which 
lead to accumulation of ozone. In the next section, the 
researcher will discuss the monthly concentrations of ozone 
for the three studied areas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Concentration (ppbv) versus local time according to the 

weekdays/ weekend at three monitoring stations 
 

 

Comparisons of the Trajectory Concentrations of Ozone   
for the Three Study Areas 

 Back trajectory analysis using the HYSPLIT Model, Fig.3 
shows that the wind movements came from 10 meters from 
the surface sea at all three monitoring stations within 72 hour. 
The wind system is large during the inter-monsoon season in 
June. The north-east monsoon is usually connected to the wet 
season in West Peninsular which occurs annually between 
November and March. As a result, it does not contribute to the 
amount of anthropogenic sources, particularly from biomass 
burning, coming from the east part of the Malaysian 
Peninsular. The O3 concentration increases in the dry season 
and was influenced by factors such as high temperatures and 
UV radiation, which is at the maximum strain and pressure 
[6], [8], [14], [16], [19], [20], [21], [31], [39]. 
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 Fig. 3 Backward trajectory of wind direction for the three 
monitoring stations in 2009 

 
Comparisons between Average and Daily Maximum 
The correlation relationship between maximum value daily 

and average value daily in the three stations indicated that the 
maximum daily value has a significant positive correlation 
with the average daily value. When there was an increase in 
the points of the maximum daily, the average daily increased 
as well due to the positive slop that was shown in the below 
scree plot. Therefore, as can be observed, the correlation 
coefficients and slops are positive. Correlation value showed 
positive X and Y equation of the line. Fig4. indicated that the 
value for Putrajaya (S1) was at R2= 0.549), Petaling Jaya (S2) 
was at R2= 0.631) and Jerantut (S3) was at R2= 0.769). In 
terms of the concentration of air pollutants, it was shown that 
the level of ozone in three stations tend to increase. This 
increase was also recorded in the atmosphere in all three 
stations from 2005 to 2009. It was obvious that the urban 
ozone concentrations had a trend upward. With regards to the 
comparisons of average and maximum concentrations of 
ozone for the three stations, it was reveal that the strongest 
significant correlation was recorded in Jerantut station with 
the value R2= 0.769. Thus this correlation pattern indicated 
that there were the same sources of atmospheric pollutants 
recorded in Jerantut. Similarly, the second highest significant 
correlation was recorded in Petaling Jaya with (R2= 0.631).  
Inasmuch as Petaling Jaya was located in urban and industrial 
area, this would lead to the existence of atmospheric pollutants 
from various sources, it will be more influenced by the 
movement of motor vehicles. 
 

 
 
 

 
 
 

 
 

 
    Fig. 4 Average and daily maximum variations of ozone 

    concentration at selected monitoring stations 

IV. CONCLUSION 
The results from this study show that the averaged 

concentration of all atmospheric pollutants recorded at 
Putrajaya, Petaling Jaya and Jerantut are under the permissible 
value recommended by the Malaysian Department of 
Environment. However, urban areas had the higher level of O3 
concentration than when compared with the rural area 
(Jerantut) used in the study. The findings showed that 
meteorological factors such as sunlight and the ambient 
temperature are expected to be associated with the 
concentration of ozone. As indicated by the HYSPLIT Model 
(the northeast monsoon), the temperature and wind direction 
can also influence the concentration of ozone in the 
atmosphere of the area being studied. 

It is hoped that these findings help the associated authority 
bodies in Malaysia to begin to plan strategies and formulate an 
effective plan to reduce the emissions from motor vehicles and 
other anthropogenic sources. It is also hoped that these 
findings will be useful to the improvement in the knowledge 
of photochemical air pollution in the Asian region, especially 
Malaysia. 
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