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H I G H L I G H T S

• We analysed air quality data recorded at background station on Malaysian Peninsula.
• Principal component regression and sensitivity analysis have been employed.
• Wind direction influences the transport of air pollutants to the background station.
• Diurnal variations of major air pollutants contribute by motor vehicle emissions.
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Rural background stations provide insight into seasonal variations in pollutant concentrations and allow for com-
parisons to bemadewith stations closer to anthropogenic emissions. InMalaysia, the designated background sta-
tion is located in Jerantut, Pahang. A fifteen-year data set focusing on ten major air pollutants and four
meteorological variables from this station were analysed. Diurnal, monthly and yearly pollutant concentrations
were derived from hourly continuousmonitoring data. Statistical methods employed included principal compo-
nent regression (PCR) and sensitivity analysis. Although only one of the yearly concentrations of the pollutants
studied exceeded national and World Health Organisation (WHO) guideline standards, namely PM10, seven of
the pollutants (NO, NO2, NOx, O3, PM10, THC and CH4) showed a positive upward trend over the 15-year period.
High concentrations of PM10 were recorded during severe haze episodes in this region.Whilst, monthly concen-
trations ofmost air pollutants, such as: PM10, O3, NOx, NO2, CO andNmHCwere recorded at higher concentrations
between June and September, during the southwest monsoon. Such results correspond with the mid-range
transport of pollutants from more urbanised and industrial areas. Diurnal patterns, rationed between major air
pollutants and sensitivity analysis, indicate the influence of local traffic emissions on air quality at the Jerantut
background station. Although the pollutant concentrations have not shown a rapid increase, an alternative back-
ground station will need to be assigned within the next decade if development projects in the surrounding area
are not halted.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Background stations can provide invaluable information on pollut-
ant exposure to humans and vegetation at distances from a few km2

to a few thousand km2. A rural background station is also useful in pro-
viding air quality information on a regional scale (USEPA, 1998; EU,
2005). Such a station must be located in an area with a natural

ecosystem, low population density and be a good distance from anthro-
pogenic emission sources (EU, 2005). Hence, continuous air quality
monitoring data collected from a rural background station allows the
observation of regional trends in air pollutant concentrations withmin-
imal enhancement resulting from local emissions. The expansion of
greater urban areas, however, has led to the movement of pollutants
from city centres towards suburban areas, which not only affects the
level of air pollutant concentrated in the city centres but also that of
background areas (Agrawal et al., 2003; Grawe et al., 2013). For exam-
ple, a study by Donnelly et al. (2011) showed that even cities located
more than 50 km away from a background station can influence the
NO2 concentrations at such stations. The concentration of pollutants

Science of the Total Environment 482–483 (2014) 336–348

⁎ Corresponding author at: School of Environmental and Natural Resource Sciences,
Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 43600 Bangi,
Selangor, Malaysia. Tel.: +60 3 89213822; fax: +60 3 89253357.

E-mail address: talib@ukm.my (M.T. Latif).

http://dx.doi.org/10.1016/j.scitotenv.2014.02.132
0048-9697/© 2014 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2014.02.132&domain=pdf
http://dx.doi.org/10.1016/j.scitotenv.2014.02.132
mailto:talib@ukm.my
http://dx.doi.org/10.1016/j.scitotenv.2014.02.132
http://www.sciencedirect.com/science/journal/00489697


(for example SO2) from industrial sources also revealed changes occur-
ring at a rural background station when emission control measures
were carried out in industrial and densely populated areas (Lin et al.,
2012).

In Malaysia, the central focus of development programmes since its
independence in 1957 has been the Klang Valley area where Kuala
Lumpur, the capital city, is located. In other parts of the Malaysian Pen-
insula, the capital of each state is usually the central pollutant emission
source, aside from industrial areas located outside the city centre. The
movement of air pollutants from the city and industrial areas to rural
areas is predominantly dependent on seasonal winds and local condi-
tions. These include land and sea breezes, the valley effect and also the
transference of wind from urban to rural areas which results from the
urban heat island effect (Sani, 1990; Juneng et al., 2009, 2011). Such de-
velopments also result from increases in deforestation and biomass
burning through agricultural activities, as soil dust derived from defor-
estation and smoke from biomass burning contribute to the high
amount of particulate matter existing, particularly in suburban and
rural areas (Dominick et al., 2012).

The Department of Environment, Malaysia (DOE) had designated
Jerantut, Pahang as its site for a rural background station so as tomonitor
the general background concentrations of selected air pollutants in the
Malaysian Peninsula. This continuous monitoring station is located in a
rural area close to a national forest reserve. Many studies on air pollutant
concentrations in Malaysia have included Jerantut for comparison with
observations from other rural, urban and suburban monitoring stations
(Azmi et al., 2010; Latif et al., 2012; Banan et al., 2013). However, there
are as yet, no studies which focus on the long-term pollutant concentra-
tion trends at this station. Although the site was originally chosen be-
cause of its distance from local anthropogenic emission sources, there
are some concerns regarding its continuing viability as a rural back-
ground station in the coming years as a result of increasing development
of the surrounding areas. This study aims tofill this gap by analysing con-
tinuousmonitoring data collected over a period of 15 years and to assess
the trends in pollutant concentrations, primarily in terms of local influ-
ences on the background pollutant concentrations in theMalaysian Pen-
insula. Assessments were also undertaken in order to determine the
feasibility of this site being used for background data collection in the fu-
ture, given that rapid industrialisation and urbanisation over the past

decade may have introduced significant local or mid-range emission
sources to the rural location where the background station is located.

2. Materials and methods

2.1. Location of sampling station

The air quality data used in this research was collected from Batu
Embun, Jerantut, Pahang Station, which has been established as a back-
ground air monitoring station by the Department of the Environment
(DOE), Malaysia. This station is located near the middle of the
Malaysian Peninsula with coordinates N03° 58.238′, E102° 20.863′
(Fig. 1) and is surrounded by natural forest and agricultural areas, as
well as traditional Malaysian villages. It lies within a 2 km radius of
Sungai Pahang, one of the longest rivers in Malaysia, and its confluence,
Sungai Teh. The nearest town is Jerantut, which is about 7 km from Batu
Embun. Some short-term studies have shown that the air quality level at
thismonitoring station is influenced by local open burning, soil dust and
a low number of motor vehicles (Azmi et al., 2010; Banan et al., 2013).
This may be due to the presence of a two-lane paved road close to the
sampling site (b1 km) and villages, as well as modern housing areas
within a 10 km radius south of the station.

2.2. Data collection

The air quality data for the analysis period, January 1997 to Decem-
ber 2011, was obtained from the Air Quality Division of the DOE; the
Ministry of Natural Resources and Environment of Malaysia. A total of
1,368,715 hourly observations from the 15-year (1997–2011) dataset,
which consisted of 14 variables, were initially arranged based on
month and year. The 14 variables studied were divided into three
groups: major air pollutants, organic pollutants and meteorological pa-
rameters. Themajor air pollutant group consisted of ground level ozone
(O3), carbon monoxide (CO), nitrogen oxide (NO), nitrogen dioxide
(NO2), oxides of nitrogen (NOx), sulphur dioxide (SO2) and particulate
matter with a diameter size of less than 10 µm (PM10). The organic pol-
lutant group consisted of methane (CH4), total hydrocarbon (THC) and
non-methane hydrocarbon (NmHC) while the meteorological parame-
ter group consisted of wind speed, ambient temperature, relative

Fig. 1. Location of the Jerantut air monitoring station.
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