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ABSTRACT

The mining industry plays a very important and necessary role in the development of
our country. However, uncontrolled mining activities caused detrimental environmental
impacts. In recent case of bauxite mining in Kuantan, Pahang, fifteen kilometres of
Pahang’s coastline were stained red with arsenic and heavy metal pollution washed
from open-pit bauxite mines into the sea. There are potential catastrophic damages to
the ecosystem off the coast of Pahang. This triggered Government of Malaysia to issue
temporary ban on bauxite mining while the state government is performing an
expensive clean-up works. Environmental and socio-economic protection from mining
operations entirely depends on Environmental Impact Assessment (EIA) and its
enforcement. However, EIA is an intrinsically complex multi-dimensional procedure.
There are many dependences among environmental factors. EIA also has subjectivity
issues in the decision making process. Many decisions still depend on expert opinion
and justification. Due to its complexity, the implementation of EIA is often not entirely
satisfactory. A systematic multiple criteria decision making (MCDM) tools is required
to assist EIA panel to study interaction among decision variables and convert subjective
elements objectively. This research focuses on developing a decision support
framework for EIA, specific for bauxite mining operations. Through various literature
surveys, this study introduces Analytic network process (ANP), the latest quantitative
methodology in MCDM, into the EIA decision support framework. ANP is much more
flexible in handling the MCDM problems in which the criteria are interdependent, it has
attracted many scholars’ attention and has been applied into many different areas. In the
first stage of the research, an exploratory study through literature review and semi
structured interviews with relevant subject experts (i.e., two experts — EIA Consultants
and one Regulator — DOE Officer) was conducted to understand the criteria, element
definition, and the influence network. Ten criteria were selected and grouped into
clusters according to their common property/attribute. A decision support framework
by consists air, water, soil, noise, waste, terrestrial, aquatic, economics, society, and
culture were selected and grouped into three main clusters according to their common
property/attribute. The second stage involved development and use of questionnaires to
determine the pairwise comparisons. Survey questionnaires were pre-tested to
determine content validity and the pilot test was conducted using the different group of
subject experts (i.e., two experts — EIA Consultants and one Regulator — DOE Officer).
The questionnaires findings were obtained from 22 respondents belonging to the six
different categories (EIA consultants specialised in the general environment, EIA
consultants specialised in socio-economic, EIA consultants specialised in ecology,
DOE enforcement officers, academician, and public residing close to the bauxite mining
sites. As ANP methodology, 22 sample size was sufficient to gather the required
information accurately. The ANP was used to determine the overall weightage and rank
of each criterion. During the third stage, the collected data were synthesised using the
ANP-SuperDecision software. The ANP analysis ranked air pollution as the first
priority at 16.6% followed by water pollution at 15.5%, soil pollution at 14.0%,
economic impact at 12.0%, waste generation at 11.6%, terrestrial impact at 8.8%,
cultural impact at 7.7%, aquatic impact at 7.2%, society at 3.9 %, and finally noise at
2.8%. Significant environmental impacts produced by bauxite mining operation is
identified and synthesised results from ANP-SuperDecision software was used to



develop the decision support framework. Further categorical analysis was conducted
among six different group of respondents. Some subjectivity issues were detected
during the ranking process for individual categories. Respondents from environmental
background rated environmental component higher, while those with socio-economic
background prioritised economic impact and those with an ecological background
focused on the ecological cluster. Nevertheless, selecting representative samples from
all categories provided a good model for decision making pertaining to bauxite mining.
Finally, the model was tested by three relevant subject experts from first stage of
research. The subject experts fill up the environmental pollution/ impact assessment
form based on 2015 Bauxite mining condition and data. Results showed that the overall
bauxite mining project at Kuantan scored 21.48 point out of 50, hence, representing an
overall project score of 41.92%. Based on this result, the decision on bauxite mining in
Kuantan should be rejected by DOE. Study concluded that an ANP network model gives
a much more realistic view of complex bauxite mining issues. The study contributes to
the application of MCDA tools in EIA specific for bauxite mining operations. Further
recommendations to reduce the identified significant environmental impact of the
bauxite mining activities have been provided.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The bauxite mining industry plays a significant and necessary role in the development
of a country. It assures an adequate and continuous supply of raw materials to
construction and manufacturing sectors; both of which are the root for a nation’s
economic development. Over 33 different types of mineral comprising of metallic, non-
metallic, and energy minerals are available in Malaysia. The metallic mineral mining
subsector commonly produces minerals such as tin, gold, bauxite, iron ore, and ilmenite.
Additionally, by-products such as zircon, monazite, rutile, struverite, and silver are also
produced from tin and gold mining (Malaysian Mineral.com, 2009). The non-metallic,
or commonly known as industrial mineral subsector produces limestone, clay, kaolin,
silica, sand and gravel aggregates, feldspar, and mica. In Malaysia, coal is the only
mineral produced by the energy mineral subsector (Malaysian Mineral.com , 2009).
Bauxite Mining industries contribute eminently towards the nation’s economy.
In the year 2017, Malaysia’s economy accelerated with a 5.9% growth in the gross
domestic product (GDP), at a value of RM1,352.4 billion at current prices. Mining and
quarrying alone contributed RM123.2 billion, which made up 9.11% of the country’s
GDP (MCOM, 2017). The Malaysian Chamber of Mines reported that for the year 2015,
non-metallic minerals’ production valued at RM4.98 billion, followed by metallic and
energy minerals at RM1.06 billion and RMO0.16 billion, respectively. Overall, the total
production value of major minerals in Malaysia increased by 55%; which was from
RM4.00 billion in 2010 to RM6.20 billion in 2015 (MCOM, 2017). The increasing

demands for minerals, especially from China and India, has opened the path for



companies to explore various types of deposits, from iron ore to gold. In the 1980s, the
collapse of the tin market caused a decline in the Malaysian mining industry. However,
that incident did not dissuade experts from believing that there were deposits of minerals
worth roughly RM336 billion, still untapped and could transform landowners into
billionaires. Since 2008, Chinese companies have reportedly invested nearly RM2
billion in the extraction of iron ore from Malaysia for its steel mills. According to the
Minerals and Geoscience Department, as of June 2016, a total of 34 iron ore mines, 32
tin mines, and eight gold mines operate in the Peninsular of Malaysia (JMG, 2018).
Independent analysts have estimated that the iron ore reserve in the country values at

RM17 billion (TMR, 2017).

1.1.1 Environmental Issues Related to Bauxite Mining Operation

Before the 1980s, Malaysia’s metallic mining industries were mainly dominated by tin,
iron, and gold mines. Numerous researches, including those done by Venkateswarlu et
al. (2016), Thorpe et al. (2015), Jamal et al. (2015); and Irshad (2013) revealed mineral
mining as one of the major causes of heavy metal contamination in the environment.
Residues containing heavy metals from tin mines and metallurgical operation sites are
often further dispersed into the environment by wind and/or water. In addition, soil and
groundwater pollution by dissolved heavy metals have mainly been associated with
Acid Mine Drainage (AMD); a serious environmental hazard often caused by the
mining industry. Typically, AMD is characterised by an acidic pH and high levels of
dissolved heavy metals, which often include arsenic and mercury. A study by Razo et
al. (2004) showed that effluents generated by the gold mining industry contain large
quantities of toxic substances, such as cyanides and heavy metals, which have severe

implications on the human health and ecology. In the late 1990s, increasing



technological changes resulted in reduced demand for tin, hence, resulting in many tin
mines being abandoned. These deserted tin mines accumulated as waste, consisting of
roaster piles, tailings ponds, waste rock piles, and acid mine drainage.

Lately, the demand for non-metal mining such as limestone, clay, kaolin, silica,
sand, and gravel has increased due to the intensifying progress in the construction
sector. The main environmental issue associated with the non-metal mining industry is
dust emission into the environment, an unavoidable consequence of its milling and
crushing operations. Bauxite is the best material for making aluminium. It is also an
essential ingredient in refractory, grinding material, chemical material, and calcium
aluminate cement. Bauxite is widely used in the production of paper, water purification,
petroleum refining, electric power industry, aircraft industry, and machinery and civil
tool-making industry. Due to its broad application, bauxite mining activities have been
escalating lately. Malaysia is now the world’s top producer of bauxite. However, in
2014, Malaysia barely had a bauxite mine. The advancement of Malaysia from being a
zero-bauxite producer to the world’s top producer comes with consequences in the form
of increasing detrimental environmental impacts. Figure 1.1 shows the impact of
bauxite mining on surrounding areas in Pahang state. Clean Malaysia Organization
(CMO0), an independent online news site reported that with the introduction of bauxite
mining, the port town of Kuantan has transformed from quiet byways to heavy traffics
of ore-hauling trucks (CMO, 2016). Surrounding environments, vehicles, homes, and
trees have accumulated a thick layer of red dust due to emissions released from the
movements of bauxite loading and unloading trucks. Locals also complained that when
bauxite emissions came in contact with their skin, it caused skin irritation.
Environmental experts further warned that ingestion of bauxite emissions increase the

risk of developing cancer.



Figure 0.1 Impact of Bauxite Mining on the Surrounding Areas in Pahang
(Source: CMO, 2016)

Many fruit orchards and small-scale oil palm planters abandoned their agriculture
business and leased their land to mining contractors for short-term cash benefits. Due
to uncontrolled licensing and the presence of illegal mining contractors, the areas
surrounding Kuantan port became heavily contaminated, turning it into a red coloured
zone. During rainy seasons, the surface washout from these contaminated areas flow
into the nearby river and turn the water red. Figure 1.2 depicts the Pahang coastline after
rain. Environmental experts also warn on the occurrence of arsenic and heavy metal in

water bodies washed down from the open-pit bauxite mines (CMO, 2016).



