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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 
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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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 خلاصة البحث
ABSTRACT IN ARABIC 

، تسببت أنشطة للغاية في تنمية بلدنا. ومع ذلك صناعة التعدين دورًا مهمًا وضروريً تلعب  
، خيرة لتعدين البوكسيت في كوانتان، باهانجالحالة الأفي  التعدين غير المنضبط في آثار بيئية ضارة

الأحمر مع تلوث الزرنيخ والمعادن للون خة باكانت خمسة عشر كيلومتراً من ساحل باهانج ملط
ثقيلة من مناجم البوكسيت المفتوحة في البحر. هناك أضرار كارثية محتملة على النظام البيئي ال

كومة ماليزي إلى إصدار حظر مؤقت على تعدين أدى ذلك بحلقد قبالة سواحل باهانج. 
تعتمد الحماية البيئية و ثمن. ظة الالبوكسيت بينما تقوم حكومة الولاية بأعمال تنظيف باه

( EIAوالاجتماعية الاقتصادية من عمليات التعدين بشكل كامل على تقييم الأثر البيئي )
ء متعدد الأبعاد معقد جوهريً. هناك العديد ، فإن تقييم التأثير البيئي هو إجرا. ومع ذلكوإنفاذه

أيضا لديها قضاي ذاتية في  (EIA) لبيئيتقييم الأثر اوكان من التبعيات بين العوامل البيئية. 
لخبراء والتبرير. نظراً لا تزال تعتمد على رأي ا التي العديد من القراراتهناك عملية صنع القرار. 

أدوات منهجية لاتخاذ  كانتقييم التأثير البيئي غير مرضٍ تمامًا.  ، غالبًا ما يكون تنفيذ تلتعقيدها
لمساعدة لوحة تقييم التأثير البيئي على دراسة ( MCDM) مطلوبة قرارات المعايير المتعددة

التفاعل بين متغيرات القرار وتحويل العناصر الذاتية بموضوعية. يركز هذا البحث على تطوير 
. من خلال مسوحات ، خاص بعمليات تعدين البوكسيتأثير البيئيعم القرار لتقييم التإطار د

، أحدث منهجية كمية ((ANP ليةتحليشبكة ملية هذه الدراسة ع ، تقدمالمختلفة الدراسات
أكثر مرونة في  ANP وكان ، في إطار دعم اتخاذ القرار لتقييم الأثر البيئي.MCDMفي 

، وقد جذبت انتباه العديد ير مترابطةالتي تكون فيها المعاي MCDMالتعامل مع مشاكل 
، تم إجراء الأولى من البحثلة المرحلفة. في من العلماء وتم تطبيقها في العديد من المجالات المخت

عنيين والمقابلات شبه المنظمة مع الخبراء الم الدراساتدراسة استكشافية من خلال مراجعة 
موظف  -مستشارو تقييم الأثر البيئي ومنظم واحد و  -، خبيران بالموضوع )على سبيل المثال

تم اختيار عشرة معايير لقد ل. لاتصاوزارة الطاقة( لفهم المعايير وتعريف العنصر والتأثير شبكة ا
تم اختيار إطار دعم القرار من خلال و خاصية مشتركة. تجميعها في مجموعات وفقًا لخاصية/و 
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، وتم تجميعها اء والاقتصاد والمجتمع والثقافةت والأرض والمالهواء والماء والتربة والضوضاء والنفاي
تضمنت المرحلة الثانية تطوير قد كة. تر المش سماتهاث مجموعات رئيسية وفقًا لخصائصها/في ثلا

ان مسبقًا لتحديد صلاحية تم اختبار الاستبيو واستخدام الاستبيانات لتحديد المقارنات الزوجية. 
الخبراء المتخصصين )أي خبيرين التجريبي باستخدام مجموعة مختلفة من  ، وأجري الاختبارالمحتوى

تم الحصول على كما ف وزارة الطاقة(.  موظ -منظم تقييم التأثير البيئي وواحد  ستشاريم -
ن ستشارو الممستجيبًا ينتمون إلى الفئات الست المختلفة ) 22نتائج الاستبيانات من 

تقييم الأثر في المتخصصون ن ستشارو والم، في البيئة العامةي تقييم التأثير البيئفي المتخصصون 
في تقييم الأثر البيئي في  المتخصصون  نو شار ستوالم، في المجال الاجتماعي والاقتصاديالبيئي 

 الأكاديمي ، والجمهور المقيم بالقرب من مواقع التعدينو ، ضباط تنفيذ وزارة الطاقةو ، علم البيئة
تم و كافيًا لجمع المعلومات المطلوبة بدقة.   22، كان حجم العينة ANPبوكسيت. كمنهجية لل

، تم تجميع ل المرحلة الثالثة. خلامعيارلتحديد الوزن الكلي وترتيب كل  ANPاستخدام 
صنف تحليل حيث  ANP-SuperDecisionالبيانات التي تم جمعها باستخدام برنامج 
يليه تلوث المياه و ، ٪16.6لأولوية الأولى بنسبة أنه اوكالة الأنباء الجزائرية تلوث الهواء على 

٪، وتوليد 12.0 بنسبة، والأثر الاقتصادي ٪14.0٪، وتلوث التربة بنسبة 15.5بنسبة 
التأثير و ، ٪ 7.7٪، والأثر الثقافي بنسبة 8.8٪، والأثر الأرضي بنسبة 11.6النفايت بنسبة 

التأثيرات البيئية  كانت  ٪.2.8الضوضاء عند ، وأخيراً ٪3.9المجتمع و ، ٪7.2المائي عند 
ركبة من ة والمستنير ستخدام النتائج المبا تحليلها الهامة الناتجة عن عملية تعدين البوكسيت تم

تم إجراء مزيد من التحليل و لتطوير إطار دعم القرار.  ANP-SuperDecisionبرمجيات 
الكشف عن بعض القضاي الذاتية  تمكما القاطع بين ست مجموعات مختلفة من المستجيبين.  

ئي لبيكون اقييم المقام المجيبون من الخلفية البيئية بتلقد خلال عملية الترتيب للفئات الفردية. 
الخلفية الاجتماعية والاقتصادية الأولوية صحاب أالذين ، في حين أعطى أولئك على أنه أعلى

، على المجموعة البيئية. ومع ذلك لتركيزباللتأثير الاقتصادي وأولئك الذين لديهم خلفية بيئية 
عدين بت علقتالمفإن اختيار عينات تمثيلية من جميع الفئات قدم نموذجًا جيدًا لصنع القرار 

، تم اختبار النموذج من قبل ثلاثة خبراء متخصصين من المرحلة الأولى من البوكسيت. أخيراً
التأثير بناءً على حالة م التلوث البيئي/لء استمارة تقيييقوم الخبراء المتخصصون بمو البحث. 
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ن أظهرت النتائج أن إجمالي مشروع تعدي لقد .2015وبيانات تعدين البوكسيت لعام 
، وبالتالي يمثل إجمالي نقاط 50ة من أصل نقط 21.48ت في كوانتان قد سجل وكسايالب

شأن تعدين ، يجب رفض قرار وزارة الطاقة ب٪. وبناءً على هذه النتيجة41.92 المشروع
يعطي نظرة أكثر واقعية  ANPخلصت الدراسة إلى أن نموذج شبكة و البوكسيت في كوانتان. 

في تقييم  MCDAتساهم الدراسة في تطبيق أدوات كما دة.  المعقلقضاي تعدين البوكسيت 
  التأثير البيئي.
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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 RM0.16 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 
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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 
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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 

(CMO), 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. 
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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). 

 


