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ABSTRACT 

The occurrences of acid mine drainages at abandoned Mamut Copper Mine, Ranau 
can adversely affect the surrounding rivers. The purpose of this study is to evaluate 
the impacts of AMD inputs on the status of copper, zinc, iron and aluminium, in the 
sediments of Mamut-Langganan River and Bambangan River, Ranau Sabah. The 
total concentration of heavy metals in six particle size fractions namely <0.063mm, 
0.063-<0.125mm, 0.125-<0.25mm, 0.25-<0.50mm, 0.50-<1.00mm and 1.00-
<2.00mm, metal's geochemical forms based on four-steps sequential extraction 
method, potential mobility, and solubility of metals at six different pH values 
namely 2, 3, 4, 5, 6 and 7 were determined. The concentrations of Cu, Zn, Fe and 
Al in AMD-impacted sediments of Mamut-Langganan River ranged 796-2610 µg/g, 
95.7-256.1 µg/g, 4.04-13.6% and 3.85-5.76%, respectively and in Bambangan 
River ranged 73.5-1347 µg/g, 71.2-271.7 µg/g, 2.55-4.47% and 6.45-9.06%, 
respectively, and are relatively higher than the concentrations at non-AMD 
impacted sites (Ml and B1) with exception for Al in Mamut-Langganan River. The 
enrichment factor for Cu, Zn, Fe and Al ranged 20. 7-68.0, 1.29-3.45, 2.01-6. 76 and 
0.47-0.71, respectively in Mamut-Langganan River, and 0.97-17.8, 1.02-3.89, 0.65-
1.15 and 0.89-1.25, respectively in Bambangan River. Only in Mamut-Langganan 
River and for the metals Cu and Zn in sediments at immediate downstream of AMD 
input points, are dominantly present in the coarser particles (0.125-< 0.25 mm & 
0.25-< 0.50 mm) instead of finest particles ( < 0.063 mm). The proportion of 
metals, in particular Cu and Zn, associated with exchangeable and reducible forms 
in the sediment of both rivers are higher after inputs of AMD. The proportion of 
potentially mobile Cu and Zn in AMD impacted sediments ranged 80.4-91.7% and 
75.0-89.8%, respectively in Mamut-Langganan River and 89.0-96.9%, 70.9-90.7%, 
respectively in Bambangan River, which is relatively higher than the proportion for 
non-AMD impacted sites. There is no apparent differences of the proportion of 
potentially mobile Fe and Al between non-AMD impacted and impacted sites in 
Mamut-Langganan River. However, the proportion of potentially mobile Fe and Al is 
relatively higher in AMD-impacted sediments of Bambangan River. Higher 
percentage of soluble Cu, Zn, Fe and Al in lower pH value. Regardless of pH value, 
in general, higher percentage of soluble Cu, Zn, Fe and Al in AMD impacted 
sediment compared with non-AMD impacted sediment in both rivers. Overall, inputs 
of AMD have a similar impact on the total concentration, distribution of metals 
according to particle size, distribution of metal according to geochemical form, and 
metal solubility according to pH for both Mamut-Langganan River and Bambangan 
River sediments. The impacts were more apparent for Cu and Zn, and at sites 
immediate downstream of the AMD input points and greater impact on Cu and Zn 
in sediments of Mamut-Langganan River compared to Bambangan River. 
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ABSTRAK 

IMPAK SALIRAN ASID LOMBONG DARIPADA BEKAS LOMBONG KUPRUM 

MAMUT KE ATAS LOGAM BERA T TERPILIH DALAM SEDIMEN SUNGAI 

MAMUT-LANGGANAN DAN SUNGAI BAMBANGAN, RANAIJ, SABAH 

Kewujudan saliran asid lombong di kawasan bekas lombong Tembaga Mamut, 
Ranau berupaya memberi impak negatif terhadap sungai-sungai di sekitarnya. 
Kajian ini bertujuan untuk menilai kesan input SAL terhadap status logam iaitu 
kuprum/ zin!y besi dan aluminium dalam sedimen Sungai Mamut-Langganan dan 
Sungai Bambangan. Kajian merangkumi jumlah kepekatan logam berat di dalam 
enam fraksi saiz sedimen (<0.063mm/ 0.063-<0.125mm/ 0.125-<0.25mm/ 0.25-
<0.50mm/ 0.50-<1.00mm and 1.00-<2.00mm/ pemisahan bentuk geokimia dalam 
sedimen bersaiz <0.063mm berdasarkan empat langkah pengekstrakan 
berperingkat, potensi pergerakan logam/ dan kelarutan logam berat dalam enam 
nilai pH yang berbeza iaitu 2/ � 4, 5, 6 dan 7. Kajian menunjukkan ju/at kepekatan 
Cu/ Zn/ Fe and Al dalam sedimen sungai terkesan SAL ialah masing-masing 796-
2610 µg/g/ 95.7-256.1 µg/g, 4.04-13.6% dan 3.85-5.76% bagi Sungai Mamut­
Langganan dan 73.5-1347 µg/g/ 71.2-271.7 µg/g/ 2.55-4.47% dan 6.45-9.06% di 
Sungai Bambangan yang secara relatif lebih tinggi daripada kepekatan C14 Zn Fe 
dan Al dalam sedimen yang tidak terkesan SAL kecuali Al di Sungai Mamut­
Langganan. Nilai faktor pengayaan untuk Cu/ Zn/ Fe dan Al ialah masing-masing 
dalam ju/at 20.7-68.a 1.29-3.45, 2.01-6.76 dan 0.47-0.71 bagi sungai Mamut­
Langganan dan 0.97-17.� 1.02-3.8� 0.65-1.15 dan 0.89-1.25 bagi sungai 
Bambangan. Dalam kes taburan /ogam berat mengikut saiz partikel hanya di 
sungai Mamut-Langganan dan logam Cu dan Zn dalam sedimen di hilir paling 
hampir dengan input SAL/ /ebih dominan da/am partikel lebih kasar (0.125-< 0.25 
mm & 0.25-< 0.50 mm) berbanding dalam partikel ha/us(< 0.063 mm). Peratusan 
/ogam terutamanya Cu dan Zn/ berisosiasi dengan fraksi berupaya bertukar dan 
boleh diturunkan dalam sedimen kedua-dua sungai, telah meningkat selepas 
kemasukan SAL Ju/at peratus Cu dan Zn dalam sedimen terkesan SAL yang 
berpotensi bergerak bebas ia/ah masing-masing 80.4-91.7% dan 75.0-89.8%/ bagi 
sungai Mamut-Langganan dan masing-masing 89.0-96.9%/ 70.9-90.7%/ bagi 
sungai Bambangan yang mana secara relatif lebih tinggi berbanding peratus di 
lokasi yang tidak terkesan SAL Tiada perbezaan ketara peratusan Fe dan Al yang 
berpotensi bergerak bebas antara sedimen terkesan SAL dan tidak di sungai 
Mamut-Langganan. Peratusan Fe dan Al yang berpotensi bergerak bebas secara 
relatifnya lebih tinggi dalam sedimen terkesan SAL di Sungai Bambangan. Lebih 
tinggi peratus logam berat yang larut dalam pH yang rendah bagi kedua-dua 
sungai. Waiau bagaimanapun lebih tinggi peratus Cu/ Zn Fe dan Al yang larut dari 
sedimen yang terkesan SAL dalam semua ju/at pH yang digunakan berbanding dari 
sedimen yang tidak terkesan SAL Secara keseluruhan input SAL mempunyai impak 
yang sama ke atas Jumlah kepekatan /ogam, taburan logam mengikut saiz partiket 
taburan /ogam mengikut fraksi geokimia, dan ke/arutan /ogam mengikut pH untuk 
kedua-dua sedimen sungai Mamut-Langganan dan sungai Bambangan. Impak lebih 
ketara ke atas Cu dan Zn, dan di hilir paling dekat dengan punca input SAL dan ke 
atas sungai Mamut-Langganan berbanding sungai Bambangan 

vi 



TABLE OF CONTENTS 

TITLE 

DECLARATION 

CERTIFICATION 

ACKNOWLEDGEMENT 

ABSTRACT 

ABSTRAK 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS AND SYMBOLS 

LIST OF APPENDICES 

CHAPTER 1: INTRODUCTION 

1.1 Introduction 

1.2 Brief background of Mamut Copper Mine 

1.3 Objective of study 

1.4 Scope of study 

1.5 The structure of the Thesis 

CHAPTER 2: LITERATURE REVIEW 

2.1 Previous Studies in the Abandoned Mamut Copper Mine Area 

2.2 Mining and Acid Mine Drainage 

2.2.1 Generation and Characteristic of Acid Mine Drainage 

2.3 Impacts of AMD on Receiving Water 

2.3.1 Water Quality Impacts 

a. pH

b. Total Suspended Solid

c. Dissolved Heavy Metals

vii 

ii 

iii 

iv 

V 

Vi 

vii 

xi 

xv 

xxi 

xxiii 

1 

1 

4 

8 

8 

9 

10 

10 

12 

12 

14 

17 

17 

17 

19 



d. Sulphate Concentration 19 

2.3.2 Biological Impacts 19 

2.3.3 Heavy Metals Loading in Sediments 21 

2.4 Heavy Metals in Sediments 22 

2.4.1 Total Metal Concentration 22 

2.4.2 Particle Size Partitioning 26 

2.4.3 Geochemical Forms 29 

2.4.4 Solubility 39 

a. Influence of pH 40 

b. Influence of Redox Potential 45 

2.5 Heavy Metals in AMD Impacted Sediments 49 

2.5.1 Total Metal Concentration 49 

2.5.2 Particle Size Partitioning 49 

2.5.3 Geochemical Forms 51 

2.5.4 Mineralogy of AMO-Impacted Sediments 54 

CHAPTER 3: METHODOLOGY 57 

3.1 Study Area 57 

3.2 Samples Collection and Preparation 59 

3.3 Analyses of Sediment Samples 66 

3.3.1 Particle Size Distribution 66 

3.3.2 Total Metals Concentration 67 

3.3.3 Geochemical Forms Determination 69 

3.3.4 Mineralogical and Morphological Analysis 71 

3.4 Effect of pH on Heavy Metal Solubility 72 

3.5 Analysis of Heavy Metals 72 

3.5.1 Preparation of the ICP-OES 72 

3.5.2 Calibration 73 

3.5.3 Analyses of Samples 74 

3.6 Quality Control Measures 74 

viii 



CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Particle Size Distribution 

4.1.1 Mamut-Langganan River 

4.1.2 Bambangan River 

4.1.3 Summary 

76 

76 

76 

78 

81 

4.2 Total Concentration of Heavy Metal in Sediments ( <0.063mm) 82 

4.2.1 Mamut-Langganan River 

4.2.2 Bambangan River 

4.2.3 Summary 

4.3 Particle Size Partitioning of Heavy Metal (Cu, Zn, Fe and Al) 

4.3.1 Mamut-Langganan River 

4.3.2 Bambangan River 

4.3.3 Summary 

4.4 Geochemical Forms of Heavy Metal 

4 .4 .1 Recovery 

4.4.2 Mamut-Langganan River 

a. Copper

b. Zinc

c. Iron

d. Aluminium

4.4.3 Bambangan River 

a. Copper

b. Zinc

c. Iron

d. Aluminium

4.4.4 Comparison With Previous Studies 

a. Exchangeable Form

b. Reducible Form

c. Oxidisable Form

ix 

82 

91 

100 

102 

102 

106 

109 

111 

112 

114 

116 

117 

119 

121 

122 

122 

125 

127 

128 

137 

137 

138 

139 



d. Residual Form

4.4.5 Summary 

4.5 Potential Mobillity 

4.5.1 Mamut-Langganan River 

4.5.2 Bambangan River 

4.5.3 Summary 

4.6 Effect of pH on the Solubility of Heavy Metals 

4.6.1 Mamut-Langganan River 

4.6.2 Bambangan River 

4.6.3 Summary 

CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 

5.1 Recommendation for Future Study 

REFERENCES 

APPENDICES 

X 

140 

141 

143 

144 

144 

145 

147 

147 

152 

158 

161 

162 

164 

193 



LIST OF TABLES 

Page 

Table 2.1 Summary of some previous reports in the Mamut Area 10 

Table 2.2 Physico-chemical characteristic of acid mine drainage 14 

Table 2.3 Some physicochemical characteristics of AMD at former 
Mamut Copper Mine 15 

Table 2.4 Water chemistry characteristics of selected river impacted 
by AMD 18 

Table 2.5 Dissolved heavy metals before and after input of AMD 
(ug/L). 19 

Table 2.6 Concentration in ug/g (otherwise stated) of heavy metals 
in AMD impacted sediment 21 

Table 2.7 Optimum pH values for precipitation of metal ions as 
hydroxides 22 

Table 2.8 Heavy metals concentration of unpolluted sediments 
( <63µm; µg/g unless stated) 23 

Table 2.9 Geochemical composition of four main types of rocks 
parent material 24 

Table 2.10 Heavy metals concentration of polluted sediments (µg/g 
unless stated) 25 

Table 2.11 Concentration of metals river sediments according to 
particle size 27 

Table 2.12 Geochemical form based on sequential extraction methods 30 

Table 2.13 Concentration of Cd, Co, Cu, Ni, Pb, Zn, Fe and Mn in five 
geochemical forms 36 

Table 2.14 Solubility Product Constants of mineral 40 

Table 2.15 Comparison of heavy metals concentration in sediments 
between upstream (nearer to AMD source) and 
downstream. 50 

Table 2.16 Total concentration of metals according to particle size of 
AMD-impacted river sediments SO 

xi 



Table 2.17 Distribution patterns of heavy metal in geochemical form of 
AMO-impacted sediments 52 

Table 3.1 Coordinates, classification and sampling locations 
description 60 

Table 3.2 Extraction step and reagents used in each extraction phase 69 

Table 3.3 Operating conditions of the ICP-OES 73 

Table 3.4 Quality control check 74 

Table 4.1 Comparison of particle size distribution of sediments in 
Mamut-Langganan River. 77 

Table 4.2 Comparison of particle size distribution of sediments in 
Bambangan River. 79 

Table 4.3 Metals total concentration and recoveries against true 
value 

Table 4.4 Total concentration of heavy metals in sediments of 

82 

Mamut-Langganan River 83 

Table 4.5 Enrichment factor of heavy metals in AMO impacted 
sediments of Mamut-Langganan River 69 

Table 4.6 Enrichment factor category of heavy metals in AMD 
impacted sediments of Mamut-Langganan River 87 

Table 4. 7 Correlation between parameters -Mamut-Langganan River 
water 89 

Table 4.8 Total concentration of heavy metals in sediments of 
Bambangan River 92 

Table 4.9 Enrichment factor of heavy metals in AMD impacted 
sediments of Bambangan River (Reference background 
value is 81) 93 

Table 4.10 Enrichment factor category of heavy metals in AMD 
impacted sediments of Bambangan River 96 

Table 4.11 Correlation between parameters of Bambangan River water 99 

Table 4.12 Particle size partitioning of heavy metals in descending 
order (Mamut-Langganan River) 104 

xii 



Table 4.13 Particle size Partitioning of heavy metals in descending 
order (Bambangan River) 108 

Table 4.14 Geochemical Partitioning data of Certified Reference 
Material (µg/g) 111 

Table 4.15 Geochemical Partitioning data of Mamut-Langganan River 
sediments (µg/g) 111 

Table 4.16 Geochemical Partitioning data of Bambangan River 
sediments (µg/g) 112 

Table 4.17 The sum of the heavy metals' concentration in the four 
geochemical forms, heavy metal total concentration and 
Recoveries 113 

Table 4.18 Distribution pattern (in descending order) of four 
geochemical forms in the Mamut-Langganan River 
sediments. 115 

Table 4.19 Distribution pattern (in descending order) of four 
geochemical forms in the Bambangan River sediments. 123 

Table 4.20 Mineralogy of sediments ( <0.063mm) in the Mamut-
Langganan River 133 

Table 4.21 Mineralogy of sediments ( <0.063mm) in the Bambangan 

Table 4.22 

Table 4.23 

Table 4.24 

Table 4.25 

Table 4.26 

River 133 

Percentage (%) of metals in Exchangeable form 

Percentage (%) of metals in Reducible form 

Percentage(%) of metals in Oxidisable form 

Percentage(%) of metals in Residual form 

The proportion of potentially mobile heavy metals in 

137 

138 

139 

140 

sediments along the Mamut-Langganan River 143 

Table 4.27 The proportion of potentially mobile heavy metals in 

sediments along the Bambangan River 143 

Table 4.28 The percentage of soluble heavy metals from sediments of 
Mamut-Langganan River in respective pH values 150 

Table 4.29 Comparison of heavy metal soluble (%) at pH2 -pH? of 

Mamut-Langganan River 150 

xiii 



Table 4.30 The percentage of soluble heavy metals from sediments of 
Bambangan River in respective pH values 154 

Table 4.31 Comparison of heavy metal soluble(%) at pH2 -pH7 of 
Bambangan River 155 

xiv 



Figure 1.1 

Figure 1.2 

Figure 1.3 

Figure 2.1 

Figure 2.2 

Figure 2.3 

Figure 2.4 

Figure 2.5 

Figure 2.6 

Figure 2.7 

Figure 2.8 

Figure 2.9 

Figure 2.10 

Figure 2.11 

Figure 2.12 

LIST OF FIGURES 

Map showing location of Mamut-Langganan River, Lohan 
River and Bambangan River 

Satellite image of the study area. Mamut-Langganan 
River and Bambangan River are shown in yellow lines 

Satellite image of Mamut Copper Mine Pit 

Sampling location of AMD at the abandoned Mamut 
Copper Mine. 

Major effects of AM D on a river system 

Heavy metal precipitates in AMD polluted river 

Total metals in seven size fractions of sediment sample. 

Fractionation of different metal in bed sediments of 
Yamuna River India: Exchangeable, carbonate bound, 
reducible, oxidizable and residual form represented by 
A, B, C, D and E respectively. 

Geochemical Partitioning of heavy metal in sediments of 
Heng Shi River, China. Site 2 is upstream; site 18 is 
downstream. Downstream is affected by AMD 

Geochemical distribution of Ni, Zn, Cu, Cr, Pb, Mn, Al 
and Fe in the Sines River sediments 

Metals hydroxide solubilities as a function of pH 

Solubility lines of goethite, ferrihydrite and 
schwertmannite (Bigham et al., 1996). Black dotes is 
Logarithm of Fe3+ activity vs pH of the affected water of 
the Dataoshan Mine. 

Solubility of metals in Le An River sediments according 
to pH 

Solubility of Fe, Mn, P, Al and Zn following (a) oxidation 
(Eh from -200mV to +500) or (b) reduction (Eh from 
+S00mV to -200mV)

Relationship of Eh with concentration of (a) arsenic and 

xv 

Page 

5 

6 

7 

16 

16 

20 

28 

32 

33 

34 

41 

42 

43 

46 

47 



(b) iron

Figure 2.13 Eh-pH Diagram of Fe in seawater. 48 

Figure 2.14 X-Ray Diffractogram of AMO-impacted sediments 56 

Figure 3.1 Map and sampling locations of sediments samples 57 

Figure 3.2 A view of mine pit from west waste dump site 58 

Figure 3.3a An aerial view of west waste dump site 58 

Figure 3.3b A ground view of west waste dump site 59 

Figure 3.4 Sampling site Ml (upstream of Mamut-Langganan River) 61 

Figure 3.5 Sampling site M2 61 

Figure 3.6 Sampling site M3 (Poring Ranau) 62 

Figure 3.7 Sampling site M4 (Kg Napong) 62 

Figure 3.8 Sampling site MS (Kg Perancangan) 63 

Figure 3.9 Sampling site B1 (upstream of Bambangan River) 63 

Figure 3.10 Sampling site B2 64 

Figure 3.11 Sampling site B3 64 

Figure 3.12 Sampling site B4 65 

Figure 3.13 Sampling site B5 65 

Figure 4.1 Plot of weight percentage of size fraction versus particle 
size of Mamut-Langganan River sediments. 76 

Figure 4.2 Characteristics of site M2 78 

Figure 4.2 The plot of weight percentage of size fraction versus 
particle size of Bambangan River sediments. 79 

Figure 4.4 Boulders covered by whitish precipitates 80 

Figure 4.5 Concentration of Cu in sediments ( <0.063mm) of 
Mamut-Langganan River 84 

Figure 4.6 Concentration of Zn in sediments ( <0.063mm) of 
Mamut-Langganan River 85 

xvi 



Figure 4.7 Concentration of Fe in sediments ( <0.063mm) of 
Mamut-Langganan River 85 

Figure 4.8 Concentration of Al in sediments ( <0.063mm) of 
Mamut-Langganan River 86 

Figure 4.9 Trend of pH value versus sampling sites at Mamut-
Langganan River 89 

Figure 4.10 Dissolved concentrations of Cu, Zn, Fe and Al according 
to sampling site of Mamut-Langganan River. 90 

Figure 4.11 Concentration of Cu in sediments ( <0.063mm) of 
Bambangan River. 94 

Figure 4.12 Concentration of Zn in sediments ( <0.063mm) of 
Bambangan River. 94 

Figure 4.13 Concentration of Fe in sediments ( <0.063mm) of 
Bambangan River. 95 

Figure 4.14 Concentration of Al in sediments ( <0.063mm) of 
Bambangan River 95 

Figure 4.15 Trend of pH value versus sampling sites at Bambangan 

River 97 

Figure 4.16 The dissolved concentrations of Cu, Zn, Fe according to 
sampling site of Bambangan River. 98 

Figure 4.17 Cu concentration according to particle size (A= 
<0.063mm; 8=0.063-<0.125mm; C=0.125-<0.25mm; 
D=0.25-<0.S0mm; E=0.50-<l.00; F=l.00-<2.00mm) of 
Mamut-Langganan River sediments at site Ml-MS. 102 

Figure 4.18 Zn concentration according to particle size (A= 
<0.063mm; B=0.063-<0.125mm; C=0.125-<0.25mm; 
D=0.25-<0.S0mm; E=0.50-<l.00; F=l.00-<2.00mm) of 
Mamut-Langganan River sediments at sites Ml-MS. 103 

Figure 4.19 Fe concentration according to particle size (A= 
<0.063mm; 8=0.063-<0.125mm; C=0.125-<0.25mm; 
D=0.25-<0.S0mm; E=0.50-< 1.00; F= 1.00-<2.00mm) of 
Mamut-Langganan River sediments at sites M 1-MS. 103 

Figure 4.20 Al concentration according to particle size (A= 
<0.063mm; B=0.063-<0.125mm; C=0.125-<0.25mm; 
D=0.25-<0.S0mm; E=0.50-<l.00; F=l.00-<2.00mm) of 104 

xvii 



Mamut-Langganan River sediments at sites Ml-MS. 

Figure 4.21 Cu concentration according to particle size (A= 
<0.063mm; B=0.063-<0.125mm; C=0.125-<0.25mm; 
D=0.25-<0.S0mm; E=0.50-<1.00; F=l.00-<2.00mm) of 
Bambangan River sediments at B1-B5 106 

4.22 Zn concentration according to particle size (A= 
<0.063mm; B=0.063-<0.12Smm; C=0.125-<0.25mm; 
D=0.25-<0.S0mm; E=0.50-<1.00; F=l.00-<2.00mm) of 
Bambangan River sediments at sites B1-B5. 107 

Figure 4.23 Fe concentration according to particle size (A= 
<0.063mm; B=0.063-<0.125mm; C=0.125-<0.2Smm; 
D=0.25-<0.S0mm; E=0.50-<1.00; F=l.00-<2.00mm) of 
Bambangan River sediments at site B1-B5. 107 

Figure 4.24 Al concentration according to particle size (A= 
<0.063mm; B=0.063-<0.125mm; C=0.125-<0.25mm; 
D=0.25-<0.S0mm; E=0.50-< 1.00; F=l.00-<2.00mm) of 
Bambangan River sediments at sites B1-B5. 108 

Figure 4.25 Distribution of heavy metals according to four 
geochemical forms in sediment of Mamut-Langganan 
River at various sampling sites. 115 

Figure 4.26 Distribution of Cu in each geochemical form along the 
Mamut-Langganan River (Ml-MS is sampling site). 117 

Figure 4.27 Distribution of Zn in each geochemical form along the 
Mamut-Langganan River (Ml-MS is sampling site). 118 

Figure 4.28 Distribution of Fe in each geochemical form along the 
Mamut-Langganan River (Ml-MS is sampling site). 120 

Figure 4.29 Distribution of Al in each geochemical form along the 
Mamut-Langganan River (Ml-MS is sampling site). 121 

Figure 4.30 Distribution of heavy metal according to four 
geochemical forms with respect to sampling sites at 
Bambangan River. 123 

Figure 4.31 Distribution of Cu in each geochemical form along the 
Bambangan River (B1-B5 is sampling site). 124 

Figure 4.32 Distribution of Zn in each geochemical form along the 
Bambangan River (B1-BS is sampling site). 126 

xviii 



Figure 4.33 Distribution of Fe in each geochemical form along the 
Bambangan River (B1-B5 is sampling site). 127 

Figure 4.34 Distribution of Al in each geochemical form along the 
Bambangan River (B1-B5 is sampling site). 129 

Figure 4.35 Diffractogram of sediment from site M 1, M2, M3, M4 dan 
MS of the Mamut-Langganan River; AI-Goe=Al-goethite; 
Schw=Schwertmannite; F=Ferrihydrite; Py=Pyrite; 
Q=Quartz; Kao=Kaolin; A=Actinolite 131 

Figure 4.36 Diffractogram of sediment from site Bl, B2, 83, B4 and 
B5 of the Bambangan River; AI-Goe=Al-goethite; 
Q=Quartz ; Cl=Clinochlore; Musc=Muscovite; 
A=Actinolite 132 

Figure 4.37 Scanning Electronic Microscopic images of sediments 
from site M2 of the Mamut-Langganan River 134 

Figure 4.38 Scanning Electronic Microscopic images of sediments 
from site B2 136 

Figure 4.39 Amount of Cu dissolved from sediments of Mamut-
Langganan River at different pH value (Ml-MS are 

sampling sites along the river). 148 

Figure 4.40 Amount of Zn dissolved from sediments of Mamut-
Langganan River at different pH value (M 1-MS are 
sampling sites along the river). 148 

Figure 4.41 Amount of Fe dissolved from sediments of Mamut-
Langganan River at different pH value (Ml-MS are 
sampling sites along the river). 149 

Figure 4.42 Amount of Al dissolved from sediments of Mamut-
Langganan River at different pH value (M 1-MS are 
sampling sites along the river). 149 

Figure 4.43 Trend of heavy metal concentration dissolve at pH 2 
according to sampling site in the Mamut-Langganan 
River 151 

Figure 4.44 Amount of Cu dissolved from sediments of Bambangan 
River in different pH value 152 

Figure 4.45 Amount of Zn dissolved from sediments of Bambangan 
River in different pH value 153 

Figure 4.46 Amount of Fe dissolved from sediments of Bambangan 153 

xix 



River in different pH value 

Figure 4.47 Amount of Al dissolved from sediments of Bambangan 
River indifferent pH value 154 

Figure 4.48a Trend of the amount of Cu, Zn and Fe dissolved at pH 2 
according to sampling site in the Bambangan River 156 

Figure 4.48b Trend of the amount Al dissolved at pH 2 according to 
sampling site in the Bambangan River 157 

XX 



AMD 

MCM 

Fe 

Cu 

Zn 

Al 

Mn 

Ms 

L 

ml 

TDS 

SO/· 

col-

oH· 

CaC03 

H2S04 

HCI 

NaOH 

H202 

NH40Ac 

HN03 

NH20H.HCI 

HOAc 

v/v 

XRD 

AAS 

ICP-OES 

kg 

mg 

g 

LIST OF ABBREVIATIONS AND SYMBOLS 

Acid mine drainage 

Mamut Copper mine 

Ferum/iron 

Copper 

Zinc 

Aluminum 

Manganese 

millisiemen 

Litre 

millilitre 

Total dissolve solid 

Sulphate ion 

Carbonate ion 

Hydroxide ion 

Calcium Carbonate 

Sulphuric acid 

Hydrochloric acid 

Sodium hydroxide 

Hydrogen peroxide 

Ammonium acetate 

Nitric acid 

Hydroxylamine hydrochloride 

acetic acid 

Volume/volume 

X-Ray Diffractometer

Atomic Absorption spectrometer 

Inductively Couple Plasma Optical Emission Spectrometer 

Kilogram 

Miligram 

Gram 

xxi 



ppm Part per million 

mm Millimetre 

mg/g Milligram/gram 

mg/kg Milligram/kg 

µg/g Microgram/gram 

mg/L Milligram/litre 

GPS Global positioning system 

SESB Sabah Electricity Sendirian Berhad 

EF Enrichment factor 

df Oil ution factor 

+ Positive 

Negative 

= Equal to 

> Greater than 

< Less than 

� Same or less than 

� Same or greater than 

µ Micro 

± Plus minus 

Division 

X Times 

oc Degree Celsius 

e Theta 

L Sum of 

~ Approximate ~ 

xxii 


