IMPACT OF ACID MINE DRAINAGES FROM
ABANDONED MAMUT COPPER MINE ON
SELECTED METALS IN SEDIMENTS OF
MAMUT-LANGGANAN RIVER AND
BAMBANGAN RIVER,

RANAU, SABAH

MORIUS BIN BANTAS

ERPUST ma:.m

UNIVERSITI MALAYSIA SABAR

FACULTY OF
SCIENCE AND NATURAL RESOURCES
UNIVERSITI MALAYSIA SABAH
2019



IMPACT OF ACID MINE DRAINAGES FROM
ABANDONED MAMUT COPPER MINE ON
SELECTED METALS IN SEDIMENTS OF
MAMUT-LANGGANAN RIVER AND
BAMBANGAN RIVER,

RANAU, SABAH

MORIUS BIN BANTAS

THESIS SUBMITTED IN
FULFILLMENT FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

UNIVERSITI MALAYSIA saBAR

FACULTY OF
SCIENCE AND NATURAL RESOURCES
UNIVERSITI MALAYSIA SABAH
2019



UNIVERSITI MALAYSIA SABAH

BORANG PENGESAHAN STATUS TESIS

JUuDUL: IMPACT OF ACID MINE DRAINAGES FROM ABANDONED
MAMUT COPPER MINE ON SELECTED METALS IN
SEDIMENTS OF MAMUT-LANGGANAN RIVER AND
BAMBANGAN RIVER, RANAU, SABAH

DAZAH: DOKTOR FALSAFAH (KIMIA INDUSTRI)

Saya MORIUS BIN BANTAS, Sesi 2010 -2019 mengaku membenarkan tesis
Doktor Falsafah ini disimpan di Perpustakaan Universiti Malaysia Sabah dengan
Syarat-syarat kegunaan seperti berikut:

1. Tesis ini adalah hakmilik Universiti Malaysia Sabah.

2. Perpustakaan Universiti Malaysia Sabah dibenarkan membuat salinan
untuk tujuan pengajian sahaja.

3. Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan
pertukaran antara institusi pengajian tinggi.

4. Sila tandakan ( /):

(Mengandungi maklumat yang berdarjah
SULIT keselamatan atau kepentingan Malaysia seperti
yang termaktub di dalam AKTA RAHSIA 1972)

(Mengandungi maklumat TERHAD yang telah
TERHAD ditentukan oleh organisasi/badan di mana
penyelidikan dijalankan)

/ TIDAK
' TERHAD

HORAZLYNNE MOHD. JOHAN @ Jn2UINE
PUSTAKAWAN

orius'Bin Bantas ) ) AP
PS20109019

Tarikh: 22 Mac 2019

(PrOFf. Dr. Maretf fogohy)

Penyelia



DECLARATION

I hereby declare that the materials in this thesis are my own except for quotations,
excerpts, summaries and references, which have been duly acknowledged.

22 March 2019 _
MORIUS BIN BANTAS
PS20109019



CERTIFICATION

NAME :  MORIUS BIN BANTAS
MATRICNO : PS2010-9019

TITLE : IMPACT OF ACID MINE DRAINAGES FROM ABANDONED
MAMUT COPPER MINE ON SELECTED METALS IN
SEDIMENTS OF MAMUT-LANGGANAN RIVER AND
BAMBANGAN RIVER, RANAU, SABAH

DEGREE : DOCTOR OF PHILOSOPHY (CHEMICAL INDUSTRY)
VIVADATE : 303JANUARY 2019

CERTIFIED BY,
SUPERVISOR SIGNATURE

Prof. Dr. Marcus Jopony /M

4 '




ACKNOWLEDGEMENTS

This thesis could not have been completed without the great support, help and
encouragement, directly or indirectly from many wonderful people. First and
foremost, I would like to express my profound gratitude and thanksgiving to the
almighty God who is the essence of everything for giving me guidance, protection,
opportunity, strength, wisdom and love during this study. My heartfelt gratitude
goes to my supervisor, Prof. Dr. Marcus Jopony for his patience, understanding,
great ideas, encouragement, support and untiring guidance which he bestowed
upon me from the earlier stages until i successfully completed the research work.

My sincere thanks to the management of Department of Mineral and Geoscience
Malaysia for allowing me to pursue my PhD study, Malaysian Government under the
In-service Training Scheme, Human Capital Development Division of the Public
Service Department, for financially supporting the study. Assistance from Mr Arthur
Leo, Mr. Rosman and Mr. Anthony during sampling activities, Mdm Normi Adok for
her information technology knowledge and assistance during manuscript write up
are really appreciated.

Special thanks go to the lecturers of Faculty of Science and Natural Resources, for
their valuable advice and encouragement, Mr. Mohd Ali Yusop for his assistance in
diffractogram analysis, all laboratory assistants in the FSSA; Mr Sani Gorudin,
Raciedy, Roslan, Mala, Jalaludin, Neldin, for their assistance in laboratory analyses,
several personnel of Mineral Research Center, Ipoh Perak, especially Siti Mazatul
Hawa and the late Dr. Syamsul, for allowing me using their X-Ray Diffraction
Machine and Scanning Electron Microscope.

To all my friends during the study, Stella Ho Yen Ling, Fiona Ishidore, Fera Cleafos
and Joyce Cristy Primus, thank you for the sweet moments we experienced and
shared together in UMS particularly during our field trips.

Special appreciation and thanks go to my beloved wife, Lintu Anak Jelimin, my
sweet son and daughters: Lana Athena, Linda Nusi, Max Nathaneal and Lani Grace,
for their love, patience, encouragement, understanding, motivation and support,
which kept me going throughout the research. To my brothers and sisters:
Alexander Usop, Saidin, Rosiah, Rusinah and my late sister, Lotinah for being my
inspiration, constant support, encouragement and spiritual support for the success
of the study as well as all my in-law family members for moral support and prayers.

Last but not least, I wish to dedicate this work to my father, Bantas Solidau and my
late mother, Giba Limbas. Indeed you are my real inspiration for a better life with
full of happiness, joy and peace. Thank you for everything Ama and na.

Morius Bantas
22" March 2019



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 ng/g,
95.7-256.1 pg/g, 4.04-13.6% and 3.85-5.76%, respectively and in Bambangan
River ranged 73.5-1347 nug/g, 71.2-271.7 pg/g, 2.55-4.47% and 6.45-9.06%,
respectively, and are relatively higher than the concentrations at non-AMD
impacted sites (M1 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.



ABSTRAK

IMPAK SALIRAN ASID LOMBONG DARIPADA BEKAS LOMBONG KUPRUM
MAMUT KE ATAS LOGAM BERAT TERPILIH DALAM SEDIMEN SUNGAI
MAMUT-LANGGANAN DAN SUNGAI BAMBANGAN, RANAU, 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, Zzink, besi dan aluminium dalam sedimen Sungai Mamut-Langganan dan
Sungali 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, 3, 4, 5, 6 dan 7. Kajian menunjukkan julat kepekatan
Cu, Zn, Fe and Al dalam sedimen sungai terkesan SAL ialah masing-masing 796-
2610 ug/g, 95.7-256.1 ug/g, 4.04-13.6% dan 3.85-5.76% bagi Sungai Mamut-
Langganan dan 73.5-1347 ug/qg, 71.2-271.7 ug/qg, 2.55-4.47% dan 6.45-9.06% di
Sungali Bambangan, yang secara relatif lebih tinggi daripada kepekatan Cu, Zn, Fe
dan Al agalam sedimen yang tidak terkesan SAL kecuali Al di Sungai Mamut-
Langganan. Nilai faktor pengayaan untuk Cu, 2Zn, Fe dan Al ialah masing-masing
dalam julat 20.7-68.0, 1.29-3.45, 2.01-6.76 dan 0.47-0.71 bagi sungai Mamut-
Langganan dan 0.97-17.8, 1.02-3.89, 0.65-1.15 dan 0.89-1.25 bagi sungai
Bambangan. Dalam kes taburan logam berat mengikut saiz partikel hanya di
sungai Mamut-Langganan dan logam Cu dan Zn dalam sedimen di hilir paling
hampir dengan input SAL, lebih dominan dalam partikel lebih kasar (0.125-< 0.25
mm & 0.25-< 0.50 mm) berbanding dalam partikel halus (< 0.063 mm). Peratusan
logam terutamanya Cu dan Zn, berisosiasi dengan fraksi berupaya bertukar dan
boleh diturunkan dalam sedimen kedua-adua sungai, telah meningkat selepas
kemasukan SAL. Julat peratus Cu dan Zn dalam sedimen terkesan SAL yang
berpotensi bergerak bebas ialah 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, Walau bagaimanapun, lebih tinggi peratus Cu, 2Zn, Fe dan Al yang larut dari
sedimen yang terkesan SAL dalam semua julat pH yang digunakan berbanding dari
sedimen yang tidak terkesan SAL. Secara keseluruhan, input SAL mempunyai impak
yang sama ke atas jumlah kepekatan logam, taburan logam mengikut saiz partikel,
taburan logam mengikut fraksi geokimia, dan kelarutan logam 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
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<0.063mm; B=0.063-<0.125mm; C=0.125-<0.25mm;
D=0.25-<0.50mm; E=0.50-<1.00; F=1.00-<2.00mm) of
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Mamut-Langganan River sediments at sites M1-M5.

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

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

Fe concentration according to particle size (A=
<0.063mm; B=0.063-<0.125mm; C=0.125-<0.25mm;
D=0.25-<0.50mm; E=0.50-<1.00; F=1.00-<2.00mm) of
Bambangan River sediments at site B1-B5.

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

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

Distribution of Cu in each geochemical form along the
Mamut-Langganan River (M1-M5 is sampling site).

Distribution of Zn in each geochemical form along the
Mamut-Langganan River (M1-M5 is sampling site).

Distribution of Fe in each geochemical form along the
Mamut-Langganan River (M1-M5 is sampling site).

Distribution of Al in each geochemical form along the
Mamut-Langganan River (M1-M5 is sampling site).

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

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

Distribution of Zn in each geochemical form along the
Bambangan River (B1-B5 is sampling site).
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Figure 4.47

Figure 4.48a
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River in different pH value
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AMD
MCM

Fe

Cu

Zn

Al

Mn

Ms

L

mL

TDS
S04
COs*
OH
CaCO3
H2S04
HCl
NaOH
H,0,
NH4OAc
HNO3
NH20H.HCl
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
mm
mg/g
mg/kg
H9/g
mg/L
GPS
SESB
EF

df

v IN AV Il

H T

°C

Q

Part per million
Millimetre
Milligram/gram
Milligram/kg
Microgram/gram
Milligram/litre

Global positioning system
Sabah Electricity Sendirian Berhad
Enrichment factor
Dilution factor
Positive

Negative

Equal to

Greater than

Less than

Same or less than
Same or greater than
Micro

Plus minus

Division

Times

Degree Celsius

Theta

Sum of

Approximate
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