
EFFECT OF pH AND PARTICLE SIZE ON THE 

SOLUBILITY OF COPPER AND ZINC 

IN RIVER SEDIMENTS 

JONGHUILAN 

DISSERTATION SUBMITTED AS PARTIAL FULFILMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF BACHELOR OF SCIENCE 

WITH HONOURS 

INDUSTRIAL CHEMISTRY PROGRAMME 

SCHOOL OF SCIENCE AND TECHNOLOGY 

UNlVERSITI MALAYSIA SABAH 

MAY, 2008 

UMS 
UNIVERSITI MALAYSIA SABAH 



PUMS99:1 
UNIVERSITI MAL-AYSIA SABAH 

BORANG PENGESAHAN STATUS TES[S@ 

JUDUL: k'ESIMI /l-H OlIN SlUr PM TZKEL KE- IlTftS KEUl-RtlfflM 

LiJ(it;m KtL P 1([1111 (C1l2 OftN ~.lNK(m2 DffLJr/vt S'EO 1/J7 EN ,f'tlN(j!IJ . 

IJAZAH: S'IfR;rIfN/f !YJlID/l SIl.:OvS DENGItN ACPt/J/fIN (kl/lJ!/l iNtJtIS/Rt] 

SAYA J"ONfi HfJI UN SEse PENGAJIAN: ~005 / .:Joo6 
(HURUF BESAR) 

mengaku membenarkan tesis (LPSMlSrujanaiDoktor Falsafah) ini disimpan di Perpustakaan Universiti 
Malaysia Sabah dengan syarat-syarat kegunaan seperti berikut:-

l. Tesis 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 institutsi 

pengajian tinggi. 
4. Sila tandakan (/) 

D SULIT (Mengandungi maklumat yang berdarjah keselamatan atau 
Kepentingan Malaysia seperti yang tennaktub di dalam 

D 
AKTARAHSIA RASMl 1972) 

TERHAD 
(Mengandungi maklumat TERHAD yang telah ditentukan 

[2J 
oleh organisasilbadan di mana penyelidikan dijalankan) 

TIDAK TERHAD 
Disahkan Oleh 

1U11~rJ . 
(TANDATANGAN PENULIS) (TANDAT ANGAN PUST AKA WAN) ) 

Alamat Tetap: 3Jff, LRf C95. I 
I 

I!l1fL.E£ON ~ 1lJ1FT1181i. J7f t~ , I!ROF. tnljD'I/J DI<. tm.RClIJ JO,tONY . 
93050 KlIrHlfIKi.; O'ItRIIUJOK Nama Penyelia 

Tarikh: i5.05.o8 Tarikh: 15. ~. Og---.--
CAT A T AN :- ·Potong yang tidak berkenaan. ; 

•• Jika tesis ini SUUT atau TERHAD. si la lampirkan surat daripada pihak berkuasa 
I 

/organisasi berkenaan dengan menyatakan sekali sebab dan tempoh tesis ini perlu I 
dikelaskan sebagai SUUT dan TERHAD. 

@Tesis dimaksudkan sebagai tesis bagi Ijazah Doktor Falsafah dan Sarjana secara 
penyelidikan atau disertai bagi pengajian secara kerja kursus dan Laporan Projek Sarjana 
Muda (LPSM). - . - - . ... .-~. 

"UMS 
UNIVERSITI MALAYSIA SABAH 



11 

DECLARATION 

I hereby declare that this literary work was resulted from my own effort except for 

statements and summaries that each of it had been stated its source. 

12 May 2008 

JONGHUILAN 

HS2005-4460 

UMS 
UNIVERSITI MALAYSIA SABAH 



111 

VERIFICATION 

Name: long Hui Lan 

Title: Effect of pH and Particle Size on the Solubility of Copper and Zinc in 

River Sediments 

PROF. MADYA DR. MARCUS JOPONY 

DR. HOW SlEW E 

DR. NOUMIE SURUGAU 

PROF. MADYA. DR SHARIFF A.K. OMANG 

May, 2008 

UMS 
UNIVERSITI MALAYSIA SABAH 



IV 

ACKNOWLEDGEMENT 

First of all, I would like to take this opportunity to thank School of Science and 

Technology, University Malaysia Sabah for giving me chance and facilities to run this 

final year project. I would also like to express my sincere gratitude and appreciation 

towards my thesis supervisor Prof. Madya Dr. Marcus Jopony for his valuable advice, 

expert guidance, patience and continuous encouragement at various stages throughout the 

completion of dissertation. It has been an honour to have a supervisor who is willing to 

offer his constructive comments, experience and knowledge to the success of this 

desertation. 

I would like to extend my heartiest appreciation to a great number of people who 

has contributed in my conquest of completing this dissertation. First, I would like to 

thank Miss Amelia Mavis Lee for her aids during my laboratory works. I am also greatly 

in debt for Mr. Yusri (lab assistant) and Mr. Rashidi (lab assistant) for their cooperation 

in operating the instrument. Their helps had simplified my lab work. 

I would also like to thank all the SST's staffs and my fellow course mates for 

helping me throughout my work. Lastly, a grateful thanks to my parents for giving me 

full moral and financial supports throughout the completion of this dissertation. 

UMS 
UNIVERSITI MALAYSIA SABAH 



v 

ABSTRACT 

This study was conducted to detennine the effect of pH and particle size on the 

solubility of copper (Cu) and zinc (Zn) in river sediments. The sediment samples were 

collected from Bambangan River and Mentaki River in Ranau and divided into three 

fractions according to particle size: X ~ 0.25 mm, 0.5 ~ X ~ 0.25 mm and 1.0 ~ X ~ 

0.5 mm. Each fraction was extracted using aqueous solutions with pH ranging from 

2.0 to 6.0, and also digested in concentrated nitric acid. The concentrations of Cu and 

Zn extracts and digests were analyzed using atomic adsorption spectrophotometer 

(AAS). The results showed that the solubility of Cu was the highest compared to that 

of Zn, which was 34.45 Ilg/g obtained at pH 2 and particle size of ~ 0.25 mm. The 

solubility of Cu and Zn increased as the pH and particle size decreased. The amount of 

soluble Cu and Zn were very low compared to the total concentration. The observed 

solubility of Cu and Zn in the sediment were under saturated with respect to the solid 

phases of CuO, Cu(OHh and CuC03 and ZnO, Zn(OH)2 and ZnC03. 

UMS 
UNIVERSITI MALAYSIA SABAH 



VI 

KESAN pH DAN SAIZ PATIKEL KE ATAS KELARUTAN 

LOGAM KUPRUM (eu) DAN ZINK (Zn) 

DALAM SEDIMEN SUNGAI 

A BSTRAK 

Kajian ini dijalankan untuk menentukan kesan pH dan saiz partikel ke atas 

keterlarutan logam kuprum (Cu)dan zink (Zn) dalam sedimen sungai. Sampel-sampel 

sedimen diperolehi dari sungai Bambangan dan sungai Mentaki dari Ranau dan 

dibahagikan kepada tiga Jraksi mengikut saiz partikel, iaitu::; 0.25 mm, 0.5 ::; X::; 0.25 

mm and J. 0 ::; X::; 0.5 mm. Setiap Jraksi diekstrak dengan larutan akueus dari pH 2 

hingga pH 6 dan juga dihadam dengan asid nitrik pekat. Kepekatan logam Cu dan Zn 

dalam larutan ekstrak dan hasil penghadaman ditentukan dengan menggunakan 

spektrofotometer serapan atom (AAS). Hasil kajian ini menunjukkan bahawa 

kelarutan logam Cu adalah tertinggi berbanding dengan logam Zn iaitu 34.45 pg/g 

yang diperolehi pada keadaan pH 2 dan saiz partikel ::; 0.25 mm. Keterlarutan logam 

Cu dan Zn meningkat dengan penurunan pH dan saiz partike!. Amaun logam Cu dan 

Zn yang terlarut adalah rendah dengan kepekatan jumlah. Nilai ter/arut Cu dan Zn 

dalam sam pel sediment didapati kurang tepu jika dirujuk kepada Jasa pepejal mineral 

CuO, Cu(OHh dan CuC03 serta ZnO, Zn(OHh and ZnC03. 
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mg Milligram 

mm Millimetre 

L Litre 

mL Mllilitres 

mg/L Milligram per litre 

mollL Mol per litre 

I-lg/g Microgram per gram 

l-lg/mL Microgram per millilitre 

> More than 

< Less than 

Ksp Solubility product constant 

~ Distribution coefficients 

Eh Redox potential 

LogKO Equilibrium constants 

AMD Acid Mine Drainage 

AAS Atomic Absorption Spectrophotometer 
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CHAPTER 1 

INTRODUCTION 

1.1 Relevance of Study 

Sediments comprise of several components, including different mineral species as 

well as organic debris. Sediments represent one of the ultimate sinks for heavy metals 

discharged into the environment. More than 90% of the heavy metal load in aquatic 

systems is bound to suspended particulate matter and sediments. Therefore, sediments 

serve as a pool of metals that could be released to the overlying water and potentially 

cause adverse effects (Figueroa et aI., 2006). 

Generally, heavy metals in solid phase (sediment) are in equilibrium with the 

metals in the solution phase. This equilibrium is dependent on several processes, 

namely adsorption, precipitation, desorption and dissolution. The significance of each 

process is dependent on several factors such as pH, redox potential (Eh) and 

temperature (Karsh em and Singh, 2001). 

The release of metals from the solid phase to solution phase is generally 

termed as mobilization. Mobilization of heavy metal in the solution is governed by 

two processes, namely desorption and dissolution. A change in pH will alters the 
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interaction between sediment components and subsequently affects metal distribution 

among sediment components (Yin et al., 2001). 

Heavy metals in sediments can be present in pnmary and/or secondary 

minerals (Wen et a!., 1998). The solubility of these metal-containing minerals is 

dependent on several factors including pH (Yin et al., 2001) and Eh (Mans feldt, 

2004). For example, metal solubility decreased with increased pH and decreased Eh in 

the soil solution (Karshem and Singh, 2001). However, the actual solubility is 

dependent on the type of metal and type of mineral (Cappuyns et aI., 2007). In other 

words, the mobility of heavy metal can be dependent on the geochemical make-up of 

the sediment. Heavy metals can be distributed in various geochemical forms and 

particle sizes. The geochemical forms or fractions have varying solubility while the 

concentrations of heavy metals tend to increase as the grain sizes get finer (Singh et 

aI., 1999). 

1.2 Objectives of Study 

The obj ectives of this study were: 

a) To determine the effect of pH on the solubility of Cu and Zn from river 

sediments. 

b) To determine the effect of particle size on the solubility of Cu and Zn in river 

sediments. 

c) To compare the solubility ofCu and Zn in river sediments. 

d) To compare the observed solubility of Cu and Zn in the sediments with 

theoretical solubility of selected Cu and Zn minerals. 
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1.3 Scope of Study 

This study focused on the solubility of two heavy metals, namely eu and Zn, in 

sediments collected from 2 different river at Ranau, Sabah, namely Bambangan River, 

Lohan River and Mentaki River. The main factors investigated were pH and sediment 

grain sizes. The concentration of eu and Zn in solutions filtrates were analysed using 

Atomic Absorption Spectrophotometer (AAS). Subsequently, the observed eu and Zn 

concentrations in the solutions were compared with the calculated solubility of 

selected eu and Zn minerals to determine whether the selected mineral control the 

solubility of eu and Zn in the sediments. 
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