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DETERMINATION OF HEAVY METALS IN SARAWAK RIVER SEDIMENTS 

Shamira binti Shafie 

Resource Chemistry 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

 

Concentrations of eight heavy metals i.e. Zn, Cu, Ni, Fe, Co, Cd, Mg, and Pb were examined in 

the river sediments of the Sarawak River, Sarawak using atomic absorption spectroscopy (AAS) 

in order to evaluate the contamination levels within the sediments. This study also aimed to 

determine the relationship between the concentration of heavy metals and sediment parameters 

such as pH and particle size. The mean concentration of heavy metals in the river sediment were 

found to be in the following order Fe>Mg>Zn>Pb>Ni>Co>Cu.  

 

Key words: heavy metals, Sarawak River, sediment 

 

ABSTRAK 

 

Kepekatan lapan jenis logam berat iaitu Zn, Cu, Ni, Fe, Co, Cd, Mg dan Pb telah di uji yang 

diambil dari sedimen sungai dari Sungai Sarawak, Sarawak menggunakan Alat Spektroskopi 

Penyerapan Atom. Kajian ini dijalankan untuk mengetahui tahap kontaminasi di dalam setiap 

sedimen. Antara tujuan lain kajian ini dijalankan adalah untuk mengetahui kaitan antara 

kepekatan logam pekat dengan ciri-ciri sediman yang lain iaitu pH dan saiz partikel. Kandungan 

purata logam di dalam sedimen sungai adalah dalam turutan Fe>Mg>Zn>Pb>Ni>Co>Cu.  

 

Kata kunci: logam berat, Sungai Sarawak, sedimen 
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CHAPTER ONE 

INTRODUCTION 

 

Heavy metals contaminations affect humans, flora and fauna. They are very toxic to living 

organisms. Sediment is as important component in aquatic or marine ecosystems and also acts as 

natural reservoir of contamination (Gaine, 2005). According to DeGregori et al. (1996), 

sediments were considered an important indicator for environmental pollution. The determination 

of heavy metals in river sediments can give us an indication of the level of the pollution and 

toxicity of the water and hence, the environmental such they proof. They act as permanent or 

temporary traps for material spread into the environment. Major contributors of deposition of 

heavy metals to the river include industrial, urban development and other human activities near a 

river.  

 

1.1 Research Problem 

 

The Sarawak River receives wastes from various sources including industrial sites and 

residential areas located along its conservation. All these activities results contribute to the 

precipitation and deposition of heavy metals in the sediments. This study was carried out to 

determine the heavy metals in the sediments along the river. 
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1.2 Research Objective 

 

The objective of this study was to determine the concentration of selected heavy metals i.e. 

Zn, Cu, Ni, Fe, Co, Cd, Mg and Pb in sediments along the Sarawak River. These eight heavy 

metals were selected due to their presence indicated by previous investigations. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Heavy metals 

 

Heavy metals are pollutants discharged from industrial, domestic and agricultural 

wastewater into the river water system (Guo et al., 1997; Ho et al., 2001). Tam and Wong (2000) 

stated that heavy metals are one of the more serious pollutants in our natural environment due to 

their toxicity, persistence and bioaccumulation. The term heavy metal refers to any metallic 

chemical element that has a relatively high density and is toxic, highly toxic or poisonous at low 

concentrations (Bryan & Langston, 1992). Some of the heavy metals are among the most harmful 

of the elemental pollutants and are of particular concern because of their toxicities to humans. 

These elements are in general the transition metals and some of the representative elements, such 

as Pb and Al. Heavy metals include essential elements like Fe as well as toxic metals like Cd and 

Hg. Most of them have a tremendous affinity for sulfur and disrupt enzyme function by forming 

bonds with sulfur groups in enzymes (Manahan, 2005). All heavy metal contaminations are 

compared with the USEPA Guideline Classification Value for Sediment Metal Concentrations as 

shown in Table 2.1 to determine the status of heavy metals pollution. According to Mateu et al. 

(1996) trace metal levels can be indicators of the concentrations of other pollutants to which they 

are potentially related. 
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Table 2.1: USEPA guideline classification values for sediment metal concentrations (mg/kg) 

Metal Non-polluted Moderately polluted Heavily polluted 

Cd N.A N.A >6 

Cu <25 25-50 >50 

Pb <40 40-60 >60 

Zn <90 90-200 >200 

Ni <20 20-50 >50 

Cr <25 25-75 >75 

N.A: Not Available 

Non-polluted; USEPA Region 5 Harbour Classification; Dry weight 

 

2.2 Toxicity of Heavy Metals and Effects to Living-Organisms 

 

Heavy metals contribute to a variety of adverse health effects. There exist over 20 

different heavy metals that can affect human health and produces different behavioral, 

psychological, and cognitive changes in an exposed individual. All metals are toxic if present in 

organism in excess but some are also essential trace element, taken actively by the organism 

(Manahan, 2005). Heavy metal toxicity is frequently the result of long-term, low-level exposure 

to pollutants in the environment. Exposure to heavy metals has been linked with developmental 

retardation, cancer, kidney damage, and even death. 

 

Cd pollution in water may arise from industrial discharges and mining wastes. The effects 

of acute Cd poisoning in humans are very serious. Among them are high blood pressure, kidney 

damage, destruction of testicular tissue and the destruction of red blood cells. Cd and Zn are 

common water and sediment pollutants in harbors surrounded by industrial installations. 
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Concentrations of more than 100 ppm dry weight sediment have been found in harbor sediments 

(Manahan, 2005). 

 

Inorganic Pb, arising from a number of industrial and mining sources, occurs in water. 

Acute Pb poisoning in humans causes severe dysfunction in the kidneys, reproductive system, 

liver, brain, and the nervous system. Pb poisoning from environmental exposure is thought to 

have caused mental retardation in many children (Manahan, 2005). It can also lead to death. 

 

2.3 Rivers 

 

Rivers are the important sources of water all around the world. However, river systems 

have been dramatically altered by the human action such as the mining activities, forestry road 

construction, urban growth and more. For example, the mining area and mining operation can 

pollute streams and river through the uncontrolled run-off of tailings. River water can be polluted 

by particles of spoil, by discharge of liquid waste or by chemicals, which are used in the above 

activities; all of this can introduce heavy metals into the river water system (Foster et al., 1995). 

 

The physical movement of chemical species in a river is largely by advection (due to the 

movement of masses of fluids that simply carry pollutants with them) due to the gravitational 

movement of masses of water downstream. This result in relatively rapid mixing and dilution 

because of velocity shear, in which parcels of water move at different rates in a river where water 

in contact with the banks and bottom moves more slowly than water in the middle of the stream. 

Also contributing to this mixing are turbulent mixing and diffusive transport of dissolved species 
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and colloidal particles. The net result of these processes is that a pollutant introduced into a river 

in a relatively concentrated “plug” spreads out as it flows downstream (Manahan, 2005). 

 

2.4 Sediments  

 

The Chambers Dictionary (1972) defines sediments as “what settles at the bottom of the 

liquid: dregs: a deposit”. Manahan (2005) states that the sediments are the layers of relatively 

finely divided matter covering the bottoms of rivers, streams, lakes, reservoirs, bays, estuaries, 

and oceans. Sediments typically consist of mixtures of fine-, medium- and coarse-grained 

particles, including clay, silt and sand mixed with organic matter. They may vary in composition 

from pure mineral matter to predominantly organic matter. Manahan (2005) also states that 

physical, chemical and biological processes may all result in the deposition of sediments in the 

bottom regions of bodies of water. These sediments may eventually be covered and produce 

sedimentary minerals. Sedimentary material may be simply carried into a body of water by 

erosion or through sloughing of the shore. Thus, clay, sand, organic matter, and other materials 

may be washed and settle out as layers of sediment. Bottom sediments are important sources and 

sinks of inorganic and organic matter in streams, freshwater impoundments, estuaries, and 

oceans. The environment around bottom sediments is usually anoxic, so sediments are subjected 

to reducing conditions. With modern sediments, measurements can be made of the various 

environmental parameters such as salinity, current velocity and suspended sediment content, and 

the sediments itself can be subject to close scrutiny and sampling (Manahan, 2005).Sediments are 

reservoirs of a variety of biological, chemical, and pollutant detritus in bodies of water and are 

repositories of pollutants, such as heavy metals and toxic organic compounds. Sediments and 
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suspended particles are important repositories for trace amounts of metals such as Cr, Cd, Cu, 

Mo, Ni, Co and Mn (Manahan, 2005). 

 

Sediments are defined as a mixture of materials inputs from different sources including 

eroded rocks and soils, waste particles, atmospheric fall out and inorganic materials produced 

biologically. They consist of a variety of components including clay minerals, carbonates, quartz, 

feldspar and organic solids. These particles are usually coated with hydrous manganese and iron 

oxides and organic substances (Chapman and Power, 1992). Sediments are very important in 

chemical fate and transport in the hydrosphere. This is because substances, including pollutants 

such as heavy metals or hydrophobic organics, bind with particles as they settle through the water 

column and are incorporated into sediments. Sediments contaminated with nutrients, metals and 

metalloids, organics, and oxygen consuming substances can be found in freshwater, estuarine, 

and river system throughout the world (Chapman and Power, 1992).  

 

2.5 pH of the Sediment 

 

Sediments are important repositories for trace amount of metals such as Cr, Cd, Co, Ni, 

Cu, and Mn. These metals maybe present as discrete compounds, ions held by cation exchanging 

clays, bound to hydrated oxides of iron or manganese, chelated by insoluble humic substances. 

The form of the metals depends upon pE (Manahan, 2005). The pH of sediments is a measure of 

its acidity or alkalinity. The pH of sediment and interstitial water affects metal retention by 

developing pH-dependent charge at a weak acidic surface and determines the extent of ion-

exchange reactions (Tukura et al., 2007). Besides that, protons and hydroxide ions compete with 

absorbing cations and anions respectively for binding areas of sediments (Tukura et al., 2007). 
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Hence at low pH, the high concentrations of protons bind more to sediments, leaving a lower 

concentration of heavy metals in sediments. This in turn results in a higher concentration of 

metals in water. A reduction in pH may allow the release of toxic metals that would otherwise be 

adsorbed to sediment (Tukura et al., 2007). High pH values promote adsorption whereas low pH 

can actually prevent the retention of metals by sediment (Belize et al., 2004). 

 

Tukura et al. (2007) found that there is positive correlation between metals and pH. This 

relationship reflects the tendency of metals to be immobilized at high pH. Sediment pH affect 

metal hydrolysis, ion pair formation, organic solubility, as well as surface charge of iron and 

aluminum oxides, organic
 
matter, and clay edges (Tukura et al., 2007). However, the effect of pH 

is different for different types of metal (Tukura et al., 2007). 
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Examples of specific trace metal-containing compounds that maybe stable in natural 

waters under oxidizing and reducing conditions are given in the Table 2.2 below. 

 

Table 2.2: Inorganic trace metal compounds that maybe stable under oxidizing and reducing 

conditions 

 Discrete compound that maybe present 

Metal Oxidizing conditions Reducing conditions 

Cadmium CdCO3 CdS 

Copper Cu2(OH)2CO3 CuS 

Iron Fe2O3.xH2O FeS, FeS2 

Mercury HgO HgS 

Manganese MnO2.xH2O MnS, MnCO3 

Nickel Ni(OH)2.NiCO3 NiS 

Lead 2PbCO3.Pb(OH)2, PbCO3 PbS 

Zinc ZnCO3, ZnSiO3 ZnS 

 

Solubilization of metals from sedimentary or suspended matter is often a function of the 

complexing agents present. 

 

The environment in sediments is usually anoxic, so sediments are subjected to reducing 

conditions. One of the most important characteristics of sediments is their ability to exchange 

cations with the surrounding aquatic medium. Cation exchange capacity measures the capacity of 

a solid, such as sediment, to sorb cations. It varies with pH and with salt concentration.  
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2.6 Particles Size of the Sediments 

 

Generally, sediment consists of several types of particles size. Sediment particle sizes are 

divided into three main categories, which are coarse, medium and fine sized particles.  Fine 

particles are those with a diameter smaller than 63µm, while coarse particles are those with 

diameter of 63µm and above. Medium-sized particles are in between coarse and fine particles. 

The fine particles size is usually associated with muddy sediments, while the coarser-sized 

particles are usually associated with sandy sediment (Duquesne et al., 2006). 

 

It is important to know about the particles size of the sediment as the particles size of the 

sediment would affect the concentration of heavy metal in the sediments. The highest 

concentration is often associated with the finest sediment (Duquesne et al., 2006). This is due to 

the binding capacity of particles, which is higher in minute particles. From previous studies on 

estuary sediments, some of the heavy metals that have been found to bind preferentially to small 

particles are Cu, Cr, Ni, Pb and Zn (Duquesne et al., 2006). The type of heavy metals also affects 

the binding capacity to the sediment soil. For example, cadmium has a strong tendency to bind to 

the coarser soil particles, such as sandy sediments, (Duquesne et al., 2006). This phenomenon 

was observed previously with sediments deposited on flood plains further upstream on the banks 

of the Severn Estuary (Duquesne et al., 2006). 

 

According to Tam and Wiong (2000), Lin et.al. (2003) and Fytianos and Lourantou 

(2004), the sediment particle size that adsorbs the most heavy metals is clay particle, followed by 

silt and sand. It was found that the concentrations of heavy metal observed increase with 

increasing surface areas (Lee, 2005). This is because larger surface areas allow more metals to be 
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bound to the sediments. Hence, clay particles have greater amounts of mineral and organism 

content due to their smaller particle size that contributes to larger surface sediment area (Zhang et 

al., 2006). 
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CHAPTER THREE 

MATERIALS AND METHOD 

 

3.1 Study Area and the Sediment Sampling 

 

The sediment samples were collected manually at five sampling stations (L1, L2, L3, L4 

and L5) using a PVC pipe. Where locations are shown in Figure 3.1, the samples were then 

transferred into the clean plastic bags. At the end of the sampling, they were transferred to a large 

freezer for preservation until required for further analysis. Three samples were collected around 

5m from each station in triplicate at each site (Gaine, 2005). Before analysis, the samples were 

removed from the PVC columns and air-dried into the laboratory (Jawawi, 2005).  

 

Figure 3.1: Location of sampling taken from Google Earth 

 

L1 

L2 

L3 

L4 
L5 
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3.2 pH Analysis 

 

A 5 g of air dried sediment was weighed and transferred into a test tubes. 12.5 mL of 

water were added into each test tube. The mixtures were left for 30 minutes. Then, they were 

shaking by hand before the pH of the supernatant solution was measured using a pH meter 

(Model 3305) (Lee, 2005). 

 

3.3 Particle Size Analysis 

 

The pipette method was used for particle size analysis. 10 g of sieved sample (< 2 mm) 

was mechanically shaken overnight in 100 mL distilled water. The dispersed sediment suspension 

was transferred through a 0.050 mm sieve into a 1 L measuring cylinder. A large funnel was 

placed below the sieve to channel all the suspension and subsequent washing into the cylinder. 

The particles on the sieves were washed carefully until all fine particles were washed through 

into the cylinder. The fraction remained on the sieve was the sand fraction (> 0.05 mm). The 

entire sand fraction on the sieve was transferred into an evaporating dish by rinsing with water. 

The evaporating dish was placed in an oven set at 105
o
C it was leaved to dry until constant 

weight. (Weight of sand fraction, bigger than 0.05 mm fraction after cooling = A g). The 

suspension was made up and washed in the 1-L measuring cylinder to 1000 mL with distilled 

water. For smaller than 0.05 mm fraction, the suspension was stirred thoroughly with a hand 

plunger using an up-and-down movement. The plunger was removed and then immediately the 

20 mL aliquot was pipette from 6 cm depth when the swirling motion stopped. The aliquot was 

transferred into an evaporating dish and heated in the oven at 105
o
C until had a constant weight. 

(Weight of 0 – 0.05 mm fraction after cooling = B g). For 0 – 0.05 mm fraction, 20 mL aliquot 


