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Determination of Heavy Metals in Water and Sediment of Rajang River at Pelagus Area  

Valerie Siong Ling Er 

Resource Chemistry Programme 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

The widely dispersion of heavy metals in the environment has become one of the problems that leads to 

environmental pollution. So far, there is no heavy metal study done on Rajang River at Pelagus area. The 

main objective of this study was to determine the distribution of the heavy metals in Rajang River at Pelagus 

area. Water and sediment samples were collected from a total of 16 stations, each with composites of 

triplicates. The samples were digested with acids and subjected to metal analysis using Atomic Absorption 

Spectrometer for As, Cu, Cd, Mn, Ni, Zn, Pb, Fe and Se, and Mercury Analyser for Hg. The range of percent 

recovery of elements in Certified Reference Material was between 92% and 104%. The average heavy metal 

contents in water and sediment were arranged in decreasing order of Fe (0.9402 mg/L) > Se (0.1555 mg/L) > 

Zn (0.0689 mg/L) > Mn (0.0380 mg/L) > Cu (0.0001 mg/L) > Hg (0.001 µg/L), and Fe (15972 mg/kg) > Mn 

(164.49 mg/kg) > Zn (27.50 mg/kg) > Ni (13.68 mg/kg) > Cu (9.69 mg/kg) > Hg (0.0143 mg/kg), 

respectively. The heavy metal concentrations in water and sediment were mainly attributed to natural 

occurrence. The nature of sediment as metal bioaccumulators resulted in higher heavy metal concentrations 

in sediment than the overlying water. Assessment of contamination status by contamination factor (CF), geo-

accumulation index (Igeo) and pollution load index (PLI) proved that the study area was uncontaminated with 

the 10 heavy metals studied. 

 

Keywords: Heavy metals, Pelagus, Rajang River, sediment, water 

 

ABSTRAK 

Penyebaran logam berat secara meluas dalam persekitaran telah menjadi salah satu masalah yang 

membawa kepada pencemaran alam sekitar. Setakat ini, tiada kajian logam berat dilakukan pada Sungai 

Rajang di kawasan Pelagus. Objektif utama kajian ini adalah untuk menentukan taburan logam berat dalam 

Sungai Rajang di kawasan Pelagus. Sampel air dan sedimen telah diperoleh daripada sejumlah 16 stesen, 

dengan komposit terdiri daripada tiga replikasi masing-masing. Sampel telah dicerna dengan asid dan 

tertakluk kepada analisis logam dengan menggunakan Spektrometer Serapan Atom untuk As, Cu, Cd, Mn, Ni, 

Zn, Pb, Fe dan Se, dan Mercury Analyser untuk Hg. Lingkungan peratus pemulihan unsur-unsur dalam 

bahan rujukan yang disahkan adalah di antara 92% dan 104%. Purata kandungan logam berat di dalam air 

dan sedimen telah masing-masing diatur dalam susunan menurun, iaitu Fe (0.9402 mg/L) > Se (0.1555 

mg/L) > Zn (0.0689 mg/L) > Mn (0.0380 mg/L) > Cu (0.0001 mg/L) > Hg (0.001 µg/L), dan Fe (15972 

mg/kg) > Mn (164.49 mg/kg) > Zn (27.50 mg/kg) > Ni (13.68 mg/kg) > Cu (9.69 mg/kg) > Hg (0.0143 

mg/kg). Kandungan logam berat dalam air dan sedimen telah disebabkan terutamanya oleh kejadian alam. 
Sifat sedimen sebagai bioakumulator logam berat telah menyebabkan kepekatan logam berat dalam sedimen 

lebih tinggi daripada air di atas sedimen. Penilaian status pencemaran oleh faktor kontaminasi (CF), indek 

geo-akumulasi (Igeo) dan indek beban pencemaran (PLI) telah membuktikan bahawa kawasan kajian tidak 

tercemar dengan 10 logam berat yang dikaji. 

 

Kata kunci: Logam berat, Pelagus, Sungai Rajang, sedimen, air 
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1.0 Introduction 

Ayas et al. (2007) mentioned that over the years, contamination of the environment 

has become more and more severe. Human activities particularly the use of heavy metals 

in industry have continuously caused disturbances to the natural environment (Ayas et al., 

2007). Ogunfowokan et al. (2013) highlighted that concerns arise regarding the toxicity 

and ubiquity of heavy metals in the environment. Heavy metals tend to remain stable for a 

long period of time in the environment (Ogunfowokan et al., 2013). They are known to 

threaten human lives at elevated levels and deteriorate the environment. 

Sarawak has 55 rivers in total, which are approximately 5,000 km if they are all 

combined. Among the rivers, the Rajang River has the longest length of 567 km, which 

makes it the longest river in Malaysia. The Rajang River is located in northwest of Borneo 

(East Malaysia). It originates in Iran Mountain and ends up in the South China Sea. Ng 

(2013) asserted that the origin of the Rajang River shares an identical watershed with the 

Baram River (second longest river in Sarawak), and the Kayan River in Indonesia-

Kalimantan. The upstream of Rajang River comprises Pelagus, Bakun, Murum and Belaga. 

A dam has been planned in Pelagus with an anticipated area of 150.8 km
2
 and a water level 

above mean sea level of 60 m. It is estimated to generate an output of 410 megawatt (MW). 

 Heavy metal contamination is common. According to Louhi et al. (2012),  the river 

sediment of the Seybouse River in northeastern Algeria was heavily polluted with heavy 

metals (Fe, Zn, Mn, Sn, Ni, Cr, Pb and Cu) due to various industrial activities such as steel, 

fertiliser, metal processing, etc. In Nigeria, it was reported that cadmium (0.106 mg/L) had 

the highest concentration in water samples from the Abuloma River whereas lead (0.01 

mg/L) had the highest concentration in water samples from the Itu River (Otitoju and 

Otitoju, 2013). 
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In Sarawak, Malaysia, Shazili et al. (1999) revealed that copper had the highest 

concentrations in the Rajang River Basin and in another region further offshore during pre-

monsoon period, whereas zinc had the highest concentrations at the deeper stations and in 

the region off Bintulu extending northwestward during post-monsoon period. Nonetheless, 

there was no information on the distribution of heavy metals in the Rajang River at Pelagus 

area. Therefore, this study was conducted to determine the concentrations of heavy metals 

in water and sediment of the Rajang River at Pelagus area, providing the baseline data for 

future studies. 
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2.0 Literature Review 

2.1 Heavy Metals 

Hogan (2010) stated that heavy metals are elements with metallic properties. The 

elements include transition metals, lanthanides, actinides and metalloids (arsenic and 

antimony). Generally, the term heavy metals refers to any element with an atomic number 

of 21 or higher. Heavy metals are mostly related to environmental pollutants that cause air, 

water and soil pollutions. Many heavy metals are toxic. Nevertheless, there are some heavy 

metals such as chromium, cobalt, copper, iron and zinc that do not have notable toxic 

properties and are vital for metabolic functions of some organisms (Hogan, 2010). 

 

2.2 Examples of Heavy Metals 

 Heavy metals consist of a wide range of examples. Some of the commonly 

encountered examples of heavy metals are arsenic (As), cadmium (Cd), chromium (Cr), 

lead (Pb), mercury (Hg), nickel (Ni) and zinc (Zn). 

 

2.2.1 Arsenic 

Arsenic (As) is a chemical element with an atomic number and atomic weight of 33 

and 74.9216, respectively. Arsenic does not melt but undergo sublimation at 616 °C. 

Arsenic has no liquid form and therefore it does not boil. The density of arsenic is 5.8 

g/cm
3
 (metallic) or 2.0 g/cm

3
 (non-metallic). The oxides of arsenic are basically arsenic 

trioxide (As2O3) and arsenic pentoxide (As2O5). 
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Dangić (2007) revealed that arsenic can be found in coal minerals in the form of 

arsenite and arsenate. The typical natural processes that introduce arsenic into the 

environment include weathering of rocks and sediments, volcanic eruptions, hydrothermal 

ore deposits, and geothermal activities (Dangić, 2007). 

Bligh and Mollehuara (2012) asserted that arsenic compounds are commonly found 

in agricultural insecticides, weed killers, larvacides, and wood preservatives. Around 80% 

of arsenic in pesticides is released into the environment in the form of impurities. Arsenic 

is also released into the air as gases from coal combustion (Bligh and Mollehuara, 2012). 

 

2.2.2 Cadmium 

 Cadmium (Cd) is a chemical element with an atomic number and atomic weight of 

48 and 112.411, respectively. The melting point of cadmium is 321 °C whilst the boiling 

point of cadmium is 756 °C. Cadmium has a density of 8.7 g/cm
3
. The oxide of cadmium 

is normally cadmium oxide (CdO). 

North Carolina Department of Environment and Natural Resources (NCDENR) 

(2014) stated that cadmium is found naturally in the Earth’s crust mainly in copper, lead 

and zinc ores and it occurs in small amounts only. World Health Organization (WHO) 

(2010a) revealed that volcanic activity, weathering and erosion, and river transport are the 

common natural activities that contribute to the presence of cadmium in the environment. 

Oslo and Paris Conventions (OSPAR) (2010) claimed that the combustion 

processes that take place particularly in industries and power plants emit cadmium into the 

environment. Cadmium is released into the water and the air through metallurgical industry, 
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road transport, and waste streams. Other anthropogenic sources of cadmium include 

commercial and domestic sources (OSPAR, 2010). 

 

2.2.3 Chromium 

Chromium (Cr) is a chemical element with an atomic number and atomic weight of 

24 and 51.9961, respectively. Chromium has a melting point of 1860 °C and a boiling 

point of 2672 °C. The density of chromium is 7.2 g/cm
3
. Generally, the oxide of chromium 

is chromium(III) oxide (Cr2O3). 

Sedman et al. (2011) highlighted that chromium can be found naturally in crustal 

rocks. The typical rocks in which chromium is found are basalts and serpentine. Chromium 

is introduced into the atmosphere particularly by windblown soil, road dust, and seawater 

(Sedman et al., 2011). 

Sedman et al. (2011) also mentioned that the anthropogenic sources of chromium 

are typically smelters, electroplating factories, leather tanneries, and textile manufacturing 

facilities. Chromium can be released into the air through cigarette smoke. The disposal of 

commercial products lead to the presence of chromium in soils (Sedman et al., 2011). 

 

2.2.4 Lead 

Lead (Pb) is a chemical element with an atomic number and atomic weight of 82 

and 207.2, respectively. The melting point of lead is 327 °C and the boiling point of lead is 

1749 °C. Lead has a density of 11.3 g/cm
3
. There are three main oxides of lead, namely 

lead monoxide (PbO), lead tetroxide (Pb3O4) and lead dioxide (PbO2). 
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WHO (2010b) asserted that lead is a naturally occurring metal found in small 

amounts in the Earth’s crust. Lead enters the environment through natural activities such as 

geochemical weathering, volcanic activity, and sea spray emissions. Lead has the ability to 

remobilise in soil, sediment and water from mining areas (WHO, 2010b). 

Thompson (2011) stated that the presence of lead in the environment is mainly due 

to human activities. The typical anthropogenic sources of lead in the atmosphere are 

gasoline additives, non-ferrous smelting plants, and battery productions (Thompson, 2011). 

Environment Canada (EC) (2014) revealed that lead is introduced into the water through 

paper production and metal processing. 

 

2.2.5 Mercury 

Mercury (Hg) is a chemical element with an atomic number and atomic weight of 

80 and 200.59, respectively. Mercury has a melting point of -39 °C and a boiling point of 

357 °C, both unusually low for a metal that make it a liquid at standard temperature and 

pressure. The density of mercury is 13.5 g/cm
3
. Typically, the oxide of mercury is mercury 

oxide (HgO). 

United Nations Environment Programme (UNEP) (2013) explained that mercury is 

an element which occurs in the environment naturally. Mercury can be found in many 

minerals, particularly cinnabar. Ore mining of cinnabar produces mercury. Mercury is 

released into the environment by nature through emissions from the ocean and volcanic 

eruptions (UNEP, 2013). 

United States Environmental Protection Agency (USEPA) (2014) claimed that the 

largest anthropogenic source of mercury in the world is artisanal and small-scale gold 
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mining. Coal combustion makes up the second place after artisanal and small-scale gold 

mining. The other common anthropogenic sources of mercury in the environment include 

the productions of cement and non-ferrous metals (USEPA, 2014). 

 

2.2.6 Nickel 

Nickel (Ni) is a chemical element with an atomic number and atomic weight of 28 

and 58.6934, respectively. The melting point of nickel is 1455 °C whilst the boiling point 

of nickel is 2913 °C. Nickel has a density of 8.9 g/cm
3
. The common oxides of nickel are 

nickel oxide (NiO) and dinickel trioxide (Ni2O3). 

Dartmouth Toxic Metals Superfund Research Program (DTMSRP) (2010) 

mentioned that nickel is naturally ubiquitous and occurs in trace amounts only. Nickel is 

present at higher quantities in some mineral ores such as nickel oxides, nickel silicates and 

nickel sulfides. In the environment, nickel is released from natural activities such as forest 

fires, vegetation, volcanic emissions, and windblown dust (DTMSRP, 2010). 

Iyaka (2011) highlighted that the accumulation of nickel in the atmosphere is 

mainly resulted from anthropogenic activities such as combustion of coal, diesel oil and 

fuel oil, and the incineration of waste and sludge. Phosphate fertilisers are also found to be 

one of the typical pollutant sources of nickel (Iyaka, 2011). Nickel can be introduced into 

the atmosphere through the smelting of ferrous and non-ferrous metals as well (Tian et al., 

2012). 
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2.2.7 Zinc 

 Zinc (Zn) is a chemical element with an atomic number and atomic weight of 30 

and 65.409, respectively. Zinc has a melting point of 420 °C and a boiling point of 907 °C. 

The density of zinc is 7.1 g/cm
3
. Typically, the oxide of zinc is zinc oxide (ZnO). 

 According to Tasmanian Government (TG) (2010), zinc is one of the most 

abundant elements on the Earth’s crust. Zinc is found in the air, soil and water (TG, 2010). 

United States Department of Energy (USDOE) (2013) stated that zinc metal is impure in 

nature. The minerals of zinc are often associated with the minerals of other metals such as 

lead, copper, gold and silver. In nature, the main source of zinc is sphalerite which is a zinc 

sulfide mineral found in zinc deposits (USDOE, 2013). 

 Kalinovic et al. (2013) claimed that the major anthropogenic sources of zinc are the 

non-ferrous metal industries and agricultural activities. Councell et al. (2004) highlighted 

that zinc is released into the atmosphere through human activities such as production of 

cement, consumption of fossil fuel, phosphate fertiliser, and waste incineration. The 

presence of zinc in the environment can also be attributed to tire-wear particles which have 

been known as an anthropogenic source of zinc for several decades (Councell et al., 2004). 

 

2.3 The Rajang River 

2.3.1 Geographical Location 

Parenti and Lim (2005) stipulated that the Rajang River is the longest river in 

Borneo (Sabah and Sarawak). It has around 50,000 km
2
 area of drainage basin that covers 

about 40% of the land area of Sarawak and around 7% of the land area of Borneo (Liechti, 

1960; Staub et al., 2000). According to Liechti (1960) and Staub et al. (2000), the main 
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Rajang channel flows north and then southwest through 563 km (350 mile) of mountain 

ranges, through steep, rugged gorges and rapids, hilly countryside, and a large, complex 

delta through which it empties into the South China Sea. The districts that are drained by 

the watershed include Belaga, Binatang, Julau, Kanowit, Kapit, Matu Daro, Sarikei, Sibu 

and Song (Parenti and Lim, 2005). Logging activities are common along the Rajang River 

as they are the main source of income in Sarawak (Khoo et al., 1992). 

Domba (2010) mentioned that the Rajang River at Pelagus area is located in Kapit 

Division with Pelagus Rapids found between Kapit and Belaga at the upstream of the 

Rajang River. Pelagus Rapids are sequences of violent rapids that comprise seven rapids in 

total and these rapids are able to enlarge to about 12.8 km (Domba, 2010). The location of 

Pelagus and Pelagus Rapids is shown in Figure 1 while Figure 2 illustrates the Pelagus 

Rapids. 

 

 

Figure 1: The location of Pelagus and Pelagus Rapids (Stanford University, 2011). 
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Figure 2: The Pelagus Rapids. 

 

As reported by Kaur (2014), five hydroelectric projects have been scheduled for 

construction in 2015 and estimated to generate a sum of 3,110 MW power with an 

investment of up to RM10 billion. Pelagus Dam (410 MW) and Baleh Dam (1,200 MW) 

are planned to be built at the upper Rajang River basin in central Sarawak where Murum 

and Bakun Dams are situated. Limbang 1 and 2 Dams (200 MW), Lawas Dam (100 MW), 

and Baram Dam (1,200 MW) are located in the northern Sarawak (Kaur, 2014). 

 

2.3.2 Logjam Disaster 

 According to Philip (2010), a logjam disaster was seen at the Rajang River on 6 

October 2010. The disaster was resulted from a massive landslide in Putai and Nungun in 

upper Baleh after heavy rain. The massive landslide brought the logs and debris from the 
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Baleh River and its tributaries above Kapit down into the rivers. The logs and debris were 

extended to about 50 km on the Rajang River and the volume of the logs and debris was 

approximately 300,000 m
3
 (Philip, 2010). The logjam disaster at the Rajang River is 

illustrated in Figure 3. 

 

 

Figure 3: The logjam disaster at the Rajang River (Kwan, 2010). 

 

2.4 Related Studies 

2.4.1 Heavy Metals in Water and Sediment of the Tembi River, Iran 

 A case study on the distribution of heavy metals, namely Cd, Cr, Cu, Fe, Pb, Ni and 

Zn in water and sediment of upstream and downstream of the Tembi River in Iran was 

carried out by Shanbehzadeh et al. (2014). The results showed that the mean 

concentrations of metals in water and sediment at downstream were greater than the 

upstream. The metal with the highest mean concentration in water downstream was Pb 

(1.95 ppm) and in sediment was Mn (820.5 ppm). The lowest mean concentrations in both 

water and sediment upstream were attributed to Cd with average of 0.07 ppm and 10 ppm, 
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respectively. Based on the results, the water in the study area could not be used for 

recreational purposes, washing and fishing as it posed risks to human health and the 

environment (Shanbehzadeh et al., 2014). 

 

2.4.2 Heavy Metals in Surface Sediments of the Day River, Morocco 

 A preparatory evaluation on the dispersion of Cu, Cr, Cd, Fe, Zn and Pb in surface 

sediment of 13 sites was carried out by Barakat et al. (2012) in the Day River at Beni-

Mellal region, Morocco. During the last decades, the Day River was the recipient of 

household and factory wastewaters from the city of Beni-Mellal region and its surrounding 

villages. The metal levels of Cu, Cr, Cd, Fe, Zn and Pb varied from 32.69 to 740.75 mg/kg, 

52.34 to 311.69 mg/kg, 0.6 to 6.27 mg/kg, 15670 to 36010 mg/kg, 49.84 to 149.19 mg/kg, 

and 72.93 to 140.36 mg/kg, respectively. The enrichment factor, geoaccumulation index 

and pollution load index were applied to determine the pollution status. Based on the index 

values, the sediment was categorised as uncontaminated to fairly contaminated with Cu, Cr, 

Fe and Zn, and fairly contaminated to significantly contaminated for Cd and Pb. The 

pollution load index further showed that the metal concentrations in the 13 sites had 

exceeded the provincial background values, implying high contamination risk to human 

health and ecosystem (Barakat et al., 2012).  
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3.0 Materials and Methods 

3.1 Sampling 

3.1.1 Study Area 

 Samplings were conducted at the upstream of Rajang River at Pelagus area in 

August 2014 to January 2015. A total of 16 stations (ST1-ST16) were selected where ST1, 

ST6, ST7, ST9, ST12, ST13 and ST16 were located on the main river and the remaining 

was at the tributaries. The tributaries were examined as they might be the source or route 

of heavy metal contamination. The main river receives water flows from the tributaries and 

runs from ST16 to ST1. The sampling stations are shown in Figure 4 and the 

corresponding Global Positioning System (GPS) coordinates are depicted in Table 1. 

 

Table 1: The GPS coordinates of sampling stations. 

Station 
GPS Coordinates 

Latitude Longitude 

ST1 N 02°11’58.1” E 113°04’26.7” 

ST2 N 02°11’04.9” E 113°09’51.5” 

ST3 N 02°14’58.8” E 113°07’32.0” 

ST4 N 02°15’12.0” E 113°05’36.7” 

ST5 N 02°19’46.4” E 113°07’57.9” 

ST6 N 02°17’19.2” E 113°07’50.6” 

ST7 N 02°17’27.6” E 113°08’16.0” 

ST8 N 02°18’37.3” E 113°09’56.8” 

ST9 N 02°18’55.4” E 113°11’12.9” 

ST10 N 02°19’13.4” E 113°13’10.3” 

ST11 N 02°20’42.7” E 113°16’38.3” 

ST12 N 02°21’34.3” E 113°17’58.2” 

ST13 N 02°22’59.3” E 113°20’54.5” 

ST14 N 02°23’05.6” E 113°20’42.1” 

ST15 N 02°28’10.8” E 113°30’13.0” 

ST16 N 02°29’04.9” E 113°31’27.5” 


