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Determination of Heavy Metal in Water, Sediment, and Fishes in the Rajang River at 
Pelagus Area 

Yong Fu Jiao 

Program of Resource Chemistry 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 

In this study, Pelagus area in Rajang River was studied to detennine its heavy metal pollution level. 
Water, sediment, and fish samples were collected from upstream to downstream of the river at 
Pelagus area. All the samples were prepared by acid digestion and analyzed for AI, Cu, Fe, Mn, Ni 
and Zn by Atomic Absorption Spectrometer while the Hg concentration was measured by Mercury 
Analyzer. For water, the mean concentration of studied metals was decreased in an order Fe > Al > 
Mn > Ni > Zn > Hg. The concentration of Fe was the only one that over the limit of drinking water 
standard level. Zn, Ni and Hg refused to show significant differences (1'2:0.05) between the mean 
concentrations for all the sampling stations. All the selected metals were successfully detected in 
sediment. Sediment present in decreasing order as follows Al > Fe > Mn > Zn > Ni > Cu > Hg. The 
results ofthe three types of the assessment of sediment contamination status (CF, Igeo, PLI) indicated 
that the sediment is under low contamination and unpolluted condition. All the mean concentrations 
of study metals showed significant variation (p~0 . 05) with the sampling stations. The highest wet 
weight concentration of AI, Fe, Hg, Ni and Zn were present in P. micronemus, B. schwanenfeldii, M. 
wyckill, C. armatus and R.borneensis respectively. Zn, Al and Hg showed significant differences 
(p~O.05) in the mean concentration values between the species of fish while Ni and Fe have no 
significant differences. Trace element Hg was detected in all the fish species. The distribution of 
heavy metals at Pelagus area may due to some of the naturals and anthropogenic factors. 

Key words: Heavy metals, concentration, Pelagus, pollution 

ABSTRAK 

Da/am kajian ini. kawasan Pelagus di Sungai Rajang telah dikaji untuk menentukan tahap 
pencemaran logam berat. Air. sediment dan ikan sam pel telah diambil dari hulu ke hilir sungai di 
kawasan Pelagus. Semua sampel disediakan oleh penghadaman asid dan dianalisis untuk 
menentukan kepekatan AI. Cu. Fe. Mn. Ni dan Zn oleh Penyerapan Atom Spektrometer manakala 
kepekatan Hg telah diukur oleh Mercur;1fDnalyzer. Kepekatan min logam di dalam air menurun 
daripada Fe> AI> Mn> Ni> Zn > Hg. Kepekatan Fe telah melebihi tahap standard kualiti di dalam 
air minuman. Zn. Ni dan Hg tidak menunjukkan perbezaan yang sign!fikan (p?0.05) antara 
kepekatan min bagi semua stesen persampelan. Semua logam yang dipilih untuk kaji di dalam projek 
in; lelah berjaya dikesan dalam sedimen. Sedimen di dalam tertib menurun seperti berikut: AI> Fe> 
Mn> Zn> Ni> Cu> Hg. Keputusan tigajenis penilaian status pencemaran sedimen (CF. Jgeo. PLI) 
menunjukkan bahawa sedimen adalah dalam keadaan yang tidak tercemar. Semua kandungan 
purala logam menunjukkan perbezaan yang ketara (p~O. 05) dengan stesen-stesen persampelan. 
Kepekatan tertinggi berat basah AI. Fe. Hg. Ni dan Zn hadir di P. micronemus. B. schwanenfeldii. 
M. wyckill. C. armatus dan R.borneensis masing-masing. Zn. Al dan Hg menunjukkan perbezaan 
yang sign!fikan (p~0.05) da/am nilai kepekatan antara spesies ikan manakala Ni dan Fe tidak 
mempunyai perbezaan yang ketara. Unsur Hg dikesan di semua spesies ikan. Pengedaran logam 
b rat di kawasan Pelagus mungkin disebabkan oleh beberapa faktor semulajadi dan antropogenik. 

Kala l unci: Logam berat. kepekatan. Pelagus. pencermaran. 
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1.0 Introduction 

Heavy metal pollution in the environment is widespread nowadays. Many researches 

which are included the scientific analysis have conducted to determine the present and 

amount of the heavy metals in environment especially the rivers. (Forstner & Wittmann, 

1983; Moore, 1992; Farag et aI., 1997; Van der Velde & Leuven 1999). 

Heavy metal is a term refers to the group of metal or metalloids (Banfalvi, 2011). Heavy 

metals can be found naturally in the aquatic environment and their level may increase as a 

result of anthropogenic activities such as industrial wastes, geochemical structures, 

agricultures and mining activities. Usually, water and sediment are used as indicators for the 

state of heavy metal pollution ofaquatic ecosystem (Aremu et aI., 2007). In addition, muscle 

part of fish is chosen as indicators part as it is the part that is consumed by public (Zauke et 

aI., 1999). 

Both essential and non-essential heavy metals are highly persistent and may be one 

of the sources to toxic to living organisms in river system (Storelli et aI., 2005). They can be 

accumulated in water, sediment and fishes and transferred to human body through the food 

chain. Glover and Aust (1979) stated that small doses of metals are normal constituents in 

river but at higher amount, they can change the metabolic, physiologic, behavioral and 
~, 

economical in nature due to the exert range oftoxic in freshwater organisms like fish. 

Sarawak is the biggest state in Malaysia. It is located in the east on the Borneo Island 

and has vast number of rivers. The Rajang River in northwest Borneo is the longest river in 

Malaysia with the length of 563km. It begins in the Iran Mountains, flowing southwest to 

Kapit and turns westward to the South China Sea (Rajang River, 20 I 5). There are four 

Important parts of this river which are Pelagus, Bakun, Murum and Belaga (ADB, 2014). 
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Pelagus Rapids is located at the upriver of Kapit (Ledesma et aI., 2003). The longhouses, 

buildings, planting and logging activities may cause the distribution of heavy metals. 

A number of researches have carried out to detennine the degree of contamination 

and pollution of rivers in Malaysia (Olanrewaju et aI., 2013). According to Kadaruddin 

(2000), many rivers in Malaysia are polluted by heavy metals. The Rajang River seems to 

be one of the factors can be affected the distribution of heavy metals in the seabed off 

Sarawak. The pre-monsoon and the post monsoon period showed different patterns ofmetals 

distribution. Highest concentration of copper is found directly off the Rajang River Basin in 

pre-monsoon period whist zinc was highest concentration in deeper station during post 

monsoon period (Shazili et aI., 1999). 

Pelagus river is a part in the Rajang River, it may give effects on heavy metals 

indirectly to the marine ecosystem as water in river generally seeks to flow to oceans. 

Recently, the heavy metals pollution in aquatic environment has become a significant 

worldwide issue as they are indestructible and have toxic effects on organisms. To date, there 

is limited study on the distribution of heavy metals in Pelagus. Therefore, this study was 

conducted to detennine the heavy metal distribution in water, sediment, fished in Pe1agus. 

3 
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1.1 Objectives 

The objective ofthis study was: 

1. 	 To detennine the concentrations of heavy metals (AI, Cu, Fe, Mn, Ni, Zn & Hg) in 

water, sediment and fishes in Pelagus. 

4 




2.0 Literature Review 

2.1 Heavy metal 

Heavy metals can be known as metallic elements which contain high density, specific 

gravity or atomic weight. Nonnally, the toxicity of heavy metals depends on their allotrope 

or oxidation state (Helmenstine, n.d.). Antimony, bismuth, cadmium, chromium, cobalt, 

copper, gallium, gold, iron, lead, manganese, mercury, nickel, platinum, silver, tellurium, 

thalium, tin, uranium, vanadium and zinc are the widely recognized heavy metals. They are 

not impressionable to biological degradation. So, heavy metals cannot undergo degradation 

or detoxification into hannless end products (1. P. Chen, 2012). The studied of Kalay and 

Canlt (2000), showed that heavy metals are natural trace components in the aquatic 

environment and their level have raised due to anthropogenic activities. The physiochemical 

identities ofwater, sediment and biological components can affect by heavy metal pollution 

(Zyadah 1999). · 

2.2 Water 

Freshwater appears in the fonn ofrivers, lakes or groundwater. It is a limited resource 
~, 

and is essential for agriculture, industry and even human life (UNEP & WHO, 1996). 

Water bodies can be divided and characterized hydrologically, physio-chemically 

and biologically. Through the hydrological cycle, freshwater is inter-connected from the 

atmosphere to the sea, from rain water to marine salt water. The unique pattern of chemical 

and physical characteristics of each freshwater body is detennined by the climatic, 

g morphological and geochemical condition prevailing in the drainage basin and the 

underlying aquifer. The alteration of the chemical quality of water is according to local 
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geology, climate, the distance from the ocean and the amount of soil cover (Meybeck & 

Helmer, 1996). Trace elements exist in two ways in water, which is partly in solution and 

partly in suspension adsorbed to organic or inorganic particulate matter. Some metals may 

also exist in colloids or chelate forms. Freshwater mixes with the receiving salt water at the 

estuary caused the metal may be lost from the soluble fraction to sediment by undergoing 

precipitation or adsorption by bio-organisms. Therefore, generally, the concentration of 

heavy metals can found in both soluble and particular forms ofpolluted freshwater (Phillips, 

1977). According to Friedrich and his colleagues (1996), the biology component referred to 

living organisms in a water body. They may be changed in their environment due to natural 

(floods) or unnatural (chemical contamination) factors. Once the aquatic biota changed has 

been identified, the suitability of water for the aquatic life can be determined. 

Heavy metals such as copper, manganese and zinc in water have the ability to support 

the aquatic life in the physiological functions of living tissue and biochemical processes 

(Chapman, 1996). 

2.3 Sediment 

By naturally, sediment deposit~in the bed of rivers and stream and it usually enters 

a stream via terrestrial weathering processes, bank erosion and in stream fluvial processes 

(Clapcott et aI., 2011). According to Environment Conservation (2014), sediment consists 

of all detrital, inorganic or organic particles and settled to the bottom of a water body. 

Sediments can form when the inorganic accumulation of flakes, grains or weathered rock. 

Sediment is constantly moved in flowing water like streams and rivers. Climate, geology, 

to aphy and current velocity will be influenced the sediment state point as sediment is 
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naturally transported longitudinally through a river network. Sediment has potential and the 

ability to change the composition and diversity of biota in the river (Clapcott et aI., 2011). 

Compared with the water, sediment is the more complex chemical environment. Thus, 

there are difficult to have reliable methods for assessing the bioavailabi1ity of metal in 

sediment (Luoma, 1989). On top of that, it is important in the remobilization ofcontaminants 

in the aquatic system under favorable condition. It acts as a media or phase that use to interact 

between water and sediment (Oztiirk et aI., 2009). Plenty of reports have proof that the 

determination of metal concentration in sediment is more sensitive than the dissolved 

concentrations used as hydrological systems contamination indicators (Luoma, 1990). 

However, the amount of heavy metal in sediment do not necessarily reflect concentration 

that is available to living organisms (Phillip, 1989). 

Aquatic habitat depends on the sediment as it is ecologically significant components. 

Sediment can work as a reservoir of contaminants which important to maintain the trophic 

status of the water system (Golterman, 1967; Singh et aI., 1997). On the other hand, 

sediment is also significant as reservoir or sink for metals and other pollutants. In Li et a1. 

(2001) report, toxic trace elements are naturally bound to particulate matter which finally 

settled and incorporated into sediments when they released into aquatic systems. The 
1l', 

diversity and composition ofliving organisms can be affected by sediments (Clapcott et aI., 

2011). 

2.4 Fishes 

Fish is an animal that lives in water, breathes through gills and uses fins and tail to 

help the body movement in the water. Fish is a type of great sources ofprotein and comprises 

low fat. Freshwater fishes have differences nutritional components which depend on species, 
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sexes, seasons, geographical localities (Zenebe et aI., 1998) and post-harvest process 

(Clement & Lovell, 2004). According to Nestel, 2000, fish is the cheapest source of animal 

protein and essential nutrient needed for human life. It has a low level oflipid and cholesterol 

as well as higher water content compared to other white and red meat. However, the feeding 

habit for each fish species will highly affect its body composition (Fawole, 2013). Forage 

ecology offishes is the best way for the bioaccumulation of toxic trace metals in their body. 

In the stagnant water in the muddy stream or river, sedimentary fish species are fed at the 

base and introduce higher levels of heavy metals (Gupta et aI., 2009). Burger et aI., 2012 

stated that there are two differences main channels of heavy metals exposure to fish species. 

The elementary route is the fish species intake the chemical through gills or the 

transportation of dissolved contaminants in water across body membranes and ionic 

exchange. The secondary way is via uptake the contaminated food or sediment particles into 

internal organs (Newarman, 1998). 

Besides that, various studies have shown that season or physical and chemical status 

ofwater can affect the tissue accumulation ofmetal in fish. Intrinsic factors like growth cycle 

and reproduction cycle and change in temperature may result in the seasonal changes of 

metal concentration in fish (Dural et aI., 2006). Muscle part is a poor indicator of the small 

level ofcopper and zinc contaminatioJ't\1ilIer et aI., 1992). However, mercury gives higher 

affinity to the muscle comparing to other metals (Jezierska & Witeska, 1999). 

In 1992, Rieberger stated that there are many researches have done to study the fish 

because of their economic and recreational value. However, the metal concentration in fish 

ue has not been detennined until the deleterious effects become noticeable. 
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2.S Geography of Pelagus 

The Rajang River is the longest river in Sarawak, Malaysia with a large network of 

tributaries like Balui River, Katibas River, Ngemah River, Iran River, Pila River, Balleg 

River, Bangkit River and Kanowit River. It flows approximately 563 km into Kapit and ends 

with South China Sea (Mah et aI., 2013). Pelagus river and rapids are located at the upstream 

Rajang River. Based on Figure 1 (b), Pelagus river is a stream which located between Rumah 

Penghulu Bilong and Bukit Ensurai, nearby to Rumah Esops. However, Pelagus rapids 

situated between Pasir Nai and Bukit Wong, nearby to Rumah Penghulu Bilong. It is on the 

upper Rajang River before Belaga (Domba, 2010). 

(a) (b) 

Figure 1. (a) The geography map of Sarawak in Borneo showing the Rajang River. Retrieved from 
http ://www.geoexpro .comlarticles/20 1OI02/miri-191O. (b) The map showing surrounding of Pelagus 

and Pelagus Rapids. Retrieved from http://mapcarta.coml15821034 
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Pelagus rapids bas 800 m long and deceptively shallow stretch of the Rajang River where 

large, submerged stones make passengers on the boat through passage treacherous. There 

has a beautiful longhouse named as Pelagus Rapid Resort is situated in between the rapids 

and the jungle-covered Bukit Pelagus (Ledesma et aI., 2003). The research (Bragg, 1993, 

1998) has indicated that Pelagus River in the Kapit division is an area contains a mixture of 

the secondary and primary rainforest. Besides, Pelagus logging camp has a distance about 

40 km from Kapit. 

2.6 Bioaccumulation of heavy metals 

Stable heavy metals tend to bioaccumulation. Bioaccumulation is the process in that 

toxic metals become bound within the inner cellular structure or the biota communities 

absorb and retain chemicals or elements from surrounding environment. The contaminated 

air, water and food can increase the concentration of bioaccumulants in living organisms 

(Lewinsky, 2007). 

Trace element proceeds the toxic actions because of bioaccumulation and 

biomagnification of the elements in tissues of biota (Kaim & Schwedeski, 1994). The 

concentration of heavy metal in tissues reflect past exposure through water or food and 

demonstrate the current situation of the animal before toxicity influence the ecological 

balance of populations in the aquatic environment (Forstner & Wittmann, 1983a). Canlt and 

Alti (2003) stated that the studies from the fields and laboratory experiment had shown that 

accumulation of heavy metals in a tissue is depended on metals ' concentration in water, 

exposure period and some environment factors. 

According to Vandecasteele and Block (1991), starting in 1952, an erenow strange 

disease (Minimata disease) arose and grew rapidly in the vicinity of the Japanese fishing 
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harbor of Minimata due to the organomercury compound. Fishermen and villagers near the 

area die or became paralyzed from mercury and cadmium poisoning respectively. Heavy 

metals accumulation occurs in the tissues may become toxic for fish and human when it 

reaches an adequately high level. 

2.7 The uses and effects of heavy metals 

Both natural and anthropogenic activities caused heavy metals are omnipresent in the 

ecosystem and human is exposed to the directly or indirectly (Wilson & Pyatt, 2007). Intake 

high doses of toxic metals will bring changes on humans and harmful effects release when 

only after long times of exposure (Bahemuka & Mubofu, 1999; Ikeda et aI., 2000). 

Deficiency of certain essential nutrients in the body can occur after the ingestion of heavy 

metal contaminated food like fish in the polluted river. Human may get health risks such as 

decrease ofimmunological defenses, intrauterine growth retardation, impaired psycho-social 

faculties, disabilities in associated with malnutrition and high change in getting cancel 

(Iyengar & Nair, 2000). 

Zinc has very low toxicity in low to moderate amounts of its ordinary compounds. It 

is an essential element in living orga!rsms especially plants and animals, uses in enzyme 

activity in living organisms. Prolonged excessive dietary intake of zinc in the human body 

can cause deficiencies in iron and copper, nausea, vomiting, fever, headache, tiredness and 

abdominal pain. Zinc is also a human skin irritant. However, there is no report state that zinc 

has potential carcinogenicity in humans (F osmire, 1990). On top of that, most metabolic 

pathways in human body involve zinc and zinc deficiency can lead health problems to human 

( ootian et aI., 2011). 
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Low concentration of mercury is commonly not required for metabolic activity and 

has no toxic effect on living organisms (Forstner & Wittmann, 1983a; Meria, 1991). The 

stable organic mercury compounds such as methyl mercury that converted from inorganic 

mercury able to accumulate in the food chain easily (Jarup, 2003). Fish can be the primary 

source of methyl mercury exposure (WHO, 1990). After acute exposure, methyl mercury 

toxicity which has a latency of one month or longer can lead to nervous system damage. 

Death may lead by high doses of this organic mercury. For example, in the 1950s, the 

Minamata catastrophe in Japan was caused by methyl mercury poisoning from fish 

contaminated by mercury discharges to water environment. 

For example, in the 1950s, the Minamata catastrophe in Japan was caused by methyl 

mercury poisoning from fish contaminated by mercury discharges to sea environment. 

However, there are some certain groups of people with high fish consumption are excepted 

from the health risk of methyl mercury exposure (Weiss et al., 2002). Mercury levels are 

correlated with fish consumption. 

Copper is one of the most common minerals in the human body. It acts as a 

fundamental micronutrient to all the life in enzyme activity or random rearrangement of 

natural protein (Bower, 1979). In addition, copper is also needed to function the respiratory 
9' 

pigment in organisms (Valavanidis & Vlacho gianni, n.d.). 
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2.8 Assessment of Contamination 

2.8.1 Contamination Factors 

According to Hakanson (1980), contamination factor can be calculated based on the 

following fonnula: 

. . C le
contammatlOn factor (CF) = C 

sam 
p 

background 

where Csample refers to the concentration of each metal in sediment and Cbackground refer to 

geochemical baseline or background concentration ofmetals. Cbackground can also know as the 

concentration of metals in unpolluted soil (Liu et aI., 2005). There are 4 classes to classify 

the contamination factor. The first class is CF<1 which shows low contaminate factor while 

second class is lSCFS3 which denotes moderate contamination factor. The third class is 

3SCFS6 which means considerable contamination factor and the last class is CF>6 which 

indicates very high contaminate factor. 

2.8.2 Geoaccumlated index (Igeo) 

The measure ofhuman activities influence on heavy metals concentration in 

freshwater sediment can estimate by Igeo (AI-Haidarey et aI., 2010). Muller (1969) study 

showed that the geoaccumulated index can be determined by the foHowing equation: 

Cn 
geoaccumulated index (Igeo) = log2 (5 )

1. Bn 

e Cnis the concentrations of the metal in the sample while Bn is the background or 

pristine value of the metal. Factor 1.5 will be used for lithologic variations of trace elements. 
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