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ABSTRACT 

 

Heavy metals are a major component of inorganic contaminants. This study is about the 

determination of heavy metals in the mangrove plants specifically in Avicennia sp. and 

Sonneratia sp. and sediments in the Muara Tebas estuary of the Sarawak River. The main 

objective of this study was to determine the presence of heavy metals, namely, Cu, Fe, Mn, 

Pb, Zn and Cd. During this study, the samples were prepared by the dry-ashing method and 

analyzed using the FAAS. The results obtained show that concentration of iron (Fe) metal was 

the highest in the sediment as well as in the different plant tissue of the mangrove plant i.e. 

root, bark and leave. Some plant tissue such as the bark had a high concentration of cadmium 

(Cd) in both mangrove species.  

 
Keywords:  Contamination, heavy metal, estuary, mangrove plants, sediment. 

 

 

ABSTRAK 
 

Logam berat adalah merupakan komponen utama dalam pencemar inorganik. Kajian ini 

adalah berkenaan dengan penentuan logam-logam berat dalam tumbuhan bakau khususnya 

dalam Avicennia sp. dan Sonneratia sp. dan juga sedimen yang terdapat di kawasan Muara 

Tebas di Sungai Sarawak. Objektif utama kajian ini adalah untuk menentukan kehadiran 

logam-logam berat seperti Cu, Fe, Mn, Pb, Zn dan Cd. Semasa kajian ini dijalankan, sampel-

sampel daripada spesis-spesis bakau ini akan disediakan mengikut kaedah pengeringan abu. 

Kesemua sampel-sampel ini telah dianalisa menggunakan spektrometer serapan atom 

(FAAS). Keputusan yang didapati menunjukkan kepekatan metal ferum (Fe) adalah paling 

tinggi dalam kelodak dan juga tisu-tisu tumbuhan bakau yang berlainan iaitu; akar, kulit dan 

juga daun. Tisu tumbuhan seperti kulit mempunyai kepekatan metal kadmium (Cd) yang 

tertinggi untuk kedua-dua jenis spesis bakau. 

 
Kata kunci: Pencemaran, logam berat, muara, tumbuhan bakau, sedimen. 
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CHAPTER 1 

INTRODUCTION 

 

 Contamination of sediments leading to the contamination in plants that grow in the 

estuary areas is a major environmental concern due to dispersal of industrial and urban wastes 

generated by human activities (Ghosh and Singh, 2005). Controlled and uncontrolled disposal 

of waste, accidental and process spillage, mining and smelting of metalliferous ores are 

responsible for the migration of contaminants into non-contaminated sites and finally 

contribute towards pollution of ecosystem (Ghosh and Singh, 2005). The wide ranges of 

compounds that cause contamination include heavy metals, combustible and putriscible 

substances, hazardous wastes and petroleum products. Heavy metals are a major component 

of inorganic contaminants. They can pollute various environments and can also end up in 

estuaries as they are brought down by rivers. 

 

 Heavy metals such as Cu and Zn are essential for normal plant growth and 

development since they are constituents of many enzymes and proteins (Hall, 2002). 

However, high concentrations of both metals in the soil can lead to toxicity thus inhibiting the 

growth of most plants. Toxicity may result from binding of metals to sulphydryl groups in 

proteins leading to inhibition of activity (Van Assche and Clijsters, 1990). Besides that, they 

can replace essential metals in pigments or enzymes disrupting their function (Henry, 2000).  

 

Other non-essential metal ions such as lead, mercury and cadmium are highly reactive 

and consequently can be toxic to all living things. Thus plants, like all living organisms, have 

evolved a suite of mechanisms that control and respond to the uptake and accumulation of 
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both essential and non-essential heavy metals (Cobbett and Goldsbrough, 2002). The 

concentrations of trace metals in estuarine and coastal marine waters are controlled by 

adjective transport, mixing and differential settling of sediment-sorbed metal, leading to 

increased substantial variations in trace metal composition in different parts of an estuary 

(Armannsson et al., 1985).  

 

The presence of trace metals in aquatic systems originates from the natural interactions 

between the water, sediments and atmosphere with which the water is in contact (Greaney, 

2005). Many human activities (e.g. mining, overuse of chemicals, industrial waste, etc) give a 

negative impact on several biological processes and these will continue to affect the functions 

of highly productive coastal ecosystems (Greaney, 2005). Contamination caused by trace 

metals affects both ocean waters, those of the continental shelf and the coastal zone. This is 

due to input and transport by river runoff and the approximity to industrial and urban zones 

lead to increase in metal concentrations (Guzman and Garcia, 2002).  

 

Estuaries support a large variety and amount of vegetation and it is expected that the 

mangrove plants of the Muara Tebas estuary take up and therefore are contaminated with 

heavy metals that have been brought into the estuary. The objective of this study is to 

determine the presence of heavy metals, namely, copper (Cu), iron (Fe), manganese (Mn), 

zinc (Zn), lead (Pb) and cadmium (Cd) in the Avicennia sp. (api-api hitam) and Sonneratia sp. 

(pedada) of mangrove plants in an area of the Muara Tebas estuary of the Sarawak River.  

 

Literature search has not yielded any previous studies about the heavy metals in the 

mangrove plants specifically in Avicennia sp. (api-api hitam) and Sonneratia sp. (pedada) 
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Previous research has reported about the high concentrations of heavy metals in aquatic 

organisms (Ariffin, 1998) and in sediments (Junaidah, 2005) of the Muara Tebas estuary. The 

mangrove plants were investigated for the heavy metal content in this study. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Heavy Metal and Toxicity 

 

2.1.1 Heavy Metals 

Heavy metals, elements having a density greater than five in their elemental form, 

comprise of some 38 elements. Passow et al. (1961) also agreed that the term ‘heavy metal’ is 

a metal with a density of greater than 5 g/cm
3
. However, the term usually refers to twelve 

metals that are used and discharged by industry, for example cadmium, chromium, cobalt, 

copper, iron, mercury, manganese, molybdenum, nickel, lead, tin, zinc (Jones and Jarvis, 

1978). These anthropogically derived inputs can accumulate in local sediments and 

invertebrates living on or in their food, and the rate of accumulation caries widely between 

species of organisms (Greaney, 2005).  

 

The heavy metals are widely distributed in the environment, in soils, in plants and 

animals and in most of their tissues. The three heavy metals commonly cited as being of the 

greatest public health concern are cadmium, lead, and mercury. There is no biological need 

for any of these three heavy metals (Goyer, 1996; Hawkes, 1997).  

 

Some heavy metals are essential in trace amounts, namely cobalt, copper, iron, 

manganese, molybdenum, zinc for plants and, in addition, chromium, nickel, and tin for 

animals; cadmium, mercury and lead, have not been shown to be essential for either plants or 

animals. Metal toxins are almost always invisible and have no smell. The primary natural 
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source of heavy metals in the environment is from naturally occurring geochemical materials 

(Martin and Coughtrey, 1982). 

 

2.1.2 Toxic Effects of Heavy Metal 

 

Heavy metals are very toxic because as ions or as compounds, they are soluble in 

water and may be readily absorbed into living organisms. After absorption, these metals can 

bind to vital cellular components such as structural proteins, enzymes, and nucleic acid, and 

interfere with their functioning. In humans, some of these metals, even in small amounts, can 

cause severe physiological and health effects (Landis and Yu, 2003).  

 

The greatest health risk comes from those heavy metals that are less toxic to plants 

than to humans. Some plants may accumulate certain toxic metals at level which may be 

harmless to the plant but could be harmful to the human if ingested (Radojevic and Bashkin, 

1998). Human activity affects the natural geological and biological redistribution of heavy 

metals through pollution of the air, water, and soil. The redistribution of heavy metals is also 

affected by alternation of chemical form of heavy metals released to the environment (Goyer, 

1996; Hawkes, 1997).  

 

The concentration of individual metals in living tissues are ordinarily very low and 

must be maintained within narrow limits to permit the optimum biological performance of 

most organisms. The sensitivity of organisms to metal toxicity varies widely with species of 

plants and animals and genotypes within species such as cultivars of crops (Alloway and 

Ayres, 1993). It is widely recognized that marine ecosystems can become contaminated by 
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trace metals from numerous and diverse sources. However, anthropogenic activities such as 

mining and industrial processing of metals are still remain as the principal cause of the higher 

amount of heavy metals that have been dumped into the oceans (DeGregori et al., 1996). 

 

2.2 Estuary 

 

2.2.1 Estuary Pollution 

 The term estuary comes from the Latin aestus, meaning heat, boiling, or tide. 

Specifically, the adjective asetuarium means tidal. Thus the Oxford Dictionary defines estuary 

“as the tidal mouth of great river, where the tide meets the current” (Day Jr. et al., 1989). 

Pritchard (1967) have stated that “an estuary is a semi-closed coastal body of water which has 

a free connection with the open sea and within which sea water is measurably diluted with 

fresh water derived from land drainage”. Olson et al. (1993) said that, besides having large 

food supplies, estuaries typically support high densities and biomasses of organisms. The 

majority biological important compounds entering an estuary are from riverine sources such 

as silicon, iron, nitrogen and phosphorus (Day Jr. et al., 1989). Many of the metals entering 

estuaries from rivers are transported primarily in particulate form. For example, about 95% of 

the iron and manganese carried by the Yukon and Amazon Rivers is associated with 

particulate matter (Burton, 1976).  

 

 More than 75% of the total pollutants input to estuarine and coastal marine 

environment is derived from runoff, other land sources and atmospheric deposition. Pollutants 

commonly reported in estuaries and the coastal ocean include heavy metals accumulating 

from smelting, sewage-sludge dumping, ash and dredged material disposal, antifouling paints, 
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seed dressings and slimicides, power station corrosion products, oil refinery effluents and 

other industrial processes (Kennish, 2000). 

 

2.2.2 Pollution Sources in Estuaries 

 

 There are two sources that have been identified entering the estuarine system which 

are point sources and non-point sources. The input of non-point source pollutants is more 

problematical and acute and insidious biological effects of these pollutants are extremely 

difficult to assess (Haebler and Moeller, 1993). Table 1 that shows the point and non-point 

sources of pollution in estuarine system. 
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Table 2.1: Point and non-point sources of pollution in estuarine system. 

Sources Common Pollutant Categories 

                                                                                                (Point Sources) 

Municipal sewage treatment plants - BOD, bacteria, nutrients, ammonia, toxic 

chemicals 

Industrial facilities - toxic chemicals, BOD 

Combined sewer overflows -BOD, bacteria, nutrients, turbidity, total 

dissolved solids, ammonia, toxic chemicals 

 (Non-point Sources) 

Agriculture runoff - Nutrients, turbidity, total dissolved solids, 

toxic chemicals 

Urban runoff - nutrients, turbidity, total dissolved solids, 

toxic chemicals, bacteria 

Construction runoff - nutrients, turbidity, toxic chemicals 

Mining runoff - acids, turbidity, total dissolved solids, toxic 

chemicals 

Septic systems - bacteria, nutrients 

Landfills / spills - toxic chemicals, miscellaneous substances 

Silvicultural runoff - nutrients, turbidity, toxic chemicals 

Sources: United States Environment Protection Agency, National Water Quality Inventory, 

     Washington, D. C., 1986. 

 

 There are four general categories of pollution impacts on estuarine ecosystems which 

are enrichment with excessive levels of organic material, inorganic nutrients, or heat; physical 

alteration; introduction of toxic materials; and direct changes in community structure through 

harvest or introduction of exotic species (Day Jr. et al., 1989). Toxic materials are the 

introduction of materials that are toxic to organisms, either acutely or chronically. Toxins can 

be naturally occurring materials such as heavy metals or exotic organic compounds such as 

pesticides or byproducts of industrial activity. Toxins can also bioaccumulate in food chains 

(Day Jr. et al., 1989). 
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2.2.3 Atmospheric Deposition 

 

 Atmospheric deposition is also one of the most important sources of metal 

contamination in soils and plants. This source may be the main source for metal input to 

agricultural plants and soils (Haygarth and Jones, 1992). This is because of the superficial 

deposition onto the foliage or the uptake and translocation of aerially borne metals that enter 

the ecosystem in particulate form (Adriano, 2001). Other metals such as Cu, Pb and Zn are 

transported only in the particle phase (Adriano, 2001).  

 

Variations in the concentration of heavy metal particulates in air and in particle size 

and shape will change the amounts of heavy metal potentially available for deposition to 

vegetation surfaces (Martin and Coughtrey, 1982). The fixed surface characteristics of the 

exposed surfaces will determine to a large extent the amount of available metal which is 

deposited and retained on the surface (Martin and Coughtrey, 1982). 

 

2.3 Estuary Vegetation 

 

2.3.1 Mangrove Plants 

 The term “mangrove” generally embodies two different concepts (Du, 1962). It refers 

to an ecological group of evergreen plant species belonging to several families but possessing 

marked similarity in their physiological characteristics and structural adaptations to similar 

habitat preferences. It also implies a complex of plant communities fringing the sheltered 

tropical shores. Schimper (1903) defined “mangrove” to include the formation below the high 

tide mark, and the term tidal forests is a common synonym for mangrove forest. It is 
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important to distinguish between two meanings of mangrove. The first refers to a group of 

plant species and the second to the whole swamp association (Day Jr. et al., 1989). While 

Duke (1992) stated that mangroves are a group of coastal plants with similar adaptations that 

exceed a half meter in height and grow primarily in the intertidal zone. More than 50% of the 

world’s mangrove forests have been destroyed (Lewis, 1999). The majority of this lose is 

caused by human activities (Parks and Bonifaz, 1994).  

 

Mangroves function as land stabilizers, prevent coastal erosion, and provide habitat for 

a variety of organisms (Odum and McIver, 1990). The canopy is rich in epiphytes and 

provides nesting sites for many species of birds (Bortone, 2005). Mangrove roots both above 

and below the water provides a safe haven for organisms such as mangrove crabs, shrimp, 

barnacles, sea squirts, insect larvae, oysters, and mussels, while their branches house a variety 

of insects (Bortone, 2005). 

 

Worldwide there are about 65 recognized species of mangrove plants in approximately 

20 families (Tomlinson, 1986; Field, 1995). Mangroves are also stated as a group of 

halophytic species from 12 genera in 8 different families (Waisel, 1972; Lugo and Snedaker, 

1974). Avicennia sp. which is also called black mangrove has a rough, dark bark, and can be 

easily identified by fingerlike roots (pneumatophores) that poke out from the substrate 

(Bortone, 2005). These black mangroves leaves have a whitish underside and are capable of 

excreting excess salt that is externally visible (Bortone, 2005). Black mangroves are usually 

found inland of red mangroves at a slightly higher elevation and, therefore, are often located 

inland of either red or white mangroves (Bortone, 2005).  
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Sonneratia mangrove is a small to medium size tree, which can attain a height of about 

20m and a girth of about 2.5m. The leaves are simple opposite, entire and leathery. Bark thin, 

light brown, irregularly fissured. Flowers are cream colored, arranged in auxiliary three 

flowered of seven flowered dichasia cymes. The most interesting part of the flower is the 

style, which consists of a white, 2-3 cm long, curved, stigma, flattened like umbrella or 

mushroom. The upper portion is reddish in color. 

 

2.3.2 Metals in mangroves 

 

 According to Harbison (1986), mangrove muds possess intrinsic physical and 

chemical properties and an extraordinary capacity to accumulate materials discharged to the 

near shore marine environment. Changes in pH may affect the migration of metals at the 

sediment surface and the concentration of free metal ions in overlying water (Greaney, 2005). 

Although mangrove ecosystems can act as sinks for heavy metals, they can also become 

pollution sources to plants and soils. The influence of heavy metals on photosynthesis and 

other physiological processes in plants is quiet well known (Yim and Tam, 1999). 

 

 According to Koeppe (1981), lead accumulations in localized areas of pollution 

sources probably have little direct effect on plants. The lack of effect is due to the almost 

irreversible binding of lead to the soil exchange surfaces. Mangroves grow at sites which are 

permanently covered by shallow water or are flooded seasonally usually at the upper tidal 

level on sheltered coastlines (Greaney, 2005). It is well known that mangrove sediments 

contain high concentrations of organic matter and sulphides and are under permanently 

reducing conditions. Thus, these sediments favor the retention of the water-borne heavy 
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metals and are generally not available for uptake by mangrove plants (Harbison, 1986) and 

probably by other organisms.  

 

 Mangrove roots often act as a barrier, retain most of the heavy metals and reduce the 

translocation of heavy metals to other plant parts. It has been suggested that Cu is more 

mobile in mangrove plants than other metals. In general, very small amounts of heavy metals 

are found in leaf tissues as most absorbed heavy metals are accumulated in the stem and roots 

(Yim and Tam, 1999).Metals dissolved in this water as free ions or metal-humate complexes, 

are deposited as sulphides (Harbison, 1986). 

 

2.3.3 Metals in sediments 

 

 Natural background levels of heavy metals are present in the majority of sediments 

due to mineral weathering and natural soil erosion. Sediments with low heavy metal 

concentrations are not necessarily “natural” just because the levels are indeed low. They may 

represent a mixture of small quantity of pollutants diluted by a large amount of natural 

sediment with low heavy metal content (Herut et al., 1993). It is well known that sediments 

contain large bacterial populations. Greaney (2005) also stated that sediments have complex 

mixtures of a number of solid phases that may include clays, silica, organic matter, carbonates 

and large bacterial populations.  

 

 According to Greaney (2005), there are three possible mechanisms by which trace 

metals may be taken up by sediments and suspended matter which are: 

1) Physicochemical adsorption from the water column 


