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ABSTRACT 

 
This study investigated the concentration of heavy metals (Cd, Fe, Cr, Cu and Hg) in razor clam (Solen spp) 

at Serpan. The razor clam were dissected and digested using wet digestion method. Heavy metals in razor 

clam was determined using Flame Atomic Absorption Spectrophotometer (FAAS) and Flow Injection 

Mercury Spectrometer (FIMS). The highest metal in tissue of razor clam was Fe. The lowest metal 

concentration in razor clam was mercury. Fe was abundant in tissue and low in shell. Cd, Cr, Cu and Hg 

were abundant in shell. 

 

Key words: Heavy metals, correlation, razor clam, sediments. 

 

 

ABSTRAK 

 
Kajian ini mengkaji kandungan logam-logam berat (Cd, Fe, Cr, Cu and Hg) di dalam ambal (Solen spp) di 

Serpan. Ambal telah dipotong kecil mengikut bahagian dan dicernakan menggunakan kaedah percernaan 

basah. Kandungan logam berat di dalam ambal dikaji dengan menggunakan Spektroskopi Serapan Atom 

Nyalaan  dan Spectroskopi Merkuri Suntikan Aliran. Kandungan logam berat paling tinggi dalam tisu ambal 

adalah Fe. Kandungan logam paling rendah di dalam ambal pula ialah Hg. Kandungan Fe tinggi dalam tisu 

dan rendah dalam cangkerang. Kandungan Cd, Cr, Cu dan Hg tinggi dalam cangkerang. 

 

Kata kunci: Logam berat, ambal, hubungan, sedimen.. 
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Chapter One 

Introduction 

 

1.0 Background 

Heavy metals are naturally present in our environment with significantly small 

concentration. Some heavy metals exist extremely in small concentrations in marine 

environments (Uluturhan and Kucuksezgin, 2007). However, in high concentration, heavy 

metals are considered as pollutant and toxic to animals and human. Heavy metal 

discharged into the marine environment can damage both marine species diversity and 

ecosystems, due to their toxicity and accumulative behaviour. Heavy metals are an 

important group of chemical contaminants and food is the major vehicle for entry into the 

system. Heavy metals, acquired through the food chain as a result of pollution, are 

potential chemical hazards, threatening consumers (Sivaperumal et al., 2007). Toxicity of 

metals has received considerable attention in recent years because industrial effluents 

frequently contain metals that can have adverse effects on human health and the 

environment (Utgikar et al., 2004). 

These heavy metals entered marine environment are from natural occurring processes 

or anthropogenic activities. Aquatic animals are naturally exposed to a variety of metals 

whose chemical forms and concentrations are governed by natural geochemical processes 

and anthropogenic activities (Malins and Ostrander, 1994).  Heavy metals are continually 

discharged in the marine environment by human activities (Bihan et al., 2004). In many 

countries, significant alterations in industrial development lead to an increased discharge 

of chemical effluents into the ecosystem, leading to damage of marine habitats 

(Sivaperumal et al., 2007).  
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To monitor heavy metals in aquatic environment, scientists used mollusk species. 

Mollusks were used as sentinels of coastal chemical pollution. Mollusks can accumulate 

numerous pollutants from natural water in quantities that are many orders of magnitude 

higher than background levels (Hung et al., 2001). Marine animals can take up metals 

from solution and the diet which may, for example, consist of particles in suspension or 

deposited in the sediment (Sokolowski et al., 2006). Bivalve molluscs are known to 

accumulate heavy metals in their tissues and tolerate high concentrations without harm 

(Ahn et al., 1996). Bivalves have a high filtration rate and metal accumulation capacity 

and are very responsive to ambient bioavailable metals, which make them excellent 

biomonitors and suitable for studying metal interactions in aquatic systems (Ng et al., 

2007). 

 Razor clam (Solen brevis) is a species of bivalve mollusk is also well known as 

‘Ambal’ by local people. Razor clams can be found along sandy beaches in the Samarahan 

division of Sarawak. Razor clam are occurs in western part of Sarawak such as Muara 

Tebas, Moyan Laut, Serpan and Asajaya Laut. It also can found in other areas which 

include Sematan, Lundu, Kabong and Kuala Matu (Pang, 1993).  

 

1.1 Statement of Problem 

Studies have been done to determine the levels of heavy metals in various types of 

bivalve mollusk. The use of mollusk is significant due to its nature to accumulate pollutant 

such as heavy metals. Mollusks can accumulate numerous pollutants from natural water in 

quantities that are many orders of magnitude higher than background levels (Hung et al., 

2001). 
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Serpan is located near to sandy beaches where the razor clam can be found. Razor clam 

that can be found at Serpan may cause heavy metal poisoning to human that consume these 

razor clam due to its ability to accumulate metals in its body tissue. The accumulation of 

trace metals in aquatic organisms may lead to serious health problems through the food 

chain. 

 Thus, it is important to study heavy metals levels in razor clams. The accumulation of 

trace metals in aquatic organisms may lead to serious health problems through the food 

chain (Ip et al., 2005). 

Due to ability of mollusk to accumulate heavy metals, it is necessary to determine 

heavy metals levels in razor clams in Serpan.  

 

1.2 Objectives 

The main objective of this study was to determine the heavy metal (Fe, Cu, Cd, Cr, 

Hg) levels in the tissue, shell, gill, foot, siphon of razor clam and also in sediments 

collected from Serpan. Second objective was to correlate heavy metal levels in razor clams 

and heavy metal levels in sediment and to carry out statistical analysis in order to 

determine if there is any significant difference in concentration of metals between different 

parts of razor clam. 
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Chapter Two 

Literature Review 

 

2.1 Heavy metals 

"Heavy metals" is a general collective term applying to the group of metals and 

metalloids with an atomic density greater than 6 g/cm
3
. Although it is only loosely defined 

term it is widely recognized and usually applied to the elements such as Cd, Cr, Cu, Hg, 

Ni, Pb, and Zn which are commonly associated with pollution and toxicity problems. An 

alternative name for this group of elements is ‘trace metals’ but it is not widely used 

(Alloway and Ayres, 1993). The term ‘heavy metals’ is often used to cover a diverse range 

of elements which constitute an important class of pollutants. Such pollutants have 

received the attention of researchers all over the world, mainly due to their harmful effects 

to living beings. Human biology is full of instances where heavy metal toxicity has led to 

mass deaths (Shrivastav, 2001).  

Trace metals or trace elements is term that refer to those elements that occur at very 

low levels of a few parts per million or less in a given system. Some of the heavy metals 

are among the most harmful of the elemental pollutant 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 lead and tin , in lower-right-hand corner 

of the periodic table. Heavy metals include essential elements like iron as well as toxic 

metals like Cd and Hg (Manahan, 2005).  

Metals can be classified into three groups on the basis of their respone to redox 

potential: those which are fixed in reducing conditions (Cd, Cu, Ni, Pb, Zn), those which 

are fixed in oxidizing conditions (Fe, Mn) and those which are unaffected by redox 
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potential (Cr, Hg). Acidification of water not only reduces heavy metals scavenging but 

also remobilizes metals from the surface sediment layers (Shrivistav, 2001). 

 

2.2 Effects of heavy metals 

 Heavy metals are known as serious pollutants because of their toxicity, persistence and 

non-degradability in the environment (Fang and Hong, 1999). Some instance exposure of 

minerals with a high concentration of particular toxic elements, resulting in the 

contamination of soil, biota and water (Freedman, 1989). Trace metal contamination in 

sediment could affect the water quality and the bioassimilation and bioaccumulation of 

metals in aquatic organisms, resulting in potential long-term implications on human health 

and ecosystem (Ip et al., 2005). Table 2.1 shows several examples of heavy metals and its 

effects to human when consumed exceeding the accepted levels. 

 

Table 2.1 Heavy metals and its effect to human 

Metals Health Effects MCLs (mg/L) 

Arsenic Skin and nervous system 

toxicity effect 

0.05 

Cadmium Kidney effect 0.01 

Copper Liver/Kidney effects 0.05 

Lead Nervous system damage 0.05 

Mercury Nervous system, kidney 0.02 

 

 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6N-4JDN6MP-9&_user=287547&_coverDate=10%2F31%2F2006&_alid=550807476&_rdoc=87&_fmt=full&_orig=search&_cdi=5819&_sort=d&_st=13&_docanchor=&_ct=1234&_acct=C000016198&_version=1&_urlVersion=0&_userid=287547&md5=61e0b597d17ba1da8fc931f69536307d#bib17
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2.3 Sources of Heavy Metals 

 Heavy metals present naturally less than 1% of the rocks in earth’s crust. It’s also 

present in the air near volcanoes due to eruption of lava containing high concentration of 

these elements (Alloway and Ayres, 1993). Nevertheless, the major source of heavy metals 

pollution is from human activities. Heavy metals are continually discharged in the marine 

environment by human activities (Bihan et al., 2004). Anthropogenic sources of metals 

include urban runoff, sewage, traffic emissions, coal and oil combustion, industrial 

production, mining and the smelting of ores (Bihan et al., 2004).  

According to Shrivistav (2001), “heavy metals enter into the environment mainly 

via three routes: (i) deposition of atmospheric particulates, (ii) disposal of enriched sewage 

sludges and sewage effluents and (iii) by-products from metal mining processes. The 

estimation of metal input into environment from the two latter sources is relatively easy to 

measure. However, atmospheric input is difficult to quantify accurately mainly due to 

atmospheric mixing of metal-bearing particulates and the diversity of metals and metal-

emmiting sources which contribute to the overall atmospheric metal pool. 

A high proportion of atmospheric heavy metals entering aquatic systems is in small 

particulate (< 1μm) or soluble form. The first site of chemical interaction is the micro layer 

(a surface film of thickness 0.1-1.0 μm), where often high concentrations of surface active 

molecules act as heavy metal traps. In the main water body of lacustrine and marines 

systems, the following are the most important reactions in the transfer of metals from 

aqueous to solid phase: precipitation and co-precipitation with hydoxides, sulphides or 

carbonates; cation exchange/sorption on clay minerals, iron manganese oxides and 

sulphides, carbonates and phosphate. An organic matter in various forms is also an 

important scavenger of heavy metals in natural waters (Shrivistav, 2001). 
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2.4 Clams 

Clams, which are classified as bivalve (two shelled), are filter-feeding mollusks. 

While oysters attach themselves to a hard surface for life and scallops can move to better 

locations, clams do not fasten anything, but generally burrow into the sea bed. They feed 

by extending their siphons (necks) through the mud to pump water through their digestive 

systems. Clams are found and eaten in many countries. There are many thousand species, 

only a few of which are exploited commercially. Clams live in fresh water as well as sea 

water, on interdal beaches and in very deep water. They ranged widely in size from smaller 

than fingernail to a giant with four foot long shell found on Australia’s Great Barrier Reef. 

Some clams have hard shells which close tightly. Others have thin, brittle shells which 

cannot enclose the whole animal. Almost all clams can dig themselves into the substrate 

remarkably fast to escape predators (Dore, 1991). 

The siphon or neck is the long tube through which the clam sucks and expels water 

(siphons contain two tubes, an inhalant and exhalant). Some species of clams have very 

long siphons. The siphon is often covered with a black skin, which is sometimes removed 

before the clam is eaten. Softshell clams are often prepapred in this way. The foot or 

tongue is the clam’s digging tool. It can move and burrow using this organ. In some larger 

species of clam, such as ocean clams and red clams, only the foot is eaten (Dore, 1991).  

 

2.5 Razor clam 

Razor clams or known locally in Sarawak as ‘Ambal’, belongs to genus Solen (Pang, 

1993). Razor clam is a type of bivalve mollusk. It is shaped like a slightly curved cut-

throat razor and has sharp edge on the white shell, which has brownish covering (Dore, 

1991). 
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Bivalves have a high filtration rate and metal accumulation capacity and are very 

responsive to ambient bioavailable metals, which make them excellent biomonitors and 

suitable for studying metal interactions in aquatic systems. Numerous studies regarding the 

metal interaction in bivalves have been performed, but few have provided explanations or 

mechanisms of the interaction (Ng and Wang, 2007).  

Razor clams like ocean beaches with strong surf. They live in interdal zones and in 

shallow water. They can dig very quickly about two feet in a minute. So they are 

exceptionally difficult to catch. Ambal are very difficult to store out of water. They 

dehydrated quickly and the shells are very brittle. The meat is used in the same way as 

softshell clams (Dore, 1991). 

Razor clams thrives in the intertidal sandy subtrate along the beaches in the Samarahan 

Division of Sarawak. Ambal has traditionally been collected from the intertidal sandy 

beaches for human consumption over the past decades. There are three different species of 

razor clams in genus of Solen that common in Sarawak. Locally known as “Ambal Biasa”, 

“Ambal Riong” and “Ambal Jernang”. Ambal can only be collected within the period 

when the tide has receded exposing two-thirds of the intertidal beach until the incoming 

tide has resubmerged about one-third of the beach surface. The whole duration normally 

lasts about three hours. The timing of the tide is also important as Ambal collection is only 

possible during day time and all landings have to be marketed within an hour after landing 

of the same day. Ambal was first marketed in the major outlets in Kuching in the early 

seventies, its popularity as prized food dish has grown tremendously over the years. Being 

renowned for its wholesome taste, Ambal is now being served as delicacy in most seafood 

restaurant in Kuching (Pang, 1993). 
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2.6 Metals Uptake mechanisms 

The absorption of metals of aquatic animal involves transfer of metals to the 

circulatory system across the epithelial barrier of gills, digestive system or integument This 

transfer across epithelial cells includes three basic elements: 

1. uptake by apical membrane, the interface with the external environment 

2. movement through the cell and interaction with intracellular ligands 

3. efflux across the basolateral membrane, the interface with circulatory system 

Organ serve as the site of uptake also tend to concentrate metals and, therefore, exhibit 

relatively high potentials for bioaccumulation. Dissolved metals would be expected to be 

taken up by exposed body surfaces such as the gills. Particulate metals are most commonly 

ingested and then taken up after solubilization in the gut. They can also be phagocytosed 

and solubilized in endocytotic vesicles (Malins and Ostrander, 1994).   

 

2.7 Metals accumulation in bivalves 

According to Ahn et al. (1996), metal concentrations were highly variable among 

the different soft tissues of Antarctic soft-shelled clam Laternula elliptica. Concentrations 

of Cd, Zn, Pb, Mn and Ni were considerably higher in the kidney than in any other soft 

tissues. In particular, Zn concentration was one or two orders of magnitude greater in the 

kidney. In the present study, kidneys appear to be the target organ for Cd, Zn, Pb, Mn and 

Ni. The kidney strongly accumulated particularly Cd and Zn, and the Cd and Zn 

concentrations in the kidney were about 200 and 20 times, respectively, higher than the 

concentrations in the habitat sediment.  

Good correlations were also observed between organisms and water compared to 

correlation between organisms and sediments. This study was involving Perna viridis that 
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collected at western coast of Taiwan. Good correlation are found between Perna viridis 

and copper. These high correlations might be due to the processes of metals absorption and 

desorption are the major factors influencing the content of trace metal species in sea water 

and sediments (Hung et al., 2001). 

 Essential metals (e.g. Cu, Zn) are regulated to some degree by particular mollusks 

so that tissue concentrations may be largely independent of exposure concentration and 

duration, but nonessential metals (Hg, Cd) are generally accumulated in body tissues in 

Perna perna from an unpolluted rocky shore near Isipingo Beach, south of Durban, South 

Africa  (Phillips and Rainbow, 1994; Brown and Depledge, 1998) cited in (Anandraj et al., 

2002). 

 According to Blasco and Puppo (1999), who studied Ruditapes philippinarum, 

clams showed a high capacity for incorporation of  metal, with a bioconcentration factor 

(BCF) equal to 250 in soft tissues. In the digestive gland, the BCF value reached 409, 

indicating the extremely high capacity of this tissue for accumulating Cd. The distribution 

of Cd in the various tissues was determined by the adsorption surface of the tissues; thus, 

gills and the digestive gland with a large surface area in contact with the Cd in dissolved 

form show a greater degree of accumulation. In other organs, this accumulation of the 

metal is produced by transportation by amoebocytes. In this study, the distribution pattern 

was similar to that in other bivalve molluscs, where the digestive gland and gills showed 

the highest concentrations (Blasco and Puppo, 1999).  
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Chapter Three 

Methodology 

 

3.1 Sampling location 

Sampling was carried out at Serpan near Asajaya in Samarahan division (Figure 

3.1). The main activity at Kampung Serpan is fishery. Sampling was done at the intertidal 

sandy beaches of Serpan. Sampling site was divided into three regions namely low tide, 

middle tide and high tide. Each region consists of three sampling points. 

 

Figure 3.1: Map of sampling location 

 

3.2 Sample collection 

Razor clam samples were hand-collected using traditional technique by using 

mixture of limestone powder, ashes and salts attached to a sharpened wooden stick with 

short coconut leave stalk. The coconut leave stalk was used to take small amount of 

mixture before contacted with clam within burrow (Pang, 1993). Collected samples were 

put into plastic bag and transported to laboratory.  

Serpan 
X - sampling 

location 
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About 1 kilograms were collected. Collected samples were immediately 

transported to the laboratory and wet weight and shell length determined. The samples 

were kept frozen at -20°C until analysis. Samples were kept in cool room. Surface 

sediments (0-15 cm) inhabited by razor clam were sampled. Collected sediments were kept 

in transparent plastic bags and labelled.  

 

3.3 Sample preparation 

 The clams were thawed and washed, from debris. After that, razor clam samples 

were dissected for tissue, shell, gill, foot and siphon. All the parts were dried and ground to 

fine powder. Tissue, shell, gill, foot and siphon samples were weighted to approximately 

0.5 g and digested with 6 ml of concentrated nitric acid and 1 ml of 30% hydrogen 

peroxide. The digestion was carried out on a hot plate. The completely digested samples 

were filtered and diluted to 25 ml in volumetric flask with distilled water.  

Shell samples were of 0.5 g were weighted into beaker and digested with 2 ml of 

concentrated nitric acid, 5 ml of concentrated hydrochloric acid and 1 ml of 30% hydrogen 

peroxide. The digested contents were filtered and diluted to 25 ml volumetric flask. 

Sediments were air dried and grind sieved through a 2 mm mesh to obtain the fine-

grained fraction. Sediment sample was also digested using hot plate method. The 

sediments weighted to approximately 1.0 g into the beaker. The sediments digested with 

10 ml of concentrated nitric acid and 1 ml of concentrated hydrochloric acid using hot 

plate. The digested contents were filtered and diluted to 100 ml volumetric flask. The 

solution then transferred into polyethylene bottles and kept in refrigerator. 
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3.4 Heavy metal determination using FAAS 

The heavy metal contents in the aliquots were determined by using Flame Atomic 

Absorption Spectrophotometer (FAAS). The standards used for each metal are shown 

below. 

Cadmium:  Standard solution; 2 ppm, 4 ppm and 6 ppm  

Iron:   Standard solution; 10 ppm and 20 ppm 

Chromium:  Standard solution; 5 ppm and 10 ppm 

Copper:  Standard solution; 5 ppm and 10 ppm 

Mercury:   Standard solution; 2.5 ppb, 5 ppb and 10 ppb 

 

Mercury was analyzed using Flow Injection Mercury Spectrometer (FIMS).  

 

3.5 Statistical analysis 

 By using SPSS software, statistical analysis was performed by using one-way 

ANOVA to determine if there is any significant difference in metal concentrations 

between metals in different parts and sampling stations. Correlation test also performed to 

determine if there is any correlation between metals in different parts and sampling 

stations.  
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Chapter Four 

Results and Discussion 

4.1: Heavy metals concentrations in sediments 

Figure 4.1a, 4.1b and 4.1c representing the concentration of heavy metals in 

sediment that collected from different stations. 

 

 

 

Figure 4.1a: Concentrations of Cd, Cr and Cu in sediments 
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Figure 4.1b: Concentrations of Fe in sediments 

 

 

 

Figure 4.1c: Concentrations of Hg in sediments 
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