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Kota Samarahan 
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ABSTRACT 

This study was carried out to determine the concentration of heavy metals in razor clams 
at Asajaya Laut. Sediment samples and water samples were also coJlected during the 
sampl ing. Sediment samples and razor clams were collected from 9 stations at three 
different tidal zones. Analysis of Co, Cu, Mn, Pb and Zn were carried out flame atomic 
absorption spectrophotometry (FAAS). Water quality results showed no variation 
between the two samplings. Mn recorded the highest concentration in sediment and razor 
clam samples. While Co and Pb displayed the lower concentrations. Correlation study 
between concentrations of heavy metals in tissue with the shell sizes showed good 
relationship for Cu and Zn with the increasing shell length. There was no significant 
correlation between concentration of heavy metal in sediment and razor clams except for 
Mn. 

Key words: Water quality, sediment, razor clams, heavy metal 

A BSTRAK 

Kajian ini dijalankan untuk menentukan kepekatan logam berat dalam ambal di Asajaya 
Laut. Sampel sedimen and sampel air juga diambil semasa pesampelan. Sampel sedimen 
dan ambal diambil di 9 stesen pada paras air pasang yang berlainan. Analisis Co. Cu. 
Mn. Pb dan Zn telah dijalankan dengan menggunakan spektroskopi serapan atom nyala. 
Kajian kualiti air tidak menunjukkan perbezaan ketara di antara persampelan. Mn 
didapali hadir dengan kepekatan yang paling tinggi dalam sedimen dan ambal. 
Manakala Co dan Pb menunjukkan kepekatan yang terendah. Kajian kolerasi antara 
kepekaran logam berat dalam tisu ambal dengan saiz menunjukkan terdapat 
perhubungan kolerasi yang baik bagi Cu dan Zn dengan pertambahan saiz. Tiada 
leoleras; yang signifikasi di antara kepekatan logam berat dalam sedimen dan ambal 
kecuali Mn. 

Kata !cunei: Kualiti air, sedimen, ambal, logam berat 
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CHAPTER ONE 

INTRODUCTION 

1.1 Introduction 

Many studies have been done on the heavy metals in the aquatic environment and it 

potential hazard to the organisms and human beings. Heavy metals are known as one of 

the environmental pollutant. Some of the heavy metal is essential in our nature 

environment and some may cause toxicity. Both of these essential and non essential trace 

elements are known to be accumulated by the invertebrates especially by the mollusk 

specie (Gundacker, 2000). 

Most of the metal can be accumulated by the aquatic organisms. Molluscs are the one of 

the species that is known to accumulate metals in their tissues, when it is exposed to 

elevated metal concentrations in their environment (Bonneris et al., 2004). Molluscs have 

been used as bioindicator for monitoring heavy metals in the aquatic environment 

because it can accumulate heavy metals (Otchere, 2003). Bioindicator or biomonitor 

means that the ability of species to accumulate certain trace of heavy metals or other 

substances and this ability is used to monitor the metal and the other substances in the 

environment (Wagner and Boman, 2004). Bivalves have been used as biomonitor due to 

its ability to accumulate metals from both ambient seawater and ingested foods. Bivalves 

have this ability because these organisms pump a substantial quantity of water through 

their gills (Chong and Wang, 2001). 



,.... 

Razor clam (Solen spp) which is categorized as bivalve (two shells) filter feeders and 

they are feeded by extending their siphons (necks) through the mud to pump water 

through their digestive systems (Dore, 1991). In Sarawak, razor clam or locally known as 

"ambal" can be found in the intertidal beaches in Kuching especially in Buntal, Bako, 

Muara Tebas, Sambir, Sebandi, Moyan Laut, Serpan, Sematan, Lundu, Kabong, Kuala 

Matu and Asajaya Laut (Khatijah et al., 2005). In Sarawak, there are locally known as 

"Ambal Biasa", "Ambal Riong" and "Ambal Jernang" (Pang, 1992). The traditional 

material that been used to catch razor clams is a mixing of lime stone powder, ashes and 

salts. The pieces of the sharpened wooden stick are the material that used to catch the 

razor clams. The mixture oflime stone powder, ashes and salts are put in the small bottles 

which is attaches to the wooden stick. A piece of coconut leave stalk is used to take small 

amount of the lime mixture before it immediately put into the burrow and in contact with 

the razor clams within. To catch the razor clam, the catcher will tap the stick on the sandy 

surface and the razor clams will retract their siphons back into the burrows. Then the 

catcher immediately put into the mix of lime into the hole using the coconut leaves stalk. 

Razor clam has been collected for many years because it is one of the famous seafood 

items. The local market prices for razor clams are ranging from RM 12 to RM 18/kg 

(Khatijah et al., 2005). It is very important to monitor the aquatic life and its habitat to 

ensure the health safety because most people depend on the sea for the daily activities 

and serve as important food sources. Apart from that, monitoring the water quality of the 

I aquatic habitat is also crucial. This is because the water source like river and sea has been 

lIuted with agricultural activities, industries effluent and pollution. 

2 
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1.2 Objective 

Razor clams have been one of the famous seafood items among local people for many 

years. Monitoring the heavy metals that accumulate in razor clam is essential to ensure 

whether its safety for human consumption. To date, there is very little scientific 

information available about the metals pollution in razor clam. 

The objective of this study was to determine five heavy metals content namely Co, Cu, 

Mn, Pb and Zn in the razor clam samples with different sizes of lengths at Asajaya Laut. 

Apart from tbat, this study also focused on the water quality and heavy metals in water 

samples. Analysis of heavy metals in sediments was also carried out. The relationship 

between the concentrations of the heavy metal in razor clams with the heavy metal 

concentrations in sediment samples was also assessed. Correlation study between the size 

classes and heavy metals concentrations in razor clams was evaluated considering the fact 

that size has been known as one of the factor influencing the accumulation of metals in 

bivalves/ mollusk. The level of metals recorded in the razor clam sample was compared 

with the maximum permitted levels of Food Act 1983. 
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CHAPTER TWO 


LITERATURE RIVIEW 


2.1 Heavy metals 

Heavy metals are the elements having the atomic weight between 63.5456 g and 200.590 

g (Schiele, 1992) or heavy metal are also known as the elements having a density greater 

than five in their elemental form (Greenland and Hayes, 1981). The source of metals in 

the aquatic environment from the human activities such as industrial effluents, mining, 

agricultural activities, other types of pollution and natural sources such as leaching. In 

aquatic system, metals are present as dissolved ions and complex, suspended and colloids 

ion and solid in sediments (Ozmen et ai. , 2003). Trace heavy metal bring beneficial or 

harmful effect to organism especially to aquatic organism depending on the concentration. 

Heavy metal contaminants are of particularly concern due to their toxicity and ability to 

bioaccumulate in the aquatic ecosystem (Mendil and Uluozlu, 2006). The solubility of the 

trace metals in water is mainly controlled by the water pH, the type and concentration of 

ligands on which the metal could absorb and oxidation state of the mineral components 

and the redox environment of the system (Forstner, 1989). 

Sediment also represents an important sink for trace heavy metals in aquatic system, and 

metal concentration in sediment can be several orders of magnitude greater than the 

overlying water (Mendil and Uluozlu, 2006). Sediment is a mass of organic or inorganic 

solid fragmented material or the solid fragment itself that comes from weathering of rock 

d is carried by suspended in or dropped by air, water or ice or a mass that is 

4 
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accumulated by other natural agent and that forms in layer on the earth's surface such as 

sand, gravel, silt, mud, fill or loess (Hill , 2002). Studies of the trace metal contamination 

of sediments often rely on the analysis of total metal content. According to Lau et al. 

(1998), the availability of metals in sediment provides an opportunity for aquatic animals 

to biomagnified the element and later remobilized them through the food chain. 

2.2 Heavy metal in bivalve/ mollusks 

Bivalve species such as oyster, clams and mussels are known to have high capacity for 

metal because it can pump sea water and injected food metal uptake from dissolved phase 

because these animals pump the substantial quality of water through their gills (Chong 

and Wang, 2001). There are many factors that influenced the concentration and 

accumulation of heavy metals in bivalves namely changes in tissue composition and 

reproductive cycle, metal bioavailability size, sex, season of sampling and 

hydrodynamics of environment (Otchere, 2003). 

Investigation on the razor clams and water samples were done at Asajaya Laut and 

Kampung Buntal by Apun et al., (200 I). The pyhsico-chemical and microbiological 

quality of the water samples from all sites were investigated. The analysis showed that 

the physico-chemical indices of the water did not reveal major differences between the 

sampling sites even at different samplings. Water temperature ranged from 29DC - 31 DC, 

pH 7.8 - 8.1 salinity 21 - 26 ppt and BOD of 2.00 - 2.30 mglL. These parameters were 

reported to be suitable for the growth of ambal. 

5 




Studies on green mussel Perna viridis has been well documented in many countries. In 

Peninsular Malaysia, concentration of Cd, Cu, Pb and Zn in surface sediment samples 

were correlated with metal measured in the tissue green mussel Perna viridis collected 

from water off the west coast. Objective of the study was to relate the possible 

differences in the accumulation patterns of the heavy metal in Perna viridis with the 

heavy metal in the surface sediment. The result showed that there was significant 

(p < 0.05) correlations between concentration of Cd in Perna viridis with concentration of 

Cd in sediment, Cu in Perna viridis with Cu in sediment and Pb in Perna viridis with Pb 

in the sediment. There was no significant correlation (P > 0.05) between Zn in Perna 

viridis and with Zn in sediment. This showed that Zn was possibly regulated from the soft 

tissue of Perna viridis (Yap et al., 2002) 

Another study was done on the green mussel Perna viridis and the Manila clam 

Ruditapes philippinarum in Hong Kong. Examination on the effect of ambient metal 

concentrations, salinity and body size were done on the influx rate. It was proved that Zn 

uptake was regulated by the bivalves in response to an increase in ambient Zn 

concentration. Zn has the higher rate constant uptake and Cu has the lowest rate constant 

in both bivalves. The uptake rate constant was higher in mussel than in the clams. The 

metal influx rate decreased by 1.6 - 1.8 time for the 3 metals when the salinity was 

increased from 15 ppt to 30 ppt. The effect of salinity of Zn reflux in mussels was 

however, not statistically significant. Relationship of Cd and Zn influx rates with tissues 

dry weight was found to be negative in both bivalves. Cu uptake in mussels was not 

6 




significantly correlated with the body size; however its uptake in clams was significantly 

correlated with body size (Chong and Wang, 200 I). 

The concentration of Cd, Pb, Cu and Zn in two bivalve species (Anodonta sp and Unio 

pictorum) and two gastropod species (Radix ovata and Viviparus sp) were examined in 

moderately metal-polluted Danube River habitats in Vienna. The levels of Cd, Cu and Zn 

concentration in the molluscs exceeded the environmental concentrations bioavailable of 

Ph. High environmental concentration in Danube harbours were poorly reflected by the 

bioindicator species. The gastropods have 20-fold higher concentrations than the bivalves 

and this may indicate a higher Cu regulation capacity of bivalves (Gundacker, 2000). 

Trace metal were studied in two species of Molluscs (Donax trunculus and Chamelea 

gallina) along the Atlantic coast of southern Spain. The results showed that the 

concentrations of Cr, Cu, Pb, Zn, As and Hg in D. trunculus were significantly higher 

than in the C. gallina; but, C. gallina contained more Ni and Cd. Both species showed 

that the most abundant elements were Cu and Zn, while Hg showed the lowest values 

(Usero et al., 2005). 

The accumulation ofCu and Zn in oysters (Crassostrea iredalei and Crassostrea belcheri) 

cultured at two locations at the Merbuk Estuary, Malaysia was studied. The results 

indicated that the Cu levels in oysters reaching marketable size were within the limit of 

40 ppm specified in Malaysia Food Regulation 1985 while Zn levels exceeded the limit 

100 ppm (Lim el al., 1995). 

7 
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Two gastropod species (Rapana venosa and Neverita didyma) and three bivalves species 

(Mytilus edulis, Crassostrea talienwhanensis and Rudi/apes philippinarum) collected 

from eight sites along the coastline of the Chinese Bohai Sea were used as biomonitor to 

determine the concentrations of Cd, Co, Cu, Ni, Pb and Zn. The findings revealed that the 

Crassostrea talienwhanensis possessed a much greater ability for bioaccumulation of Cu 

and Zn than the other species Rapana venosa manifested the most bioaccumulation 

capacity of Cd. Ruditapes philippinarum showed the highest content of Ni. The 

concentrations of the Zn, Cu and Cd in these samples exceeded the maximum permissible 

levels established by WHO (Liang et al., 2004). 

In Rio de la Plata coast, an Asiatic clams were collected at seven sites to assess for the 

magnitude of trace metal pollution in the area. The metal concentrations of Cd, Ni, Cr, 

Mn, eu and Zn in the bivalves were in the range of 0.5 - 1.9 ~g/g, 1.3 - 6.4 ~g/g, 1.3 

11.0 ~g/g, 15.0 - 81.0 ~g/g, 28.0 - 89.0 ~g/g and 118.0 - 316.0 ~g/g respectively. The 

data showed that the concentration of Cu levels in the Asiatic clams was the highest 

because of the major anthropogenic Cu impact. The clams showed a complex pattern due 

to the variability introduced by size-related factors and the natural dymanic of suspended 

parculate matter in the estuary (Bilos et al., 1998). 

Table 2.1 shows the maximum permitted concentrations of metalls in Molluscs/bivalve by 

Food Act (1983) and FAa/WHO limits (Food Act, 1983; Wagner and Boman, 2004). 
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Table 2.1: Maximum permitted concentrations of metals in molluscs/bivalve 

by Food Act (1983) and FAOIWHO limits 

Element 

Cd 

Cr 

Cu 


Pb 


Zn 

F AO limits converted to (/lg/g) 


dry weight 


10 


5 


50 - 150 


5 - 30 


200 - 500 


Food Act (1983) limits 

(mg/kg) 

I 

-

-

30 

-

100 
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CHAPTER THREE 

METHODOLOGY 

Samples collection 

. study was carried out at the sandy beach located at Asajaya (Figure 3.1). 

Laut China Selatan 

S 1 --~~ItO-f!l_ 

S 2 --~~',-:. 

S3--~ 
~--------------~ 

N 

Figure 3.1: Map of the sampling areas (Pang, 1992) 

.Ilm~'lmlgs were done 2 times in the months of October 2005 and January 2006. The 

. IIIlJ)linlg zones were classified into 3 major zones namely low tide, middle tide and 

_tpa ide zone. The GPS reading for the sampling sites are shown in Table 3.1. 
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Table 3.1: GPS reading for the sampling location 

Tidal zones Station GPS reading 

SIA 
NOlO 36' 85.4" 

E 110° 36' 06.1" 

Low tide SIB 
NOlo 36' 53.5" 

E 110° 36' 02.2" 

SIC 
N 01 ° 36' 55.5" 

E 110° 35' 57.3" 

S2A 
N aI ° 36' 36.8" 

E 110° 36' 00.7" 

I 

Middle tide S2B 

I 

I 

N 01 ° 36' 29.2" 

E 110° 35' 56.0" 

S2C 
N 01 ° 36' 20.3" 

E II 0° 35' 51.3" 

S3A 
N 01 ° 36' 03.4" 

E 110° 36' 00.0" 

High tide S3B 
N a1° 36' 06.3" 

E 110° 35' 57.7" 

S3C 
N aI ° 36' 13.2" 

E 110° 35' 52.5" 

II 




-"' 
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.2 Water samples 

• 3 Sediment samples 

.1 Razor clam samples 

razor clam samples were collected using long, wooden stick of four feet in length a 

of limestone powder, ashes and salt (Pang, 1992). Samples of razor clams were 

II~,L"'U and separated into two different size classes according to their shell length 

5.0 cm and 5.0 - 7.0 cm). 10 - 15 individual samples for each classes were 

IID:Uected. After collection, the razor clams were washed with sea water to remove any 

. taclhed sediment before being kept in the labeled glass jar. Then, the samples were kept 

~,~h'r samples were collected manually using 1 L polyethylene bottles. Water samples 

preserved with 10% nitric acid solution (pH < 2) and the water samples were stored 

4°C until analysis (Cheung et ai., 2003). 

_ ,umlent samples were collected around the area inhabited by the razor clam from three 

~1Ft'......nt zones that were lower tide, middle tide and higher tide. Top 20 cm sediment 

_nDlc~s were collected using PVC tubes. The sediment samples were divided into two 

Dliges (0 - 10 em and 10 - 20 cm). Sediment samples were frozen and transported to the 

!hft....t,.,."" and freezed until further analysis (Peerzada and Pakkiyaretham, 1992). Then, 

sediment samples were freeze dried, sieved and ground to a fine powder in a mortar. 

dried grain powders were kept in the desiccator. 
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200 Sen) for dissolved oxygen and Jenway 30(TI) for temperature. Chemical 

demand (COD), total suspended solid (TSS) and biochemical oxygen demand 

and heavy metal analysis were determined according to the following procedures: 

a) Chemical Oxygen Demand (COD) 

Water samples were treated with concentrated sulfuric acid (H2S04) to pH less than 2 

and refrigerated at 4°C. Several boiling stones were place in the reflux flask, followed 

by 50.0 mL of sample or an aliquot diluted to 50.0 mL and 1 g of HgS04. Then, 5.0 

mL of conc H2S04 were added and swirl until the mercuric sulphate has dissolved. 

Reflux flask were placed in an ice bath and added slowly with swirling, 25.0 mL of 

0.025 N K2Cr207. After that, 70 mL of sulfuric acid-silver sulfate solution were added 

to the cooled reflux flask using slow addition with swirling motion. A sample is 

reflux in strongly acidic solution with a known excess of potassium dichromate 

(K2Cr207). After digestion the remaining unreduced K2Cr207 is titrated with ferrous 

ammonium sulphate to determine the amount of K2Cr207 consumed and the 

oxidizable matter is calculated in terms of oxygen (APHA, 1995). The following 

formula was used to calculate the COD reading: 

lation: 


COD, mg/L = (A - B) x Nfe x 800 


S 


Where: A = milliliters of Fe(NH4h(S04h solution required for titration of the blanks 
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B =milliliters of Fe(NH4h(S04h solution required for the sample 


C = nonnality of the Fe(NH4h(S04h solution 


S = milliliters of sample used for the test 


b) Total s\lspended solid (TSS) 


Water samples (250 mL) were filtered through filter paper of 0.45 ~m. The filters 


were dried at 103°C to 105°C in an oven for I hour, cooled in a desiccator to constant 


temperature and weighed to determine the amount of total suspended solid in mg/L. 


The cycle of drying, cool ing, desiccating and weighing were repeated until a constant 


weight is obtained (APHA, 1998). 


mg Total Suspended Solidi L = ( A - B ) X 1000 

Sample volume, mL 

Where: A = weight of filter + dried residue, mg 

B = weight of filter, mg 

c) Biochemical oxygen demand (BODs) 

The water samples were collected using the BOD bottle which was wrapped with 

aluminium foil. At the laboratory, the first reading of DO was taken and then the 

water sample was incubated at 20°C ± 1°C for 5 days. Final DO reading was taken 
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BOD reading: 

after 5 days incubation (APHA, 1998). The following formula was used to calculate 

BODs, mglL = DOj - DOr 


p 


Where: DOj= DO reading on the first day 

DOr = DO reading on day 5 

p = Dilution factor 

determination of heavy metals, the water samples were filtered through 0.45j.lm 

r.mlmulle filter paper. IL of the filtrate will be acidified with 10% nitric acid (HN03) 

pH less than 2. The solution was kept cooled in refrigerator prior to the analysis with 

atomic absorption spectrophotometer (FAAS) Model 3110 of Perkin Elmer. Each 

samples were analyzed in three replicates. 

analysis comprises of organic matter content, pH, particle size analysis and 

metals analysis (Co, Cu, Mn, Pb and Zn). The organic matter content, pH, particle 

anaIy is and heavy metals analysis were determined according to the following 
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