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Determination of Heavy Metals in Razor Clam (Solen sp.) at Moyan and Serpan
Faezah Sinti Henry
Programme of Resource Chemistry
Faculty of Resource Science & Technology
Universiti Malaysia Sarawak

ABSTRACT
Razor clam (Solen sp.) was examined for concentration of heavy metals (Cd, Mn, Cr,
Fe, and Hg) in two different parts, shells and tissues at Moyan and Serpan. The analysis of
razor clams from both sampling sites showed wide distribution in concentration of heavy
metals. Fe was recorded as the most abundant element in tissue while Mn was found higher in
shell samples of razor clams followed by Cr, Cd and Hg at Moyan and Serpan. The
concentrations of Cd and Cr in tissue and shell of razor clams exceeded the levels of
Malaysian Food Act (1983) at both sampling sites. Concentration of Hg in tissue and shell
was below the designated limit. There were no significant difference (P > 0.05) in the
concentration of heavy metals in tissue and shell of razor clams between Moyan and Serpan.
Key words: Razor clam, heavy metals, tissue, shell

A BSTRAK

Ambal (Solen spp.) digunakan untuk menentukan kepekatan logam berat (Cd, Mn, Cr,
Fe dan Hg) dalam dua bahagian yang berlainan, cangkerang dan tisu di Moyan dan Serpan.
Analisis ambai dari kedua-dua lokasi persampelan menunjukkan taburan yang luas dalam
kepekatan logam berat. Fe direkodkan sebagai elemen yang paling dominan dalam tisu
manakala Nln pula banyak terkumpul dalam bahagian cangkerang dan diikuti dengan Cr, Cd
dan Hg di Moyan dan Serpan. Kepekatan Cd dan Cr dalam tiSH dan cangkerang ambal
melebihi piawai Akta Makanan Malaysia (1983) di kedua-dua lokasi persampelan. Kepekatan
Hg dalam sampel tisu dan cangkerang tidak melebihi had yang ditetapkan. Analisis statistik
menllnjllkkan dada perbezaan (P > 0.05) pada kepekatan logam berat dalam sampel tisu dan
cangkerang ambal di antara Moyan dan Serpan.

Kata kunci: Ambal, logam berat, tiSLl, cangkerang
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CHAPTER ONE
INTRODUCTION

1.1 Introduction

Heavy metals are natural compounds of the Earth ' s crust and it cannot be degraded or
destroyed. Heavy metals in the environment can be found in water, air and soil. According to
Shrivastav (2001), heavy metals enter into the water by disposal of metal enriched sewage
sludges and ewage effluents, enter into air by deposition of atmospheric particulates and
enter the soil by products from metal mining processes. Heavy metals are concern in the
aquatic env1ronment, where small amounts of metals are necessary for growth, but at higher
levels can become toxic. The accumulation of heavy metal in tissues of aquatic organisms can
be increased in other organisms through the food chain.

Heavy metals can accumulate in bivalves through it shells and tissues. Bivalves can be
classified as aquatic mollusks. Examples of bivalves are clams, oysters, mussels and scallops.
According to McNevin (2006), tenns of clams classification is species in the order Bivalvia.
There are many types of razor clam found according to their sizes of shells, shapes and
colours. Razor clam lives in the intertidal areas with flat , muddy or sandy to muddy bottom.
Few types of razor clams that can be found around the world are Ensis arcuatus in northwest
Spain (Darriba et aI., 2004), Pacific razor clam (Siliqua patula) in Pacific West Coast and

Solen sp. in Malaysia and Thailand.

Razor clam which is locally known as ambal in Sarawak is long and tubular shells that
can be between three and fifteen centimeters long. It also has soft bottom infaunal marine
bivalves with more or less narrow and a gaping at both ends. According to Pang (1993), razor
clam (Solen sp.) found in Kuching and Samarahan Divisions of Sarawak at the intertidal
sandy beaches. Ambal occurs in western part of Sarawak such as Muara Tebas, Moyan Laut,
Serpan and Asajaya Laut. It also can be found in other area which includes Sematan, Lundu,
Kabong and Kuala Matu.

Bivalves have a high filtration rate and metal accumulation capacity and very
responsive to ambient bioavailable metals (Ng and Wang, 2007). Besides that, heavy metals
can become toxic to aquatic organisms and can cause harmful effects to human health when
human consumes large quantities of aquatic organisms as food . Study by Utgikar et al. (2004)
revealed that, concentration of heavy metals that accumulate and become toxicity in the body
of aquatic organism for recent years due to industrial activities, anthropogenic sources and
discharge of human and animal wastes.

1.2 Statement of Problem

Razor clams are abundantly found in Moyan and Serpan during harvesting periods, the
month of January to March and from September to December. Pollutants from disposal waste,
agricultural fertil izers and other anthropogenic sources will flow into river and eventually
ended up in marine water. Heavy metals are natural constituents of rocks and sediments and
essential for animals and plants in the environment. They can become toxic to the

2

organisms if con umed in excess concentration. Hence, it is crucial to assess the heavy metals

level in aquatic organisms particularly razor clam to evaluate the safety for consumers.

1.3 Objectives

The obje tives of this study were:

a) to d tennine the concentration of heavy metals (Cd, Fe, Mn, Hg, Cr) in the shells
and tissues of razor clams and water samples collected from Moyan and Serpan.

b) to detennine the water quality of water samples namely pH, temperature,
dis olved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen
demand (COD), total suspended solid (TSS) and nutrients contents (ammonia
nitrogen and phosphate)

c) to compare the concentration of heavy metals in razor clam at Moyan and Serpan

?x using statistical analysis.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Heavy Metals and Toxicity

2.1.1 Heavy Metals

Heavy metals are known as natural metallic elements which are used for group name
in metals and metalloids that are associated with pollution and toxicity. Besides that, heavy
metals are an element that have a high density, is toxic, highly toxic or poisonous at low
concentration and belong to the transition group of the Periodic Table (de Vries et ai. , 2002).
According to Martin and Coughtrey (1982), the heavy metals have a density greater than 5
glcm-3. Heavy metals also elements that are required by biota at low concentrations. It can be
toxic or poisonous at high concentration.

Human uptake rich of heavy metal through food from aquatic system which is can
cause damages .to the immune and central nervous system. Excess in uptaking heavy metal
will increase their content in human bodies and cause lung damages. larup (2003) has been
review that heavy metals have been used by humans for thousands of years and several
adverse health effects of heavy metals have been known for a long time. However, metals are
also important as trace elements in food and can maintain the metabolism of human body if it
consume at low concentration.

4
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According to Martin and Coughtrey (1982), the form of heavy metal pollution is
caused by it source which are not only from industrial developments but also from natural
events. The main ources of heavy metals in the environment are from industrial point sources
and diffuse sources. Examples of industrial point sources are mines, foundries and smelters
while for the diffuse sources such as combustion by-products and traffic. Water and air
pollution can also cause accumulation of heavy metals in the environment. The example of
water pollution sources are waste incinerators and lead in household plumbing. Whereas,
sources of air pollution are from coal burning plants and smelters.

The metallic elements can be categorized into two groups which are heavy metallic
elements and the li ght metals (Garbarino et aI., 1995). Examples of heavy metallic elements
are iron, lead and copper, while examples for light metals are sodium, magnesium and
potassium. Such heavy metals that effect on the environment are Chromium (Cr), Copper
(Cu), Lead (Pb), Manganese (Mn), Cadmium (Cd) and Nickel (Ni). The study from De
Gregori et al. (1994), heavy metals have a great ecological significance due to their toxicity
and accumulative behavior is a major role in marine ecosystem.

2.1.2 Toxic Effects of Heavy Metals

Heavy metal are some of the most toxic, persistent and widespread contaminants in
aquatic systems (Carvalho et aI., 1999). Such elements that include in heavy metals are
mercury, cadmium, copper, lead, nickel, zinc, cobalt, chromium and manganese. Most toxic
b

y metals are lead, cadmium and mercury which are attributed to harmful and even lethal

effects

the human body and particularly on the central nervous system. Heavy metals
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contamination increasing

10

manne ecosystems becomes a major concern. Metals that

commonly found in eawater are copper, iron, manganese, zinc, lead and chromium.

Copper is an essential element for both animals and plants and also very toxic. High
levels of copper may exist in some environment because it is widely used in mining,
industries and agriculture. Dojlido and Best (1993) found that copper is mainly used in the
production of alloy with zinc, nickel and tin, as a catalyst in chemical industry, and used as
generators and transformers in the electrochemical industry.

Various nonpolar or cationic

forms of metals, including essential metals such as copper, penetrate cell membranes more
easily than anionic and polar forms (Sunda, 1994). Copper is less toxic to human beings and
as an essential in the diet but excessive amounts can cause illness. According to Aigbavbiere
(2006), copper is a trace element that is needed in the body could cause anemia, liver and
kidney damages, stomach and intestinal problems when present in excess concentration in the
body.

Another heavy metal is chromium which is principle used in metallurgy for plating
and chron:'e

~lloy

production. It also can be used in making pigments for paint, ceramics,

fungicides and textile manufacturing. It is considered important environmental contaminants
because of its toxicity and mobile for human activities. In the previous study by Dojlido and
Best (1993), chromium is an essential element for life and stimulates growth of terrestrial and
aquatic animals if it consume in small concentrations but it is toxic at higher concentration. In
human life, short-term exposure of chromium can irritate the skin while for long-term it can
liver damage. It also can be accumulated in the body tissues of aquatic organisms by
IIUlllve

diffusion (WHO, 1988).
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Lead is not often found as the free metal in nature but it is also present in several
mineral. Generally lead is an insoluble and usually found as a sulfide, oxide and carbonates
ore (Waite, 1984). This makes them less biologically available and so less harmful. Lead has
many application such as used in making storage batteries, radiation shielding, and also used
as a pigments in paints and ceramics. Lead at high concentration can be toxic to marine
organisms like fi sh, algae and invertebrates. In natural water system, lead occurs at low
concentration and it can initiate to water system by mining or leaching. Then, it will
accumulate in the tissues of animals and plants. Lead is toxic to human especially for the
children when they eating lead-based paint from toys. According to Waite (1984), lead
poisoning can causes several well-known but nonspecific illnesses in humans such as
problems in the synthesis of hemoglobin, effects on the kidneys and acute or chronic damage
to the nervous system especially to children.

Manganese is an abundant element of the earth's crust and essential to all forms of
life. It is essential for plant and animal growth. Manganese is used extensively in the steel
industry for making alloys, and it is also found in glass, ceramics, batteries, fertilizers and
fireworks (I?ojUdo and Best, 1993). Leaching from the rocks and soils are the main source of
manganese in natural waters. Manganese also discharges to surface waters from mines and
from industries. Concentration of manganese in water is depending on the nature of the rock
and soil in the catchments of water. If the doses of manganese are increases in surface water,

it will cause toxic to living organisms. Toxic effects can occur in the vicinity of manganese
mines. The symptoms of toxicity manganese are lethargy, oedema and swelling of the brain
(

'lido and Best, 1993).

7

Zinc is the last of the first row transition elements and occurs everywhere and forms
able chelates. Besides that, it also can occur as the native metal and most commonly
occurring of the heavy metals. Zinc is needed in large concentrations by humans and
organisms. Zinc is an essential element for both plants and animals and an important
component of many enzymes (Corbin and Wade, 2004). Zinc can be used in making alloys, in
galvanizing, electroplating and in the production of pigments, paints, cosmetics and
p hotoconductor. It can be toxic at high concentration and can bioaccumulate in some aquatic
organisms such as bivalves. According to WHO (2001), zinc poisoning can result in
gastrointestinal distress, leading to nausea and diarrhea in humans.

Cadmium position in the Periodic Table is between the zinc and mercury. It is present

in water as a divalent cation, insoluble in water but freely soluble in chloride and sulfate salts
and it is mobile in the marine environment (Neff, 2002). Cadmium can be used in industrial
and environmental processes. It is mainly used for electroplating on the other metal to prevent
corrosion and also can be found in plastics, nickel-cadmium batteries and in television sets. In
natural system, it is usually found in low concentration but some time, cadmium is an
tremely tmd.c element. The study from Dojlido and Best (1993), cadmium is very toxic and

Its hannfulness is associated with the readiness that can accumulate in the body. Toxicity of
cadmium increased salivation, vomiting, diarrhea, headache and chest pain. Cadmium caused

a Japanese disease which is characterized by paints in the joints and bones that resulting from
;mUllng activities

(Waite, 1984).

Iron is the second most abundant metal in the earth's crust after the aluminum and one

the most commercially important metals. It is essentially used in steel making, in plastics,

8

electrical materials and medicines. Iron is commonly found in natural waters and in the
sediments of rivers. It is also occurs in the tissue of all living organisms and is essential for
Donnal development. In natural surface waters, metals are from the weathering, leaching of
rocks and soils, from mines and in the wastewater that is from metal foundries and galvanic
plants (Dojlido and Best, 1993).

Mercury is a very toxic metal and the only metal that is in liquid fonn at room
temperature. It is also a global pollutant with complex and unusual chemical and physical
properties. When mercury is introduced into surface waters, it is fonn as metal, the divalent
ion Hg2+, It is found in nature as metal and also it can found in igneous and metamorphic
rocks. The study by Dojlido and Best (1993), mercury used as a catalyst in the chloralkali
industry where brine is hydrolysed to chlorine and caustic soda, as a preservative and a
pigment in the paint industry, in pulp and paper manufacture, in batteries, and in some
medicines. Natural biological processes can cause methylated fonns of mercury which
accumulate and concentrate in living organisms.

2.2 Razor Clam

Razor clam is a type of bivalve that can be found at low water mark in sand or mud.
These clams are razor-sharp, both shells are equal in size and elongated. Razor clams are
, .....!!!J"•••

yopen at both ends. There are few species of razor clam which are Ensis sp., Solen sp.,

,AlU'UUiU

patula and Sinonvacula constricta. According to Tuck et al. (2000), Ensis sp. can be

from the South of Norway to the Mediterranean and North Africa. It occurs with an
vertebrate fauna and grew at a slower rate on the west coast of the Irish Sea than on

9

the coast of North Wales (Fahy and Gaffuey, 2001). While, Solen sp. of razor clam is found
at the intertidal sandy beaches in the Kuching and Samarahan Divisions of Sarawak (Pang,

1993). It is soft bottom infaunal marine bivalves with a long shells that gaping at both ends.

Siliqua patula is an important bivalve mollusk harvested extensively throughout its

range by commercial and sport fisheries. The Pacific razor clam can be found on the broad,
sandy, surf-swept beaches of Washington's outer coast between the Columbia River and Point
Grenville (http://www.ecy.wa.gov/programs/ sealshorelan.html). It has long and narrow shell,
length greater than 7 inches. Quayle and Newkirk (1989) revealed that Sinonvacula constricta

has an important economic value in China.

Razor clam the most found in Sarawak is from Solen sp and local known as ambal
(Figure 2.1). There are three types of ambal that can be found in Sarawak namely Solen
sarawakensis (ambal riong), Solen regularis (ambal biasa) and Solen vagina (ambal jernang).

These Solen sp can be differentiated according to their shell shapes and muscle scars. The
study by Quayle and Newkirk (1989), the periostracum of Solen sp. shell is very apparent and
maintains its identity. It also has both anterior and posterior gapes, one for the foot and one for

the siphon.

Figure 2.1: Amba) (Solen spp)
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.3 Water Quality

Water quality is the physical, chemical and biological properties of water. According
Chen et al. (2007), water quality which is related to solid, liquid and gas wastes are
represents a comprehensive index of environmental quality. Water quality is affected by many
factors which are quality of recharge water, residence time of water tlow system and human

The purpose of conducting water quality study is to quantitative or qualitative the
concentration and measurement of water pollutants that ensure the quality of water sufficient
water uses. Water quality studies also discuss available scientific data on the effects of
Ilutants such as aquatic life, public health and welfare, and recreation (Pontius, 1990).
Another purpose is for standardized water pollution control. The standards water pollution
ntrol can be based on the quality required in the receiving water (Tebbutt, 1992).

There are various types of parameters in water quality study such as pH, dissolved

,"""'17,.., (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total
JU!1J)eI!loe(l solid (TSS) and nutrients. These types of water quality study can be classified into
properties. There are physical, chemical and biological properties.

Physical properties can be used to collect data on physical behaviors of water bodies.
ample of physical properties is temperature. According to Tebbutt (1992), temperature
JDlportant for its effect on other properties such as speeding up chemical reaction. While, in
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the biological properties like toxicity testing are used to measured the quantity and diversity

of different types of aquatic environment.

The chemical properties are more nature than some of the physical properties and
ore immediately useful for assessing the properties of the sample. Such examples of
chemical properties are pH, DO, BOD, COD, TSS and nutrients. pH is one of the most
'important parameter used for tests in water chemistry. DO measure the concentration of
ygen dissolved in water. Dissolved oxygen is required by aquatic organisms and its
centration has long been used as an indicator of water quality (Waite, 1984).

Demand for oxygen may reduce all the available molecular systems and prohibit other
DIO lOgJlcal

process that needs oxygen because of environmental disturbing. Measurement of

and COD are commonly carried out in aquatic system (Csuros, 1994). Nutrients that
lISU8lly used to measure water quality parameter are nitrogen and phosphorus. Nitrogen that
I" ..t1l1lllufonns

in water is nitrite, nitrate and ammonia while phosphorus occurs as phosphate.

Heavy ~tals Accumulation in Bivalves

Bivalves are one of the aquatic organisms that easily uptake the heavy metals either
1IInJW!:h sediment or water and accumulate in their tissues. The heavy metals accumulation

bivalve soft tissues has increased in recent years with respect to biomonitoring of
DWirollullientlal change. According to Farrington et al. (1983) , bivalve mollusks are one of ,the
suitable bioindicators because they are inactive, widespread and have long life span. It

12

The concentrations of heavy metals (Cd, Co, Cu, Fe, Mn, Ni , Pd and Zn) were
IllellSured in the Bivalves (Modiolus auriculatus and Donax trunculus) collected from the
!fi'Dti~1I1

coasts of Mediterranean Sea and Brachiodonates sp. from the Egyptian coasts of

Sea. The average concentrations of the heavy metals analyzed showed that iron was most
ib1JlDd~t

while cadmium was lowest metal for both Mediterranean Sea and Red Sea (el

et al., 2004). Study by Hamed and Emara (2006) evaluated the concentrations of
, zinc, lead, cadmium, chromium, nickel, iron and manganese in water, sediment and

Patella caerulea, and the bivalve, B. barbaratlls, from the western coast of the Gulf of
found that the highest accumulated metals were Fe, Zn and Mn in both Pcaerulea and
, while the lowest one was Cd.

Cadmium distribution was studied in different subcellular fractions of gill and
tissues of eastern oysters Crassostrea virginica where the gill and
_l8l<l.pa4:re.as were divided into organelle fractions and cytosol by differential centrifugation.

et al. (2005) concluded that mitochondria were the main target for Cd
in gills of oyster Crassostrea virginica, whereas in hepatopancreas tissues,
highest cadmium accumulation occurred in lysosomes. According to Gnassia-Barelli et al.
accumulation of Cu and Cd was studied in the clam Ruditapes decussates can disturb
this two metals were measured in the gills, visceral
~d

remainders of the clam.

The study by Beldi et al. (2006) found that variation in concentration of heavy metals

CD. Pb md Zn) was dependent on their seasonal variation in Donax trunculus (Mollusca,
at two contaminated sites in the gulf of Annaba, EI Battah and Sidi Salem. All

13

_lCeJntr,~ti(m

of heavy metals was detected higher at Sidi Salem beach. Zn was recorded as

highest concentration in winter while in summer, the other metals was higher. Marine
are used as essential organisms in monitoring of metals pollution because can be
lCCWIllUUlttnlg

1II"~Ullt.CIl';;U
iIUIlIBItIC

high concentrations of heavy metals in their soft tissues. Ahn et at. (1996)

those baseline heavy metals (Cd, Cu, Zn, Pb and Mn) in various tissues of the

soft-shelled clam Laternula elliptica. For the majority of the metals, significantly

concentrations were measured in the kidney than in any other soft tissues. The kidney
_ . f t f t IIV

accumulated by Cd and Zn concentration.
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CHAPTER THREE
MATERIALS AND METHODS

Samples of razor clam and water were collected at Moyan and Serpan beaches in
SeJ'ternbc~r
JUIltlO[1S

and November 2007 during the collecting season (Figure 3. 1). The sampling

were classified into three major positions namely low tide station, middle tide station

upper tide station. Moyan (Latitude: 1.567 N and Longitude: 110.567 E) and Serpan
\A"""~""'U""

1.567 N and Longitude: 110.583 E) are located at Asajaya and about 45 minutes

UNIMAS. Major activities among local people at these areas are agriculture and
Moyan and Serpan beaches were surrounded with mangrove trees.

Muara Tebas

x Sampling
location
I

Asajaya

N

t
Figure 3.1: Location of sampling sites
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or Clam Collection

The razor clam were collected using long, elongated and slender stick of 4 feet in
mixture of limestone powder ashes and salts and the range in shell length of razor

8

is between 3.0cm and 7.0cm. Immediately after collection, the samples were washed
eawater to remove sediment before being kept in the labeled container and then kept in

_mig box and

transported to the laboratory. Shell length was measured by using vernier

_ ...,- (Model CD-1SCP).

Water Samples Collection

Water samples were collected at one-third the depth of the seawater. Water samples
ept in acid washed polyethylene bottles. Then, water samples were filtered through the
pm membrane filter and acidified with concentrated nitric acid to a pH of 2. The
....uu......

~j>les

were kept at 4°C for metal analysis (Lau et aI., 1998).

Razor clams samples were thawed and then washed with tap water and deionized
to remove any extraneous material. Tissues of the razor clam were removed from the
ues and shells were washed with deionized water and oven-dried by using 70°C for
After that, the dried samples were ground to fine powder using pestle and mortar.
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