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Abstract: Heavy metal levels were investigated in different tissues of razor clam (Solen regularis) and
sediments collected from Moyan and Serpan, Sarawak. Analysis of elements, Cd, Mn, Fe, Cr and Cu were carried
out in soft tissues, gills, siphon, foot and whole tissues of razor clams (Solen regularis) using Flame Atomic
Absorption Spectrophotometer (FAAS). Accumulation pattern in different organs varied with metals and
sampling sites. Fe occurred in elevated concentration in sediments (741.8-989.0 mg/kg) and this was also
reflected in razor clams (Solen regularis). Siphon and foot recorded highest Fe at Moyan and Serpan
respectively. Concentration of Mn did not show no major variations in the organs analyzed at both sampling
sites. It was found to be highest in gill (92.5mg/kg) at Moyan and siphon (77.3 mg/kg) at Serpan. The levels of
Cr in razor clams (Solen regularis) ranged between 22.4 and 36.7 mg/kg and 26.1 and 34.4 mg/kg at Moyan and
Serpan respectively. Cu in razor clams varied from 5.2 - 8.1 mg/kg at Moyan and 5.6 - 12.4 mg/kg at Serpan. Cd
was found  to be in the least concentration both in sediments (0.7-3.0 mg/kg) and razor clams (0.5-1.2 mg/kg).
Statistical analysis showed no significant difference (P>0.05) in metal concentrations in razor clams between
Moyan and Serpan. The bioaccumulation factor (BAFs) of Cd, Fe, Cr Cu and Mn in whole tissue of razor clam
in relative to mean metal concentrations in sediments was measured. The BAFs results revealed the following
descending orders: Cr > Fe > Mn > Cd > Cu. The discrepancy in heavy metal concentrations found in razor clam
could be due to the environmental conditions and biological cycle. 
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INTRODUCTION for heavy metals pollution due to their ability to

Razor clam (Solen spp) is a commercial species feeding  bivalves  capable  to  accumulate  heavy metals
which can be found in estuarine sand flats of Sarawak. in  their  tissues  and  numerous studies were attributed
The intertidal sandy bars along the beaches in Muara for  this purpose. Blue mussel Mytillus edulis, Manila
Tebas, Asajaya  Laut,  Sambir,  Buntal,  Moyan and clam Ruditapes philippinarum, and Asiatic clam have
Serpan  are  well-known  harvesting sites in Sarawak. been utilized for  heavy  metals  pollution  monitoring  in
Razor  clams (Solen spp.) are soft  bottom  infaunal various countries [3-7]. The sessile natures, mode of
marine bivalves  with  more or less narrow and long feeding, ability to accumulate contaminants from the
shells, with  gaps  at both ends. Razor clam in Sarawak environment  and availability for human consumption
belongs  to the genus Solen. Three types of razor clams were reported as the criteria for bivalves to act as
in Solenidae family include Solen regularis, Solen indicators [8-9]. 
sarawakensis  and  Solen  Digitalis [1]. This filter-feeding In contrast to wide publications which report the
organism  obtains  some of its food from overlying water. utilization of various bivalve/mollusk a limited number
The filtering organ, siphon is associated with the ability report the utilization of razor clam as biomonitor for heavy
of  feeding by passing  water  through  structures  retain metals pollution. Study done by Peerzada et al. [10]
particles according to size and shape [2]. revealed that accumulation of manganese in razor clam

Marine organisms such as oysters, mussels, cockle was the highest compared to other types of clams and
and  clams  have  been widely employed as biomonitors oysters   studied  and suggested  that it could be used as

accumulate metals without harming themselves. Filter
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a bioindicator of manganese in tropical environment. Surface sediment samples (0-20 cm) inhabited by razor
Razor  clam  Pinna  bicolor  in  Australia  was  assessed clams were sampled. The weight of the clams from each
as potential indicator species [11-12] whereas the site was also taken. The razor clam samples were thawed
mariculture of razor clam (Sinonovacula constricta) in and  washed  with  tap  water  and distilled water to
China  was  reported  by  Chen  et  al. [13]. In Sarawak, remove sediment and debris. The gill, foot, siphon, and
few  preliminary  studies  were  carried   out.  Water tissue were dissected using plastic knife to avoid any
quality findings at  Asajaya  Laut  and  Kampung  Buntal contamination.
revealed the suitability of these environments for the All  the separated parts were dried at 60°C and
growth of razor clams [14]. Preliminary work was also ground into fine powder using Teflon mortar.
carried out to screen heavy metals levels in razor clam Approximately  1-2  gram  of  homogenized sample was
tissues, shells and sediments at Muara Tebas and acid  digested  with  6  mL  of  concentrated  nitric acid
Asajaya Laut [15]. Studies on razor clam (Solen sp. and and 1 mL of hydrogen peroxide for 1 hour except shell.
Solen brevis) by Pang [1] focused on the biological and Shell sample was digested with 2 ml concentrated nitric
fisheries related aspects in Sarawak. acid, 5 ml concentrated hydrochloric acid and 1 ml of

The objective of this study was to evaluate the hydrogen peroxide [16]. After cooling, solutions were
heavy  metals (Fe, Mn, Cr, Cu, and Zn)  in  different made up to constant  volume  of  50 mL. Air-dried
tissues in razor clam (Solen regularis) and in sediments sediment  sample  was digested with 4 ml of 35% nitric
collected from two areas, Moyan and Serpan. It is acid (HNO ) and  8  ml  of 10% hydrochloric acid (HCl)
important to study metal levels in tissues in order to [17].
estimate  the  quantities  that enter to human body as Heavy  metal  concentrations  (Fe, Mn, Cr, Cu, Cd
razor  clam  is  a  famous seafood item among locals. The and Zn) were analyzed using Flame Atomic Absorption
dwelling habit into sediment exposes clam and enable Spectrophotometer (FAAS). Fresh working standard
them to accumulate metal. Heavy metals adsorbed onto solutions  were  prepared  using  AAS stock solution
suspended organic and inorganic particles can be (1000 ppm). Acid  blank  for  every  batch  was  analyzed
reflected  in sediment analysis. Hence, sediments were to evaluate  any  contamination. Quality  control  was also
also sampled to provide better insight of heavy metals ensured by means of dogfish liver standard reference
pollution in these areas. material (DOLT-2, NRC-CNRC, Canada) which was

MATERIALS AND METHODS samples. The results of the standard reference material

Samples Collection and Analyses:   Razor    clams (in  µg/g  dry  weight)  (Table 1)  (results  presented in
(Solen regularis)  (shell  length  of  5-7  cm)  was collected µg/g  for  comparison  purpose). However, concentrations
from sandy  beaches  of  Moyan  and  Serpan,  during in  real  samples  analyzed  in  this  study  were reported in
the  period  of  September  2007-  December  2007  based mg/kg  dry  weight. 
on their availability of samples (Fig. 1). Composite
samples of  15-20  specimens  with similar shell length Statistical Analysis: Statistical analysis was performed
were  collected   randomly   from   each   site   at  low  tide using one-way ANOVA using SPSS  version 14.0 to check

3

analyzed according to the same procedures as the

were  in good   agreement   with   the   certified   values

Fig. 1: Location of Moyan and Serpan
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Table 1: Comparison of metals concentrations (µg/g dry weight) in dogfish

liver (DOLT-2)  determined in this study with certified values

Metal Cu Fe Cd Mn

Certified value 25.8±1.1 1103±47 20.8±0.5 6.88±0.56

This study 24.4±0.8 1099±32 19.6±0.8 6.25±0.48

for  significant  difference  between  metal  concentrations
in  different  tissues  at  Moyan and Serpan. The level of
significant  test  was  set  at P<0.05. 

RESULTS AND DISCUSSION

The mean concentrations of heavy metals for each
organ and range of heavy metal levels in sediments are
shown in  Table  2. Fe was found to be generally high in
all organs analyzed with the highest concentration
recorded in  siphon  (359.7  mg/kg) of razor clams sampled
in Moyan and foot (832.8 mg/kg) razor clams from Serpan.
Fe was also the most abundant element occurred in
sediment at both sampling areas with higher contents at
Serpan. This could be due to the abundance of this
element in substrate/sediment and also indicating the
natural capacity to regulate and accumulate elevated
concentration  of  Fe.  The  other  essential  metal, Mn
was also found to be high in all the organs. Mn was
highly accumulated in gill (92.5 mg/kg) at Moyan. In
respect  to Serpan, highest value of Mn occurred in
siphon  (77.3 mg/kg) and lowest in tissue (48.9 mg/kg).
The concentration of Mn in different organs analyzed
from Moyan and Serpan showed uniform levels with no
major variations. In sediments, it ranges from 252.8 at
Moyan to 512.2 mg/kg at Serpan.

Mean levels of Cu ranged between 5.2 and 8.1 mg/kg
and 5.6 and 12.4 mg/kg at Moyan and Serpan respectively.
The   concentration  of   Cu   was   relatively  lower  when

compared to Malaysian Food Act 1983 (30 mg/kg). The
siphon contains highest level of Cu in Moyan while at
Serpan  the  highest  level of Cu encountered in gill. On
the other hand, highest value of Cu in sediments was
recorded in Serpan (274.0 mg/kg) while the lowest one at
Moyan (180.6 mg/kg). Cu is also an essential metal and
involved in enzymatic systems and can be regulated.
Concentrations of Cr in razor clams varied from 22.4-36.7
mg/kg and 26.1-34.4 mg/kg at Moyan and Serpan
respectively. In the case of Cd, it was found to be the
least abundant element in sediments and also in razor
clam. Concentration of Cd in the analyzed organs in
Moyan and Serpan ranged from 0.5-1.1 mg/kg and 0.6-1.2
mg/kg respectively with lowest concentrations in tissue.
The abundance of Cd in nature is low. Comparing the Cd
concentration obtained in this study with Malaysian Food
Act [18], it can be observed that Cd slightly exceeded the
permissible limit 1 mg/kg. This could be due to fertilizer
application in farmlands are transported to the estuaries
by leaching and erosion as agriculture is also an important
activity of the village folks besides fishing. According to
Li et al. [19] bivalves do not regulate Cd usually
accumulate this element. Hence, razor clams might not be
able to regulate Cd in their body. The levels of Cr were not
variable between different tissues analyzed at both
sampling sites. Concentration of Cr varied between 24.6-
46.7 mg/kg at Moyan and 36.1-44.4 mg/kg at Serpan with
the highest level in siphon.

Statistical analysis showed no significant difference
(P>0.05) in heavy metal concentrations between Moyan
and Serpan. A comparison of heavy metals
concentrations amongst the analyzed organs showed that
siphon contains higher level of all metals analyzed (except
Mn) at Moyan. This can be explained by fact that siphons
acting as the food filtering organ constantly filtering large

Table 2: Mean concentration of heavy metals in different tissues of razor clam and range of heavy metals in sediments at Moyan and Serpan
Concentration (mg/kg)
-----------------------------------------------------------------------------------------------------------------------------------------------

Sampling area Cd Mn Cr Fe Cu
Moyan Tissue 0.5±0.23 67.3±9.52 24.6±3.50 307.3±38.3 5.2±0.85

Foot 1.1±0.14 54.4±10.8 30.9±4.25 228.4±41.2 6.4±1.52
Siphon 1.0±0.35 69.7±12.7 36.7±6.58 359.7±29.6 8.1±1.56
Gill 0.8±0.22 92.5±22.4 22.4±5.41 158.6±20.4 7.3±2.15
Sediment 1.9-2.8 252.8-420.1 34.0-41.5 741.8-965.5 180.6-210.4

Serpan Tissue 0.6±0.41 48.9±13.4 26.1± 6.23 540.0±26.7 6.5±1.33
Foot 0.7±0.29 62.7±15.9 31.7±3.85 832.8±45.8 7.7±2.35
Siphon 1.2±0.0.25 77.3±10.8 34.4±5.11 246.1±14.6 5.6±0.26
Gill 1.0±0.35 68.9±13.9 29.6±5.58 786.1±53.1 12.4±4.86
Sediment 0.7-3.0 316.2-512.2 40.2-45.5 965.3-989.0 206.7-274.0

Malaysian Food Act 1 - -  - 30
(1983) (mg/kg) 
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Table 3: Bioaccumulation factor, BAF of heavy metals in whole tissue of razor clam relative to sediments

Mean metal concentration Mean metal concentration
Sampling site Metal in sediment (mg/kg) in whole tissue (mg/kg)  BAF(%)

Moyan Cd 2.2 0.7 31.8
Fe 868.5 593.8 68.4
Cr 37.3 28.3 75.9
Cu 195.6 8.6 4.4
Mn 315.0 157.1 49.9

Serpan Cd 2.6 0.6 23.1
Fe 972.4 614.7 63.2
Cr 42.1 30.5 72.5
Cu 247.4 9.4 3.8
Mn 458.5 144.5 31.5

volume of water tend to be exposed and accumulate more and anthropogenic sources, other environmental
pollutants compared to other organs. However in conditions such as pH and salinity and also the
contrast, no general trend of accumulation was observed physiological condition of razor clams. Comparison of
at Serpan. High variability in trace metals levels observed heavy metals in different organs at Moyan and Serpan
at these two sites and this seems to be the general demonstrated  different  patterns  of  accumulation. Fe
scenario  in filter-feeding organisms. Differing results and Mn was found to be enriched in the razor clam
have been reported for the heavy metals distribution in samples and the least abundant element was Cd. Heavy
different  clam  species  [20,  19].  The accumulation metals were generally found to be scattered in different
results  represent  an integration of constantly changing tissues  of  razor  clam collected  from  Serpan. However
or  fluctuating environment. Metal concentrations in in Moyan, siphon contains higher level of all metals
clams can be explained by changes in environmental analyzed (except Mn) while there was no obvious
conditions, biological activity and cycle [21]. Bilos et al. accumulation pattern at Serpan. Serpan exhibited higher
[6] reported that high variability of heavy metals in concentration  of metals in sediments compared to
sediments or suspended particulate matter are due to Moyan. However, statistical analysis showed no
water dynamics such as influences of tides, water significant difference (P>0.05) for metals concentrations
discharge anthropogenic input. at  Moyan and Serpan. The permissible limits stipulated

Table 3 represents the percentage of bioaccumulation by  Malaysian  Food  Act (1983) were only available for
factor (BAF) of Cd, Fe, Cr Cu and Mn in whole tissue of Cu and Cd. This does not permit comprehensive
razor  clam  in  relative  to  mean  metal  concentrations in comparison between the present results with the Food
sediments. The The findings showed that BAFs varied Act. Cd was slightly higher than the permissible limit
between elements. The bioaccumulation factor was while  Cu  was  within  the limit. As for the BAFs values,
calculated according to the formula given by Chen [22]: it differed between elements. 
BAF = metal concentration (mg/kg dry wt) in whole
organism/metal concentration (mg/kg dry wt) in sediment ACKNOWLEDGMENT
x 100. The BAFs of Fe and Cr showed the highest
percentages of the other elements. The highest Cr-BAF The authors would like to thank financial support
was 75.9% at Moyan while the highest Fe-BAF was 68.4% from University Malaysia Sarawak, grant No.
at Moyan. The lowest BAF was for Cu which was 4.4% 01(K01)/542/05(41).
and 3.8% at Moyan and Serpan respectively. According
to the BAFs values, the descending orders of BAFs were REFERENCES
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