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Trace metals and rare earth elements (REEs) in the soft tissue of rocky shore Rock Oyster, Saccostrea
cucullata, along the east coast of Peninsular Malaysia were determined. Significant inter-spatial variations
( p < 0.05) in trace metals and REEs were recorded. Significant positive correlations ( p < 0.01) were
found among REEs concentrations. A few significant correlations were found for trace metals and REEs.
Average distribution of metals indicated that Johor State had the highest concentrations compared with
Pahang and Terengganu for all metals, except for Pb and Cu. This could most likely be attributed to the
highly urbanized and industrialized activities such as sewage discharge.

The metal accumulation patterns in the oyster indicated enrichment of essential metals. Sites with
relatively high concentrations of the contaminant metals Hg, Cu, Pb and Zn were related to their close
proximity to industrial and urban sites or to boating and aquaculture activities. Relative enrichment of
Cu, Pb and Zn in oysters in the whole study even from relatively pristine areas is thought to be derived
from natural sources as these metals are significantly correlated to REEs distribution. The distribution of
REEs show close similarity between all sampling sites, suggesting that they are of similar origins. In all
sites, typical saw-tooth chondrite-normalized patterns were observed, which strongly suggested the REEs
bioaccumulated in oyster tissues is derived from geogenic sources. Typical deviations from this pattern
were found for Ce and Eu and could be explained by their redox chemistry. Results of light to heavy
REEs (LREE/HREE) ratios suggested REEs fractionation in coastline marine environment produced more
light REEs and less heavy REEs absorbed in the soft tissue of S. cucullata. The ratio of La/Yb in the
oyster of 27.3 was remarkably similar to Terengganu River basin soil of 33.0 and to Terengganu River
sediment of 27.6. Comparison of metal concentration with maximum permissible limits of toxic metals in
food established in different countries, as well as Malaysian Food Act 1983 and Food Regulations 1985
Fourteen Schedule, indicated values were well within safety levels, except for Cu and Zn. Along with its
wide distribution on rocky shore areas along the east coast, the present results of trace metals and REEs
recorded in soft tissue of S. cucullata collected from 14 sites along the east coast of Peninsular Malaysia
served as baseline data for future reference.
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Introduction

Heavy metals may transform into persistent
metallic compounds with high toxicity, which can be
bioaccumulated by organisms, magnify in the food
chain and threaten human health (Zhou et al., 2008).
All aquatic invertebrates can accumulate trace met-
als in their tissues whether or not these metals are
essential to metabolism. Biomonitoring is a tech-
nique for assessing environment response including
human exposures to natural and synthetic chemi-
cals, based on analysis of an individual organism’s
tissues.

Oysters have become widely used for monitor-
ing contamination in coastal and estuarine ecosys-
tems as in the “Mussel Watch” programs (UNEP,
1993). Mussels are ideal organisms for environ-
mental monitoring of trace elements due to their
wide geographical distribution, abundance, seden-
tary habit, tolerance to high concentrations of most
environmental contaminants and their high biocon-
centration factors for pollutants (Amin et al., 2006;
Zhou et al., 2008). The use of bivalve and gastropods
bioindicators to study pollution in the Malaysian en-
vironment has received much attention (Amin et al.,
2006; Shazili et al., 2006; Yap et al., 2009). Sev-
eral studies on S. cucullata related to biomonitoring
aquatic pollution has been carried out in Malaysia
(Sivalingam, 1979; Shazili et al., 1995; Yap et al.,
2010), yet little or no information exists on REEs
distribution and behavior in S. cucullata.

According to Shazili et al. (2006), information
on the levels of heavy metals pollution on the east
coast of Peninsular Malaysia is scarce and limited
to a small number of studies. Most of the coastal
resources, agriculture, economic activities and hu-
man population are concentrated on the west coast
of Peninsular Malaysia; thus most of the studies on
heavy metals have been focused in this area (Abdul-
lah et al., 1999).

REEs is a group of elements whose chemical
properties change systematically and have been
proven as a tool for investigating paleoclimatic
environment, provenance, erosion processes, en-
vironmental regulation and soil-water interactions
(Milliman and Meade, 1983; Bau et al., 1997; Yang
et al., 2007). The intensive use of REEs in the
recent technological industry resulted in substan-
tially higher amounts disposed in the environment
(Costas et al., 2010). REEs have been proven to
being accumulated by biota and have toxic effects
similar to heavy metals (Riondato et al., 2001). As

a result, there is risk of REEs entering the food
chain which lead to the need for the monitoring of
REEs in Malaysian coastal waters with regards to
human health.

The objectives of this study are to investigate
the bioavailabilty and degree of exposure of heavy
metal and REEs in soft tissue of S. cucullata at
different rocky shore locations along the east coast
of Peninsular Malaysia and provide baseline data
especially for the REEs for the east coast region of
Malaysia.

Methodology

The east coast of Peninsular Malaysia is 957 km
and stretching from Kota Bharu in the north to Johor
Bharu in the south (Rezaee et al., 2009). Fourteen
sites included pristine and recreational sites as well
as sites in the proximity of industrial and urbanized
areas (Figure 1) were selected so as to provide a
wider range of information on bioaccumulation pat-
terns in relation to environmental status. Only sites
having abundant Rock Oyster population on natu-
ral rocky structures were sampled. Sampling on all
sites were done within a period of 10 days in order
to avoid possible seasonal changes in metal content
in the oysters.

About 10–15 individuals of Rock Oyster with
relatively similar size were hand collected during
low tide in May and June 2009. All samples were
placed in plastic bags, sealed, labelled and stored
on ice for transportation to the laboratory. At the
laboratory, the samples were rinsed with running
Milli-Q water (18.2 �) to remove sediment and salt
particles. Samples were stored frozen at −20◦C un-
til further analysis. After thawing at room temper-
ature, samples were extracted from their shells. In
order to evaluate the water content and conversion
factor, wet weight of samples were recorded. Ex-
tracted soft tissues were freeze dried at −48◦C for
3 days before being weighed again for dry weight
calculation. Freeze-dried samples were pulverized
to a homogenous powder using porcelain mortar and
pestle. Powder sample was stored in a dessicator at
room temperature until required for analysis.

The analytical procedure used to measure the
metals concentration in oysters was based on
Azlisham et al. (2009) with little modification. Anal-
ysis of heavy metals and REEs were carried out us-
ing an Inductive Coupled Plasma Mass Spectrome-
ter (ICPMS) Perkin ELMER ELAN 9000. The con-
centration of metals in samples was blank corrected
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Figure 1. Map showing 14 sampling sites along the east coast of Peninsular Malaysia.

and expressed as μg g−1 dry weight. Mercury con-
tent was analyzed by direct analysis of the freeze-
dried samples using MA-2 Mercury Analyzer. All
the glassware and equipment used were immersed
in 10% nitric acid (HNO3) solution for at least 24 h
prior to sampling and laboratory analysis. The qual-
ity of method used was checked and confirmed in a
separate comparative study of metals in a standard
reference material, Lobster Hepatopancreas TORT-
2, National Research Council of Canada. Recover-
ies were as follows: 92.30% for Hg, 113.57% for
Pb, 97.31% for Cd, 85.56% for Cu, 86.54% for Zn,
81.80% for Mn, 94.30% for Fe, 96.53% for Co,
88.59% for Se and 82.60% for Sr.

SPSS (Version 17.0, SPSS Inc., Chicago, IL,
USA) was used for determining statistical data in-
cluding descriptive statistics (mean and standard
deviation), one-way analysis of variance (ANOVA)
and Pearson’s correlation coefficient. ANOVA and
Duncan’s post hoc test was employed for assessment
of variation and significant differences observed be-
tween metals and REEs concentration in different

sites. The strength and direction of the relationship
between elements in S. cucullata was elucidated
using Pearson’s correlation. All comparisons were
made at least at the 95% ( p < 0.05) and 99% ( p <

0.01) level of significance.

Results

Concentrations, expressed on a dry weight basis
(μg g−1), for Hg, Pb, Cd, Cu, Zn, Mn, Fe, Co, Se,
Sr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb and Lu, together with the total contents of REEs
(�REE), light REEs (�LREE) and heavy REEs
(�HREE) are presented in Table 1. Figure 2 shows
chondrite-normalized plots for the REEs in the soft
tissue of S. cucullata from 14 sampling sites along
the east coast of Peninsular Malaysia. There are
significant differences between concentration of
Hg, Pb, Cd, Cu, Zn, Mn, Co and Se among sampling
sites ( p < 0.05). Table 1 indicated that soft tissue of
S. cucullata from Tanjung Balau contained the
highest concentration of Hg, Cu, Zn, Co and Se
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Figure 2. Chondrite-normalized plots for the REEs in the soft tissue of Rock Oyster, S. cucullata from 14 sampling sites along the
east coast of Peninsular Malaysia.

with 0.53 μg g−1, 256.38 μg g−1, 5277.33 μg g−1,
0.42 μg g−1 and 6.83 μg g−1, respectively. Oysters
from Sedili Kechil and Sungai Rengit have the
highest values of Cd, Sr, Mn and Fe with 4.37 μg
g−1,168.65 μg g−1, 10.92 μg g−1 and 1788.04 μg
g−1, respectively. Highest value of Pb in oyster
was revealed from Tanjung Gelang populations
(4.38 μg g−1).

The pattern of metal occurrence in the oyster tis-
sue decreased in the order of Zn > Fe > Cu > Sr
> Mn > Se > Cd > Pb > Hg > Co. From this pat-
tern, it shows that Zn (339.44–5277.33 μg g−1), Fe
(136.22–1788 μg g−1) and Cu (84.12–256.38 μg
g−1) were the most abundant elements with Cd
(0.99–4.37 μg g−1), Pb (0.24–4.38 μg g−1), Hg
(0.08–0.53 μg g−1) and Co (0.08–0.42 μg g−1),
are the least abundant. Significant positive correla-
tions ( p < 0.01, p < 0.05) from the 14 sampling
sites along the east coast of Peninsular Malaysia
were found for pairs Hg-Cu, Hg-Zn, Hg-Co, Hg-
Se, Cd-Cu, Cd-Zn, Cd-Se, Cu-Hg, Cu-Zn, Cu-Co,
Cu-Se, Zn-Co, Zn-Se, Co-Cd, Co-Fe and Co-Se. It
has been found that Mn and Fe in studied soft tissue
only showed significant positive correlations ( p <

0.01) with each other. No negative correlation was
discovered.

The �REEs concentrations in soft tissue of S.
cucullata varied from 0.97–57.23 μg g−1. Ce was
the most abundant with 7.24 μg g−1 while Lu was
the least abundant (0.01 μg g−1). Highest �REEs
concentration was recorded in oyster populations
from Sungai Rengit, Mersing and Kampung Tan-

jung Batu with 52.63 μg g−1, 57.23 μg g−1 and
42.08 μg g−1, respectively. The lowest �REEs were
measured from Teluk Cempedak (0.97 μg g−1). Sig-
nificant differences were found between concentra-
tion of all REEs among sampling sites ( p < 0.05).
REEs may be divided into two groups; the incompat-
ible light REEs (LREE; La–Sm) and the selectively
compatible heavy REEs (HREE; Eu–Lu) (Rezaee
et al., 2009). In general, the abundance follow the
order of Ce > Nd > La > Sm > Pr for the LREEs
and Gd > Dy > Er > Eu > Tb > Yb > Ho >

Tm > Lu for the HREEs. The mean values of
�LREEs and �HREEs were 15.74 and 2.03 μg
g−1, respectively, indicating LREEs enrichment over
HREEs. All REEs were found to yield strong pos-
itive correlation among each other. The chondrite-
normalized REEs pattern in soft tissue of S. cu-
cullata (Figure 2) indicated patterns that are gener-
ally having higher LREEs concentrations, smooth
downward pattern and depletion in HREEs concen-
trations. In LREEs, negative Ce anomaly was only
observed at Kampung Tanjung Batu. Negative Eu
anomaly in all sites was clearly noted. The saw-
tooth chondrite-normalized pattern in each sample
was similar to one another although the concentra-
tions of REEs in each station were different.

Discussion

The accumulated concentrations in a biomoni-
tor are a direct reflection of the bioavailability and
contamination of the sampling sites because they
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bioaccumulate metals in their tissues in proportion
to the degree of environmental contamination from
water, suspended particle matters, sediments and
through food chains (Blackmore and Morton, 2001).
Sampling of S. cucullata in different locations but
within the same period characterizes the spatial vari-
ations in the samples. Specimens inhabiting Tanjung
Balau that was characterized by the greatest con-
centrations of Hg, Cu, Zn, Co and Se may be due to
anthropogenic factors influenced by human activ-
ities instead of natural origins of the metals. This
area is adjacent to a resort vacation area and fishing
landing jetty with heavy fishing boat traffic. The use
of Zn block in fishing vessels and Cu leachate from
the antifouling paints of boat with semi-enclosed
topography of Tanjung Balau would have resulted
in enhanced metal concentrations in coastal waters.
Also, the release of scrap metals and paint residues
from boats are sources for Zn and Cu (Goldberg,
1976) while anthropogenic sources of Se are oil
combustion and sewage effluent (Maher and Batley,
1990; Kirby et al., 2001).

It is evident that Pb concentration in soft tissue
from Kampung Tanjung Batu and Tanjung Gelang
specimens was higher by approximately one order
of magnitude compared with those from other sites.
High values related to Tanjung Gelang can be un-
derstood as it is located in the vicinity of industrial
complexes. Effluents from the nearby domestic and
industrial inputs flow through this area through large
drains discharging directly to the sea. Kampung Tan-
jung Batu site may be considered a pristine area,
however pollution at this area are probably derived
from the organic wastes discharged from a mas-
sive shrimp culture complex nearby. Heavy metal
such as Pb contamination has been found to orig-
inate from aquaculture activities (Yap et al., 2002)
and organic wastes discharged from fish farms were
found to have impacts on the water quality around
fish culture zones (Wu et al., 1994; Yap et al., 2003).

Generally, the average distribution of metals indi-
cated that sampling sites in the state of Johor showed
higher concentration than Pahang and Terengganu.
This is probably due to the higher urbanization and
industrialization in Johor. High concentration can
often be attributed to anthropogenic activities be-
cause they are found at locations where human pop-
ulation is high. However, there are many instances
showing areas where metals were at high concen-
trations for purely natural reasons and were not evi-
dence of contamination (Jeng et al., 2000). This also

explains the discovery of unexpectedly high metal
levels in chosen pristine areas in this study.

The inter-spatial variation has been reported for
S. cucullata taken from sampling sites similar to the
previous study along the east coast of Peninsular
Malaysia (Shazili et al., 1995) and from other coun-
tries around the globe (Burdon-Jones and Klumpp,
1979; Phillips, 1979; Denton and Breck, 1981;
Fowler, 1988; Chu et al., 1990; Fowler et al., 1993;
Denton et al., 1999; Blackmore, 2001; Mora et al.,
2004; Cheung and Wang, 2008). The concentration
data obtained for soft tissue in Pb, Cd, Cu and Zn
were comparable with those collected in the simi-
lar sampling sites by Shazili et al. (1995) but the
present Pb and Zn data showed increasing values
from the previous measurements. Comparison with
other countries indicated that Co concentration were
within the same range. High concentrations of Hg,
Pb and Zn were found in this study with Zn having
comparable concentration with S. cucullata from
Hong Kong waters and Apra Harbor, Guam. Cd and
Cu concentration in this study is considered low
in comparison with other studies. This observation
led to the conclusion that sampling sites within this
study were not polluted.

The pattern of trace metals accumulation (Zn >

Fe > Cu > Sr > Mn > Se > Cd > Pb > Hg >

Co) revealed enrichment of the essential metals Fe,
Zn and Cu in soft tissue compared with the other
metals. Fe, Zn and Cu are well-known essential el-
ements for filter-feeder organisms including oyster.
Ferritin, the most important Fe storage and detox-
ification protein, has been isolated from S. cucul-
lata in a study by Webb et al. (1985). Oysters ac-
cumulated high concentration of Zn in detoxified
granules while mussels excreted high accumulated
Zn in granules from the kidney, making oysters
strong accumulators of Zn (Amiard et al., 2008).
Furthermore, high Zn concentration in S. cucul-
lata was derived from its efficient dietary assimi-
lation and its exceedingly low rate of Zn efflux (Ke
and Wang, 2001; Wang et al., 1999). This explains
the high Zn concentration determined in the study
(1800 μg g−1). High metal body concentrations in
S. cucullata are in conjunction with their feeding
behaviour of passing a large amount of water over
gills and the organisms ingesting potentially metal
rich particles.

Strong positive correlation ( p < 0.01) among
REEs is considerably natural as REEs are very sim-
ilar in their chemical and physical properties and
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they are expected to be similar as well in their dis-
tribution in biological tissue. The contaminant met-
als Cd, Pb and Zn are significantly correlated ( p <

0.05 and p < 0.01) with REEs and thus suggests
that these metals are probably non-anthropogenic in
origin. The relationship found between some of the
metal pairs might derive from a competition or an
additional effect on the metal binders at the cellular
level (Wright, 1995).

In comparison with the permissible limits set
by the Malaysian Food Regulations 1985 Four-
teen Schedule for Cd (1.00 μg g−1 wet weight),
Cu (30.0 μg g−1 wet weight), Pb (2.00 μg g−1

wet weight) and Zn (100 μg g−1 wet weight), Cu
and Zn were found to exceed the limits. They also
exceeded the recommended guidelines for Cu and
Zn set by the Commission Europe (CE, 2006), the
Hong Kong Environmental Protection Department
(HKEPD, 1997), the Food Standards Australia New
Zealand Authority (FSANZ, 1996), the Australian
Government (2006), the Food & Drug Adminis-
tration of the United States (USFDA, 1990), the
Brazilian Ministry of Health (ABIA, 1991) and
the limits established by the Ministry of Public
Health of Thailand (MPHT, 1986). However, Cd
and Pb from all populations were lower than the
limits.

Chondrite-normalized values display a saw-tooth
pattern which strongly suggests that the REEs ac-
cumulated by the studied oyster is geogenic in ori-
gin. However, some anomalies in the REEs distribu-
tion in the oysters are further discussed with respect
to possible contamination from human activities.
Chondrite has been used for normalization of REEs
because bulk composition of the earth is assumed
to be close to that of chondrite meteorites which
represent the primordial earth (Ohde and Matara-
gio, 1999). There are variations in REEs abundance
among sites but they show similarities in their REEs
enrichment pattern, which suggests they are of sim-
ilar origins. Significant variation between sites may
be attributed to biological variation within the oys-
ters and differences in lanthanide availability be-
tween sites. Different uptake sources are not taken
into account as S. cucullata takes up lanthanides
from surface water by filter-feeding behavior. Al-
though REEs are proven to be taken up by oysters,
they have no established biological function and are
considered non-essential metals.

Positive Ce anomaly and negative Eu anomaly
observed in chondritic plots can be explained. Ce
and Eu act differently where Ce3+ under oxidizing

conditions becomes insoluble Ce4+, while Eu3+ un-
der reducing condition becomes Eu2+. There is ten-
dency that a positive Ce anomaly and a negative Eu
anomaly within soft tissue of S. cucullata are derived
from particulate matter of muddy sediment. Another
reason for positive Ce anomaly is possible contam-
ination as a result of discharge of organic materials
and contaminations from industrial and agricultural
wastes and municipal effluents from the surround-
ing area. The distribution patterns of LREEs and
HREEs in the sample have a similar trend that shows
small variation in fractionations between sites. The
enrichment of LREEs over HREEs is apparent in
the increase of the ratio of LREE/HREE, which is
consistent with the ratio of La/Yb. Higher ratio of
La/Yb of 37.18 observed at Sungai Rengit is proba-
bly due to the relative enrichment derived from the
Rengit river.

The chondrite-normalized REEs plots (Figure 2)
from various sampling sites are remarkably similar
to values from the Terengganu River sediment and
granitic rocks of the Terengganu River basin which
represents the only published record of REEs mea-
surements in riverine sediments in Malaysia (Sultan
and Shazili, 2009). Granite is the dominant rock
of the east coast of peninsular Malaysia and thus
the main source of metals and REEs supplying the
South China Sea. The ratio of light to heavy REEs,
La/Yb in the oyster of 27.3 is also remarkably sim-
ilar to Terengganu River basin soil of 33 and of
Terengganu River sediment of 27.6.

Conclusions

Average distribution of metals indicated that the
state of Johor has the highest concentration com-
pared with Pahang and Terengganu for all metals
except for Cu and Pb. Zn and Cu in the oysters of east
coast Peninsular Malaysia are exceeding the permis-
sible limit set by Malaysian Food Regulations 1985
Fourteen Schedule, as well as the limits set by other
countries, and thus are not considered safe to be
eaten. Chondrite-normalized patterns suggested that
light REEs and heavy REEs fractionation in coast-
line marine environment produces more light REEs
and less heavy REEs accumulated in the soft tis-
sue of S. cucullata. Along with its wide distribution
on rocky shore area along the east coast of penin-
sula, the present results of trace metals and REEs
recorded in soft tissue of S. cucullata collected from
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14 sites along the east coast of Peninsular Malaysia
serve as baseline data for future reference.
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364/5 du 20 décembre 2006.

Cheung, M.S., Wang, W.-X., 2008. Analyzing biomagnification
of metals in different marine food webs using nitrogen iso-
topes. Marine Pollution Bulletin 56(12), 2082–2088.

Chu, K.H., Cheung, W.M., Lau, S.K., 1990. Trace metals in
bivalves and sediments from Tolo Harbour, Hong Kong. En-
vironment International 16(1), 31–36.

Costas, M., Lavilla, I., Gil, S., Pena, F., de la Calle, I., Cabaleiro,
N., Bendicho, C., 2010. Evaluation of ultrasound-assisted

extraction as sample pre-treatment for quantitative determi-
nation of rare earth elements in marine biological tissues
by inductively coupled plasma-mass spectrometry. Analytica
Chimica Acta 679(1–2), 49–55.

Denton, G.R.W., Breck, W.G., 1981. Mercury in tropical marine
organisms from north Queensland. Marine Pollution Bulletin
12(4), 116–121.

Denton, G.R.W., Concepcion, L.P., Wood, H.R., Eflin, V.S., Pan-
gelinan, G.t., 1999. Heavy Metals, PCBs and PAHs in Ma-
rine Organisms from Four Harbor Locations on Guam. A
Pilot Study. 87, Water and Environmental Research Institute
(WERI). Western Pacific Ocean, United States.

Fowler, S.W., 1988. Coastal baseline studies of pollutants
in Bahrain, United Arab Emirates and the Sultanate of
Oman, pp. 155–180. Proceedings Symposium on Regional
Marine Pollution Monitoring and Research Programmes,
Kuwait.

Fowler, S.W., Readman, J.W., Oregioni, B., Villeneuve, J.P.,
McKay, K., 1993. Petroleum hydrocarbons and trace met-
als in near shore Gulf sediments and biota before and after
the 1991 war: an assessment of temporal and spatial trends.
Marine Pollution Bulletin 27, 171–182.

FSANZ (Food Standards Australia New Zealand Authority),
1996. Anstat Pty Ltd, Australia

Goldberg, E.D., 1976. The Health of Oceans. UNESCO Press,
Paris.

HKEPD (Hong Kong Environmental Protection Department),
1997. Marine water quality in Hong Kong in 1997. Govern-
ment Printer, Hong Kong.

Jeng, M.S., Jeng, W.L., Hung, T.C., Yeh, C.Y., Tseng, R.J., Meng,
P.J., Han, B.C., 2000. Mussel Watch: a review of Cu and
other metals in various marine organisms in Taiwan, 1991-
98. Environmental Pollution 110(2), 207–215.

Ke, C., Wang, W.X., 2001. Bioaccumulation of metals (Cd, Se
and Zn) in an estuarine oyster and coastal oyster. Aquatic
Toxicology 56, 33–51.

Kirby, J., Maher, W., Krikowa, F., 2001. Selenium, cadmium, cop-
per, and zinc concentrations in sediment andmullet (Mugil
cephalus) from the southern basin of Lake Macquarie, NSW,
Australia. Archives of Environmental Contamination and
Toxicology 40, 246–256.

Maher, W.A., Batley, G.E., 1990. Review: organometallics in
the nearshore marine environment of Australia. Applied
Organometallic Chemistry 4, 419–437.

Malaysian Food Regulation, 1985. Fourteenth Schedule.
Malaysian law on food and drugs. Malaysian Law Publishers.

Milliman, J.D., Meade, R., 1983. World-wide deliver of river
sediments to the oceans. Journal of Geology 91, 1–21.

Mora, S.D., Fowler, S.W., Wyse, E., Azemard, S., 2004. Distri-
bution of heavy metals in marine bivalves, fish and coastal
sediments in the Gulf and Gulf of Oman. Marine Pollution
Bulletin 49, 410–424.

MPHT (Ministry of Public Health and Medical Research Coun-
cil), 1986. Residues in foods, Part 23. The Government
Gazette, Bangkok, Thailand, Vol. 103, 1123–1124.

Ohde, S., Mataragio, J.P., 1999. Instrumental neutron activa-
tion analysis of carbonatites from Panda Hill and Oldoinyo-
Lengai, Tanzania. Journal of Radioanalytical and Nuclear
Chemistry 240(1), 325–328.

D
ow

nl
oa

de
d 

by
 [

In
te

rn
at

io
na

l I
sl

am
ic

 U
ni

ve
rs

ity
 M

al
ay

si
a 

II
U

M
],

 [
M

r 
M

oh
d 

Fu
ad

 M
is

ko
n]

 a
t 1

8:
54

 1
8 

M
ar

ch
 2

01
3 



Fuad et al. / Aquatic Ecosystem Health and Management 16 (2013) 78–87 87

Phillips, D.J.H., 1979. The Rock Oyster Saccostrea glomerata as
an indicator of trace metals in Hong Kong. Marine Biology
53(4), 353–360.

Rezaee, K., Saion, E.B., Wood, A.K., Abdi, M.R., 2009. Rare
earth elements determination and distribution patterns in sur-
face marine sediments of the South China Sea by INAA,
Malaysia. Radioanal Nucl. Chem. 283, 823–829.

Riondato, J., Vanhaecke, F., Moens, L., Dams, R., 2001. Deter-
mination of rare earth elements in environmental matrices by
sector-field inductively coupled plasma mass spectrometry.
Fresenius J Anal Chem. 370, 544–552.

Shazili, N.A., Mohd Lokman, H., Mohd Kamil, A.R., Yaakob,
R., Shamsuddin, A.A., Razali, M.S., 1995. Trace metal con-
tents in the fish and bivalves from East Coast Malaysia, pp.
199–208. International Seminar on Marine Fisheries Envi-
ronment 1995. Eastern Marine Fisheries Development Cen-
ter and Japan International Cooperation Agency, Rayong,
Thailand.

Shazili, N.A.M., Yunus, K., Ahmad, A.S., Abdullah, N., Rashid,
M.K.A., 2006. Heavy metal pollution status in the Malaysian
aquatic environment. Aquatic Ecosystem Health & Manage-
ment 9(2), 137–145.

Sivalingam, P.M., 1979. Bioaccumulation of trace metals by the
Malaysian Rock Oyster, Saccostrea cucullata, under high
concentration stresses, International 2nd Symposium on our
Environment. Institute of Natural Sciences, Nanyang Univer-
sity, Singapore.

Sultan, K., Shazili, N. A. M. 2009. Rare earth elements intropical
surface water, soil and sediments of the Terengganu River
Basin, Malaysia. Journals of Rare Earths 27(6), 1072–1078.

UNEP, 1993. United National Environment Program: Environ-
mental Data Report, Oxford.

USFDA (Food & Drug Administration of the United States),
1990. US Food and Drug Admisnitration Shellfish Sanitation
branch, Washington, DC.

Wang, W.X., Qiu, J.W., Qian, P.Y., 1999. Significance of trophic
transfer in predicting the high concentration of zinc in bar-

nacles. Environmental Science and Technology 33, 2905–
2909.

Webb, J., Macey, D.J., Talbot, V., 1985. Identification of ferritin
as a major high molecular weight zinc-binding protein in the
tropical Rock Oyster, Saccostrea cuccullata. Archives of En-
vironmental Contamination and Toxicology 14(4), 403–407.

Wright, D.A., 1995. Trace metals and major ion interactions in
aquatic animals. Marine Pollution Bulletin 31(1–3), 8–18.

Wu, R.S.S., Mackay, D.W., Lau, T.C., Yam, V., 1994. Impact of
marine fish farming on water quality and bottom sediment:
A case study in the sub-tropical environment. Marine Envi-
ronmental Research 38, 115–145.

Yang, X., Liu, Y., Li, C., Song, Y., Zhu, H., Jin, X., 2007. Rare
earth elements of Aeolian deposits in Northern China and
their implications for determining the provenance of dust
storms in Beijing. Geomorphology 87, 365.

Yap, C.K., Ismail, A., Tan, S.G., Omar, H., 2002. Concentrations
of Cu and Pb in the offshore and intertidal sediment of the
west coast of Peninsular Malaysia. Environment International
28, 467–479.

Yap, C.K., Ismail, A., Tan, S.G., 2003. Background concentra-
tions of Cd, Cu, Pb and Zn in the green-lipped mussel Perna
viridis (Linnaeus) from Peninsular Malaysia. Marine Pollu-
tion Bulletin 46(8), 1044–1048.

Yap, C.K., Cheng, W.H., Ismail, A., Ismail, A.R., Tan, S.G., 2009.
Biomonitoring of heavy metal (Cd, Cu, Pb, and Zn) concen-
trations in the west intertidal area of Peninsular Malaysia by
using Nerita lineata. Toxicological & Environmental Chem-
istry 91(1), 29–41.

Yap, C.K., Mohd Ruszaidi, S., Cheng, W.H., 2010. Different
tissues of Rock Oyster Saccostrea cucullata as biomonitors
of trace metal bioavailabilities in the Penang coastal waters,
Malaysia. Research Journal of Chemistry and Environment
14(3), 17–21.

Zhou, Q., Zhang, J., Fu, J., Shi, J., Jiang, G., 2008. Biomonitoring:
An appealing tool for assessment of metal pollution in the
aquatic ecosystem. Analytica Chimica Acta 606(2), 135–150.

D
ow

nl
oa

de
d 

by
 [

In
te

rn
at

io
na

l I
sl

am
ic

 U
ni

ve
rs

ity
 M

al
ay

si
a 

II
U

M
],

 [
M

r 
M

oh
d 

Fu
ad

 M
is

ko
n]

 a
t 1

8:
54

 1
8 

M
ar

ch
 2

01
3 


