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INTRODUCTION
The natural aquatic systems may extensively 
be contaminated with heavy metals released 
from domestic, industrial and other man-made 
activities (Velez & Montoro, 1998; Conacher et 

al., 1993).  Heavy metal contamination may have 
devastating effects on the ecological balance 
of the recipient environment and a diversity of 
aquatic organisms (Ashraj, 2005; Vosyliene & 
Jankaite, 2006; Farombi et al., 2007).  Thus, 
determination of harmful and toxic substances 
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ABSTRACT
A study was conducted to assess the bioaccumulation levels of heavy metals (copper, zinc, cadmium and 
lead) in different body parts (carapace, claw, walking legs and intestinal tract) of the common mud crab Scylla 
serrata collected from Sungai Penor, Pahang, on January 2009.  Accumulation of metal was determined using 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS).  Average Cu concentrations in carapace, claws, 
walking legs and gut were 43.83 ± 16.43µgg-1, 21.54 ± 7.14µgg-1, 28.2 ± 12.76µgg-1 and 57.06 ± 13.47µgg-1, 
respectively.  Meanwhile, average Zn concentrations in carapace, claws, walking legs and gut were 387.38 ± 
17.89µgg-1, 376.62 ± 21.91µgg-1, 361.92 ± 26.68µgg-1 and 496.31 ± 20.59µgg-1, respectively.  Since Zn and 
Cu are the precursors of most enzymatic activities, all the body parts have significantly higher tendency to 
accumulate Zn and Cu.  It was apparent that Zn concentration was higher in crab body parts, followed by 
Cu.  It was also observed that intestinal track had higher levels of metals than other body parts.  Since high 
calcium content inhibits lead uptake into the gut, a large portion of the lead burden was sequestered in the 
carapace.  Average Pb concentrations in carapace, claws, walking legs and gut were observed to be 7.17 ± 
0.46µgg-1, 6.27 ± 0.75µgg-1, 6.52 ± 0.37µgg-1 and 2.27 ± 0.82µgg-1, respectively.  Among the analyzed heavy 
metals, Cd concentration was low in all the body parts of the crab.  Average Cd concentrations in carapace, 
claws, walking legs and gut were 0.68 ± 0.05µgg-1, 0.42 ± 0.05µgg-1, 0.35 ± 0.04µgg-1 and 0.13 ± 0.05µgg-1, 
respectively.  Exoskeleton absorbs higher level of Cd than internal gut region, but the accumulation of Pb was 
higher in gut region than the exoskeleton of the crab.  It was evident from this study that all the heavy metal 
(Cd, Pb, Cu and Zn) accumulations in Scylla serrata were higher than the international standard Maximum 
Permissible Level (MPL).  Hence, a detailed investigation needs to be addressed on this issue to determine 
the pollution status in crabs inhabiting along the Sungai Penor waters.
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in water sediments and biota will give direct 
information on the significance of pollution in 
the aquatic environment (Hugget et al., 1973).  
Among other, estuaries and coastal zones receive 
pollutant input from both specific and non-
specific sources, especially such ecosystems as 
seaports, cities or other industrialized coastal 
areas that receive chronic input of metals.  Since 
many species of crustaceans inhabit estuaries, 
numerous studies have aimed at examining the 
bioaccumulation and effects of various toxicants 
in these animals (Bryan, 1971; Rainbow, 1990).

Meanwhile, heavy metals from natural and 
anthropogenic sources are continually released 
into aquatic ecosystem and they cause serious 
threats because of their toxicity, long persistence, 
as well as bioaccumulation and biomagnifications 
in the food chain (Kamaruzzaman et al., 2007).  
The fate of heavy metals introduced by human 
activities into the aquatic ecosystems has 
recently become the subject of wide spread 
concern, since they become toxic beyond the 
tolerable limits (Rainbow, 1995).  However, 
metals can be excreted from the tissues of aquatic 
animals.  It was reported that there are several 
factors influencing the elimination of metals 
from the tissues of aquatic animals (Skejelkvale 
et al., 2001).  These include period of exposure, 
surrounding temperature, interacting agents, age 
and the metabolic activity of the animal, and 
biological half life of metals.  Metal elimination 
routes are more numerous than uptake routes; 
however, metal accumulation is more rapid than 
its elimination, and this is probably due to the 
presence of metal binding proteins in the tissues 
(Soegianto et al., 1999).

Studies carried out on various fish species 
have shown that heavy metals may alter the 
physiological activities and biochemical 
parameters both in the tissues and in the blood 
(Soegianto et al., 1999).  The toxic effects of 
heavy metals have been reviewed, including 
their bioaccumulation (Tinsley, 1979).  The 
organisms developed a protective defence 
against the deleterious effects of essential and 
inessential heavy metals and other xenobiotics 
that produce degenerative changes like oxidative 
stress in the body (Bahadorani & Sepehr, 2008).

It has been documented that the industrial 
and domestic dumping of sewage mostly contain 
plastic wastes contribute to the pollution at 
mangrove forests and their surrounding water 
body (Kamaruzzaman et al., 2009).  In addition, 
the decomposition of litter gives harmful 
effects on marine life by increasing level of 
phytoplankton which in turn deoxygenates 
the water and adversely affects water quality.  
Furthermore, the lack of proper planning and 
management leads to drastic increase in pollutant 
level in this area.

Mud crab (Scylla serrata) is one of the 
important fishery commodities in Southeast 
Asian countries.  This species is a very popular 
seafood and has a high commercial value, and 
it is extensively used as a candidate species in 
aquaculture practices.  Their distribution was 
recorded in the present sampling site (Sungai 
Penor) which is situated along the east coast 
of Malaysia, facing the South China Sea in the 
state of Pahang.  Their feeding behaviour will 
lead to a higher accumulation of toxic metals in 
their body parts which are biomagnified through 
food chain.  It was also proposed as a biomonitor 
species for the current RWQPP Marine 
Monitoring Programme because of its capacity 
to bioaccumulate a range of contaminants, and its 
significance as a target species for subsistence, 
commercial and recreational fisheries.  They 
have limited territorial ranges and are large 
enough to provide ample tissue for chemical 
analysis (Ryan, 2003).  Various studies have been 
carried out on heavy metal accumulation in mud 
crabs but similar studies from Malaysian waters 
on this very species are still scanty.  Hence, the 
present research was conducted to examine the 
bioaccumulation level of selected heavy metals 
in various parts of common mud crab (S. serrata) 
sampled from Sungai Penor, Pahang, Malaysia.

MATERIALS AND METHODS

Sampling Site, Sample Collection and 
Preparation
Sungai Penor (30 39’ 10.13’’ N, 103021’ 15.77’’ 
E), which is located in Kuantan, Pahang, 
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Malaysia (Fig. 1), is threatened by a series of 
pollutants, such as industrial discharges and 
domestic sewage, discharged from nearby 
fishermen villages.  A total of 65 crab traps 
were set (at every 50 metres) along Penor River 
for overnight during January 2009.  Samples 
were collected on next day and identified using 
a standard reference (Keenan et al., 1998) 
prior to storage at -200C.  A total of 15 crabs 
were analyzed based on their weight and size 
according to carapace width (CW) which 
varied between 100 – 540g and 8.5 – 14.4 cm, 
respectively.  Prior to the analysis, the crabs were 
cleaned with running tape water and thawed at 
room temperature.  The carapace, claws, walking 
legs and gut region (after removing the gut 
contents) of each crab were dissected by using 
a pair of sterile stainless steel scissors.  All the 
parts were replicated and transferred to Petri 
dishes.  The tissues were dried in an oven for 
three days at 60 0C.  The desired constant dry 
weight (0.5g) of each sample was obtained after 
three days of drying process.

Acid digestion and ICP-MS Analysis
The acid digestion method was performed to 
digest the samples; this involved heating 0.5g 
of dried tissues of crabs in a Teflon beaker with 
mixed concentrated acids (Hydrogen Peroxide 
(H2O2), Nitric acid (HNO3), hydrochloric acid 
(HCl) and sulphuric acid (H2SO4) in the ratio 
of 1:1 (Kamaruzzaman et al., 2007).  After the 
digestion process, hundred times of dilution 
were performed using Mili-Q water before 
the samples were analyzed using Inductively 
Coupled Plasma Spectrophotometer (ICP-MS).  
The values of the heavy metal concentrations 
in the tissues were calculated based on their 
dry weights as this discounts the variability 
due to the inner part differences in the moisture 
content of organisms.  The international certified 
standards (DORM-2) by the National Research 
Council of Canada and a blank in replicates 
were used to control the accurateness of this 
procedure, and the percentage of recovery was 
between 95 – 105%.  Analysis of Variance 
(ANOVA) statistical test was performed to check 

Fig. 1: Location of the sampling site at Sungai Penor, Kuantan, Pahang, Malaysia
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the significance in the bioaccumulation of metals 
in the different body parts.

RESULTS AND DISCUSSION
The concentrations of metals in all the 15 crabs 
were analyzed using ICP-MS with the dilution 
factor of 10.  Significant differences in metal 
accumulation were observed in different body 
parts of the crabs (P<0.05).  The concentrations 
of Zn and Cu were observed to be higher in the 
gut region of the crab (469.31 and 57.06 µgg-1

, 
respectively), followed by carapace (387.38 and 
43.83 µgg-1

, respectively).
The average Zn accumulation was higher 

in the claws (376.62 µgg-1) as compared to 
the walking legs (361.92 µgg-1), but the Cu 
accumulation was comparatively higher in the 
walking legs than the claws of S. serrata.  It 
was apparent that Zn concentration was higher 
in the crab’s body parts, followed by Cu.  It 
was interesting to note that intestinal track had 
a higher level of metal concentration than the 
other body parts (Fig. 2).  In the present study, 
heavy metal accumulation in med crab flowed 

in Zn > Cu > Pb > Cd order.  This pattern of 
accumulation is also in agreement with that of 
the previous studies (see Krishnamurti, 1998; 
Srinivsa, 2007).  The high Zn concentration 
observed in the crab’s body parts than Cu 
concentration was probably due to major role 
played by these metals as a precursor in most 
enzymatic activities and hence, all the body parts 
have a high tendency to accumulate higher levels 
of these metals (Kamaruzzaman et al., 2009).

It is worth highlighting that copper and 
zinc are essential trace metals in crabs but they 
may be toxic at high concentrations (Phillips & 
Rainbow, 1993).  The haemolymph of crabs, 
in particular, contains high concentrations of 
copper which is involved in oxygen transport.  
These essential trace metals (copper and zinc) 
are highly regulated within crabs over a wide 
range of bio-availabilities, while non-essential 
metals such as cadmium are usually accumulated 
in proportion to availability.  Mud crabs may 
therefore be useful biomonitors of non-essential 
metals, such as arsenic, mercury, cadmium and 
selenium, but more research is still needed in 
combination with direct water and/or sediment 

Fig. 2: The average concentrations of Zn and Cu (µgg-1 dry weight) in the different 
body parts of Scylla serrata.
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samples to confirm this.  It was also observed 
that the accumulations of Cu and Zn were higher 
in the gut region of the crab compared to other 
body parts and the accumulations of Pb and 
Cd were lesser in the gut region compared to 
other organs in the case of S. serrata.  It was 
also evident from this study that heavy metal 
accumulation in S. serrata was higher than the 
international standard references (Table 1).

TABLE 1 
Maximum Permissible Level of heavy metal 
concentrations in aquatic crustacean species 
enforced by Food and Drug Administration 
(FDA, 2001), Singapore Food Regulations 

(1990), Food Standards Australia (2002) and 
European Union Commission  

Regulation (2001)

                  Heavy metal concentration (in µgg-1)

Vital elements Toxic elements
Cu Zn Pb Cd

FDA 
(2001) 100 150 1.5 0.2

SFR 
(1990) - - 2 1

FSA 
(2002) - - 2 2

EUCR 
(2001) - - 1 1

Comparison with the present study

Present 
Study

6.38-
79.38

325.39-
523.21

1.49-
7.84

0.05-
0.78

Ololade et al. (2008) suggested that the 
crabs are the bottom feeders and generally 
expected to concentrate more heavy metals 
than the mobile fish.  The variation in metal 
uptake is also an indication of the degree to 
which the species pick up particulate matter 
from the surrounding water and sediment while 
feeding.  A higher level of metal concentration 
was observed in the gut region and this was 
probably due to the feeding behaviour of the 
crabs.  A sex specific difference in the metal 
uptake by the crabs was also observed (Sastre 
et al., 1999).  The male crabs, which are the 
common residents of low saline area, are 

expected to have higher metal concentrations in 
the body compared to the female crabs which 
generally exhibit seasonal migratory behaviour, 
especially for reproductive purposes that might 
help them in exchange of metallic ions into the 
clean environment.  Therefore, the male crabs 
are more likely to accumulate higher amounts of 
heavy metals than the female crabs (Ololade et 
al., 2008).  Due to the small sampling size, the 
sex and size related heavy metal concentrations 
in crabs were not established in this study.  
However, Poovachiranon (1991) observed the 
high levels of Cu and Zn in young crabs were 
probably due to the faster growth rate of young 
crabs and the feeding behaviour.  It was also 
due to the food preference by the young and 
adult crabs, whereby young crabs prey more on 
aquatic benthic invertebrates, while the larger 
crabs prefer plant materials (Poovachiranon, 
1991).  Meanwhile, various studies have shown 
that aquatic invertebrates tend to accumulate 
high level of heavy metals (Janczur et al., 
2000).  Thus, determination of harmful and 
toxic substances in water sediments and biota 
gives direct information on the significance of 
pollution in the aquatic environment (Hugget et 
al., 1973).  It is believed that the Cu accumulated 
in the crabs is due to their feeding habits, even 
though there is no clear evidence indicating 
the Cu dietary transfer, and many studies have 
demonstrated that diet is the most important 
route of Cu accumulation in aquatic animals 
(Sindaigaya et al., 1994).  Decapode crustaceans, 
including crabs, maintain relatively low and 
constant body level of Zn when exposed to a 
range of dissolved Zn concentrations in seawater 
because of the low integument permeability of 
the metals.  Hence, a detailed study is needed 
to determine the sex and size related metal 
accumulations in the med crabs inhabiting 
Sungai Penor, Kuantan.

Cadmium is widely distributed at low 
level in the environment and most food has 
an inherently low level of Cd which has been 
shown to bind to the protein and accumulate 
significantly in higher level (FDA, 2001).  
The present study revealed that the average 
concentrations of Pb and Cd were higher 
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(p<0.05) in carapace (7.17 and 0.68 µgg-1
, 

respectively) but lower in the gut region (2.27 
and 0.13 µgg-1, respectively), indicating that the 
carapace has higher exposure and tendency to 
accumulate more concentrations of both metals 
than the gut region.  Slight changes in the average 
Pb accumulation was observed and it was higher 
in the walking legs (6.52 µgg-1) compared to 
the claws (6.27 µgg-1).  Nevertheless, the Cd 
accumulation was comparatively higher in the 
claws than in the walking legs of S. serrata.  It 
is also evident from the study that the carapace 
showed a high tendency to accumulate more Pb 
and Cd concentrations compared to other body 
parts (Fig. 3).  

Ploetz et al. (2007) reported that Cd level 
is almost 10 times higher in shell fish than in 
finfish.  In this study, the high levels of Pb and Cd 
were observed in the carapace compared to the 
other parts of the crab, and these were probably 
due to the calcium content having a high affinity 
towards these heavy metals (Du Preez et al., 
1993; Reinecke et al., 2003).  Nevertheless, 
periodic molting could help in eliminating Pb 
and Cd levels in the exoskeleton.

The observed levels of selected heavy metals 
in the mud crabs from the present study were 

higher than the maximum permissible levels 
(MPL) set by various international consortiums.  
Although these food materials are processed 
(heating, cooking) before consumption, the 
effects of processing could be minimal, since 
the heavy metals are non-degradable.  Thus, 
consumption of these heavy metal contaminated 
crabs may result in bioaccumulation of toxic 
metals in the human system and may lead to 
adverse health effects (Bergback et al., 1992; 
Koller et al., 2004).

CONCLUSION
The accumulation of heavy metals (Cu, Zn, Pb 
and Cd) in crabs is to a considerable extent, 
and it is relatively more than that reported 
from other regions in the literature.  The high 
bioaccumulation of these metals is believed to 
be occurring due to the rigorous anthropogenic 
input of bioaccumulative contaminants into 
the aquatic environment.  It was evident from 
this study that heavy metal accumulations 
in S. serrata were higher than almost all the 
international standard levels.  Detailed and 
extensive studies should address this issue to 
determine the bio-accumulative heavy metal 

Fig. 3: The average concentrations of Pb and Cd (µgg-1 dry weight) in the different 
body parts of Scylla serrata.
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concentrations in edible parts of mud crab and 
find out the suitability of it flesh for human 
consumption.
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