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 The aim of this study is to provide information on the concentration of selected heavy 

metals in selected bivalves from Kuala Selangor, Malaysia. For this study, they were 

four types of bivalves species were used such as wedge clams (Donax cuneatus), green 
mussel (Perna viridis), blood cockles (Anadara granosa) and Asiatic soft-shell clam 

(Cryptomya elliptica) as a bio monitor for heavy metals accumulation at Kuala 

Selangor coastal area. Sample collection activity was conducted at Kuala Selangor on 
March, April and May during low tide. The sample of bivalve’s species was classified 

based on their size. In this study, Inductivey Coupled Plasma Optical Emission 

Spectrophotometer (ICP – OES) was used to determine the concentration of Cd, Mn, 
Zn, Fe, and Pb respectively. The ranges of heavy metals obtained in the small size were 

higher than larger size. Asiatic soft-shell clam (Cryptomya elliptica) contains the 

highest of heavy metal concentration compare to other species whereas wedge clams 
(Donax cuneatus) contain the lowest concentration of heavy metals. The results indicate 

that smaller sample size contain higher concentration of heavy metals. This study also 

found that, heavy metals such as Cd, Fe, Mn, Pb and Zn and the body length of the 
bivalves species have a significant correlation between concentrations in heavy metals. 
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INTRODUCTION 

 

 Marine pollution is one of the most critical environmental issues of concern in Malaysia and across the 

world since the growing of the human population that increase the intensities of anthropogenic threats exert on 

environment as results from industrialization, municipalities, and agricultural activities [1]. The coastal zone of 

Malaysia has a special socio-economic and environmental significance where it supports a large percentage of 

the population and it is also the center of economic activities encompassing urbanization, agriculture, fisheries, 

aquaculture, oil and gas exploitation, transportation and communication, recreation, and so on. The growing and 

rising of the human populations and associated such as port expansion, urbanization, industrial development and 

agricultural activities along the Selangor’s coastline especially at Kuala Selangor, have focused intention and 

plan on the risk of those activities to the estuaries and coastal. 

 The presence of high amount of heavy metal may cause a harmful impact on the flora and fauna. They may 

change biological food chain, thereby affecting life; including human life by causing chronic and acute diseases. 

Over the limit of the concentration, it may become toxic on aquatic organisms include plankton, aquatic plants 

invertebrates and vertebrates. The major problem in understanding of metal effects on aquatic biota is the high 

variation in metal bioavailability in the environment. The use of biomonitors will tell more about the 

bioavailability of the pollutant in the environment. Their contamination levels then can be compared 

internationally because of its wide geographical distribution [2].  

 Bivalves are widely used as bio-indicators of heavy metals pollution in coastal areas because they are 

known to concentrate these elements, providing a time integrated indication and sign of environmental 

contamination. Bivalves are one of the established bio-indicators for monitoring the concentration of heavy 

metal in many areas in the world [3]. This is because bivalves are filter-feeders organism where they absorb 

heavy elements not only from food and water, but also from inorganic particulate that they are ingest. Heavy 
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metals accumulation in bivalves influences by several factors including seasonality, location, salinity, organic 

matters, sex, food acquisition capability, stage and gonad development, and size-weight relationship [4]. 

 Several edible bivalves has been used as bio-monitoring agent for bioaccumulation of heavy metal, such as 

Green-lipped mussel (Perna  viridis), cockles (Anadara granosa), Asiatic soft shell clams, Cryptomya elliptica, 

and wedge clam (Donax cuneatus) at Kuala Selangor to determine concentration of heavy metals and compare 

the level of heavy metals between different sizes. The enrichment factor also was analyses. In order to calculate 

the enrichment factor of each element of metals contained in the bivalves species, aluminum (Al) has been 

chosen as the reference element, assuming that the involvement or contribution of its anthropogenic sources to 

the atmosphere is insignificant or negligible. Generally, the EF values were used to assess the soil contamination 

and its interpretation is as follow: 

EF < 2  : depletion to minimal enrichment; 

EF 2–5  : moderate enrichment; 

EF 5–20  : significant enrichment; 

EF 20–40  : very high enrichment; 

EF > 40  : extremely high enrichment 

 

 The concentration of heavy metal determined would compare with World Health Organization (WHO) and 

Food and Agriculture Organization (FAO) standard. The stand was show in the table below. 

           
Table 1: Maximum Limits for Metal in Bivalve Molluscs. 

Metal Unit WHO FAO 

Lead (Pb) mg/kg 2.0 0.5-6.0 

Cadmium (Cd) mg/kg 1.0 0.05-5.5 

Iron (Fe) mg/kg 100.0 100.0 

Manganese (Mn) mg/kg 1.0 1.0 

Zinc (Zn) mg/kg 100.0 30-100 

Source: FAO (1992). 

 

Experimental: 

Study Area: 

 The study area for the sampling of is located at Kuala Selangor which is in the west coast of Peninsular 

Malaysia. The study area was located at distance about 32.7km to Port Klang, 68 km to Kuala Lumpur and 

184km to Malacca. The study was conducted at intertidal mud flat at coastal of Kuala Selangor, West Peninsular 

Malaysia. The sampling was done at Pantai Remis and Pantai Jeram, Kuala Selangor which was located at 20 

km south of Kuala Selangor. The latitude and longitude for both sites were 3˚12’08.09” N and 101˚18’19.59” E 

for Pantai Remis and 3˚13’31.17” N and 101˚18’20.47” for Pantai Jeram.  

 

 
 

Fig. 1:  Locations of Pantai Jeram and Pantai Remis, Kuala Selangor. 

 

Sample collection: 

 Raw samples of wedge clams (Donax cuneatus), green mussel (Perna viridis), blood cockles (Anadara 

granosa) and Asiatic soft-shell clam clam (Cryptomya elliptica) were collected along the intertidal mud flat at 

Jeram and Pantai Remis. The samples were collected randomly along the coastal area by using handpicking and 

immediately put into an ice compartment. Upon reaching the laboratory, these cockles were kept frozen in 

refregirator at -20 
0
C prior to further analysis.  Collections of samples were done three times in which on 10

th
 

March, 7
th

 April and 12
th

 May 2012.  
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(a) Photo of the 

    Wedge Clams  

   (Donax cuneatus). 

 
(b)Photo of the   

     Green mussels 

     (Perna viridis). 
 

(d)Photo of the 

   Asiatic soft-shell 

   clam (Cryptomya 

   elliptica). 

 

Fig. 2: (a)(b)(c)(d) : Photo of Bivalve species in this study. 

 

Sample Preparation and analysis: 

 Upon being ready, the clams were cleaned by using distilled water to remove any encrusting organisms. 

Then, the totals of 60 individuals for each species were measured using vernier caliper and total weight was 

taken by an analytical balance [5]. Then, the shells of the clams were opened and removed by using stainless 

steel forceps [6]. The total of soft tissue were weighed before proceeded to the oven dried at temperature of 

60°C until a constant weight [7]. After weight was constant in reading, the dried sample was then finally ground 

to a fine powder using a mortar and pestle in preparation for the further analysis [8]. For each dried powdered 

sample, about 0.5 g of clams tissue were weighed and placed in a Teflon digestion vessel with 8ml of 

concentrated (65%) HNO₃ and 2mL of (30%) H₂O₂ [3, 9].  The microwave digester (Milestone ETHOS PLUS 

with MPR-300/125 medium pressure rotor) was equipped with the TFM (fluoroplastic) closed vessels along 

with the fume extraction system. The samples were digested in high temperature (140°C). Then, the digested 

samples were diluted with distilled water. After that, digested volumes were brought up to 25ml with the 

deionized water in acid washed standard flasks. To avoid any possible contamination to the samples, all 

glassware and equipment used were acid-washed [7, 10]. Data were analyzed for analysis of variance 

(ANOVA), correlation functions and enrichment factors analysis using statistical functions in Microsoft Excel 

and Statistical Packages for the Social Sciences (SPSS). 

 

Quality control and quality assurance: 

 The preservation steps were encountered first before the analysis were proceeded, such as the samples must 

be put in the plastic and preserved by frozen it and stored in the freezer prior to analysis. Standard sample and 

blank sample were prepared and underwent the same processes and ran together with the samples in the ICP-

OES. The sample would increase the reliability and accuracy of the result. Before further analysis were 

conducted, all the glassware that had been used for this experiment must be washed and rinsed with deionized 

water, then the glassware were pre-soaked in the 5 percent nitric acid solution for 24 hours. After that, the 

glassware were once again washed and rinsed with deionized water. Then, the glassware was allowed to dry. 

 

RESULTS AND DISCUSSIONS 

Heavy Metal Concentration: 

 Table 2 show the results analysis of heavy metal Cd. Fe, Mn, Pb, and Zn in the four bivalve species; wedge 

clams (Donax cuneatus), green mussel (Perna viridis), blood cockles (Anadara granosa) and Asiatic soft-shell 

clam (Cryptomya elliptica). The result of size samples, sampling occasion and heavy metals concentration were 

given in Table 2. 

 
Table 2: The Concentration of Heavy Metals in Bivalves Species (wedge clams (Donax  cuneatus), green mussel (Perna viridis), blood 

cockles (Anadara granosa) and Asiatic  soft-shell clam (Cryptomya elliptica)) with their different sizes. 

Sizes of 
samples. 

(cm) 

Sampling 
occasion 

(month) 

Heavy metals concentration (ug/g) 

Cadmium (Cd) Lead 
(Pb) 

Manganese (Mn) Zinc 
(Zn) 

Iron 
(Fe) 

Wedge clams (Donax cuneatus) 

Small 

< 3.5 

March 0.06 + 0.03 0.06 + 0.23 0.41 + 0.01 2.15 + 0.01 15.19 + 0.01 

April 0.05 + 0.04 0.09 + 0.42 0.42 + 0.01 2.05 + 0.00 11.23 + 0.01 

May 0.05 + 0.02 0.07 + 0.35 0.45 + 0.01 2.02 + 0.00 12.36 + 0.01 

Big 

> 3.5 

March 0.06 + 0.03 0.03 + 0.48 0.40 + 0.01 1.60 + 0.01 23.44 + 0.01 

April 0.04 + 0.04 0.06  + 0.30 0.30 + 0.00 1.44 + 0.01 7.57 + 0.01 

May 0.04 + 0.03 0.05 + 0.46 0.31 + 0.00 1.44 + 0.01 8.05 + 0.01 

Green mussel (Perna viridis) 

Small 
< 8.0 

March 0.06 + 0.03 0.15 + 0.19 4.47 + 0.01 4.65 + 0.01 133.93 + 0.01 

April 0.05 + 0.04 0.10 + 0.25 2.57 + 0.01 2.86 + 0.01 49.37 + 0.01 

(c)Photo of the  

    Blood cockles  

   (Anadara granosa). 
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May 0.07 + 0.03 0.12 + 0.23 2.77 + 0.01 2.84 + 0.01 51.44 + 0.01 

Big 

> 8.0 

March 0.05 + 0.03 0.09 + 0.26 2.72 + 0.01 3.25 + 0.00 64.66 + 0.01 

April 0.03 + 0.04 0.12 + 0.23 1.75 + 0.01 2.12 + 0.01 36.08 + 0.01 

May 0.04 + 0.04 0.11 + 0.21 2.13 + 0.00 2.54 + 0.01 43.34 + 0.00 

Blood cockles (Anadara granosa) 

Small 

< 3.0 

March 0.1 + 0.03 0.13 + 0.09 1.14 + 0.01 4.99 + 0.01 41.09 + 0.01 

April 0.07 + 0.02 0.11 + 0.15 0.79 + 0.01 2.18 + 0.01 48.75 + 0.01 

May 0.04 + 0.05 0.08 + 0.12 0.48 + 0.04 1.34 + 0.04 29.7 + 0.01 

Big 
> 3.0 

 

March 0.03 + 0.02 0.04 + 0.28 0.29 + 0.01 1.7 + 0.00 15.06 + 0.00 

April 0.04 + 0.02 0.04 + 0.10 0.4 + 0.10 1.31 + 0.01 23.32 + 0.01 

May 0.04 + 0.02 0.06 + 0.21 0.38 + 0.01 1.23 + 0.01 23.48 + 0.10 

Asiatic soft-shell clam (Cryptomya elliptica) 

Small 

< 2.0 

March 0.09 + 0.04 0.5 + 0.07 5.32 + 0.01 5.94 + 0.00 261.88 + 0.00 

April 0.09 + 0.09 0.88 + 0.13 11.79 + 0.00 10.92 + 0.00 433.99 + 0.00 

May 0.08 + 0.12 0.95 + 0.16 11.11 + 0.06 10.11 + 0.02 415.91 + 0.02 

Big 
> 2.0 

 

March 0.06 + 0.03 0.23 + 0.13 2.85 + 0.01 3.96 + 0.01 151.63 + 0.01 

April 0.05 + 0.15 0.43 + 0.11 5.57 + 0.01 5.92 + 0.01 198.8 + 0.01 

May 0.05 + 0.16 0.43 + 0.13 5.36 + 0.01 5.57 + 0.01 188.48 + 0.01 

 

 Based on the Table 2, it shown that the highest concentration of the heavy metals contained in the small size 

Wedge clams (Donax cuneatus) (Range A ˂ 3.5cm) in the first, second and third samplings were iron (Fe), 

15.19 µg/g,11.23 µg/g and 12.36µg/g respectively. It was found that, the lowest concentration of heavy metals 

contained in the clams of the small size range during all the sampling occasion was cadmium (Cd); 0.06µg/g, 

0.05µg/g and 0.05µg/g respectively. The second highest heavy metals concentration in the clams of this small 

size range for all sampling occasion was Zinc (Zn). This was followed by manganese (Mn) and lead (Pb). The 

sequence was as followed: Fe ˃ Zn ˃ Mn ˃ Pb ˃ Cd. Whereas, for the big size range (≥ 3.5cm), the highest  

concentration of heavy metal contained in the Donax cuneatus during all sampling occasion were Iron (Fe); 

23.44µg/g, 7.57µg/g, and 8.05µg/g respectively. The lowest heavy metal concentration of this size range for the 

first sampling was Lead (Pb); 0.03µg/g. It was found that Cd has the lowest concentration contained in the 

wedge clams during the second and third sampling where the concentration during both sampling were same; 

0.04µg/g. The sequence was as followed: Fe ˃ Zn ˃ Mn ˃ Cd ˃ Pb. 

 For Green mussel (Perna Viridis) samples, the highest concentration of heavy metals in small size 

(range<8.0 cm) in three month were Fe with 133.93 µg/g, 49.37 µg/g, and 51.44 µg/g repectively. Zn show the 

second highest with concentration of 4.65 µg/g, 2.86 µg/g, and 2.84µg/g followed by Mn and Pb. The lowest 

concentration in small size Green mussel was Cd with concentration of 0.06 µg/g, 0.05 µg/g, and 0.07 µg/g. The 

sequence of heavy metal was Fe>Zn>Mn>Pb> Cd. Similarly, big size Green mussel (range>8.0cm) show the 

same sequence of concentration with small size. Fe is the highest concentration with 41.09µg/g, 48.75µg/g and 

29.70µg/g whereas Cd is the lowest with 0.05µg/g, 0.03µg/g and 0.04µg/g. The second highest is Zn followed 

by Mn and Pb.  

 Blood cockles (Anadara granosa) was divided into two size which is small (<3.0 cm) and big (>3.0 cm). 

The heavy metal, Fe was determined as highest concentration in Anadara granosa sp. with 41.09µg/g, 

48.75µg/g and 29.7µg/g in March, April and May. Zn is the second highest concentration determined followed 

by Mn and the lowest is Cd with concentration of 0.1µg/g, 0.07µg/g and 0.04µg/g. For big size Anadara 

granosa sp, the sequence of bioaccumulation of heavy metal was Fe > Zn>Mn>Pb>Cd. The highest 

concentration is 433.9µg/g and the lowest concentration is 0.03µg/g. It clearly seen that Fe exhibit the highest 

concentration and Cd exhibit the lowest concentration. 

 From the Table 2, the result showed that an iron still show the highest amount of being accumulated by 

Asiatic soft-shell clam (Cryptomya elliptica) with 261.88 µg/g, 433.00 µg/g, and 415.91 µg/g  for small size 

(range<2.0 cm) sample and for big size (range >2.0 cm) were 151.63 µg/g  , 198.8 µg/g , and 188.48 µg/g. In 

sequential arrangement, the heavy metal accumulation in Cryptomya elliptica are Fe > Zn > Mn > Pb > Cd. 

Both of sample size samples shows same arrangement in heavy metal concentration but different in the amount 

of heavy metals detected. 

 Iron is the main element of heavy metals found in this study. According to WHO [11], the permissible limit 

for iron is 100µg/g, since the amount of iron is under the permissible limit, it does not pose any danger to human 

health. Kuala Selangor is a well known for its paddy field area and palm oil plantation, hence, the heavy usage 

of fertilizer apply to plant. Iron-containing fertilizers supplements are applied to soil to enhance the growth of 

plant [12]. Iron compound was also applied in irrigation waters. This activity has enriching the iron salts in soil 

where they readily oxidize and rapidly hydrolyze into insoluble form of iron (USEPA). Once rain, iron in soil 

will washed away into groundwater, and some into stream then to ocean.  

 Cadmium is the lowest amount of heavy metals being detected in cockles for all three sampling period. 

Cadmium is widely distributed at low level in the environment and most foods have an inherently low level of 

Cd which been shown to bind to protein and accumulate significantly in higher level (FDA, 2001; cited by [13] 

According to Ololade et al., (2008) [14], Cd level is 10 times higher in cockles than in fin fish. This is due to 
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fertilizer application in nearby area (paddy fields and palm oil plantation) that transported to the estuaries during 

the leaching and erosions processes. According to Kamaruzzaman et al., (2010) [13], bivalves do not control the 

uptake of Cd but accumulated this element. That is reason the amount of Cd is lowest compared to others heavy 

metals.  

 According to the Figure 3 (a) (b) (c) (d), the concentration of Fe was higher in the small size sample 

compare to big size sample for all species except for Wedge clams (Donax cuneatus) which the concentration of 

Fe in big size sample is slightly higher compare to small size sample. A small size cockle accumulates more 

heavy metals because it has the ability to eat more than the large one which led to accumulated pollutant in the 

tissues of the large animals. Meanwhile, another acceptable reason why larger animals accumulated less heavy 

metal because it able to diluted the pollutant in their tissues and some of the bivalve species able to regulate the 

metals content in their tissues [15].  From the result obtained, the concentration of heavy metals detected in the 

four species was compared with WHO and FAO standard. It was show that only concentration of heavy metals 

in Wedge clams were in the permissible limit. Conversely, for Green mussel and Blood Cockles only the 

concentration of Mn were above the maximum limit of WHO and FAO. Next, for Asiatic soft-shell clam the 

concentration of Mn and Fe were above the maximum limit. Iron is the highest concentration heavy metals 

detected in Asiatic soft-shell clam. It can be said that clam readily accumulates Fe in their soft tissues. It has 

observed that the high iron concentration in soft tissue of Asiatic soft-shell clam was to indicate the tendency of 

organism in accumulating higher concentration of Fe in soft tissue. The highest concentration detected in clam 

may due to anthropogenic sources, especially from fertilizers and oil spills from shipping route.  

 

 
 

Fig. 3: (a) (b) (c) (d): Photo of Bivalve species in this study. 

 

Correlation Coefficient Analysis: 
 Table 3 show the relationship between heavy metals concentration that were analyzed and show significant 

positive correlation as P<0.01.  

 
Table 3: (a) Donax c., (b) Perna v., (c) Anadara g. (d) Cryptomya e.: Linear correlation coefficient matrix for heavy metals in bivalves 

species.  
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 Donax cuneatus only show positive correlation (r=0.7870 of Mn and Zn which indicate that it came from 

the same sources. Conversely, Perna viridis show positive correlation of Cd-Mn, Cd-Pb, Mn-Pb, and Mn-Zn. 

the relationship between Mn-Pb show strong correlation with (r=0.981). For Anadara granosa, it show the 

greatest correlation compare with other species with the strong correlation were Cd-Mn (r=0.967), Cd-Pb 

(r=0.936), Cd-Zn(r=0.913) and Mn-Pb (r=0.929). Meanwhile, Cryptomya elliptica also show strong correlation 

between hevy metal with Fe-Mn(r=0.971), Fe-Pb (r=0.968), Fe-Zn and Mn-Pb(r=0.972), Mn-Zn(r=0.996), and 

Pb-Zn(r=0.966). The strong correlation indicates the heavy metal may come from the same sources such as from 

soil, agriculture waste, oil spill and domestic waste. 

 

Enrichment Factor: 

 Enrichment factor (EF) was determined in each sample to indicate how the contaminants migrate into 

bivalve sample. Table 4 shows the degree of contaminant and contamination factors in earth crust. The EF range 

was show in the following: 

EF<2  : depletion to minimal enrichment; 

EF 2–5  : moderate enrichment; 

EF 5–20  : significant enrichment; 

EF 20–40  : very high enrichment; 

EF > 40  : extremely high enrichment. 

 
Table 4: The value of Enrichment Factor  in  bivalves species. 

 
Bivalve species. 

Type of Heavy Metals. 

Cd Pb Mn Zn Fe 

wedge clams (Donax cuneatus) 44.17 0.42 0.04 2.34 0.03 

green mussel (Perna viridis) 17.17 0.31 0.24 1.53 0.06 

blood cockles (Anadara granosa) 0.53 0.29 0.07 0.18 2.73 

Asiatic soft-shell clam (Cryptomya elliptica) 32.11 0.37 0.02 4.20 0.04 

 

 From Table 4, it shows the results of the EF for the four bivalves in the heavy metals. Wedge clams and 

green mussel show the same pattern of EF with Cd>Zn>Pb>Mn>Fe whereas blood cockles is the species with 

the lowest EF of heavy metals. EF in Cd of wedge clams was 44.17 higher than 40 which indicate Cd was 

extremely high enrichment in that species. Asiatic soft-shell clam has second highest Cd with 32.11 which 

indicate very high enrichment. Pb was highest wedge clams and lowest in blood cockles with the average value 

of EF was below 2 which show minimal enrichment in the species. Mn also shows the same pattern with the 

value below 2 with the highest in green mussel. Zn was highest in Asiatic soft-shell clam with 4.20 which show 

moderate enrichment and lowest low enrichment in blood cockles. While, Fe were highest in blood cockles with 

2.73 which indicate moderate enrichment and lowest in wedge clams with 0.03 which show depletion to 

minimal enrichment.  

 Referring to the findings, it can be said that most of the heavy metal are origin from the soil except for Cd, 

Zn, and Fe; the value too high may indicated the contaminant was from anthropogenic sources. EF value less 

than 1 indicates the sources of the heavy metal are originated from soil [16].  As the value for EF is much 

greater than one, the source of pollutant came from anthropogenic sources. The high EF for Cd, Zn and Fe came 

from anthropogenic sources such as the agricultural and food wastes. Also, domestic waste is the primary source 

of the generation of solid wastes as a result the high concentration of Cd in Malaysia and its coasts [17]. 

 

Conclusion: 

 Some types of bivalves species were; wedge clams (Donax cuneatus), green mussel (Perna viridis), blood 

cockles (Anadara granosa) and Asiatic soft-shell clam (Cryptomya elliptica) were used as biomonitor for heavy 

metals accumulation of coastal area at Kuala Selangor. The sample of bivalves species were classified based on 

the small and big size. The ranges of heavy metals obtained in the small samples were 0.04-0.1 µg/g, 0.06-0.95 

µg/g, 0.41-11.79 µg/g, 1.34-10.92 µg/g, and 11.23-433.99 µg/g for Cd, Pb, Mn, Zn, and Fe respectively. 

Whereas for big size samples the ranges were 0.03-0.06 µg/g, 0.03-0.43 µg/g, 0.29-5.57 µg/g, 1.23-5.92 µg/g, 

and 7.57-198.8 µg/g for Cd, Pb, Mn, Zn, and Fe respectively. The sequence of accumulation of heavy metals in 

bivalves species were Asiatic soft-shell clam> Green mussel> Blood cockles> Wedge clams. The results 

indicate that small size samples contain higher concentration of heavy metals compare to big size sample. 

Statistical analysis indicated positive relation between all the possible pairs of heavy metal. EF range for Cd 

(0.53-44.17), Pb (0.29-0.42), Mn(0.02-0.24), Zn (0.18-4.20), Fe (0.03-2.73). Wedge clams, green mussel, and 

Asiatic soft-shell clam show higher enrichment of heavy metals while blood cockles show minimal enrichment. 

Generally, the heavy metals in bivalves species were lower the WHO and FAO standard. Hence, it can safely be 

consumed by human. 
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