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ABSTRACT  

The clam Glauconome virens (local name’s Phi Cai) is widely distributed in the coastal 

of Khanh Hoa and could use for monitoring environmental contaminants throughout the 

region. Clam representing different size groups and habitats were sampled from their natural 

beds at 2 locations: Be Estuary and Thuy Trieu lagoon of Khanh Hoa coastal during 2012-

2013 to analyze the tissue concentrations of As, Cd, Cr, Cu, Zn, Fe and Al and biometrics, 

which consisted of determining the length of the organisms and their fresh weight, were 

determined individually as Condition Index (CI). 

To investigate effect of biometric factors, the matrix correlating the condition index and 

bioaccumulation factor of metal (BSAF) was made between sites with organisms. The mean 

clam condition index was 74.58±22.49) ranged from 44.94 (min value) to 105.52 (max value) 

were acceptable from the allometric point of view and was also significant variation among 

the sites. Metal Cr, Cu and Zn accumulations in tissues depicted statistically significant high 

negative correlations related to the condition index (r = -0.817; -0.929 and -0.777 

respectively). Condition index was also negative correlated with As, Fe and Al concentrations 

in the clam (r = 0.181; -0.539 and -0.381 respectively). Condition index correlated positively 

low with Cd accumulation (r = 0.446). The clam G.virens may be a good indicator for 

contamination of heavy metals in Khanh Hoa coastal for which the CI was independent of 

metal concentrations (negative correlation). 

Keywords: bioaccumulation, sediment, heavy metals, clam Glauconoma virens, Khanh 

Hoa coastal.  
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1. INTRODUCTION   

 In this study, bioaccumulated levels of toxic and relatively accessible elements 

such as Arsenic (As), Copper (Cu), Cadmium (Cd), Chrome (Cr), Nikel (Ni) and 

Zinc (Zn) as well as non-critical metals such as Iron (Fe) and/or Aluminum (Al), 

were determined in sediments and in the soft tissue of the clam G.virens. 

 Samples were collected in dry and rainy seasons 2013 in 2 locations: Be 

Estuary (Binh Tan – BT) and Thuy Trieu lagoon (Cam Hai Tay – CL). All samples 

were digested by concentrated acids then analyzed by ICP-OES. A comparative 

evaluation of the heavy metal concentration in the clams and the sediment was 

conducted by BSAF. The correlation between metal concentrations in tissues and 

geochemical characteristics of the sediments will be illustrated by correlation matrix. 

Metal concentrations of Al and Fe in the tissue of the four sites were similar and did 

not vary significantly and very lower than concentrations of these metals in the 

sediments. Concentrations of Al and Fe in the sediments were 20-100 times higher 

than the concentration in the clams similarly. The BSAF indicated a low potential 

bioaccumulation for Pb and Cr (BSAF<1) and a high potential of accumulation for 

As, Cd, Cu and Zn. The results clearly indicated that the positive correlations 

between the metals in the sediments and clam tissues were found.  

 This is a preliminary sampling may demonstrate the potential of 

bioaccumulation of species G.virens as a biomonitor of heavy metal pollution in 

Khanh Hoa province. It was observed that clam G.virens accumulate 8 metals at 

different concentrations and at different potential of bioaccumulation. The 

distribution of metals in the tissue of G.virens, which inhabit in different habitat of 

intertidal areas, also was noted that metals contamination are very localized and 

closed to the anthropogenic influences.  

2. MATERIALS AND METHODST 

2.1. Study site  

 Khanh Hoa coastal – central-southern Viet Nam, which is an important 

ecological zone and providing a wide range of coastal and marine ecosystems in 

relation to prevailing oceanographic conditions and gradients in mainland – oceanic 

influence.  

Sediment and mollusk samples were collected from 2 sites: Binh Tan pont (Be 

Estuary, Nha Trang City) – BT (12
0
12'22"; 109

0
11'17"E) and Cam Hai Tay (Thuy 

Triều lagoon, Cam Lam) – CL (12
0
04'45"N; 109

0
10'42"E). The images of sampling 

sites are showing in Figure 1.  
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Be Estuary – Binh Tan 

Photo by Tran Thi Mai Phuong, 2013 

Thuy Trieu lagoon – Cam Hai Tay 

Figure 1. Sampling sites 

2.2. Study organism Glauconome virens  

 The clam Glauconome virens (Linnaeus, 1767) also know as and local name‘s 

Phi Cai is an economically important bivalve is found in the tropical coastal 

sediments of the Indo-West Pacific: from Thailand and the Philippines to northern 

Australia and also represented in Khanh Hoa coastal as the one of local abundance 

mollusk. This clam belonging to the class Bivalvia, subclass Heterodonta, infraclass 

Euheterodonta, order Veneroida, superfamily Cyrenoidea, family Glauconomidae 

and genus Glauconome which shell is benthic; brackish with max length: 7.0 cm 

SHL male/unsexed; common length: 5.0 cm SHL male/unsexed (Mann, R., 1978). 

The clam G.virens growth in inter-tidal range, sand bottom in lower tropical 

intertidal zone. 

 

Photo by Tran Thi Mai Phuong, 2013 

Figure 2. Glauconoma virens (Linnaeus, 1767) 
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2.3. Sample collection and preparation 

2.3.1. Mollusks collection 

About 20-30 numbers of same sizes organisms (length 4.8±0.65mm, weight 

13.9±0.94gram) were picked by hand and then put in Ice box to be transported in the 

laboratory. The tissue is separated by plastic knif and dried at 60
o
C during two days 

to constant dry weight. These dried tissues were then stored in polyethylene bag to 

be sent in Ecomer‘s laboratory (UNS-France) for the determination of heavy metals 

concentrations. 

2.3.2. Sediment collection 

These sediment samples of the top 10cm surface were collected with a Ekman 

grab and placed in a plastic bag, which were stored in an ice box at 4
0
C, to be 

transported in the laboratory. Sediment samples were dried at room temperature, and 

then were sieved through a nylon mesh to obtain particles smaller than 0.2mm in 

diameter for determination of heavy metal concentration. For each sediment sample, 

0.1gram was taken for heavy metal analysis.  

2.4. Sample digestion and analysis 

2.4.1. Mollusks digestion  

Digestion method of organically based matrices used the guideline EPA 3050 

(US EPA, 2008). The tissue sample was dried, pulverized and sieved for digestion 

and determination of metals concentrations. A weight of about 0.5 gram of tissue 

was then transferred in a 100 ml Pyrex beaker and added with 4 ml of acid HNO3 

and 10 ml of HCl. Then the beakers were placed on a hot place for reflux extraction 

at 95
o
C, for 30 min. The digested samples were diluted and filled up with de-ionized 

water to a total volume of 50 ml before metal analyzing. Heavy metals were 

analyzed by ICP-OES (Perkin Elmer).  

2.4.2. Sediment digestion 

The samples were digested, following the guideline from EPA 3052 (US 

EPA, 1996) for digestion of sediments using a Microwave 3000. A 0.1 gram of 

dried and sieved sediment samples were weighed out in the reaction vessel then 

added with mixed of 6ml concentrated acid HNO3 and 3ml of HCl. Vessels then 

were placed in the rotor in the microwave. The vessels were heated to at least 

240
o
C over 35 minutes and then held at 210

o
C for at least 15 minute. The 

samples were cooled and mixed to volume to 50 mL with ultra-pure water. The 

obtained solution was then centrifuged and the concentration of heavy metals 

measured using ICP-OES (Perkin Elmer).  
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2.5. Data analysis 

Contamination status of heavy metals in the sediments was compared with the 

New York guidelines criteria, 1993 with values of LEL (Lowest effect level) or SEL 

(Severe effect level) for the effect of sediment on the benthic organisms. Condition 

index of organisms (CI values) was obtained from clam of each sampling sites. 

Biometrics, which consisted of determining the length of the organisms and their 

fresh weight, were determined individually as Condition Index = 90 (normal); > 120 

(high); < 70 - 80 (low) according to (Mann, R., 1978). 

A mollusk‘s capacity to accumulate metals from living medium into its tissue 

can be estimated using Biota-Sediment Accumulation Factor (BSAF). BSAF were 

calculated for the selected metal in the studied mollusks according to the formula 

BSAF = Cx/Cs where Cx and Cs were the metal concentrations in the organisms and 

in associated sediments, respectively (Poutiers, J.M., 1998, Szefer P. et al., 1999).  

The correlation between metal concentrations in tissues and geochemical 

characteristics of the sediments will be illustrated by correlation matrix [9]. 

Correlation coefficient is significant with value r and classification with 0<r<0,5 

weak correlation; 0,5<r<0,7 good correlation; 0,7<r<0,9 strong correlation; 

0,9<r<1,0 very strong correlation.  

3. RESULTS AND DISCUSSION 

3.1. Heavy metals accumulattion in tissues  

The average concentrations of As, Cr, Cu, Cd, Ni and Zn in clam tissues and 

sediments, which collected in dry and rainy season 2013 from BT and CL location 

are given in Figure 3 and present in mg/kg dry weight. It was found that 

concentrations of heavy metals As, Cu and Zn in clam collected from Khanh Hoa 

coastal were over than maximum permissible level WHO (As > 5 mg/kg DW, Cu 

>10 mg/kg DW, Zn > 100 mg/kg DW) (FAO/WHO, 1993). It indicated that the 

Khanh Hoa coastal have been polluted by heavy metals which eventually lead to 

bioaccumulation of those pollutants in the food chain.  

Contents of As in sediment and clam tissue
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Contents of Cr in sediment and clam tissue
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Contents of Cu in sediment and clam tissue
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Contents of Ni in sediment and clam tissue
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Contents of Zn in sediment and clam tissue
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Contents of Fe in sediment and clam tissue
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Figure 3. Contents of metals in sediment and soft tissue of G.virens 

Generally, the highest values of heavy metals were observed during rainy 

season and the lowest during dry season. As indicated in Figure 3, the local 

distribution of metals in mollusk tissue of G.virens at different stations also varied 

during dry and rainy seasons. The maximum value of Cu, Zn were found at BT 

during rainy season, while the highest value of Cd, Cr, Cu, Zn were recorded at CL 

during dry season. The minimum values of Cd, Cr and Zn were found at station CL 

in rainy season, while Cu, Cd, Cr and Zn were found at BT during rainy season. 

3.2. Correlation between biometric and accumulation of metals 

In order to minimize the influence of the body weight of animals on metal 

concentrations, comparison was made between sites with animals where no 

significant differences in weight were registered. The result shows the average 

values of condition index of G.virens were 74.58±22.49 . The mean mollusk 
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condition index ranged from 44.94 (min value) to 105.52 (max value) and was 

significant high variation among the species. 

To investigate the relationship between trace metal concentrations and CI, the 

results from individual mollusks were combined for all sites and sampling times. 

The mean mollusk condition index was significant correlated with the metals in 

mollusk tissues. The matrix correlating the biometric parameters CI and pollutant 

concentrations is presented in Table 1 as bellow: 

Table 1. Correlation coefficients between biometric and metal contents in G.virens 

 CI As Cd Cr Cu Zn Fe Al 

CI 1,000        

As -0,181 1,000       

Cd 0,446 -0,479 1,000      

Cr  -0,817 0,534 -0,378 1,000     

Cu  -0,929 0,529 -0,540 0,926 1,000    

Zn  -0,777 0,702 -0,700 0,914 0,937 1,000   

Fe  -0,539 0,732 -0,750 0,469 0,707 0,738 1,000  

Al  -0,381 0,535 0,075 0,816 0,570 0,607 0,086 1,000 

Metal concentrations in tissues also depicted statistically significant 

correlations, from moderate to high, related to the condition index.  

For Cr, Cu, Zn, Fe and Al, tissue concentration was dependent of As 

concentration. For Cd, the concentration appeared to decline with increasing As 

tissue concentration. Condition index was negative correlated with all metal 

concentrations in the clam, only correlated well with Cd concentrations in the 

G.virens (r=0.446). The clam may become the best indicator for bioavailability than 

others mussel for which the CI was independent of all of metal concentrations 

(negative correlation). 

3.3. Bioaccumulation of heavy metals in clam 

Metal concentrations of Al and Fe in the tissue of the four sites were similar and 

did not vary appreciably and presented very lower compared to concentrations of 

these metals in the sediments. Concentrations of Al and Fe in the sediments were 20-

100 times higher than the concentration in the mollusks.  

By comparing BSAF, we can compare the ability of clam G.virens in taking up 

metal from sediment. Table 2 shows the calculated BSAF values in the different 

sampling sites. 
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Table 2. Bioaccumulation of heavy metal in clam 

Metals Dry season Rainy season 

 BT CL BT CL 

As 5,46** 41,93** 0,13 0,07 

Cd 0,05 1,78* 0,68 0,06 

Cr 0,14 5,62** 0,10 0,09 

Cu 0,35 21,17** 0,26 0,78 

Pb ND ND 0,32 0,21 

Zn 1,14* 2,84** 5,75** 0,66 

Fe 0,04 0,05 0,05 0,07 

Al 0,01 0,25 0,01 0,01 

Note: ND: not detected, Bold**: High potential of accumulation, Bold Italic*: 

Moderate potential of accumulation and Regular: Low potential of accumulation. 

The BSAF indicated a low potential bioaccumulation for metals (BSAF<1) in 

rainy season and a high potential of accumulation for metals in dry season in Thuy 

Trieu lagoon and for As and Zn in Be estuary. Based on those results, it showed that 

the magnitude of the heavy metal accumulation in tissues depend on the type of the 

heavy metals and seasonal. 

3.4. Factors controlling accumulation of metals 

The correlation between metal concentrations in tissues and geochemical 

characteristics of the sediments will be illustrated by correlation matrix Table 3.  

Table 3. Correlation between tissues metal concentrations and sediment geochemical 

characteristics 

Factors pH M TOC Silt Clay As Cd Cr Cu Zn Fe Al 

pH 1,00            

M 0,26 1,00           

TOC 0,19 0,99 1,00          

Silt -0,85 0,21 0,28 1,00         

Clay 0,83 -0,32 -0,39 -0,97 1,00        

As 0,92 -0,13 -0,20 -0,97 0,98 1,00       

Cd -0,51 -0,01 0,03 0,71 -0,52 -0,56 1,00      

Cr 0,12 -0,44 -0,47 -0,11 0,35 0,26 0,60 1,00     

Cu 0,11 -0,47 -0,49 -0,11 0,36 0,26 0,60 1,00 1,00    

Zn -0,37 -0,26 -0,14 0,22 -0,24 -0,21 0,11 -0,08 -0,06 1,00   

Fe 0,42 -0,66 -0,67 -0,80 0,79 0,73 -0,59 0,16 0,18 0,27 1,00  

Al 0,14 -0,40 -0,43 -0,10 0,34 0,26 0,62 1,00 1,00 -0,10 0,12 1,00 
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Note: ND: not detected, Bold: strong correlation, Bold Italic: good correlation 

and Regular: weak correlation. 

The results show that there were not claire relationships between 

concentration of metals in clam G.virens and physicochemical parameters of 

sediment. The As metal accumulation in tissues are highly depend by distributes 

the fine-grained fraction of sediments, especially by pH, correlations coefficient 

were 0.98 and 0.92 respectively. Accumulation of As in tissues had good 

correlation with Fe concentration in sediment, correlations coefficient were 0.73. 

Moreover, the correlation coefficient between Cu and Cr content in clam and Al 

in sediment was 1.00 indicate that their contents in clam have very strong 

correlation with Al suggesting that Al content is important factor affecting 

bioaccumulation there metals. 

The results also show that the distributions of Fe metal in tissues are negative 

depending by content of TOC and moisture of sediment. By other side, Cd content in 

tissues had good correlation with Cu and Cr concentrations. Moreover, Cd and Cr 

have strong correlation (correlation coefficient 1,00), showed a significant relative 

quantity between heavy metal in sediment and tissues. 

The contents of Cd, Cu, Cr heavy metals were contributed by the Al content of 

the area but closed to the anthropogenic influences.  

4. CONCLUSION 

Through the analysis heavy metal concentrations in sediments and clam 

G.virens collected from Khanh Hoa coastal, the sediments are considered to be 

moderately polluted by As, Cu and Zn, which may be associated with their contents 

in clam were over than maximum permissible level WHO. In contrast, the sediments 

are not polluted by other heavy metals (Cd, Ni and Cr) but the BSAF indicated a low 

potential bioaccumulation for Cd, Cr and Ni (BSAF<1) and a high potential of 

accumulation for As, Cu and Zn. 

Among the studied, the correlation matrix could use to interpret the correlation 

the contents of heavy metals in clam and environmental parameters as grain size, 

TOC, moisture and pH of the sediments. The concentration of Cr and Cu has good 

correlation with Cd content, suggesting that metals contamination are very localized 

and closed to the environmental factors.  

The information obtained in this study explained that clam G.virens one the big 

populations event high accumulate As, Cu and Zn, and then could be chosen as 

sensitive indicators for monitoring heavy metal pollutions in Khanh Hoa coastal, 

Viet Nam. 
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TÍCH TỤ KIM LOẠI Ở NHUYỄN THỂ  

GLAUCONOMA VIRENS (LINNAEUS, 1767) TẠI  

VÙNG BIỂN KHÁNH HÕA, VIỆT NAM 

TRẦN THỊ MAI PHƢƠNG, LÊ THỊ PHỤNG , TRẦN THỊ TƢƠNG LINH, 

NGUYỄN KỲ PHÙNG, NICOLAS MARMIER 

TÓM TẮT 

 Loài nhuyễn thể Glauconoma virens hay tên địa phương là Phi Cái là loài sinh 

sống phổ biến tại các vùng ven biển của Khánh Hòa và có thể sử dụng như một sinh vật 

quan trắc chỉ thị ô nhiễm môi trường trong khu vực. Chúng tôi tiến hành lấy mẫu bùn và 

nhuyễn thể Glauconoma virens với kích thước khác nhau trong môi trường tự nhiên tại 

khu vực đầm Thủy Triều và cửa sông Bé thuộc bờ biển Khánh Hòa trong khoảng thời 

gian 2012-2013 nhằm phân tích nồng độ các kim loại như As, Cd, Cr, Cu, Zn, Fe và Al 

cũng như đo kích thước sinh vật: độ dài, rộng, dày và trọng lượng của từng sinh vật để 

xác định chỉ số kích thước (CI). 

Chúng tôi đã sử dụng ma trận thống kê để xác định mối liên quan giữa các yếu tố 

sinh học qua chỉ số kích thước và tích tụ hàm lượng kim loại trong sinh vật (BSAF). Kết 

quả cho thấy chỉ số kích thước trung bình của phi cái là 74,58  22,49 từ 44,94 (giá trị 

nhỏ nhất) đến 105,52 (giá trị cao nhất) là phù hợp tương quan sinh trưởng của loài. Sự 

tích tụ các kim loại như Cr, Cu, Zn trong thịt nhuyễn thể có mối tương quan đối nghịch 

với chỉ số kích thước (tương ứng r = -0,817; -0,929 và -0,777). Chỉ số kích thước cũng 

tương quan nghịch với hàm lượng As, Fe và Al (tương ứng r = -0,181; -0,539 và -0,381). 

Duy chỉ có hàm lượng Cd tương quan không đáng kể với chỉ số kích thước với chỉ số 

tương quan r = 0,446. Phi cái G.virens có thể được coi là một sinh vật chỉ thị ô nhiễm 

kim loại thích hợp trong vùng ven biển Khánh Hòa vì chỉ số CI hầu như không phụ thuộc 

hàm lượng kim loại tích tụ trong cơ thể sinh vật. 

Từ khóa: tích tụ sinh học, kim loại nặng, nhuyễn thể, Glauconoma virens, bùn lắng, 

bở biển Khánh Hòa. 

 


