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Assessment of trace metals (Zn, Cu, Fe, Pb and Ni) in water, sediment and an oyster, Saccostrea cucullata, was carried 

out in five stations around Port Blair. Concentration of these metals in water, sediment and the oyster exhibited wide 
variations. Among the selected locations, Fisheries Jetty exhibited the highest concentration of trace metals, as a 
consequence of the numerous fishing vessels harboured at this station. Zinc was the highest bioconcentrated trace metal 
(BCFmw,460.39 – 2474.72; BCFms, 24.60 – 641.96) in all the five stations, probably due to the role of several zinc 
metalloenzymes in shell mineralization of oysters. Unlike this, the bioconcentration factor of Pb was very low in spite of its 
relatively high concentrations in both, water as well as sediment. 
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Introduction 

Trace metals, as the name signifies, are metals 

present in extremely small quantities in a given 

environment. Their distinct property of being toxic 
above a specific threshold of bioavailable level is 

significant in determining the overall health of the 

ecosystem
1,2

. They are introduced into the water 
bodies mainly through anthropogenic activities 

including discharge of domestic sewage, industrial 

effluents, petroleum and mining wastes
3,4

. Over the 
years, with the advancements in development, the 

accumulation of trace metals in the marine 

environment  has  shown  an  increasing  trend.  

The sediment and biota in the aquatic environment 
act as reservoirs for trace metals

5
. Therefore, the 

extent of trace metal pollution in a specific locality 

can be assessed by the analysis of water
6,7

,  

sediment
8,9

 and indigenous biota
10,11

. Among biota, 
the bivalves (including mussels and oysters) have a 

pronounced ability for bioconcentrating heavy 

metals
12

 and hence, have extensively been used in 

biomonitoring programmes
13,14

. The concentration of 
trace metals in water, sediment as well as an 

indigenous rock oyster, Saccostrea cucullata, was 

evaluated from five stations in and around Port Blair, 

Andaman Islands. 

 

Materials & Methods 

Andaman and Nicobar archipelago, comprising 

over 570 Islands, is located in the Bay of Bengal  

(Lat 6° to 14° N, Long 92° to 94° E). It is spread over 
an area of about 700 km

2
 from north to south with 36 

inhabited islands. Saccostrea cucullata, sediment and 

water samples were collected from North Bay, 
Aberdeen Jetty, Fisheries Jetty, Rose Island and 

Corbyn’s Cove (Fig. 1) during October 2008. These 

sites were selected based on human recreational and 
developmental activities. Aberdeen Jetty and 

Fisheries Jetty are fishery harbours, while North Bay, 

Ross Island and Corbyn’s Cove are tourist spots with 

several resorts and other facilities. 

The oysters were first washed free of extraneous 

matter and the flesh was removed from the shells and 

freeze-dried. Approximately 1 g of this sample was 

digested with nitric and phosphoric acid (2 mL each) 
for analysis of various trace metals such as Zinc (Zn), 

Copper (Cu), Iron (Fe), Lead (Pb) and Nickel (Ni). 

All measurements were made in triplicates by Atomic 
—————— 
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Absorption Spectrophotometer (Perkin-Elmer Model 

3110). Accuracy of the analytical methods was 

monitored by repeated analysis of standard reference 
materials (SRM 1566b from the National Institute of 

Standard and Technology and BCSS-1 from the 

National Research Council of Canada) together with 

batch of sediment samples. The calculated metal 
content was represented as µgg

-1
 of sample on a wet 

weight basis. Sediment and water samples collected 

from these stations were also analysed for trace 
metals using standard procedures

15,16
. Thereafter, the 

bioconcentration factor (BCF), i.e. the concentration 

of a particular metal in a biological tissue relative to 

the surrounding medium (seawater, BCFmw or 

sediment, BCFms) was calculated. Correlations 
between metal concentrations in S. cucullata tissue 

were analysed by Spearman’s rank correlations (SPSS 

version 10). 

 

Results 

The concentration of trace metals in seawater 
showed considerable variation in the different 

sampling locations: Zn, 0.77±0.02 (Ross Island) to 

2.67±0.47 (Fisheries Jetty); Cu, 2.45±0.11 (Ross 
Island) to 13.01±0.69 (Fisheries Jetty); Fe, 0.09±0.05 

(Ross Island) to 0.46±0.10 (Fisheries Jetty); Pb, 

2.84±0.74 (North Bay) to 13.54±1.03 (Corbyn’s 

Cove) and Ni, 0.07±0.02 (Corbyn’s Cove) to 
0.15±0.02 (Fisheries Jetty). Highest concentration of 

all the metals, except Pb, was observed at Fisheries 

Jetty (Table 1). 

The trace metal concentration in sediment also 
exhibited wide variations between the stations: Zn, 

2.97±0.37 (Ross Island) to 27.45±1.39 (Corbyn’s 

Cove); Cu, 3.15±0.57 (Aberdeen Jetty) to 19.34±0.69 

(Fisheries Jetty); Fe, 474.23±6.96 (Aberdeen Jetty) to 
3686.43±13.48 (Fisheries Jetty); Pb, 12.54±0.57 

(Corbyn’s Cove) to 34.87±11.34 (Ross Island) and 

Ni, 16.38±0.88 (North Bay) to 37.41±0.91 (Fisheries 
Jetty). In general, the sediments showed higher 

concentration of metals than the overlying water 

column (Table 2). 

As in the case of seawater and sediments, the 

oyster tissue collected from the different stations also 

 
 

Fig.1—Sampling locations around Port Blair, Andaman 

Table 1—Metal concentrations in seawater (in µg/ml wet weight with SD); n=3 replicates 

 Zn Cu Fe Pb Ni 

North Bay 1.09±0.06  2.76±0.77 0.40±0.18  2.84±0.74 0.08±0.01 

Aberdeen Jetty 1.02±0.19  3.55±0.60 0.12±0.02  4.65±0.30 0.12±0.12 

Fisheries Jetty 2.67±0.47 13.01±0.69 0.46±0.10  4.24±0.43 0.15±0.02 

Ross Island 0.77±0.02  2.45±0.11 0.09±0.05  4.08±0.71 0.14±0.04 

Corbyn's cove 0.89±0.07  7.93±0.82 0.11±0.04 13.54±1.03 0.07±0.02 
 

Table 2—Metal concentrations in sediment (in µg/g wet weight with SD); n=3 replicates 

 Zn Cu Fe Pb Ni 

North Bay 21.35±1.17  4.34±0.07 1325.75±6.05 13.54±1.25 16.38±0.88 

Aberdeen Jetty  8.73±0.38  3.15±0.57  474.23±6.96 15.87±0.11 16.54±0.80 

Fisheries Jetty 16.28±0.85 19.34±0.69 3686.43±13.48 17.67±1.03 37.41±0.91 

Ross Island  2.97±0.37 10.01±0.67  501.43±12.69  34.87±11.34 20.65±0.24 

Corbyn's cove 27.45±1.39  6.01±0.11 1878.56±3.79 12.54±0.57 22.17±0.72 
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exhibited significant variations in the concentration of 

trace metals: Zn, 467.76±20.72 (Aberdeen Jetty) to 

3262.02±16.56 (Fisheries Jetty); Cu, 0.72±0.11 
(Aberdeen Jetty) to 154.11±1.18 (Fisheries Jetty);  

Fe, 11.04±0.43 (Aberdeen Jetty) to 114.95±1.93 

(Fisheries Jetty); Pb, 2.99±0.05 (Aberdeen Jetty) to 

8.25±1.18 (North Bay) and Ni, 0.00±0.00 (Aberdeen 
Jetty) to 4.08±0.18 (Fisheries Jetty). Relatively very 

high concentration of Zn and Cu in oyster tissue than 

that of water and sediment is notable (Table 3). 
Significant positive correlations (P<0.05; spearman’s 

rank correlations; SPSS version 10) were observed for 

(Zn, Fe), (Cu, Pb), (Cu, Ni) and (Pb, Ni) in  

S cucullata tissue. Among the various metals studied, 
the BCFmw and BCFms value of Zn was the highest in 

all the stations (Table 4). Unlike this, the BCFmw and 

BCFms value of Pb was very low compared to that of 
Zn, in spite of its higher concentration in both, water 

as well as sediment. 

 

Discussion  

Among the five stations examined during the 

present study, the highest concentrations of Zn, Cu, 

Fe and Ni in water, sediment as well as biota were 
recorded at the Fisheries Jetty. This may possibly be 

due to the continuous leaching of antifouling paints 

applied on the numerous small, medium and large 
sized vessels harboured in this station

20, 21
.  

Zinc was the maximum bioconcentrated metal 

among the five trace metals studied. High levels 
(4522 µgg

-1
 dry wt.) of Zn from Indian waters have 

already been reported by Krishna Kumari and Nair 

(1992)
22

. Although, high concentrations of Pb and  

Cu were also available in the water, the oyster 

preferentially accumulated Zn. Pequignat et al.
23

 has 
calculated that 2.7 ppm of Zn in live marine organism 

represented the theoretical maximum biochemical 

requirements. In the present study, the lowest 

concentration of Zn recorded in S. cucullata was as 
much as 173 times more than the required level. 

Oysters, in general, have a very high ability to 

accumulate Zn (Table 5)
22,24-34

, probably because 
several zinc metalloenzymes are involved in their 

shell mineralization 
28

.  

Molluscs, in general, seem to have high 

bioconcentration potential for Zn compared to the 
other trace metals. Abdullah et al.

32
 have made similar 

observations and reported that Meretrix meretrix was 

able to accumulate higher quantity of Zn than Cu and 
Pb. Zn concentration is closely related to gonadal 

development and spawning, either through direct 

incorporation into gametes or through functional 
requirements of gonadal tissue during 

development
35,36

. Copper seems to be the next 

preferred metal for accumulation in S. cucullata. 

Similar observations were made by Krishna Kumari 
and Nair (1992)

22
. Hung and Han

37
 have indicated a 

Cu concentration of 2100-4400 µgg
-1
 dry wt. being 

responsible for the mortality of adult Crassostrea 

gigas. Though, no similar data is available for S. 

cucullata, it appears that the present Cu concentration 

of 0.72-154.11 µgg
-1

 wet weight may not be harmful 
to the adult oysters. Lead exhibited relatively low 

BCF factor in all the five stations, in spite of its high 

Table 3—Metal concentrations in S. cucullata (in µg/g wet weight with SD); n=3 replicates 

 Zn Cu Fe Pb Ni 

North Bay 1364.93±15.33  78.98±1.87  74.20±1.00 8.25±1.18 1.25±0.20 

Aberdeen Jetty  467.76±20.72   0.72±0.11  11.04±0.43 2.99±0.05 0.00±0.00 

Fisheries Jetty 3262.02±16.56 154.11±1.18 114.95±1.93 3.01±0.07 4.08±0.18 

Ross Island 1904.71±14.63   4.00±0.34  39.85±0.39 6.96±0.21 0.44±0.02 

Corbyn's Cove 675.21±5.32  59.27±1.70  34.26±1.59 6.84±0.60 0.94±0.08 
 

Table 4—Bioconcentration factor values in S. cucullata 

 BCFm w  BCFms 

  Zn Cu Fe Pb Ni Zn Cu Fe Pb Ni 

North Bay 1256.07 28.65 183.97 2.91 16.31  63.93 18.20 0.06 0.61 0.08 

Aberdeen Jetty  460.39  0.20  91.97 0.64  0.00  53.58  0.23 0.02 0.19 0.00 

Fisheries Jetty 1223.26 11.85 251.71 0.71 27.28 200.37  7.97 0.03 0.17 0.11 

Ross Island 2474.72  1.63 449.43 1.71  3.16 641.96  0.40 0.08 0.20 0.02 

Corbyn's cove  762.67  7.47 308.08 0.51 13.77  24.60  9.86 0.02 0.55 0.04 
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concentrations in water and sediment, probably 

because the mollusc avoids absorption of the metal 

due to its toxicity.  

The trace metal concentrations recorded during the 
present study were relatively low. Thangaradjou et al. 

(2010)
38 

has made similar observations from 

seagrasses of Port Blair area. The low concentration 
of trace metals in water and sediment samples of Port 

Blair reported by Kaladharan et al
39

. further supports 

this observation. The trace metal (Zn, Cu, Fe, Pb, Ni) 

concentrations in S. cucullata from Andaman waters 
are within limits stipulated by CPCB, indicating that 

the island ecosystem is rather unaffected by 

anthropogenic inputs
40

. However, continuous 
monitoring using indigenous bioindicators like S. 

cucullata is highly desirable to help preserve this 

fragile and pristine ecosystem.  
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