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Abstract 

Marine organisms tend to accumulate heavy metals from the environment and are adapted to handle natural fluctuations in intake 

brought about by slight changes in their availability in water or food. Aquatic organisms are widely used to monitor environmental 

health due to anthropogenic impacts. In the present study, the bioaccumulation of iron in the gills and muscles of six species of 

shellfish viz., Fenneropenaeus indicus, Fenneropenaeus monodon, Fenneropenaeus semisulcatus, Scylla serrata, Meretrix casta 

and Clibanarius longitarsus from Pulicat lake, Tamil Nadu, India on a monthly basis for a period of two years from January 2011 

to December 2012 during four seasons viz., postmonsoon, summer, premonsoon and monsoon were analysed. The accumulation of 

iron in the gills and muscles of the six shellfish species exhibited seasonal as well as species specific variations. The overall results 

indicate the muscle tissues of Scylla serrata to accumulate the maximum amount of 8.68µg/g iron during summer in the year 2012. 

As the concentration of the heavy metal in the shellfish tissue depends on the bioavailability of metals in the aquatic environment 

due to the urbanization and industrialization, proper steps should be taken to check the discharge of industrial wastes into the water 

bodies. 
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1. Introduction 

Among the various ecosystems, estuaries are unique due to 

their continuous dynamic nature and higher productivity, 

because at the proximity of the mouth of the river, where it 

meets the sea, a dynamic and distinct environment prevails. At 

this juncture, river water mixes with the seawater, and the 

tides of the sea in regular recurring rhythm, pushes in and out 

the river waters. This transitional ecotone, which is the 

confluence of the river and the sea, is the estuary. A widely 

used definition of an estuary given by Pritchard [1] who states 

that “an estuary is a semi-enclosed coastal body of water, 

which has a free connection with the open sea and within 

which sea water is measurably diluted with fresh water 

derived from land drainage”. Estuaries rank along with 

tropical rainforests and coral reefs as the world's most 

productive ecosystems, more productive than both the rivers 

and the ocean that influence them from either side. Though 

they occupy only 0.5% of global marine areas, estuaries are 

responsible for 2.6% of primary marine production and 

potentially contribute 5.9% to the world fisheries harvest. 

They act as gigantic mixing vessels for waters of various 

biological, thermal, hydrochemical, and suspended matter 

characteristics that undergo daily, seasonal and long-term 

changes, defying generalization [2]. Estuaries provide a nursery 

for the juvenile forms of some marine fish species, and 

provide shelter and food for many young and adult fish and 

shellfish. These in turn provide food for other levels of the 

food chain including shore birds, waterfowl, larger fish and 

marine mammals [3]. 

The name trace metals signifies, those metals that are present 

in extremely small quantities in a given environment with a 

distinct property of being toxic above a specific threshold of 

bioavailable level and is significant in determining the overall 

health of the ecosystem [4, 5]. In the natural environment, 

organisms are exposed chronically to sublethal concentrations 

of several contaminants simultaneously, and concentrations of 

metals present within the organisms result from the relative 

rates of metal accumulation and turnover [6]. The common 

feature of these metals is that they are all relatively toxic even 

at fairly low concentrations and are readily concentrated by 

aquatic organisms and plants [6]. Metals viz., Fe, Cu, Zn and 

Mn are essential, since they play important roles in biological 

systems; whereas Hg, Pb and Cd are toxic even in trace 

amounts [7]. Advancement in technology as well as increase in 

population have led to environmental concerns relating from 

indiscriminate dumping of refuse and discharge of industrial 

effluents, petroleum waste water, and crude oil spills replete 

with most common heavy metals in our environment [8].  

Marine organisms tend to accumulate heavy metals from the 

environment and are adapted to handle natural fluctuations in 

intake brought about by slight changes in their availability in 

water or food. Such a process of accumulation of pollutants by 

organisms is termed as bioconcentration or bioaccumulation 
[9]. Aquatic organisms are widely used to monitor 

environmental health due to anthropogenic impacts [10-12]. The 

concentration of heavy metals in various parts of the 



International Journal of Zoology Studies 

113 

organisms is primarily indicative of the level of pollution in 

the environment [13]. The bioaccumulation of heavy metals by 

marine molluscs and other marine organisms may reach many 

orders of magnitude above background concentrations of 

certain locality. This phenomenon may demonstrate the 

potential of these species as a biomonitor of heavy metal 

pollution [14, 15]. The environmental quality standards rely on 

the concentrations of contaminants as quality objectives for 

comparing the sites. The ecological integrity is judged using 

water or sediment in toxicity tests [16]. The United States 

Environmental Protection Agency (USEPA) recommends the 

use of bioassays, biological and habitat data in addition to 

chemical data for water quality assessments [17, 18]. Therefore, 

the objective of the present study was to estimate the 

concentration of iron in the gills and muscles of six species of 

shellfish from Pulicat lake, Tamil Nadu, India. 

 

2. Materials and methods 

2.1. Study area 

Pulicat lake (13°24'–13°47' N, 80°03'–80°18' E) is the second 

largest brackish water body of India with an area of 18,440 

hectares and is located 40km north of Chennai. The length of 

this lake is about 60km and varies in breadth (0.2 to 17.5km). 

Pulicat lake is drained by four rivers, the Swarnamukhi, the 

Kalangi, the Araniar and the Royyala Kalava apart from many 

minor inflows. Industrial and domestic waste are brought into 

this lake by the Buckingham canal and finally to the Bay of 

Bengal [19]. Local climate, riverine inflow and the neritic 

waters from the Bay of Bengal influence the hydrological 

characters of Pulicat lake. Many euryhaline species are present 

in this lake which act as breeding grounds for many organisms 

and certain fishes [20]. Untreated effluents from industries and 

urban areas are considered to be point sources of pollution [19, 

21, 22]. 

 

2.2. Collection of specimens 

Six shellfish species viz., Fenneropenaeus indicus, 

Fenneropenaeus monodon, Fenneropenaeus semisulcatus, 

Scylla serrata, Meretrix casta and Clibanarius longitarsus 

were collected from Pulicat lake, Tamil Nadu, India on a 

monthly basis for a period of two years from January 2011 to 

December 2012 during four seasons viz., postmonsoon, 

summer, premonsoon and monsoon. The collected organisms 

were brought to the laboratory in an ice box and were stored at 

4°C until analyses. The organisms were thoroughly washed 

with running tap water to eliminate mud and other debris and 

were subsequently rinsed with double-distilled water. Rust 

free stainless steel kit was used to dissect the animal. Care was 

taken to avoid external contamination of the samples. 

 

2.3. Determination of metals in animals 

The gills and muscles of the six shellfish species were used to 

estimate iron content. The analysis was carried out using the 

method suggested by Watling and Emmerson [23]. Analytical 

grade reagents were used. For analysing iron, the samples 

were oven dried at 60°C for 24 hours. The dried sample (0.5g) 

was taken and ground with a mortar and pestle. Using nitric 

and perchloric acid (3:1), the ground samples were digested. 

After adding the acids, the samples were kept in a hot plate at 

120°C until white residues were formed. Finally the residue 

was dissolved in 10mL of distilled water and then filtered. The 

filtered sample was aspirated into the atomic absorption 

spectrophotometer and the reading was recorded. The solution 

was then diluted and filtered through a 0.45μm nitrocellulose 

membrane filter. Determination of iron in samples was carried 

out by inductively coupled plasma atomic emission 

spectroscopy (Optima 2100 DV, Perkin-Elmer, USA). 

 

3. Results 

The accumulation of iron in the gill and muscle tissues of the 

six shellfish species are exhibited as seasonal as well as 

species specific variations. The order of maximum 

accumulation of iron in the gill tissues of the six shellfish 

species for the year 2011 are as follows: Fenneropenaeus 

monodon (5.55µg/g) during summer; Fenneropenaeus 

semisulcatus (4.79µg/g) during monsoon; Scylla serrata 

(3.89µg/g) during summer; Clibanarius longitarsus (3.8µg/g) 

and Fenneropenaeus indicus (1.49µg/g) during premonsoon; 

and Meretrix casta (1.33µg/g) during monsoon. In the case of 

muscle tissues it was, Scylla serrrata (8.66µg/g) and 

Clibanarius longitarsus (6.61µg/g) during summer; 

Fenneropenaeus monodon (3.94µg/g) during postmonsoon; 

Fenneropenaeus semisulcatus (3.78µg/g) and 

Fenneropenaeus indicus (1.62µg/g) during summer followed 

by Meretrix casta (1.32µg/g) during summer and monsoon. 

Whereas, in the year 2012, it was, the gill tissues of 

Fenneropenaeus semisulcatus (5.98µg/g) during 

postmonsoon; Fenneropenaeus monodon (5.62µg/g) and 

Scylla serrata (3.92µg/g) during summer; Clibanarius 

longitarsus (3.74µg/g) and Fennerpenaeus indicus (1.91µg/g) 

during premonsoon; and Meretrix casta (1.43µg/g) during 

premonsoon which exhibited the maximum accumulation of 

iron. For the year 2012, maximum iron accumulation was 

observed in the muscles of Scylla serrata (8.68µg/g) and 

Clibanarius longitarsus (6.62µg/g) during summer; 

Fenneropenaeus monodon (3.97µg/g) during postmonsoon; 

Fenneropenaeus semisulcatus (3.79µg/g) during summer; 

Fenneropenaeus indicus (1.95µg/g) during monsoon; and 

Meretrix casta (1.55µg/g) during summer. The overall results 

indicate the muscle tissues of Scylla serrata to have 

accumulated the maximum amount of 8.68µg/g iron during 

summer in the year 2012 (Figure 1). 

 

4. Discussion 

Although, heavy metals like cadmium, copper, lead, zinc and 

iron are normal constituents of marine and estuarine 

environments, they may be introduced into the 

biogeochemical cycle through industrial wastes and sewage 

and thereby create adverse impact on the biotic community 

apart from polluting sources like streams and rivers [24,25]. 

Heavy metals in the aquatic environment bioaccumulate in 

biota through absorption or ingestion. The higher 

concentrations of heavy metals in organisms prove that the 

bioavailability of these heavy metals has been increased 

during the last century due to urbanization and 

industrialization as suggested by Cheung et al. [26]. These 

heavy metals influence intrinsic biological factors of these 

organisms as well as contaminate them as human foods. 

Heavy metal estimation in coastal zone is of great importance 

to determine the metal contamination in the marine
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Fig 1: Accumulation of iron in shellfish species from Pulicat lake 

  

FI:   Fenneropenaeus indicus   SS: Scylla serrata 

FM: Fenneropenaeus monodon  MC: Meretrix casta 

FS: Fenneropenaeus semisulcatus  CL: Clibanarius longitarsus 
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environment. In the aquatic environment, conventional 

methods for monitoring heavy metals were basically the 

determination of the heavy metal in water, sediment and biota. 

A study by Biswas et al. [27] showed that the concentration of 

cadmium, copper, lead, zinc and iron concentrations are found 

higher in the tissue of Saccostrea cucullata during 

premonsoon and postmonsoon seasons. According to Mitra 

and Choudhury [28] and Mitra [29], the fast industrialization and 

urbanization of the Kolkata, Howrah and Haldia complex in 

the state of West Bengal, India has created considerable 

ecological imbalance in the adjacent coastal areas. The lower 

part of this estuary has different industries viz., paper, textiles, 

chemicals, pharmaceuticals, plastic, shellac, food, leather, 

jute, tires and cycle rims [30]. Biswas et al. [27] reported that the 

concentration of metals like cadmium, copper, lead, zinc and 

iron in oyster tissue was higher during premonsoon and 

postmonsoon and this higher concentration of heavy metals in 

oysters was due to anthropogenic activities. In the same study, 

the downward order of the concentration of heavy metals 

present in the oyster tissue were iron, zinc, copper, cadmium 

and lead in Shankarpur and iron, zinc, copper, lead, cadmium 

in Satgelia during both seasons. Bryan [31] has reported that 

zinc and iron were present in large quantities in the tissues of 

both Penaeus semisulcatus and Metapenaeus monoceros in his 

study. These metals play a role in the enzymatic and 

respiratory processes. Heavy metals and their ions usually sink 

to their bottom sediments which constitute the food of the 

benthic organisms. The high concentration of iron in the 

shellfish could be due to its habitat effect since the shellfish is 

a bottom dwelling organism. It is suggested that iron, zinc and 

copper were preferentially accumulated by the oysters. It is to 

be mentioned that the pH, salinity and temperature may have 

affected the concentration and rate of uptake of the metals in 

oysters. Accumulation of the metals by mussels is affected by 

salinity, temperature and concentration of the trace metals in 

the water [32]. Marine bivalves are filter feeders that take up 

and accumulate metals and other pollutants from the water 

column or via ingestion of contaminants adsorbed to 

phytoplankton, detritus and sediment particles. Trace metals 

are taken up and accumulated by molluscs and many other 

marine invertebrates to tissue and body concentrations usually 

much higher on a wet weight basis than concentrations in the 

surrounding seawater [33]. As they are sessile, they reflect local 

contaminant concentrations more accurately than crustaceans 

and free-swimming finfish. Marine bivalves viz., oysters and 

mussels have been extensively used as model organisms in 

environmental studies of water quality [34, 35].  

Iron, one of the most abundant metals on earth, is essential to 

most life forms and to normal human physiology. Iron is an 

integral part of many proteins and enzymes that maintain good 

health [36]. In humans, iron is an essential component of 

proteins involved in oxygen transport [37]. It is also essential 

for the regulation of cell growth and differentiation [38, 39]. A 

deficiency of iron limits oxygen delivery to cells, resulting in 

fatigue, poor work performance and decreased immunity [36, 

40]. On the other hand, excess amounts of iron in man can 

result in toxicity and even death [41]. Ingestion of iron accounts 

for most of the toxic effects because it is absorbed rapidly in 

the gastrointestinal tract. The corrosive nature of iron seems to 

further increase the absorption. Chief sources of iron include 

drinking water, iron pipes, cookware and welding. Foods rich 

in iron are: bone meal, bran, clams, heart, kidney, leafy 

vegetables, legumes, liver, meat, nuts, organ meats, oysters 

and other shellfish. Iron targets the liver, cardiovascular 

system and kidneys [42]. The symptoms of iron toxicity include 

amenorrhea, anger, rheumatoid arthritis, birth defects, 

bleeding gums, cancer, constipation, diabetes, dizziness, 

emotional problems, fatigue, headache, heart damage, heart 

failure, hepatitis, high blood pressure, hostility, hyperactivity, 

infections, insomnia, irritability, joint pain, liver disease, loss 

of weight, mental problems, metallic taste in mouth, 

myasthenia gravis, nausea, pancreas damage, premature aging, 

schizophrenia, scurvy, shortness of breath and stubbornness 
[43]. There is considerable potential for iron toxicity because 

very little iron is excreted from the body. Thus, iron can 

accumulate in body tissues and organs when normal storage 

sites are full. Symptoms of Alzheimer’s and Parkinson’s 

disease may also be iron-related [41]. As the concentration of 

the heavy metal in the shellfish tissue depends on the 

bioavailability of metals in the aquatic environment due to the 

urbanization and industrialization, proper steps should be 

taken to check the discharge of industrial wastes into the water 

bodies of these coastal regions [27]. Similar means are to be 

adopted to prevent the Pulicat lake from further contamination 

and to protect it for posterity. 
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