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Abstract 

Concentrations of As, Pb and Hg were determined in Mugil cephalus, 

Branchiura sowerbyi, Mercenaria mercenaria, Ulva intestinalis collected 
from adyar estuary Chennai. Levels of the selected heavy metals were 
determined in the muscle of collected species using a Perkin-Elmer Sciex 
ELAN DRC II ICP mass spectrometer and expressed as mg kg-1 dry weight. 
Duncan multiple range test was performed to determine whether the heavy 
metal concentrations varied significantly among the species during various 
season. From the selected species, the concentrations of As, Pb and Hg ranged 
from 1.1960±0.159 - 2.3180±0.120 µg/g, 2.6650±0.268 - 5.8350±0.446 µg/g 
and 0.2180±0.030 - 1.0570±0.096 µg/g respectively. Arsenic accumulated in 
Branchiura sowerbyi during pre monsoon and Lead accumulated in 
Mercenaria mercenaria during post monsoon and premonsoon. 
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INTRODUCTION: 

One of the major causes of aquatic pollution is due to contamination by toxic metals. 
Due to the steady load of contaminated dust in overcrowded cities, the ambient 
concentrations of toxic metals are now among the highest ever being reported. Metals 
are elements that accumulate and do not break down further into less harmful 
constituent (Kennicutt et al., 1992). With rapid increasing pollution due to current 
urbanization and industrialization, this leads scientific community to explore the 
effects of environmental pollution.  
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As a result animals living in polluted waters show increasing trends of accumulation 
(Sorenson 1976; Larsson et al. 1985; Pazhanisamy et al. 2007) of these non-
degradable toxicants. The contamination by metals has so much deteriorated the wet 
lands that there is a universal urge to estimate toxic metal levels in the aquatic 
ecosystem including its biota. The pollutants like heavy metals after entering into 
aquatic environment accumulate in tissues and organs of aquatic organisms. The 
amount of absorption and assembling depends on ecological, physical, chemical and 
biological condition and the kind of element and physiology of organisms (Jaffa, 
1998). Indian Sundarbans was exposed to pollution from domestic sewage and 
industrial effluents leading to serious impacts on biota due to Due to intense industrial 
activities in the upstream zones and several anthropogenic factors (Mitra and 
Choudhury, 1992). The organic and inorganic wastes released from these industries 
and urban units contain substantial concentrations of heavy metals (Abhijit Mitra and 
Rajrupa Ghosh, 2014) 

The aquatic environments need regular monitoring for metal contamination of their 
water, sediment and fauna. Heavy metals measured in tissues of aquatic animals 
reflect the past exposures because they accumulate in tissues and organs of the 
animals. Analysis of tissue accumulation of the toxic metals can also be a reasonable 
measurement for public health standards and for animals’ well being (Abhijit Mitra et 

al., 2016). The major sources of contamination in surface water can be traced to 
industrial discharges, domestic waste disposal and application of agrochemicals on 
farmlands (Kennicutt et al., 1992).  

 

MATERIALS AND METHODS: 

Biota samples were collected using fish net at adyar estuary. Great care was taken to 
select the specimen having approximately the same sizes, The specimen samples were 
transported to Analytical laboratory in ice boxes and preserved in a mechanical 
freezer maintained at -20oC. The samples were rinsed with deionized water prior to 
laboratory preparation and analyses (Ahmed et al., 2010). 

The collected specimen samples were prepared for laboratory analysis of their heavy 
metals levels. The samples were cleaned and transferred whole into an electric oven at 
40oC. They were dried in the oven at this temperature for 24hours and then pulverized 
in a clean dry porcelain mortar (Ahmed et al., 2010). The pulverized samples were 
dried further for 1hour at a reduced temperature of 20oC and put into clean dried 
bottles (Farkas et al., 2000; Adeniyi et al., 2005). Then, 3.0g each of the pulverized 
and dried samples was weighed into a silica crucible and ashed in a muffle furnace at 
a temperature of 600oC for 5hours (Farkas et al., 2000; Adeniyiet al., 2005). The 
ashes were cooled to room temperature and sieved to remove bigger particles and then 
transferred into a 250ml conical flask. Thereafter, 20ml of concentrated HNO3 was 
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added and diluted to 50ml with deionised water and swirled gently after which the 
volume was made up to 100ml with deionised water and analyzed for heavy metals as 
with the water. 

 

Statistical analysis: 

Statistical variations were analyzed through statistical package for social studies 17.0 
(SPSS 17.0). Significant variation of heavy metal concentration between season and 
species; possibilities less than 5% (p < 0.05) were considered statistically significant. 
The statistical analysis was done using analysis of variance (ANOVA), Duncan’s 
homogenous subset formation and correlation was carried out. 

 

Results: 

The results obtained for mean pH and heavy metal of water samples collected during 
various seasons are presented in Table 1. The mean pH values ranged from 7.28 to 
7.63. 

Table 1: Mean of pH and heavy metals concentrations in water samples. 

Seasons pH As (µg/l) Pb (µg/l) Hg (µg/l) 

Monsoon 7.63 2.2300±0.108 4.4730±0.176 1.3460±0.124 
Post monsoon 7.34 1.8820±0.274 4.1770±0.235 1.3130±0.209 
Pre monsoon 7.28 2.2470±0.191 4.7510±0.211 1.4370±0.276 

 

The mean heavy metal concentration in Mugil cephalus, Branchiura sowerbyi, 

Mercenaria mercenaria and Ulva intestinalis are presented in Table 2. 

Table 2: Mean of heavy metals concentrations in biota samples 

Seasson Species As Pb Hg 

Monsoon Mugil cephalus 1.6620±0.068 3.5140±0.077 0.7060±0.020 
Post monsoon 1.3610±0.069 3.2140±0.124 0.6660±0.046 
Pre monsoon 1.6020±0.196 3.9080±0.172 1.0570±0.096 

Monsoon Branchiura sowerbyi 2.2080±0.056 3.4200±0.046 0.8410±0.026 
Post monsoon 1.8380±0.099 3.2250±0.105 0.8170±0.056 
Pre monsoon 2.3180±0.120 3.6610±0.200 0.9890±0.086 

Monsoon Mercenaria mercenaria 1.3790±0.027 4.0280±0.248 0.4020±0.024 
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Post monsoon 1.4390±0.185 5.0670±0.324 0.5900±0.100 
Pre monsoon 1.8170±0.060 5.8350±0.446 0.7480±0.057 

Monsoon Ulva intestinalis 1.4630±0.175 3.3920±0.294 0.2180±0.030 
Post monsoon 1.1960±0.159 2.6650±0.268 0.4990±0.121 
Pre monsoon 1.6380±0.088 3.6630±0.173 0.2820±0.036 

 

The bioaccumulation factor (BF) from water to biota samples, expressed as the ratio 
of metal concentration in biota divided by the concentration of metal in water, may be 
an indicator of the accumulation behavior. In this study it is estimated and compared 
the values of the bioaccumulation factor (BF) of As, Pb and Hg (Tables 3) from water 
to different biota samples. 

Table 3: The bioaccumulation factor (BF) of metals from water to biota. 

Seasson Species BFAs BFPb BFHg 

Monsoon 

Mugil cephalus 

0.745 0.786 0.525 

Post monsoon 0.723 0.769 0.507 

Pre monsoon 0.713 0.823 0.736 

Monsoon 

Branchiura sowerbyi 

0.990 0.765 0.625 

Post monsoon 0.977 0.772 0.622 

Pre monsoon 1.032 0.771 0.688 

Monsoon 

Mercenaria 

mercenaria 

0.618 0.901 0.299 

Post monsoon 0.765 1.213 0.449 

Pre monsoon 0.809 1.228 0.521 

Monsoon 

Ulva intestinalis 

0.656 0.758 0.162 

Post monsoon 0.635 0.638 0.380 

Pre monsoon 0.729 0.771 0.196 

 

Bioaccumulation factor is calculated with relation: 

BF = CB/CW 

 Where: CB is the mean metal concentration in biota samples 
(mg/kg) and CW is the mean metal concentration in water sample (µg/l). If the BF > 1 
then the biota samples can be accumulators; BF = 1 is no influences and if the BF < 1 
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then the biota samples can be an excluder. The bioaccumulation factors (BF) of As, 
Pb and Hg for biota samples are given in Table 4. From this table it can see that 
arsenic (As) accumulation factor has the maximum value in the Branchiura sowerbyi 
(i.e. 1.032 during pre monsoon) and lead (Pb) accumulation factor has the maximum 
value in the Mercenaria mercenaria (1.213 during post monsoon and 1.228 during pre 
monsoon). In Figure 8 is presented the BF for Mn in root samples of cabbage, because 
the BF value for Mn exceed in root for samples collected from P2, P3, P4 and P5 
sites. 

 
Figure 1: Bioaccumulation factor of arsenic in biota   

 

 
Figure 2: Bioaccumulation factor of lead in biota   
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Figure 3: Bioaccumulation factor of mercury in biota   

 

DISCUSSION: 

From an environmental point of view, coastal zones can be considered as the 
geographic space of interaction between terrestrial and marine ecosystems that is of 
great importance for the survival of a large variety of plants, animals and marine 
species (Castro et al., 1999). The coastal zone receives a large amount of metal 
pollution from agricultural and industrial activity (Usero et al., 2005). Adverse 
anthropogenic effects on the coastal environment include eutrophication, heavy 
metals, organic and microbial pollution and oil spills (Boudouresque & Verlaque, 
2002). Heavy metals are non-biodegradable and once discharged into water bodies; 
they can be absorbed on sediments particles or accumulated in aquatic organisms 
(Kotze et al., 1999). Branchiura sowerbyi and Mercenaria mercenaria are bottom 
dwelling animals which occupies the lower tropic level in the food chain. Carbonell 
and Tarazona (1994) concluded that different tissues of aquatic animals provide 
and/or synthesize non exchangeable binding sites resulting in different accumulation 
levels. Hence, the maximum accumulation of arsenic is found in Branchiura sowerbyi 

and it is >1 during pre monsoon (1.032) and maximum lead accumulation is found in 
Mercenaria mercenaria and >1 during post monsson (1.213) and pre monsoon 
(1.228). The maximum accumulation of mercury is found in Branchiura sowerbyi, 
however it is <1. This heavy metal accumulation in Branchiura sowerbyi and 

Mercenaria mercenaria is considered to be a way for accumulation of heavy metals in 
the secondary and tertiary animals in this food chain.  Bioaccumulation is species-
dependent and therefore feeding habits and life style can be strongly related to the 
sediment exposure (Chen and Chen, 1999). On the other hand, bioavailability of 
metals can be influenced by inorganic and organic factors that control metal 
speciation and thereby bioaccumulation (Henry et al., 2004). 
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Heavy metals are stable and persistent environmental contaminants of aquatic 
environments. They occur in the environment both as a result of natural processes and 
as pollutants from human activities (Garcia-Montelongo et al., 1994; Jordao et al., 
2002). Bioaccumulation of heavy metals in tissue of marine organisms has been 
identified as an indirect measure of the abundance and availability of metals in the 
environment (Farombi et al., 2007).Fish are the good source for bio indicator and 
precise indicator in estimating the status of pollution of aquatic environments and 
several species have been widely used in aquatic monitoring programs (Hakanson, 
1984: Chevreuil et al., 1995: Andres et al., 2000: Szarek-Gwiazda and Amirowicz, 
2003). B. sowerbyi has been known to have great potential for use as a test species to 
monitor the health of tropical aquatic environments. According to Brink Hurst, 1966 
and Diaz, 1994, B. sowerbyi are cosmopolitan species that generally are found in 
places rich in organic matter. In this present study, the presence of this species, 
confirm their role as an indicator of organic pollution. Mercenaria mercenaria is 
commonly known as hard clam. It is potential estuarine distribution is mainly 
determined by salinity. In addition, micro constituents such as heavy metals present in 
the water and food supply are concentrated in the hard clam as it filters its food from 
large quantities of sea water. 

Most of the studied metals showed a seasonal decrease in monsoon and the highest 
during pre-monsoon. A similar seasonal trend was described by Argese et al., 2005. 
Ali and Fisher (2005) also reported that some benthic invertebrates and fish 
accumulate heavy metals from water and sediments and that mollusks and crustaceans 
have higher concentrations than other invertebrates. This shows that a rise in water 
level does not significantly cause any increase or decrease in heavy metal uptake by 
the clams. However, the monthly variations observed in this study indicated that 
levels of heavy metals were higher in the dry season than in the rainy season. The 
higher levels observed in the dry months could be due to concentration effect of 
contaminants and low volume of water while the lower levels observed could be 
attributed to the influx of water from surface runoffs which is capable of washing 
away some of the heavy metals, thereby reducing their levels. Ideriah et al.,2006, 
reported that flushing of levels of heavy metal could occur during the rain. 
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