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Abstract: The Surface sediment samples were analyzed for grain size, carbonates (CaCO3), organic Matter (OM) to 

obtain a preliminary view of its environmental conditions off Pondicherry along the southeast coast. India. 

Investigations on the accumulation of heavy metals (Mn, Cr, Cu,Cd, Ni, Pb ,Zn,) in sediments using Atomic 

Absorption Spectrophotometer at  off Pondicherry  coast, lying along the southeast coast of India. In sediments, the 

order was Cr>MN>Pb>Zn>Cu>Ni>Cd. The high concentration of sand in the surface sediments is attributed to the 

tidal influence at the Virampattinam. The sea water which enters the river suspends the flocculated sediments at the 

mouth and transports the fine floccules to the water column. The tidal currents also play a major role in removing the 

fine particles from the river mouth. The value of OM does not show any significant variation towards depth. 
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I. INTRODUCTION 

Sediments from the marginal marine and near shore environments had been studied by a number of geologists for a 

considerable period of time to determine the process of deposition of ancient sediments. The nature of the sediments is 

modified by anthropogenic activities and as the impact of these activities has increased more in the following years, 

sediment geochemistry had been pursued with the objective to assess coastal pollution [1-15].  Accumulation or 

mobilization of trace elements in the sediments of the aquatic environment [16]. Sediments act as sinks and sources of 

contaminants in aquatic systems because of their varying physical and chemical properties [17-22].  Most of the 

chemical changes take place in or close to the sediment/water boundary and, for this reason, it is important to study the 

geochemical composition of bulk sediments [23-24]. Bay of Bengal has attracted scientists and oceanographers from all 

over the world with regard to its sedimentation geology, in particular, origin and history of the Bengal Fan sediments 

[25-26]. Sediments are important carriers of trace metals in the hydrological cycle and they effectively collect or 

release metals into the surrounding waters; thereby, they can reflect the current quality of an aquatic system [27]. Major 

elemental analysis effectively represents the composition of the solid fraction being eroded from the continents or the 

rock types present in the drainage basin of a river [28]. Trace metal enrichment in sediments started with the industrial 

evolution in Indian sub-continent at the end of the 19th century. As a result, the fluxes of trace metals from terrestrial 

areas (especially aquatic regions) have increased significantly in developing countries. Since, sediments are often the 

ultimate depository environment for trace metals in the aquatic environment, the solid-phase distribution can reflect the 

history of metal accumulation and the weathering pattern of the sediments from adjacent regions [29-32]. 

Normalization is done by measuring the concentrations of metals in bulk sediments and then dividing them by the 

percentage of 63 μm size fraction in the bulk sediments in order to obtain the concentration in the fine fraction [33-35]. 

The aim of the present study is to identify the source and fate of metals and toxic elements in the study area, and its 

impact on the environment. Many reports are available on the physical-chemical features of Indian estuaries [36-46]. 

Heavy metals in the sediment are essential to assess the extent of metal pollution.  

The distribution of heavy metals in solution has widely been recognized as a major factor in the geochemical behavior, 

transport and biological effects of these elements in natural waters [47-51]. Moreover, sediment has aptly been called 

as „Trace element trap‟ [52] because they eventually receive almost all the heavy metals, which enter the aquatic 

environment [51]. The scavenging by suspending particles results in a large concentration of pollutants being retained 

in estuarine sediments [53].  
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Sediment samples have also been widely used to monitor heavy metal pollution in coastal areas [54,51]. Heavy metal 

contamination could frequently be identified through analysis. Some studies were carried out on the distribution of 

heavy metals in water and sediments from Indian regions are limited [55-60, 47-51].  

Many investigations have been carried out on adsorption of dissolved metals in estuaries in relation to the role of 

physical and chemical parameters [61-64]. Heavy metal levels in sediment samples were investigated in various water, 

Turkish Black Sea, Aegean Sea coasts and Marmara Sea [65-71]. 

 

II. STUDY AREA 

The present study area extends between off Pondicherry and Chinna Veeranampatnam (Fig.1). It falls in the survey of 

India toposheets 58m1/16, 58N1/8 prepared in the scale of 1:50,000. The coastal districts have an excellent network of 

coastal road and railway line connecting Pondicherry to Cuddalore. The study area experiences a tropical sub-humid 

type of climate with an annual mean temperature of 25
o
C and average annual precipitation of 1200 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Sampling Locations of the Study Area 

 

III. MATERIALS & METHODS 

 

Totally, 25 samples were collected from offshore Pondicherry and Veerampattnam upto 12 mts depth.  The offshore 

samples were collected at grid like pattern at five transects keeping the stations at Off Pondichery, Off Sunambu River, 

Veerampatnam1, Veerampatnam 2, and Chinna Verampatnam.  Global Positioning System (GPS) was used to locate 

the sample sites in the offshore region. (Fig.2 and Table.1) The coastal sands of recent age overlie the Tertiary rocks. 

The geomorphologic features observed in this stretch are sub aerial delta, strand plain, crevasses, channels, expat bars, 

estuarine and swamps. The larger part of the delta is occupied by their distributor  flood basins comprising brown and 

reddish gray silty clay and fine sands.  

The soils are very deep, moderately drained, clay to sandy clay loam in texture with deposits of sand in intermittent 

layers. During the first stage of work, sand and mud (silt + clay) were estimated following the procedure of   Ingram 

[72]. Carbonate content (CaCO3) was measured following the procedure of Loring and Rantala [73] and organic Matter  

(OM) was determined following the procedure of Gaudette et al [74]. Trace    elements (Mn, Cr, Cu, Cd, Ni, Pb , Zn,) 

were determined after preliminary treatment and total decomposition of sediments following the procedure of Loring 

and Rantala [73]. The final solution was analyzed using AAS (PerkinElmer Analyst 700) in the Department of Earth 

Sciences, Annamalai University.  
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Table.1. Geographical locations of the study area 

Sample No. Longitude Latitude 

P1 79º 83' 83" 11º 90' 63" 

P2 79º 84' 32" 11º 90' 43" 

P3 79º 84' 73" 11º 90' 29" 

P4 79º 84' 83" 11º  90' 27 

P5 79º 84' 92" 11º 90' 23" 

P6 79º 84' 90"3 11º 89' 74"6 

P7 79º 84' 60"3 11º 89' 76"8 

P8 79º 84' 30"3 11º 89 789 

P9 79º 83' 94" 11º 89' 88"5 

P10 79º 83' 51"2 11º 90' 01"4 

P11 79º 83' 46"9 11º 89' 30"8 

P12 79º 83' 90"8 11º 89' 28"6 

P13 79º 84' 20"7 11º 89'16"8 

P14 79º 84' 52"8 11º 89' 19" 

P15 79º 84' 90"3 11º 89' 15"8 

P16 79º 84' 90"3 11º 88' 59"1 

P17 79º 84' 52"8 11º 88' 60"1 

P18 79º 84' 12"2 11º 88' 67"6 

P19 79º 83' 60"8 11º 88' 73" 

P20 79º 83' 24"4 11º 88' 76"2 

P21 79º 83' 11"6 11º 88' 29"1 

P22 79º 83' 67"2 11º 88' 16"3 

P23 79º 84' 08"9 11º 88'17"3 

P24 79º 84' 55" 11º 88' 13"1 

P25 79º 84' 99"9 11º 88' 07"7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Collection of Sediment Samples 
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IV. RESULTS AND DISCUSSION 

V. SEDIMENT TEXTURE 
Grain size parameters have been used commonly to characterize the sediments in the shelf environments [75]. 

According to Koldijk [76], the analysis of textural parameters is the indicators of environmental conditions. Textural 

characteristics of the sediment vary with environmental conditions. According to Loring and Rantala [73] the trace 

metals concentration usually increases with decreasing grain size of the sediments. Hence, the grain size parameters are 

essential to describe the geochemical characteristics of sediments (Table.2).  

 

VI. CALCIUM CARBONATE 
Calcium carbonate is a common substance found as rock in all parts of the world and is the main component of 

seashells and the shell of snails. Limestones are composed of calcium carbonate and most all are formed from the 

accumulation of oceanic organisms that make their shells of calcium carbonate. There are shallow water marine 

limestones and deep water marine limestones.  

Shallow water limestones are mostly made up of the shell material of reefs, that is corals, bivalves and the like that live 

in warm shallow waters. In the open ocean, tiny micro-organisms called coccoliths (microscopic plants) and 

foraminifera (microscopic animals) live in surface waters and they too make their shells of calcium carbonate. 

According to Emery [77] calcareous sediments are characteristic of low latitudes, and calcareous skeletal sand is 

widespread at altitudes as high as 60˚. The contrast between the calcium carbonate content of the sediments in 

intermediate and low latitudes on one hand and in high latitudes on the other is undoubtedly related to the higher 

production of calcareous forms in low latitudes.  

In fact, there are virtually no calcareous planktonic forms found in high latitudes. Another factor which may contribute 

to the difference is that of solution of the calcium carbonate either in the water or after it has reached the bottom. As 

shown elsewhere, conditions favorable for the solution of calcium carbonate are characteristic of high latitudes in 

contrast to those in low latitudes. The relative rate of accumulation of noncalcareous material may play some part in 

determining the general distribution, but it is considered as secondary compared with the absolute rate of supply of 

calcareous material.  

The lower calcium carbonate content of the sediments may be due to the greater relative rate of accumulation of 

noncalcareous material or to the slower relative rate of deposition of calcareous material. In the study area Calcium 

Carbonate contents ranging from 0.08% to 0.5% is noticed. In the nearshore region the Calcium Carbonate is lesser in 

amount. Veeranampatnam1 & 2 received lower value of organic matter compared to the other stations.  In the study 

area Chunambu River and off Pondicherry receives a higher amount of Carbonate content that the other stations. It 

indicates that the carbon present in this region is not from in situ. It can be drifted and deposited from the other regions 

due to northerly littoral drift movement. The decreasing trend of the concentration of calcium indicates dissolution of 

carbonate due to transient drop in the pore water pH.The principal reason for this may be partial decalcification process 

[78] due to transient drop in pore water pH. It may also due to biological productivity and its variation through the 

course of time  (Fig.3.) 

VII.ORGANIC MATTER 

The term organic matter is used to designate that portion of sediment which has arisen through organic activity and 

which contains carbon in any form other than carbonate. Because it is somewhat analogous to the humus fraction found 

in soils it may be termed “marine humus.” Sometimes the expression decomposable organic matter is used to indicate 

that the material may be destroyed by organisms, particularly by bacteria. In the study area organic content ranging 

from 0.123% to 1.423% is noticed. In the nearshore region the organic matter is lesser in amount. Veeranampatnam1 & 

2 received lower value of organic matter compared to the other stations. (Fig.4.) 

VIII. SAND-SILT-CLAY RATIO 

Grain size results indicate a variation of 25.02- 98.79% of sand with an average of 80.48%. Silt ranges from 1.01-72.48% 

to 18.12% on an average. Clay content in the core sample varies from 0.2-4.3%, with an average of 1.47%. The highest 

concentration of sand in the core is attributed to the tidal influence at the Sunambu river mouth. The sea water which 

enters the river suspends the flocculated sediments at the mouth and transports the fine floccules to the water column. 

The tidal currents also play a major role in removing the fine particles from the river mouth. (Fig.5, 6,7) 
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Fig.3. Distribution in CaCO3 % of Surface Sediments of the Study Area
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Fig.4..Distribution in  OM % of Surface Sediments of the Study Area 
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Fig.5. Distribution in Sand % of surface sediments in the Study area
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Fig.6.Distribution in Silt % of surface sediments in the Study area
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Fig.7.Distribution in Clay % of Surface Sediments of the Study Area
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Table.2.Analytical Values of Om, CaCO3 and Sediment Textures 

 

 

 

IX. SEDIMENT GEOCHEMISTRY OF TRACE ELEMENTS 

X. GENERAL 

Nearshore sediments accumulate in a wide variety of environments are heterogeneous in their textural, chemical and 

biological characteristics in space and time. These sediments are composed chiefly of terrigenous, calcareous and 

siliceous materials together with phosphorites and ferromanganese nodules, and cover almost the entire range of 

sediments accumulating in the oceans at present[87]. Trace elements are those normally present in concentrations less 

than 1000 g/g, commonly in the form of oxides, oxyhydroxides, sulphides or organic complexes, and as secondary 

additives to the detrital mineral matrix.  Trace elements include Cd, Cr, Cu, Ni, Pb and Zn (Table.3). 

 

 

 

 

 

 

 

Sample No Sand % Silt % Clay % OM % CaCO3 % Sediment type 

P1 98.79 1.01 0.2 0.6 0.34 Sand 

P2 73.43 23.97 2.6 1.51 0.22 Silty sand 

P3 97.74 1.76 0.5 0.63 0.29 Sand 

P4 86.95 11.25 1.8 1.25 0.25 Sand 

P5 89.92 8.98 1.1 1.17 0.25 Sand 

P6 77.26 20.64 2.1 1.64 0.34 Silty sand 

P7 70.47 27.83 1.7 2.03 0.21 Silty sand 

P8 25.02 72.48 2.5 3.1 0.09 Sandy silt 

P9 88.99 9.41 1.6 1.21 0.24 Sand 

P10 93.53 6.27 0.2 0.83 0.27 Sand 

P11 97.23 2.47 0.3 0.52 0.34 Silty sand 

P12 97.63 1.77 0.6 0.61 0.31 Sand 

P13 97.65 1.95 0.4 0.61 0.32 Sand 

P14 94.5 5.3 0.2 0.78 0.26 Sand 

P15 96.76 2.64 0.6 0.69 0.32 Sand 

P16 58.14 41.26 0.6 2.58 0.303 Silty sand 

P17 98.26 1.14 0.6 0.41 0.5 Sand 

P18 90.82 7.78 1.4 1.08 0.41 Sand 

P19 97.04 2.56 0.4 0.62 0.46 Sand 

P20 73.71 22.79 3.5 1.89 0.21 Silty sand 

P21 88.59 9.11 2.3 1.55 0.25 Sand 

P22 70.75 24.95 4.3 2.72 0.18 Silty sand 

P23 71.47 26.83 1.7 2.01 0.11 Silty sand 

P24 27.1 70.4 2.5 2.1 0.08 Sandy silt 

P25 87.3 11.1 1.6 1.21 0.24 Sand 

Min 25.02 1.01 0.2 0.41 0.08   

  

  

Max 98.79 72.48 4.3 3.1 0.5 

Average 80.48 18.12 1.47 1.37 0.27 
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Table.3. Analytical values of Trace Metals in Surface Sediments of the Study Area 

Sample No Mn (µg/l) Cr (µg/l) Cu (µg/l) Ni (µg/l) Pb (µg/l) Zn (µg/l) Cd (µg/l) 

P1 75.2 187.9 43.1 11.3 26.3 60.4 2.6 

P2 234.5 102.4 84.1 8.5 26.1 85.8 2.1 

P3 544.9 514.3 69.9 7.6 19.2 81.5 1.6 

P4 350.2 88.9 59.9 9.9 23.3 63.5 1.4 

P5 211.6 71.4 56.2 7 119 53.3 3.1 

P6 211 306.6 42.1 19 18.6 30.9 2.5 

P7 307.6 378.4 31.9 43.9 17.5 54.4 2.4 

P8 316.7 352.3 31.5 37.2 18.3 43.6 2.7 

P9 218.7 337.3 30.9 16.8 22.8 41.7 3.2 

P10 79.8 144.8 18.7 0.2 27.6 20.3 2.9 

P11 116.7 237.9 85.1 5.6 34.4 74.4 2.8 

P12 173.1 277.1 28.7 1.5 32.9 31.4 2.8 

P13 65.2 124.6 21.1 18.8 40.4 18.8 2.4 

P14 144.5 248.4 22.6 12.7 19.5 26.9 3.1 

P15 98.4 157.5 23.1 14.6 23.3 20.7 3.3 

P16 213 74.2 21.6 38.2 41.6 22.6 2.8 

P17 76.6 369.2 70.3 28.2 46.4 60.4 2.5 

P18 185.8 503.8 48.1 17.1 11.4 51.1 3.3 

P19 457.7 811.1 47.9 34.6 41.4 58.4 3.5 

P20 394.7 658.6 72.4 23.1 42.5 95.4 4.5 

P21 206.6 510.7 78.7 38.4 33.5 69.7 2.6 

P22 241.1 736 81.7 42.9 25.2 80.6 3.4 

P23 348.2 87.9 47.9 8.9 21.3 62.5 1.2 

P24 296.7 342.3 21.5 27.2 16.3 41.6 3.7 

P25 175.8 499.8 46.1 15.1 10.4 41.1 2.3 

Min 65.2 71.4 18.7 0.2 10.4 18.8 1.2 

Max 544.9 811.1 85.1 43.9 119 95.4 4.5 

Average 235.35 333.55 47.74 19.72 32.91 52.04 2.76 

 

XI. MANGANESE 

The average concentrations of Mn in various geologic source materials such as ultramafic rocks is 1040 ppm; in mafic 

rocks, it is 1500 ppm, in granitic rocks, it is 390 ppm, in basalts, it is 1500 ppm, in shale, it is 850 ppm, in limestone it  

is 620 ppm, in sandstone, it is 460 ppm. and in soils it is 320 ppm. The non geologic materials like plant ash have 6700 

ppm, in fresh water it is 15 ppb, while the maximum water supply ceiling is 50 ppb. Its lithophile associations are Mg 

and Fe in silicates and the element is present in most mafic minerals. Manganese exists as Mn oxides in industrial 

sources and in weathering products. In an acid reducing environment, it occurs as Mn
2+.  

Manganese is an essential 

nutrient for most plants. 
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 Its mobility is intermediate to low, except in the acid reducing environment of organic swamps and bogs where Mn 

can move very readily. In the study area Manganese value ranges from 0.2 – 5.38mg/l, and Average valve is 1.736mg/l. 

The manganese concentrations of the surface sediments from Bay of Bengal, off Chunnambu river  shows decreasing 

trend in Mn concentration towards the riverine end. At Veeranampatnam and Chinna Veeranmpatnam shows higher 

concentration.  

The observed concentrations of Mn are consistent with sediment concentration of Mn in Visakhapatnam shelf where 

Rao and Sharma [79] inferred the lower values could be due to the sandy nature of the sediments and also due to the 

low supply of organic matter. The low Mn concentration results due to lack of reducing conditions at depth in the 

sediment or possible under strong reducing conditions all reactive Mn has escaped to deeper water [80]. The 

geochemical reactions that occur in estuarine sediments are mostly controlled by the physical chemical conditions in 

the sediment water complex, in particular the redox potential. (Fig.8) 

 

XII. CHROMIUM 

Chromium is one of the least toxic of the trace elements on the basis of its over supply and essentiality. Generally, the 

mammalian body can tolerate 100-200 times its total body content of Cr without harmful effects. The average 

concentrations of Cr in ultramafic rocks 2980 ppm, in mafic rocks it is 170 ppm, in granitic rocks it is 4 ppm, in plant 

ash 6.3 ppm, in fresh water is 1 ppb and maximum water supply ceiling is 50 ppb. When compared with the average 

value of shale (90 ppm) and Bulk Continental Crustal value (185 ppm) [28] basalts (90 ppm), limestone (11 ppm), soil 

(70 ppm) and sandstone (35 ppm) which are the main source for marine sediments, have chromium concentration that 

is much less [81]. Its lithophile associations are Ni and Mg in ultramafic rocks, and it is present in mafic minerals. 

Cromium
3+

 can substitute for Mg
2+

 and Fe
3+

. However, the distribution of this element in rock forming minerals is 

further complicated by its ability to form independent Cr minerals such as chromium member of the spinel group, 

which often occurs in basic rocks [82]. If chromium is present in parent rocks, it occurs along with Fe oxides in normal 

soils. Its aqueous species are CrO
2-

4, Cr2O
2-

7.  Its mobility is low. In the study area Chromium  values range from 71.4 – 

811.1mg/l, and Average valve is 333.55mg/l. (Fig.9)   

The higher concentration of chromium in the marine sediments around the mouth of the Chunnambu River shows that 

they are the input through the Chunnambu River and could be from the industries on the banks of the estuary. The low 

concentration in certain samples could be due to the dilution of chromium most probable by high sand content in the 

study area.  

 

XIII. COPPER 

Copper is an essential metal in a number of enzymes. Long before copper was recognized as an essential element, it 

was shown to exist in combination with the blood protein of snails. Excessive intake of copper results in its 

accumulating in the liver. In most marine sediments copper is present at trace element levels of concentration, well 

below 100 mg/g. Sources of contamination in natural sediments are often related to mining wastes, industrial metal 

manufacturing and processing, corrosion products, or as a result of extensive use of antifouling paints in marine areas. 

Copper is also often associated with sewage sludge, where it is most likely complexes with a variety of organic 

compounds. It‟s weathering products are sulphides, oxides, basic carbonates, sulphate and silicates over chalcopyrite 

ore, and Mn-oxides, limonite, organic matter, oxides and carbonates in soils. In the study area Copper  values range 

from 18.7 – 85.1mg/l, and Average valve is 47.74mg/l. (Fig.10).   In the Chunambu river region, the concentration is 

lower. But, in other regions it is higher in concentration. The low input of river flow, the stagnant nature of the water 

column and anthropogenic input might control the distribution of Cu in the study area. 

 

XIV. NICKEL 

The overall distribution pattern of Ni in the surface sediments reveals a moderate concentration, which may be due to 

its incorporation in the dispersed skeletal fragments. Even though the values of Ni show lithogenic origin and low 

concentration in the present study, they are still rich enough to suggest an anthropogenic contribution. This is 

confirmed by comparison of the present data with the Adyar estuary [83]. In the study area Nickel values range from 

0.2 – 43.9mg/l, and Average valve is 19.72mg/l (Fig.11).   
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Fig.8. Distribution of Mn(µg/l) in Surface Sediments of the Study Area 
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Fig.9. Distribution of Cr(µg/l) in Surface Sediments of the Study Area
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Fig.10. Distribution of Cu(µg/l) in Surface Sediments of the Study Area
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Fig.11.Distribution of Ni(µg/l) in Surface Sediments of the Study Area
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Lead is a heavy metal that occurs in nature mainly as lead sulphide. This metal is extremely insoluble and is readily 

adsorbed by organic matter, especially under reducing conditions. According to Buckley and Hargrave [84], the lead 

sources of environmental contamination are from mining, smelting and reprocessing operations and as a combustion 

product of lead additives in gasoline. Lead has also been used in a variety of paints and is a common constituent in 

municipal and industrial wastes. In the study area Lead values range from 10.4 – 119mg/l, and Average valve is 

32.91mg/l.  The distribution of lead in the surface sediments of the study area reveals a moderate concentration which 

found well below the reported values of 64mg/g in the bed sediments of river Palar ( (Fig.12).  

 

XVI. ZINC 

Zinc is an essential trace metal and is an important component of the human body. Its chalcophile associations are Cu, 

Pb, Ag, Au, Sb, As and Se in base metals and precious metal deposits, and Mg in some silicates. It is present in mafic 

minerals.  Its weathering products are zinc sulphates, carbonates, hydrated silicates, zinc clay minerals over zinc 

sulphide ores, Fe
-
 and Mn

-
 oxides and organic matter in normal soils. Its aqueous species are variable partition between 

Zn
2+

, Zn (OH) 2, soluble organic complexes and floating live organisms. Zinc is an essential nutrient for almost all 

plants. For this reason, algae growing in streams and lakes can absorb a large part of the zinc dissolved in water. In 

addition to its nutritive effect, zinc is also toxic to most forms of plants when present in amounts exceeding certain 

limits. The mobility of Zn is moderately high, limited by its tendency to be adsorbed by MnO2
 
and by insoluble organic 

matter. In the study area Zinc values range from 18.8 – 95.4mg/l, and Average valve is 52.04mg/l .The samples 

collected from Chunambu river shows less content of Zn than the other region. Distribution of Zn concentration 

expected to control by variations in the grain size of the sediments (Fig.13). 

 

XVII.CADMIUM 

In the study area Cadmium values range from 1.2 – 4.5mg/l, and Average valve is 2.76mg/l. The Cadmium 

concentration of the sediments off Veeranampatnam shows higher concentration.   From Pondicherry to Chunambu 

river more or less similar trend is noticed (Fig.14). 
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XVIII. CONCLUSION 

In between Chinna Veeranampatnam and Pondicherry, a maximum number of strandlines are found to occur around the 

rivers of Chunnambu river and Uppanar and the same can be attributed to availability of large amounts of sediments to 

wave action and consequently, for progradation. The grain size data of different environments accounts coarse to 

Medium to fine sands. From geochemical studies, it is observed that Veeranampatnam and Chinna Veeranampatnam 

received higher concentrations of trace elements than the other region. Chunnabu river shows not much variation in 

geochemical studies.  

The Surface sediment samples are dominated by sand and have a higher concentration of organic Matter and depleted 

CaCO3 concentration.  The highly inconsistent Mn concentration in surface sediments of the present study upholds the 

idea that oxyhydroxide flocs of Mn are transported laterally during saline bottom water inflow and deposited in 

quiescent parts of the estuary. When compared to the contamination in other parts of the world, the concentration of 

trace metals in near shore sediments. High rate of sedimentation and non-decomposition of OM are characterized by 

the  Sediments.  

The distribution pattern of various trace elements in the Surface sediments  is shown as Cr>MN>Pb>Zn>Cu>Ni>Cd 

Studies on provenance indicate the source for the sediments in the study area are charnockites  and tonalitic gneises. 

Surface sediment samples show a relatively very low degree of alteration in sediments. Their enrichment in the 

Virampattinam is probably the result of strong summer monsoon currents flowing northward along the coast, and 

suggests the role of northward along the coast, and suggests the role of coastal currents in redistributing the 

contaminants that have been added to the estuary by anthropogenic activity. 

 

http://www.ijirset.com/


 

    ISSN: 2319-8753                                                                                                                               

 

International Journal of Innovative Research in Science,  

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 2, Issue 10, October 2013 

 

Copyright to IJIRSET                                               www.ijirset.com                                                                5751 

 

REFERENCES 

 
1. Van Adel, Tj. H. and Postma, H. Kon. Wed, Akad. Wetensch. Versl, Vol.20, 1954, pp. 254. 

2. Emery, K. O. The Sea, off Southern California. John Wiley and Sons Inc., New York, 1960, pp.366. 

3. Shepard, F. P., Phleger, F. B. and Van Andel., Tj. H. Recent sediments northwest Gulf of Mexico. Amer. Ass. Petrol. Geol., Tulsa. 1960. 

4. Strakhov, N. M. Recent sediments of Seas and Oceans‟, IZV. Akad. Nauk. SSSR.1961. 

5. Van Andel., Tj. H. and Shor, G. G. Marine Geology of the Gulf of California. Amer. Assoc. Petrol. Geol. Mem., Vol.3, 1964, pp. 408. 
6. Van Andel., Tj, H. and Veevers, J. J. Bur. Min. Resources, Geol. Geophys. Bull. 1967, pp.83, 173. 

7. Faganelli, J., Ogorolec, B., Misic, M., Dollenen, T. and Pezdic J. Organic geochemistry of two 40m sediment cores from the Gulf of Trieste 

Northern Adriatic). Coast. Shelf Sci., Vol.25, 1987, pp.157-167. 
8.  Holm, N. G. (1988) .Arsenic regeneration from estuarine sediments of the Bothnian Bay, Sweden. Chem. Geol., Vol.68, 1988, pp.89-98. 

9. Karbassi, A. R. and Amirnezhad, R. Geochemistry of heavy metals and sedimentation rate in a bay adjacent to the Caspian Sea. Intl. J. Env. Sci. 

Tech., Vol.1 (3), 2004, pp. 199-206. 
10. Karbassi, A. R. and Shankar, R. Geochemistry of two sediment cores from the west coast of India. Int. J. Env. Sci. Tech., Vol. 1 (4), 2005, 

pp.307-316. 

11.  Pekey, H. Heavy Metal Pollution Assessment in Sediments of the Izmit Bay, Turkey. Environ.Monit.Assess., Vol.123, 2006, pp. 219-31. 
12. Abdel-Ghani, N. T., Elchaghaby, G. A. Influence of operating conditions on the removal of Cu, Zn, Cd and Pb ions from wastewater by 

adsorption. Int. J. Environ. Sci. Tech., Vol.4 (4), 2007, pp.451-456. 

13.  Praveena, S. M., Ahmed, A., Radojevic, M., Abdullah, M. H. and Aris, A. Z. (2008). Heavy Metals in Mangrove surface Sediment of 
Mengkabong Lagoon, Sabh: Multivariate and Geo- Accumulation Index Approaxcches. Int. J. Environ. Res. Vol.2 (4), 2008, pp. 139-148. 

14.  Harikumar, P. S., Nasir, U. P. and Mujeebu Rahman, M. P. Distribution of heavy metals in the core sediments of a tropical wetland system. Int. 

J. Environ. Sci. Tech., Vol.6 (2), 2009, pp. 225-232.  

15. Mohiuddin, K. M., Zakir, H. M., Otomo, K., Sharmin, S. and Shikazono, N. Geochemical distribution of trace metal pollutants in water and 

sediments of downstream of an urban river. Int. J. Environ. Sci. Tech., Vol.7 (1), 2010, pp. 17-28. 

16. Al-Masri, M. S., Aba, A., Khalil, H. and Al-Hares, Z. Sedimentation rates and pollution history of a dried lake. Science of the Total 
Environment, Vol.293, 2002, pp. 177-189. 

17. Rainey, M. P., Tyler, A. N., Gilvear, D. J., Bryant, R. G. and Mcdonald, P. Mapping Intertidal Esturiane Sediment Grain Size Distribution 

through Airborne Remote Sensing. Remote Sensing Environ., Vol.86, 2003, pp.480-490  
18.  Marchand, C., Lalliet, V. E., Baltzer, F., Alberic, P., Cossa, D. and Baillif, P. Heavy Metals Distribution in Mangrove Sediments along the 

mobile coast line of French Guiana. Mar. Chemi., Vol.98, 2006, pp.1-17. 

19. Priju, C. P. and Narayana, A. C. Heavy and Trace Metals in Vambanad Lake Sediments. Int. J. Environ. Res. Vol.4, 2007, pp. 280-89. 
20. Praveena, S. M., Ahmed, A., Radojevic, M., Abdullah, M. H. and Aris, A. Z. (2008). Heavy Metals in Mangrove surface Sediment of 

Mengkabong Lagoon, Sabh: Multivariate and Geo- Accumulation Index Approaxcches. Int. J. Environ. Res. Vol.2 (4), 2008, pp. 139-148. 

21. Sundararajan, M., Usha-Natesan., Babu, N. and Seralathan, P. Sedimentological and Mineralogical investigation of beach sediments of a fast 
prograding cuspate foreland (Point Calimere), Southeast coast of India. Research Journal of Environmental Sciences, Vol.3 (2), 2009, pp.134-

148. 

22. Sundararajan, M. and Usha-Natesan. Environmental Significance in recent sediments along Bay of Bengal and Palk Strait, East coast of India: 
A Geochemical approach. Int. J. Environ. Res., Vol.4 (1), 2010, pp.99-120. 

23. Hirst, D. M. The geochemistry of modern sediments from the Gulf of Paria–II. The location and distribution of trace elements. Geochim. 

Cosmochim. Acta.,Vol. 26, 1962, pp.1147-1187. 
24. Calvert, S. E. The mineralogy and geochemistry of near shore sediments. In: Riley JP, Chester R (eds) Chemical oceanography, Academic 

Press, London. 1976,  pp.187-280. 

25. Emmel, F. J. and Curray, J. R.The Bengal submarine fan and northeastern Indian Ocean. Geomarine Lett., Vol.3, 1983, pp.119-124. 
26. Winkler, W. R. Distal Bengal Fan, Proc. Ocean Drilling Prog. Texas A & M Univ.USA.  1987, pp.166. 

27. Salomons, W. and Forstner, U. Metals in Hydrocycle. Springer-Verlag, New York, 1984, pp.63-98. 

28. Taylor, S. R. and McLennan, S. M. The continental crust: its composition and evolution. London, Blackwell Publs 1985, pp. 312. 
29. Forstner, U. and Salomons W. Trace metal analysis on polluted sediments. Part 1: Assessment of sources and intensities. Env. Tech. Lett., 

Vol.1, 1980, pp.494-505. 

30.  Fedo, C. M., Eriksson, K. and Krogstad, E. J. Geochemistry of shales from the Archean Buhwa Greenstone Belt, Zimbabwe: Implications for 
provenance and source-Area weathering. Geochimicaet Cosmochimica Acta., Vol.60, 1996, pp.1751-1763.  

31.  Nesbitt, H. W., Young, G. M., McLennan, S. M. and Keays, R. R. Effects of chemical weathering and sorting on the petrogenesis siliclastic 

sediments with implications for provenance studies. J. Geol. Vol.104, 1996, pp. 525-542. 
32. Nath, B. N., Kunzendorf, H. and Pluger, W. L.  Influence of rovenance, weathering, and sedimentary processes on the elemental ratios of the 

fine-grained fraction of the bedload sediments from the Vembanad lake and the adjoining continental shelf, southwest coast of India. Journal of 

Sedimentary Research, Vol.70 (50), 2000, pp. 1081-1094. 
33. Krom, M. D., Turekian, K. L. and Cutshall, N. H. Fate of metals in the sediments of the New York Bight. In: Wastes in the Oceans, Nearshore 

waste disposal (6), Ketchum BH., Capuzzo J. M., Burt W. V., Duedall I. W., Park P. K. and Kester W. V. (Eds.), 1983, pp.209-234.  
34.  Morse, J. W., Presley, B. J., Taylor, R. J., Benoit G. and Santschi, P. H. Trace metal chemistry of Galveston Bay: water, sediments and biota. 

Mar. Environ. Res., Vol.36, 1993, pp. 1-37. 

35. Palanques, A. and Diaz, J. I. Anthropogenic heavy metal pollution in the sediments of the Barcelona continental shelf (Northwestern 
Mediterranean). Mar. Env. Res., Vol.38, 1994, pp. 17-31. 

36. Govindasamy, C., L. Kannan and Jayapaul Azariah: Seasonal variation in physico-chemical properties and primary production in the coastal 

water biotopes of Coromandel coast, India. J. Environ. Biol., Vol.21, 2000, pp. 1-7 (2000). 
37. Rajasegar, M.: Physico-chemical characteristics of the Vellar estuary in relation to shrimp farming. J. Environ. Biol, Vol.24, 2003, pp.95-101.  

http://www.ijirset.com/


 

    ISSN: 2319-8753                                                                                                                               

 

International Journal of Innovative Research in Science,  

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 2, Issue 10, October 2013 

 

Copyright to IJIRSET                                               www.ijirset.com                                                                5752 

 

38. Balasubramanian, R. and L. Kannan: Physico-chemical characteristics of the coral reef Environs of the Gulf of Mannar Biosphere Reserve, 
India. Int. J. Ecol. Environ. Sci., Vol.31, 2005, pp.265-271  

39. Paramasivam, S. and L. Kannan: Physico-chemical characteristics of Muthupettai mangrove environment, Southeast coast of India. Int. J. Ecol. 

Environ. Sci., Vol.31, 2005, pp. 273-278.  
40.  Rajaram, R., M. Srinivasan and M. Rajasegar: Seasonal distribution of physico-chemical parameters in effluent discharge area of Uppanar 

estuary, Cuddalore, South-east coast of India. J. Environ. Biol., Vol.26, 2005, pp. 291-297.  
41.  Ajithkumar, T.T., T. Thangaradjou and L. Kannan: Physico-chemical and biological properties of the Muthupettai mangrove in Tamil Nadu. J. 

Mar. Biol. Ass. India, Vol.48, 2006, pp. 131-138. 

42. Asha, P.S. and R. Diwakar: Hydrobiology of the inshore waters off Tuticorin in the Gulf. J. Mar. Biol. Ass. India, Vol.49, 2007, pp.7-11. 
43. Ashok Prabu, V., M. Rajkumar and P. Perumal: Seasonal variations in physico-chemical characteristics of Pichavaram mangroves, southeast 

coast of India. J. Environ. Biol., vol.29,2008, pp. 945-950. 

44. Saravanakumar, A., M. Rajkumar, J. Sesh Serebiah and G.A. Thivakaran: Seasonal variations in physico-chemical characteristics of water, 
sediment and soil texture in arid zone mangroves of Kachchh-Gujarat. J. Environ. Biol., Vol.29, 2008, pp.725-732.  

45.  Gowda, G., K.M. Rajesh and R.M. Mridula: Vertical distribution of polychaetes in brackishwater pond of Nethravathi estuary, India. J. 

Environ. Biol., Vol. 30, 2009, pp.1025-1029 (2009). 
46. Vengadesh, P.N., M. Rajkumar, P. Perumal and K. Thillai Rajasekar: Seasonal variations of plankton diversity in the Kaduviyar estuary, 

Nagapattinam, southeast coast of India. J. Environ. Biol.Vol.30, 2009, pp.1035-1046 

47. Ananthan, G., M. Ganesan, P. Sampathkumar, M. Matheven Pillai and L. Kannan: Distribution of trace metals in water, sediment and plankton 
of the Vellar estuary. Seaweed Res. Utiln., Vol.15, 1992, Vol.69-75. 

48. Ananthan, G., P. Sampathkumar, C. Palpandi and L. Kannan: Distribution of heavy metals in Vellar estuary, Southeast coast of India. J. 

Ecotoxicol. Environ. Monit., Vol.16, 2006, pp.185-191. 
49. Ananthan, G., P. Sampathkumar, P. Soundarapandian and L. Kannan: Heavy metal concentrations in Ariyankuppam estuary and 

Verampattinam coast of Pondicherry. Indian J. Fish., Vol.52, 2005, pp.501-506. 

50. Karthikeyan, R., S. Vijayalakshmi and T. Balasubramanian: Seasonal distribution of heavy metals in the sediments from Uppanar estuary (East 
coast of India). J. Aqua. Biol., Vol.19, 2004, pp.119-122. 

51. Karthikeyan, R., S. Vijayalakshmi and T. Balasubramanian: Monthly variations of heavy metals and metal resistant bacteria from the Uppanar 

estuary (Southeast coast of India). Res. J. Microbiol., Vol.2, 2007, pp.50-57.  
53. Jurascic, C.M. and E. Prohic: Transfer of heavy metals by suspended matter in the Krka river estuary, Yugoslavia. Rapp. Comm. Int. Mer. Medit, 

Vol.30, 1986, pp.133.  

54. Aksu, A.E., D. Yasar and O. Uslu: Assessment of marine pollution in Izmir Bay: Heavy metal and organic compound concentrations in surfical 
sediments. Turk. J. Eng. Environ. Sci., Vol.22,1998,pp. 387-416.  

55. Pragatheeswaran, V., B. Loganathan, A. Ramesh and V.K. Venugopalan: Distribution of heavy metals and organic carbon in sediments off 

Madras and Visakhapattinam. Mahasagar-bull. Nat. Inst. Oceanogr., Vol.19, 1986, pp. 39-44.  
56.Subrahmanyam, M.N.V. and K.V.V. Ananthalakshmi Kumari: Trace metals in water and    phytoplankton of Visakhapatnam harbour area, east 

coast of India. Indian J. Mar. Sci., Vol.19,  1990, pp.177-180.    

57. Ramachandran, S.: Marine pollution in Tamil Nadu – A status report. Proc. Intl. Symp. Mar. Pollution. 1990, pp.143-150.  
58. Satyanarayana, D., P.V.S. Prabhakara Murthy and V.V. Sarma: Distribution of particulate trace metals in the Western Bay of Bengal. Mahasagar- 

Bull. Natl. Inst. Oceanogr. Vol.23, 1990,pp. 103-115.  

59. Subramanian, V. and G. Mohanachandran: Heavy metals distribution and enrichment in the sediment of southern east coast of India. Mar.    

Pollut. Bull. Vol.21,1990, pp. 324-330.  

60. Senthilnathan, S. and T. Balasubramanian: Distribution of heavy metals in estuaries of southeast coast of India. Indian J. Mar. Sci., Vol.26, 1997, 

pp. 95-97. 
61. Zhou, X.D. and S.C. Kot: Heavy metals ion adsorption on sediments of the Weiho and Hanjiang rivers. China J. Environ. Hydrol. Vol.3, 1995, pp. 

125-132.  

62. Saeedi, M., Sh. Daneshvar and A.R. Karbassi: Role of riverine sediment and particulate matter in adsorption of heavy metals. Int. J. Environ. Sci. 
Tech. Vol.1, 2004, pp.135-140.  

63. Jayaprakash, M., S. Srinivasalu, M.P. Jonathan and V. Ram Mohan: A baseline study of physico-chemical parameters and trace metals in waters 

of Ennore Creek, Chennai, India. Mar. Pollut. Bull., Vol.50, 2005, pp. 583-608.  
64. Adefemi, O.S., O. Olaofe and S.S. Asaolu: Seasonal variation in heavy metal distribution in the sediment of major dams in Ekiti-State. Pak. J. 

Nut., Vol.6, 2007, pp,705-707.  

65. Algan, O., N. Caoatay, H.Z. Sarykaya, N. Balkys and E. Sary: Pollution monitoring using marine sediments: A case study on the Istanbul 
metropolitan area. Turk. J. Eng. Environ. Sci., Vol.23, 1999, pp. 39-48.  

 66. Kut, D., S. Topcuoglu, N. Esen, R. Kucukcezzar and K.C. Guven: Trace metals in marine algae and sediment samples from the phosphorus. 

Water, Air, Soil Pollut. Vol. 118, 2000, pp.27-33. 
67. Balkys, N. and M.N. Cagatay: Factors controlling metal distribution in the surface sediments of the Erdek Bay, Sea of Marmara. Environ. Int., 

Vol.27, 2001, pp. 1-13  

68. Topcuoglu, S., C. Kyrbasoglu and N. Gungor: Heavy metals in organisms and sediments from Turkish Coast of the Black Sea, 1997-1998. 
Environ. Int. Vol.27, 2002, pp.521-526.  

69. Topcuoglu, S., E. Olmez, C. Kyrbasoglu, Y.Z. Yylmaz and N. Saygyn: Heavy metal and radioactivity in biota and sediment samples collected 
from Unye in the eastern Black Sea. Rapp. Comm. Int. Mer. Medit., Vol. 37, 2004a, pp. 250.  

70. Topcuoglu, S., C. Kyrbasoglu and Y.Z. Yylmaz: Heavy metal levels in biota and sediments in the northern coast of the Marmara Sea. Environ. 

Monitor. Asses. Vol.96, 2004b, pp.183-189.   
71. Balkys, N. and M.N. Cagatay: Factors controlling metal distribution in the surface sediments of the Erdek Bay, Sea of Marmara. Environ. Int., 

Vol.27, 2001, pp. 1-13.  

72. Ingram, R. L. Procedures in Sedimentary Petrology. Wiley, NewYork, USA. 1970.  

http://www.ijirset.com/


 

    ISSN: 2319-8753                                                                                                                               

 

International Journal of Innovative Research in Science,  

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 2, Issue 10, October 2013 

 

Copyright to IJIRSET                                               www.ijirset.com                                                                5753 

 

73. Loring, D. H. and Rantala, R. T. T. Manual for the geochemical analyses of marine sediments and suspended particulate matter. Earth Sci. Rev. 
Vol. 32, 1992, pp. 235-283. 

74. Gaudette, H. E., Flight, W. R., Toner, L. and Folger, D. W. An inexpensive titration method for the determination of organic carbon in recent 

sediments. J. Sed. Petrol., Vol.44, 1974, pp. 249-253.  
75. Nittrouer, C. A., Sharara, M. T. and DeMaster, D. J. Variations of sediment texture on the  Amazon continental shelf. J. Sed. Petrol., Vol.53 (1), 

1983, pp.0179-0191. 
76. Koldijk, W.S. On environment-sensitive grain size parameters. Sedimentology, Vol.10, 1968, pp.57-69.  

77. Emery, K.O. and Noakes, L.C. Economic placer deposits of the continental shelf.  United  Nation ESC AP, CCOP Technical Bulletin Vol.1, 1968, 

pp. 95 
78. Oenema, O., Steneker, R. and Reynders, J. The soil environment of the intertidal area in the Westerschelde. Hydrobiol. Bull., Vol.22, 1988, 

pp.21-30.  

79. Rao, U. M. and Sarma, S. N. Geochemistry of sediments along the central east coast of India: Part 1 - Major elements, Ind. J. Mar. Sci. Vol.22, 
1993, pp. 41-47. 

80. Nolting, R. F., Ramkema, A. and Everaarts, J. M. The geochemistry of Cu, Cd, Zn, Ni and Pb in sediment cores from the continental slope of the 

Banc d‟Arguin (Mauritania), Cont. Shelf Res., Vol.19, 1999, pp.665-691. 
82. Rankama, K. and Sahama, T. G. Geochemistry, University of Chicago press, 1950, pp.912 

83. Achyuthan.H,Richardmohan.D,Srinivasalu.Selvaraj.K. Trace metals concentrations in the sediment cores of estuary and tidal zones between 

chennai and pondicherry, along the east coast of India.Indian journal of Marine Sciences. Vol.31(2), 2002, pp. 141-149. 
84. Buckley, D. E. and Hargrave, B. T. Geochemical characteristics of surface sediments. In: Investigations of Marine Environmental Quality in 

Halifax Harbour (Nicholls, H. B., ed.), Can. Tech. Rep. Fish. Aqua. Sci., No. Vol.1693, 1989, pp. 9-36. 

 
 

 

 
 

 

 
 

http://www.ijirset.com/

