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Abstract- The Manakudy estuary is the second largest estuary in Kanyakumari District. Sediment samples were 

collected for a period of one year from October 2016 - September 2017. Five different sampling stations were 

selected.  Station 1 is located at the mouth of the Manakudy estuary, Station 2 is Puthalam, Station 3 is 

Thamaraikulam, Station 4 is Suchindrum, and Station 5 is Ozhiginasary. Heavy metals such as Fe, Pb, Cu, 

Zn, Cd, Mn and Hg were analysed using Atomic Absorption Spectrometer. The value of Fe varied from 883 

ppm to 3082 ppm. Pb value ranged from 18.67 ppm to 50.93 ppm. The value of copper content ranged from 9.1 

ppm to 40.6 ppm. The zinc content of sediment samples varied between 24.1 ppm and 66.6 ppm. The value 

cadmium concentration ranged from 0.006 ppm to 0.035 ppm. The value of manganese content of varied from 

74 ppm to 254 ppm.  During monsoon season most of the samples show higher concentration of heavy metals. 

The order of heavy metal content in the sediment samples: Fe > Mn > Zn > Pb > Cu > Cd. Hg was absent in 

all the five sampling stations. The result shows that the sediment was affected by anthropogenic activities and 

agricultural wastes which lead to environmental destruction. 
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I. INTRODUCTION 

Estuary transport sediments through the action of freshwater flow and the nature and rate of sedimentation 

in an estuary depend on the nature of catchments [1]. Heavy metal contamination in sediment could affect the 

water quality and bioaccumulation of metals in aquatic organisms, resulting in potential long – term implication 

on human health and ecosystem. Metal composition in the sediment may be controlled by natural and 

anthropogenic processes [2]. River and streams can transport land – based sources of pollutants in surface water 

runoff to coastal and estuarine environments. The sediment of an estuarine system is very important, as it 

influences the types of organisms living there, especially the plants and benthic animals. Sediments are considered 

to be an important carrier as well as a sink of heavy metals in the hydrological cycle [3]. The majority of heavy 

metal emissions from anthropogenic activities accumulate in river and ocean sediments, where they are absorbed 

onto clays and other fine – grained materials. Moreover, benthic organisms can take up metals directly from the 

sediments, which in turn enhance the potential of some metals entering into the food chain [4][5].  

Description of study area 

The Manakudy estuary is the second largest estuary in Kanyakumari District. It has a total area of 145 

hectares. Manakudy estuary is situated about 8 kilometers north west of cape Comorin falling within the latitude 

8o4’ and 8o21’ N and longitude 77o26’ and  77o30’ E. The climate of the region is greatly influenced by both South 

West and North East monsoons.  The tail end of Pazhayar River merges with the Arabian Sea at Manakudy. The 

river originates at the Western Ghats, flowing through Surlodu, Azhagiapandipurum, Ozhiginasery, Suchindrum, 

Thamaraikulam finally destinating at Manakudy covering a distance of 67kms. It is a sand built estuary connected 

to the sea during the rainy season. During the period of total occlusion of the river mouth, the estuarine water 

swells due to heavy inflow of water from the head of the estuary and also by the land drainage. During heavy 

inflow into the estuary the sand bar opens up under the force of gravity. Compared to the expanse of the estuarine 

area, the bar mouth is relatively small and even during summer months the local people cut open the bar mouth 

and the estuary has open access to the sea. The location map of Manakudy estuary is shown in fig 1. Station 1 is 

located at the mouth of the estuary, Station 2 is Puthalam which is 6 km away from station 1, Station 3 is 
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Thamaraikulam which is 10 km away from station 1, Station 4 is Suchindrum, which is 14 km away from station 

1 and Station 5 is Ozhiginasary which is 18 km away from station 1. 

II. MATERIALS AND METHODS 

 Sediment sampling was made for a period of one year.  Five sampling stations representing different 

ecological conditions were chosen for collection of sediments samples in the Manakudy estuary from estuarine 

mouth bed to Ozhuginasery river basin.  Sediment sampling was done usually during the morning hours between 

9.00am to 11.00am. Samples were collected during post monsoon season (October 2016 – January 2017), Pre 

monsoon season (February 2017 – May 2017) and monsoon season (June 2017 – September 2017). The sediment 

samples were air dried for 2 weeks, then grounded using pistil and mortar and finely sieved through a 2mm sieve. 

Sediment samples were transferred separately to clean, dry polythene containers, homogenized well and were 

brought to the laboratory for analysis. Heavy metals analysis were done using standard procedures (APHA) [6]. 

Heavy metals like Fe, Pb, Cu, Zn, Cd Mn and Hg were analysed using Atomic Absorption Spectrometer 

(UNICAM 939). 

III. RESULTS AND DISCUSSION 

Sediment samples collected from five different stations in the Manakudy area and heavy metals such as 

Fe, Pb, Cu, Zn, Cd and Mn were analysed for a period of one year. Seasonal variations of heavy metals are given 

in Tables. 

TABLE: 1. SEASONAL VARIATION OF IRON (PPM) 

Stations Postmonsoon Premonsoon Monsoon 

Station 1 3008.75 3018.75 3065.25 

Station 2 1123 1327.75 1113.5 

Station 3 2493 2348.75 2705.3 

Station 4 1439.75 1363.25 1741.25 

Station 5 2754.25 2924.75 2918.5 

 In the present study, the value of Fe in sediment samples varied from 883 ppm to 3082 ppm. In the 

present study, the seasonal variation of iron content observed was maximum value during monsoon season at 

station 1 (3065.25 ppm) and minimum value was observed during post monsoon season at station 2 (1123 ppm). 

Iron concentration was high in all the stations compared to other metals. High levels of Fe in estuary may be due 

to the old corroded iron bridge near by the estuary and retting of coconut husk. Most of the trace metals are closely 

associated with Fe and they clearly reflect the distribution pattern with the local redox conditions [7]. 

TABLE: 2. SEASONAL VARIATION OF LEAD (PPM) 

Stations Postmonsoon Premonsoon Monsoon 

Station 1 25.41 21.45 27.50 

Station 2 22.46 19.68 42.48 

Station 3 37.79 35.14 46.43 

Station 4 38.13 29.99 44.59 

Station 5 29.89 28.68 28.08 

 

In the present studied samples, concentration of lead varied from 18.67 ppm to 50.93 ppm. The seasonal 

changes of lead content of sediment showed a high value during monsoon season at station 3 (46.43 ppm) and a 

low value during pre monsoon season (19.68 ppm) at station 2. High value of Pb concentration is increased by 

household wastes like batteries, plastics and some specialized alloys and anthropogenic activities. Pb is harmful 

for all living organisms even at low concentrations; its harmful effects to humans include anemia, hypertension, 

symptoms of peripheral nerve paralysis and neuropathy of the kidneys [8]. The concentration of lead in river 

sediment was high in post monsoon season. 
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TABLE: 3. SEASONAL VARIATION OF COPPER (PPM) 

Stations Postmonsoon Premonsoon Monsoon 

Station 1 9.47 10.62 12.62 

Station 2 10.3 13.02 18.22 

Station 3 26.5 29.97 38.5 

Station 4 27.3 30.92 31.47 

Station 5 18.2 21.32 27.62 

In the Manakudy estuary, the value of copper content in sediment samples ranged from 9.1 ppm to 40.6 

ppm. The seasonal variation on Copper of sediment samples was maximum (31.47 ppm) on monsoon season at 

station 4 and minimum (9.47 ppm) was observed in the post monsoon season at station 1. The maximum value of 

Cu in post monsoon season may be mainly due to the influx of wastes from nearby agricultural areas and domestic 

wastes. Station I is estuarine region, it shows very low copper content due to the mixing of sea water with fresh 

water. 

TABLE: 4. SEASONAL VARIATION OF ZINC (PPM) 

Stations Postmonsoon Premonsoon Monsoon 

Station 1 25.92 30.25 27.17 

Station 2 26.5 29.25 34.00 

Station 3 58.4 58.82 62.37 

Station 4 54.12 54.35 55.15 

Station 5 34.62 38.8 47.05 

 

The zinc content of sediment samples varied between 24.1 ppm and 66.6 ppm. The seasonal changes of 

zinc content of sediment showed a high value during monsoon season at station 3 (62.37 ppm) and a low value 

during post monsoon season (25.92 ppm) at station 1. The higher concentration of zinc in sediment may be 

attributed to the presence of unused remains of Zinc sulphate in fertilizers. Same result was reported by [9].  

TABLE: 5. SEASONAL VARIATION OF CADMIUM (PPM) 

Stations Postmonsoon Premonsoon Monsoon 

Station 1 0.0075 0.0085 0.0095 

Station 2 0.0077 0.009 0.0097 

Station 3 0.021 0.026 0.033 

Station 4 0.021 0.027 0.028 

Station 5 0.008 0.007 0.0092 

 

Cadmium concentration of sediments samples ranged from 0.006 ppm to 0.035 ppm. High concentrations 

of Cadium were reported during the monsoon season at station 3 (0.033 ppm). The concentration of Cd was low 

during post monsoon season at station 1 (0.0075 ppm). Cd is one of the most dangerous pollutants due to its high 

potential toxic effects. Maximum value of Cd during post monsoon season may be due discharge of household 

wastes along the rivers.  

TABLE: 6. SEASONAL VARIATION OF MANGANESE (PPM) 

Stations Postmonsoon Premonsoon Monsoon 

Station 1 235.5 225.75 247.5 

Station 2 226 219 229 

Station 3 212.5 205 209 

Station 4 175.5 164.75 195.75 

Station 5 87.25 80.75 95.75 
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The value of manganese content of sediment samples varied from 74 ppm to 254 ppm. Data on the 

seasonal variation in manganese content of sediments of Manakudy estuary showed a maximum of 247.5 ppm 

during monsoon season at station 1 and a minimum of 80.75 ppm during post monsoon season at station 5. The 

maximum content of manganese was due to influence of agricultural wastes from surrounding area. It is predicted 

that fertilizer runoff is one of the predominant manmade sources of Mn enrichment in the riverine environment 

[10]. 

Mercury was not detected in all the five sampling stations throughout the study period. 

IV. CONCULSIONS 

Based on the above results and discussion, the present study was clear that the estuarine sediments were 

contaminated by heavy metal pollution. Seasonal variation showed that most of the heavy metals observed highest 

in the post monsoon season and lowest in the pre monsoon season. The order of heavy metals concentration was 

given as Fe >  Mn > Zn > Pb > Cu > Cd. The maximum value of heavy metals in the sediment samples were 

mainly due to the anthropogenic activities, agricultural and household wastes. The present study which revealed 

the presence of maximum levels of heavy metals in sediments strongly emphasized the unhealthy condition of the 

Manakudy estuary and hence the need for taking urgent measures to prevent further deterioration.  
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