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The seasonal variations of hydro-chemical parameters were studied during July 2011 to June 2012 in the Muthupet estuary (Lat.10° 46' 
N; Long.79° 51’E) south east coast of India. The rainfall ranged between 4.8 and 350 mm. The atmospheric and water temperature 
ranged from 28.8°C to 35.6°C and 25.4°C to 31.5°C respectively. The pH ranged between 7.1 and 8.2. Salinity fluctuated between 8.7‰ 
and 34.2‰. The dissolved oxygen was ranged from 3.5 to 7.2 ml/l. The nutrients such as total phosphorus, nitrate and silicate ranged 
from 0.29 to 1.95 µg/l, 1.27 to 4.45 µg/l and 28.25 to 98.74 µg/l respectively. The dissolved oxygen and nutrients were found to be low 
in summer and high during monsoon season. Similarly temperature, pH and salinity were low during monsoon and high during summer 
season. 
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INTRODUCTION 
 

Estuary is the river mouth where there is mixing up of 
seawater and freshwater. Due to the turbulence of freshwater 
and seawater, there is a marked seasonal variation of 
hydrographical features such as temperature, light penetration, 
salinity, pH, dissolved oxygen and inorganic nutrients. Estuary 
is an ecologically important biotope for the simple reason that 
estuary forms the nursery grounds of many of the commercial 
fishes and prawns. Estuary thus naturally plays an important 
role in the production of food resources. In recent years 
considerable work has been done on the hydrochemistry of the 
south east Indian estuarine environment viz., Uppanar estuary 
(Nedumaran et al., 2011), Muthupet mangroves (Paramasivam 
and Kannan, 2005), Pichavaram mangroves (Ashok Prabu, 
2008), Vellar estuary (Rajasegar, 2003), Kaduviyar estuary 
(Vengadesh Perumal et al., 2009), Mulki estuary 
(Vijayakumar, 2000) and Pennar estuary (Ravaniah et al., 
2010). The present study is one among such attempts and 
intended to provide a better knowledge of the various hydro-
chemical events happening in the Muthupet estuary.   

 

MATERIALS AND METHODS 
 
Muthupet estuary is situated at Muthupet (Lat.10° 46' N 
Long.79° 51’E) of Bay of Bengal, southeast coast of India. In 
the present investigation, monthly samplings were made 
during forenoon in a plastic container from July 2011 to June 
2012. The physico-chemical parameters, temperature, pH, 
salinity, dissolved oxygen, nutrients such as total phosphorus, 
nitrate, and silicate were estimated by adopting standard 
procedures (Strickland and Parsons, 1972). 
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RESULTS 
 
Monthly variations in meteorological and physico- chemical 
parameters viz., rainfall, air and surface water temperature, 
pH, salinity, dissolved oxygen, phosphate, nitrate and silicate 
contents in Muthupet estuarine waters were recorded for a 
period of one year from July 2011 to June 2012. 
 
Rain fall 
 
The northeast monsoon in Tamilnadu brings very heavy rain 
during the months of October, November and December. The 
pattern of rainfall facilitates the divisions of the year into post 
monsoon (January – March), summer (April – June), Pre 
monsoon (July – September) and monsoon (October – 
December). Total rainfall of 999.4 mm was recorded from 
July 2011 to June 2012 and the monthly rainfall (mm) varied 
from 4.8 to 350 during the study period. No rainfall was 
recorded during January, Febuary, March and May 2012. The 
maximum rainfall (350 mm) was recorded during the north-
east monsoon (November 2011) and minimum (4.8 mm) 
during the month of June 2012 (Table 1 and Fig.1). 
 
Temperature 
 
During the study period air temperature varied from 28.8 to 
35.6°C. The minimum was recorded during monsoon season 
(December, 2011) and maximum during the summer season 
(May 2012). The atmospheric temperature showed a positive 
correlation with water temperature (r= 0.633) of Muthupet 
estuary. The surface water temperature ranged from 25.4°C to 
31.5°C. The minimum surface water temperature (25.4°C) was 
recorded during monsoon season (November, 2011) and 
maximum (31.5°C) was recorded during the summer season  
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(May, 2012). (Table.1 and Fig.2). Water temperature of the 
Muthupet estuary showed a positive correlation with salinity 
(r=0.692) and pH (r=0.773) and a negative correlation with 
dissolved oxygen (r=-0.726) (Table1 and Fig.3). 
 
pH 
 
The monthly mean values of hydrogen ion concentration of 
water varied from 7.1 to 8.2 (Table.1 and Fig.4).  Maximum 
values of pH were observed in the summer season (May, 
2012) and minimum values were recorded in the monsoon 
seasons (December 2011). Statistical analysis showed that the 
pH had positive correlation with water temperature (r=0.7173) 
and salinity (r=0.904) whereas dissolved oxygen had an 
inverse relationship (r= - 0.723) (Table.3). 
 

 
 

Salinity 
 
The seasonal variation of salinity in Muthupet estuary are 
graphically represented in Figure 5.  
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Fig. 1: Rainfall recorded during 2011 to 2012 in the study area

Fig.2: Monthly changes in atmospheric temperature duing 2011 to 2012 
in the study area
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Fig. 3: Monthly changes in water temperature  during 
2011 to 2012 in the study area
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Fig.4: Monthly changes in the pH during 2011 to 2012 
in the study area
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Fig.5: Monthly changes in salinity during 2011 to 2012
in the study area
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Table 1. Physico-chemical characteristics of water of the Muthupet estuary during July 2011 to June 2012 
 

Month  Rainfall (mm) Atmospheric  °C Water °C pH Salinity (%0) Dissolved Oxygen (ml/l) 
July 2011 27.6 31.6 28.2 7.8 30.5 4.7 
August 60.2 32.5 28.2 7.4 14.5 6.5 
September 128.2 31.1 27.4 7.3 14.7 5.5 
October 323.2 30.2 28.3 7.2 9.5 6.8 
November 350.0 30.2 25.4 7.2 8.7 7.2 
December 85.2 28.8 27.6 7.1 9.2 6.1 
January 2012 - 30.4 29.5 7.3 10.5 5.8 
February - 30.2 30.2 7.8 17.5 4.5 
March - 33.4 28.4 7.5 20.8 4.3 
April 20.2 34.5 30.5 7.7 31 4.5 
May - 35.6 31.5 8.2 34.2 4.9 
June 4.8 33.4 31.3 7.8 28.5 3.5 
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A marked seasonal changes in salinity was observed 
throughout the study period. Minimum salinity (8.7‰) was 
recorded during monsoon (November 2011) and was slowly 
increased during post monsoon and attained maximum 
(34.2%) during summer season (May 2012). Salinity of the 
Muthupet estuary showed positive correlation between 
temperature (r=0.692) and pH (r=0.904) while it showed 
negative correlation with dissolved oxygen (r = - 0.773) 
(Table.3). 
 
Dissolved Oxygen 
 
Dissolved Oxygen (DO) in Muthupet estuary was varied 
between 3.5 and 7.2 ml/l. Minimum DO was recorded during 
the month of June, 2012 and maximum in November, 2011 
(Table.1 and Fig.6). Statistical analysis showed that dissolved 
oxygen had a negative correlation with water temperature (r= -
0.726), salinity (r= -0.773) and pH (r= -0.723) (Table.3). 
  

 
 

Table 2. Seasonal variation of Dissolved Nutrients in Muthupet 
estuary (µg / l) 

 

Month Nitrate Phosphate Silicate 
July 2011 1.35 0.44 33.75 
August 1.96 1.15 65.25 
September 2.23 1.30 54.24 
October 4.25 1.45 80.15 
November 4.45 1.15 98.74 
December 3.45 1.63 81.17 
January 2012 2.52 1.95 69.25 
February 1.92 1.23 49.15 
March 2.28 0.88 38.64 
April 1.65 0.77 30.15 
May 1.45 0.58 28.25 
June 1.27 0.29 35.15 

 
 
 
 
 
 
 
 
 
 
 

Nitrate 
 
The nitrate was varied from 1.27 to 4.45 µg/l. Minimum was 
recorded during the month of June, 2012 whereas maximum 
during the month of November, 2011 (Table.2 and Fig.7). 

Statistical analysis showed that the nitrate had positive 
correlation with DO (r=0.819) and negative correlation with 
pH (r=-0.738) and salinity (r=-0.812) (Table. 3). 
 

 
 

Total phosphorus 
 
The monthly variations of dissolved phosphate recorded in 
Muthupet estuary are shown in the Fig.8. The total phosphorus 
was minimum (0.29 µg/l) in the month of June, 2012 and 
maximum (1.95 µg/l) in the month of October 2011.(Table 2 
and Fig.8). Total phosphorus showed positive correlation with 
dissolved oxygen (r=0.651) and negative correlation with pH 
(r= -0.754) and salinity (r= -0.865). (Table.3) 

 

 
 
Silicate 
 
The monthly variations of silicate of the water observed in 
Muthupet estuary during the study period (July 2011- June 
2012) are graphically represented in Fig.9. The silicate content  
 
 
 
 
 
 
 
 
 
 
 
showed a minimum value of 28.25µg/l (May 2012) and a 
maximum value of 98.74µg/l (November 2012). Throughout 
the study period, mean seasonal temperature, pH, salinity, 
dissolved oxygen, phosphorus, nitrate, and silicate contents 
were not uniform in Muthupet estuary. 

Fig.6: Monthly changes in dissolved oxygen during 
2011 to 2012 in the study area
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Fig. 7: Monthly changes in the nitrate content during 
2011 to 2012 in the study
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Fig.8: Monthly changes in the total phosphate content during 2011 to 
2012 in the study area
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Table 3. Correlation coefficient (r) values between the environmental parameters 
 

 Atmos °C Water °C pH Salinity Oxygen Nitrate Phosphate Silicate 
Atmos °C 1.000        
Water °C 0.633 1.000 
pH 0.748 0.773 1.000  
Salinity 0.837 0.692 0.904 1.000     
Oxygen -0.568 -0.726 -0.723 -0.773 1.000    
Nitrate -0.666 -0.713 -0.788 -0.812 0.819 1.000   
Phosphate -0.724 -0.412 -0.754 -0.865 0.651 0.618 1.000  
Silicate -0.662 -0.602 -0.812 -0.912 0.825 0.878 0.752 1.000 
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DISCUSSION 
 
The physico-chemical parameters such as temperature, pH, 
salinity, dissolved oxygen and nutrients showed seasonal 
variations. The seasonal variations of the environmental 
features in the estuarine system is chiefly controlled by the 
spectacular regime of the rainfall during monsoon. In the 
present study area, the peak values of rainfall were recorded 
during the northeast monsoon periods (October-December). 
The rainfall was scanty during post monsoon and summer 
months. Commendable works are available on Vellar estuary 
(Nedumaran et al., 2001); Point Calimere costal water 
(Damothaeran et al., 2010); Parangipettai coast (Santhanam 
and Perumal, 2003; Sundaramanickam et al., 2008) and 
Muttukadu backwaters (Prema and Subramaniam, 2003). 
Temperature is an universal factor in the aquatic ecosystem, 
which influences the physico-chemical characteristics and also 
influences the life of organisms. The highest value of surface 
water temperature was recorded in summer season and lowest 
in monsoon periods. The seasonal variations in the water 
temperature may be associated with the wind force, freshwater 
discharge influx of the inshore water and atmospheric 
temperature. The reduction in the water temperature mainly 
depend upon the intensity of rainfall during monsoon and the 
low air temperature existed at the time. Similar observations 
have been reported by Thangaraj (1984) in Vellar estuary; 
Senthilnathan (1990) in Vellar, Uppanar and Kaduviar river 
estuary; Bikash Saha et al. (2001) in Sundarbans brackish 
water; Soundarapandian et al. (2009) in Uppanar estuary; 
Palpandi (2011) Vellar estuary.  
 
Thus the present findings favour the earlier reports on the 
fluctuations of water temperature on the estuaries. Generally 
low pH values were recorded during the monsoon period and 
slightly higher values during summer period. Similar seasonal 
pattern was recorded earlier by Thangaraj (1984), Palpandi 
(2011), Santhanam and Perumal (2003) in Vellar estuary; 
Murugan and Ayyakkannu (1991) and Soundarapandian et al. 
(2009) in Uppanar backwaters. Minimum values of pH during 
monsoon in the study area may be controlled by the influence 
of freshwater discharge, rainfall and also due the 
decomposition of organic matter as stated by Ragothaman and 
Patil (1995) and Upandhayay (1998). Dissolved Oxygen (DO) 
contents showed well marked seasonal variations in the 
Muthupet estuary. It is seemed to be controlled by various 
factors such as rainfall, temperature, phytoplankton 
photosynthesis and salinity. Dissolved oxygen content was 
high during monsoon period in the study area could be due to  

the influx of fresh water during the monsoon, higher solubility 
and low salinity. Similar observations in DO values have also 
been reported from the Vellar estuary (Vijayalakshmi and 
Venugopalan, 1973, Brinda et al., 2010; Nedumaran et al., 
2001); Pichavaram mangroves (Govindasamy and Kannan, 
1991); Mandovi and Zuari estuaries (Dwivedi et al., 1974); 
Point Calimere coastal water (Damotharan et al., 2010); 
Mutthkadu backwaters (Prema and Subramanian, 2003). The 
salinity act as a prime factor among the most important 
environmental parameters in the distributions of living 
organisms (Chandra Mohan and Sreevanivas, 1998).  
 
The intrusion of neritic water and low river discharge may be 
responsible for high salinity, the monsoonal rain and 
continuous flow of the freshwater of the rivers may be 
responsible for low salinity in the present study in conformity 
with the earlier reports from Vellar estuary (Chandran and 
Ramamoorthi, 1984; Palpandi, 2011; Singbal, 1976); Uppanar 
backwaters (Murugan and Ayyakannu, 1991; 
Soundarapandian, et al., 2009). In the present study, nitrate 
concentration was high during the monsoon and low during 
summer season. The high nitrate content observed during 
monsoon periods is mainly due to the river water discharge 
from agricultural fields containing nitrogenous particles of 
various origins. Low values of nitrate observed during summer 
seasons might be due to the lesser amount of freshwater 
inflow and higher salinity. Similar maximum value in 
monsoon and minimum in summer season were also recorded 
by Qasim et al. (1969) from Cochin backwaters, De Souza 
(1977) from Mandovi and Zuariestuaries, Sivakumar (1982) in 
Vellar estuary, Hari Muraleedharan et al. (2010) in Thondi 
coastal waters, Sundaramanikam et al. (2008) in Parangipettai 
and Cuddalore coast. The presence of total phosphorus in an 
estuary can be taken as an index of total fertility in the 
ecosystem (Redfield, 1934). In the present study, the total 
phosphorus were found to be increased during monsoon 
periods and decreased slowly from summer onwards.  
 
High concentration of total phosphorus during monsoon 
season due to heavy rainfall, decomposition of particular 
organic matter, industrial effluents and from the agricultural 
discharges from the adjacent lands. Such monsoonal 
maximum and summer minimum in the total phosphorus 
concentration was also reported from Vellar estuary 
(Sivakumar, 1982; Chandran and Ramamoorthi, 1984; 
Nedumaran et al. (2001); Periyar river estuary (Sarala Devi et 
al., 1991), Coleroon estuary (Prabha Devi, 1986) and Mandovi 
estuary (Dehadrai, 1970 and Dwivedi et al., 1974). The 
seasonal average silicate content in the study area showed 
maximum values during monsoon and minimum during 
summer seasons. The peak values of silicate observed during 
monsoon may attributed to the heavy fresh water influx and 
land run off which carries slit and other silicon deposits from 
upper reaches of the river. Observations similar to present 
study were reported earlier by Qasim et al. (1969) and Ansari 
and Rajagopal (1974) in Cochin back waters. Nair et al. 
(1983) in Ashtamudi estuary, Praba Devi (1986) in Coleroon 
estuary. The silicate concentration also showed negative 
relationship (r=-0.912) with salinity, which was also noted 
earlier in Vellar estuary (Chandran and Ramamoorthi, 1984 
and Thangaraj, 1984) Kerala backwaters (Sarala Devi et al., 
1983).  
 
 

Fig. 9: Monthly changes in the silicate content during 2011 to 2012

0

10

20

30

40

50

60

70

80

90

J A S O N D J F M A M J

Pre-Monsoon Monsoon Post-Monsoon Summar
2011                           Months                                    2012

Si
lic

at
e 

(µ
g/

l)

International Journal of Advanced Chemical Research                                                                                                                                   033 
  



Acknowledgement 
 
The authors are thankful to the Principal, Khadir Mohideen 
College, Adiramapattinam for providing necessary laboratory 
facilities. 
 
REFERENCE 
 
Ansari, S.A. and M.D. Rajagopal, 1974. Distribution of mud 

phosphate in the Cochin backwater. Mahasagar, Bull. 
Natn. Insts. Oceanogr. 7:69-72. 

Ashok Prabu, V., M. Rajkumar and P. Perumal, 2008. 
Seasonal variations in Physico-chemical characterisitcs of 
Pichavaram mangroves, South east coast of India. J. 
Environ. Biol, 29(6), 945-950. 

Bikash Saha, S., S.B. Bhattacharya, B.K.Pandey and 
A.Choudhury. 2001. Physicochemical characteristics in 
relation to pollution and phytoplankton production 
potential of a brackishwater ecosystem of Sundarbans, in 
west Bengal. Tropical Ecology 42(2): 199-205. 

Brinda, S., M. Srinivasan and S.Balakrishnan. 2010. Studies 
on diversity offin fish larvae in Vellar estuary, southeast 
coast of India. World. J. Fish & Marine sci., 2(1): 44-50. 

Chandran, R. and K. Ramamoorthi, 1984. Hydrobiological 
studies in the gradient zone of Vellar estuary, Part-I: 
Physico- chemical parameters. Mahasagar- Bull. Natn. 
Inst. Oceanoger., 17(3):133 - 140. 

Damotharan, P., N.Vengadesh Perumal, M.Arumugam, 
S.Vijayalakshmi and T.Balasubramanian, 2010. Seasonal 
variation of physico-chemical characteristics in point 
Calimere coastal waters (South East Coast of India).  
Middle East J.Sci., Res., 6(4): 333-339. 

De Souza, S.N., 1977. Monitoring of some environmental 
parameters at the mouth of the Zurai river, Goa. Indian J. 
Mar. Sci., 6: 114-117. 

Dehadrai, P.V., 1970. Changes in environmental features of 
Zuari and Mandovi estuaries in relation to tides. Proc. 
Indian Acad. Sci., 72 B: 68-80. 

Dwivedi, S.N., R.M.S. Bhargava, A.M. Parulekar, R.A. 
Selvakumar, S.Y.S. Singbal and V.N. Sankaranarayan, 
1974. Ecology and environmental monitoring of mandovi, 
Zuari and Camburjua canal complex  during monsoon 
months. J. Ind. Fish Assn. 3: 113-130. 

Ganapati, P.N., 1975. Estuarine pollution. Bull. Dept. Mar. 
Sci., Univ. Cochin: VI, I:1-9. 

Gounda, R. and R.C. Panigrahy, 1993.Monthly variations of 
some hydrographic parameters in the Rushikulya estuary, 
east coast of India. Mahasagar. 26(2): 73-85. 

Hari Muraleedharan, Abhilash and R. Ramasubbu, 2010.  
Physico-chemical parameters and planktors analysis of 
seawater of Thondi of Palk Bay, Tamil Nadu. J. Biosci. 
Res. 1(1): 20-24. 

Jegadeesan, P., 1986 Studies on environmental inventory of 
the marine zone of coleroon esturary and inshore waters of 
Pazhayaru, southeast coast of India. Ph.D Thesis, 
Annamalai University, 277 pp. 

Mishra.S., D. Panda and R.C. Panigrahy.1993.Physico- 
chemical characteristics of the Bahude estuary (Orissa) 
east coast of India. Indian J. Mar. Sci. 22: 75-77. 

Murugan, A. and K. Ayyakannu, 1991.  Ecology of Uppanar 
backwaters, Cuddalore-II nutrients Mahasagar-Bull. Natl. 
Inst. Oceanogr., 24(2): 103-108. 

Nair, N.B., P.K. Abdul Aziz, K. Dharmaraj, M. Arunachalam, 
K. Krishnakumar, and N.K.  Balasubramanian, 1983. 
Ecology of Indian Estuaries. Part V. Primary productivity 
of Ashtamudi estuary South west coast of India.  Proc. 
Indian Acad. Sci. (Anim. Sci), 93(1): 9-23. 

Nedumaran, T., P. Perumal and R. Rajaram. 2011. Physico-
chemical characteristic features of the Uppanar estuary, 
south east coast of India. J. Ecotoxical. Environ. Monit. 
21(1): 1-11. 

Nedumaran, T., V. Ashok Prabu and P. Perumal, 2001. 
Ecology of phytoplankton of Vellar estuary, southeast 
coast of India. Seaweed Res. Tiln., 23 (1&2):157-162. 

Palpandi, P., 2011. Hydrobiological parameters, pollution 
density and distribution pattern in the gasdropod Nerita 
(dostia) crepidularia Lamarck, 1822, from mangroves of 
Vellar  estuary, southeast India. Int. J. Biodvers. Conserv. 
3(4): 121-130. 

Paramasivam, S. and L. Kannan, 2008 Physico-chemical 
characterisitcs of Muthupettai mangrove environment, 
southeast coast of India.  Int. J. Ecol. Environ. Sci., 31, 
273-278. 

Prabha Devi, L. 1986. Hydrobiolgical studies in tidal zone of 
the Coleroon estuary. Ph.D Thesis, Annamalai University, 
241 pp. 

Prema, M. and B. Subramanian, 2003. Hydrobiological 
parameters of Muttukadu backwater of Bay of Bengal. 
Indian Hydrobiology 6(1&2): 95-100 

Qasim, S.Z., S. Wellershaus, P.M.A. Bhattathiri and S.A.H. 
Abidi. 1969. Organic production in a tropical estuary. 
Proc. Indian. Acad. Sci., 69B: 51-94. 

Ragothaman, G. and T. Patil, 1995.  Studies on the physico-
chemical parameters and phytoplankton of Narmada 
estuary.  Enviromedia, 14(2): 221-226. 

Rajasegar, M., 2003.  Physico-chemical characteristics of the 
vellar estuary in relation to shrimp farming. J. Environ. 
Biol., 24; 95-101. 

Ravaniah, G., P. Georgeena Kumari and C.V. Narasimha 
Murthy, 2010. Water quality analysis of the Pennar 
estuary, Nellore.  J. Curr. Sci., 15(2):321-334. 

Redfield, A.C., 1934. On the propostion of organic derivations 
in sea water and their relation to the composition of 
plankton.  Jame Johnston Memorial volume, Univ. Press of 
Liverpool : 176-192. 

Santhanam, P. and P. Perumal, 2003. Diversity of zooplankton 
in Parangipettai coastal waters, South east coast of India. J. 
Mar.  Ass. India. 45(2) 144-151. 

Santhesh Kumar, C. and P. Perumal, 2011. Hydrobiological 
investigations in Ayyampattinam coast (Southeast coast of 
India) with special reference to zooplankton. Asian. J. Biol. 
Sci., 4(1): 25-34.  

Sarala Devi, K., V.N.Sankaranrayanan and P. Venugopal. 
1991. Distubution of nutrients in the Periyar river estuary. 
Indian J. Mar. Sci. 20: 49-54. 

Saravanakumar, A., M. Rajkumar, J. Sesh Serebiah and 
G.A.Thivakaran, 2008. Seasonal variations in physico- 
chemical characteristics of water, sediment and soil texture 
in arid zone mangroves of Kachchh – Gujarat. J. Environ. 
Biol. 29(5): 725-732. 

Senthilnathan, S., 1990, Investigations on hearymetal 
pollution (copper, zinc, cadmium and lead) in estuaries of 
southeast coast of India.  Ph.D., thesis, Annamalai 
University, Porto Novo. 

International Journal of Advanced Chemical Research                                                                                                                                   034 
  



Singbal, S.Y.S., 1973, Diurnal variation of some physico-
chemical features in the Zuari estuary of Goa. Indian J. 
Mar. Sci., 2:90-93. 

Singbal, S.Y.S., 1976 Diurnal variation of some physico-
chemical factors in the Mandovi estuary of Goa. 
Mahasagar – Bull Natn. Inst. Oceanogr., 9:27-34.  

Sivakumar, V. 1982. An environmental inventory of the tidal 
zone of the Vellar estuary. Ph.D. Thesis, Annamalai 
University. 15 pp. 

Soundarapandian, P., T. Preamkumar and G.K. Dinakaran. 
2009. Studies on the phyisco- chemical characteristics and 
nutrients in the Uppanar estuary of Cuddalore, south east 
coast of India. Curr. Res. J. Biol. Sci., 1(3): 102-105. 

Strickland J.D.H. and T.R. Parson, 1972.  A practical hand 
book of seawater analysis.  Bull. Fish Res. Bd. Canada 67-
311PP. 

Sundaramanickam, A., T. Sivakumar, R. Kumaran, V. 
Ammaiappan and R.Velappan. 2008. A comparative study 
of physico-chemical investigation along Parangipettai and 
Cuddalore coast. J. Env. Sci. and Tech. 1: 1-10. 

Thanagaraj, G.S.1984. Ecobiology of marine zone of the 
Vellar estuary. Ph.D. Thesis, Annamalai University, 192  
pp. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Upadhaya, S., 1998. Physico-chemical characteristics of the 
Mahanadi estuarine ecosystem, east coast of India. Indian 
J. Mar. Sci., 17: 19-23. 

Vengadesh Perumal, N., M. Rajkumar, P. Perumal and 
K.Thillai Rajkumar,2009. Seasonal variations if plankton 
diversity in Kaduviyar estuary, Nagapattinam, southeast 
coast of India. J. Environ. Biol. 30(6): 1035-1046. 

Vengadesh Perumal, N., M.Rajkumar, P.Perumal and 
K.Thillai Rajasekar, 2009.  Seasonal variations of plankton 
diversity in the Kaduviyar estuary, Nagapattinam, 
Southeast Coast of India.  J.Environ. Biol., 30(6): 1035-
1046. 

Vijayakumar. S., K.M. Rajan, R. Mridula, and M. Hariharan. 
2000.  Season distribution and behaviour of nutrients with 
reference to tidal rhythm in the Mulki estuary south east 
coast of India. J. Mar. Biol.  Ass. India. 42(1&2); 21-23. 

Vijayalakshmi, G.S. and V.K. Venugopalan, 1973.  Diurnal 
variations in the physico-chemical and biological 
properties in Vellar estuary, Indian J. Mar. Sci., 1:125-127. 

 
 
 
 
 
 
 
 

******* 

International Journal of Advanced Chemical Research                                                                                                                                   035 
  


