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Abstract

An investigation was made on total heterotrophic bacterial (THB) load in relation with hydrographical features

of Pazhayakayal estuary, Tuticorin, from July 2009 to June 2010. The  water temperature (25 to 32oC), pH (7

to 10), and  salinity (0‰ to 35.7‰) were maximum  during  summer  season (April - June)  and minimum

during  monsoon  season (October - December). The dissolved oxygen (DO) varied from 0.2 to 9.95 mg l-

1. The THB load was high  (42.0×10-7cfu ml-1) during  monsoon season  and  low (1.2×10-7cfu ml-1) during

summer. The correlation was insignificant between  temperature,  pH and  THB  load, however  THB load

was  negatively correlated  with salinity. Almost in all  the  stations (I-VI), THB load  were found  to  be

maximum (40.0×10-7,36.0×10-7, 30.0×10-7,36×10-7, 42.0×10×10-7 and 29.6×10-7 cfu ml-1)  during monsoon

season might  be  due  to  the  bulk  rainfall  and  freshwater input.
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Introduction

The Indian subcontinent is bestowed with several estuaries

occupying about 2.6 million hectares. Estuary is one of the most

productive and complex natural ecosystems as it receives the

intrusion of freshwater and seawater. It also receives the pollutant

from agro industrial area which alters the physico-chemical factors

which in turn, affects the distribution of biotic community in this transition

zone. Paramasivam and Kannan (2005) reported that factors related

to water quality such as temperature, salinity, pH, dissolved oxygen,

total organic carbon and nutrients are particularly important for

determining the biota and ecosystem functions in coastal waters.

Microorganisms play a major role in decomposing organic

matters and mineralization. Adesemoye et al. (2006) reported that

microorganisms such as Clostridium perfringes, and Pseudomonas

aeroginosa are used as indicators of water quality. Good quality of

water described by its physical, chemical and microbial

characteristics. Most living organism requires oxygen for their

existence, salinity which in turn, is affected by the hydrogen ion

concentration of water in different geographical locations and

seasons. And since the rainfall is also a common factor influencing

all other ecological factors, it is highly imperative to study the

environmental parameters of a region along with its bacterial load.

Many reports are available on the physico-chemical features in

Indian estuaries such as Vellar estuary (Nedumaran et al.,2001;

Rajasekar, 2003) Malpe and Gangoli estuary(Hande and

Madhyastha, 2003), Muthupettai mangrove environment

(Paramasivam and Kannan, 2005, Ajithkumar et al., 2006;

Manivasagan et al., 2011), Uppanar estuary (Rajaram et al.,

2005), inshore waters off Tuticorin  (Asha and Diwakar, 2007),

Pichavaram mangroves (Ashok Prabu et al., 2008), mangroves

of Kachchh (Saravanakumar et al., 2008), Nethravathi estuary

(Gowda et al., 2009), Kaduviyar estuary (Vengadesh et al., 2009).

However, no study has been carried out on the total heterotrophic

bacterial load (THB) in relation with  hydrographical features  in

the water of Pazhayakayal estuary. Hence, the present study

was carried out to investigate the monthly distribution of total

heterotrophic bacterial load in relation with temperature, dissolved

oxygen, pH and salinity of Pazhayakayal estuary in Tuticorin,

south east coast of India.
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Materials and Methods

Study  area :  Pazhayakayal  estuary (82º39’08” N latitude;

78º27’20” E longitude)  is  located  in  the  middle  of  Tuticorin  and

Tiruchendur  coast  and located at the  mouth  of  Tamirabarani

river.  This estuary is surrounded by mangrove forest and it receives

freshwater inflow during southwest and  northeast  monsoon by the

irrigation  channels  of  Tamirabarani  river  and  marine  water

inflow  from  Bay  of  Bengal. For  the  present investigation, six

stations  (I - VI) were  selected  in  Pazhayakayal  estuary (Fig. 1).

Data  on  temperature, salinity, pH, DO and THB were  studied

every  month  at  6 different  stations  for  a  period  of  one  year  from

July  2009 to June  2010. For bacteriological analysis, the water

samples were collected in 500ml sterile screw-capped PVC bottles

and necessary precautionary measures were taken to minimize the

contamination through handling. The water samples were

transferred to laboratory in an ice box containing gel ice. Water

samples for the physico-chemical parameters were also taken from

the same area at the same depth. The water samples for analyzing

dissolved oxygen was directly taken in 250ml BOD bottles without

agitation and fixed with manganese sulfate and alkaline iodide

immediately after collection. The water temperatures  were  recorded

with  a  standard  mercury thermometer, salinity  by  Knudsen

method (1962) and  the  hydrogen ion concentration with pH meter.

The oxygen  content  was estimated by Winkler’s  method (1988).

Total  heterotrophic  bacterial  load  was  enumerated  by  using

serial  dilution  method (APHA,1992).  Coefficient  of  correlation

(Karl Pearson’s method ) was carried  out  to  find  out  the  relationship

between  THB  load and  different  hydrographical  parameters .

The THB load results were subjected to one-way analysis of

variance (ANOVA).

Results and Discussion

Monthly variations of temperature, salinity, pH, DO and

THB load are presented in Table 1, 2. The maximum water

temperature (32°C) was recorded during summer (March, 2010)

and minimum (25°C) was recorded during rainy season (December,

et al

in Vellar estuary and Rajee and Palaniappan (2006) at

Rajjakamanagalam estuary of the east coast of India. The  salinity

of  the  water  ranged  between 0 and  35.7 ‰.  Maximum  salinity

value  was  recorded in  station I (35.7 ‰) during summer season

and minimum (0 ‰) in  station IV during  monsoon season. Salinity

data  of  the  present study  showed  two  extreme  conditions  one

during  hot  summer with seawater intrusion, and another one  in

rainy  season  with freshwater  intrusion during monsoon  season

and  also  thorough mixing of freshwater through rainfall. Similar

results  were  also  reported  by Rajashree Gowda and Panigraghy

(1993) in Rushikulya estuary, George et al. (1996) in Muvattupuzha

estuary, Perumal et al. (1999) in Vellar estuary, Bhave and Borse

(2001) in Aner river, Eswari and Ramanibai (2002) in Cooum and

Adyar estuaries and MuduliBipra Prasanna and Rajan(2010) in

Dhamra estuary.

The pH of  water is an important environmental  factor and

the  fluctuation of  which is linked with the chemical changes, species

composition and  life processes.  It  is  generally  considered  as  an

index for suitability of  the  environment. Among  the  six  stations  the

higher  pH value (10)  was  recorded in  station II and III  and  lower

value (7) in station V. In the present study, alkaline pH levels

observed during summer season could be due to enhanced rate of

evaporation and uptake of carbon-di-oxide by  phytoplankton and

the  low  pH during rainy  season might be due  to freshwater influx,

low temperature and organic matter  decomposition. Such types of

variations in pH have also been reported fromVellar estuary

(Nedumaran et al., 2001) in Ennore and Kovalam estuaries(Padmini

and Kavitha, 2003) and in Sunderban estuarine ecosystem (Suman

Manna et al., 2010).

The DO was always found inversely correlated with salinity.

The distribution of DO in Pazhayakayal  estuary  showed  marked

variations. In  all  the  six  stations, maximum  value  of  DO  was

obtained  during  summer (6.1 mg l-1) and  monsoon  season (9.95

mg l-1). Highest  level  of  DO  observed  during  summer  season

was  due  to  phytoplankton  photosynthesis  which  acted  as the

major  factor  influencing  the  oxygen  distribution  and in monsoon

the  reason  is  higher  solubility of O
2
  in  low  salinity  and  low  water

temperature(Rajashree Gowda and Panigrahy, 1993). Similar

findings  were observed  by Kannan  and  Kannan (1996) from

Palk  Bay, Karuppasamy  and  Perumal (2000) from Pichavaram

waters and Rajasekar (2003) from Vellar  estuary.The  low  level  of

oxygen during post monsoon season could be due to high organic

material decomposition in microbial  utilization of  oxygen. In  river

Cooum, DO varied from 2.5 to 9.8 ml l-1 (Mary Bai, 1993) and in

Vellar estuary, it varied from 3.2 to 4.5 ml l-1 (Nedumaran et al.,

2001).The temporal variation of DO level depended on

temperature, light penetration, rainfall, climate, etc. Similar  findings

were reported by Padmini and Kavitha (2003) at Ennore and

Kovalam estuaries and Eswari  and  Ramanibai (2004) at  Chennai

coast. Dissolved  oxygen is  essential  for the  growth  of  algal  and

fish  population  in  turn it  facilitates  the growth of  microorganisms.

It did not show any definite annual pattern but its higher concentration

during  winter  and  early  monsoon  months  are  correlated  by  its

P
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inverse  correlation  with  water  temperature (Bath and Kaur,

1997).

The  THB  load (Table 2)  was  high (42.0×10-7 cfu ml-1)

during  monsoon  due  to more  flow  of  fresh  water  from  river,

brings rich organic  matter and  nutrients  which facilitate the  growth

of  heterotrophic  bacteria.  On the other hand, the bacterial load

was low (1.2×10-7 cfu ml-1)  during  summer  season  due  to  more

inflow  of  marine water  into  the  estuary. Almost  in  all  the  stations

THB load  was  found  to  be maximum  during  northeast  monsoon

might  be  due  to  the  bulk  rainfall  and  freshwater input  which

bring  more  organic  matter  inturn  greatly  influenced  the  diversity

of  heterotrophic  bacteria. Similar  findings  were  reported  by

Rajee  and Palaniappan (2006)  in Rajakkamangalam  estuary and

Seshadri  et  al. (2002) at Chennai  coast. The study area has

been surrounded by agroecosystems comprising paddy, banana,

and coconut. The  input  of  rich  organic  matters  from these  areas

are  also  high  during  monsoon  period  from  the  agricultural

channels. This  may  also  the  one  of  the  reasons  for higher  THB

load  during  monsoon  season. In  the  present  work , there  was

in significant  correlation (Table 3)  between  temperature  and  THB

load , except  in  station II (P>0.05). The THB load was negatively

correlated with salinity. Hydrogen  ion  concentration  has  insignificant

correlation  with distribution  and  abundance  of  THB  load  in  the

study  area. The hydrographical features, temperature, pH, and

salinity were negatively correlated with THB,and DO was positively

correlated with THB.  So,  the  distribution and abundance  of  THB

load  was  independent of  analyzed  parameters.ANOVA showed

Table 2 : Monthly variations of total heterotrophic bacteria (THB) load(10-7 cfu ml-1) in water in Pazhayakayal estuary from July 2009 – June 2010

Month Station I Station II Station III Station IV Station V Station VI

July 2009 11.0 6.9 12.0 16.8 14.1 8.6

August 3.0 6.8 11.0 12.0 7.6 4.9

September 1.5 1.2 2.9 4.3 2.8 7.2

October 22.0 24.4 30.0 2.6 8.0 20.0

November 40.0 36.0 2.0 36.0 38.0 28.0

December 31.0 24.0 16.0 22.0 42.0 29.6

January 2010 22.0 18.0 14.0 12.0 31.0 11.2

February 12.0 9.8 13..0 86 21.2 9.6

March 2.6 3.0 20.8 36.0 22.0 11.0

April 4.9 5.2 19.0 28.0 22.4 16.0

May 3.6 1.7 12.0 3.5 9.8 4.0

June 12.0 8.2 350 8.0 18.4 5.8

Table 3 : Correlation coefficient between total heterotrophic bacteria (THB) load and environmental parameteres

Environmental
Station I Station II Station III Station IV Station V Station VI

parameteres

Temperature -0.46965 -0.62267* +0.13539 +0.37829 -0.2933 -0.42209

pH -0.3435 +0.29901 -0.24149 -0.52626 -0.07908 -0.3225

Dissolved oxygen +0.49673 -0.22734 +0.24721 -0.12222 +0.11152 +0.41205

Salinity -0.65319* -0.44312 -0.61568* +0.03893 -0.04881 +0.00983

* = Significant, P < 0. 02

that there was  significant  difference in THB load in different months

and also in different stations,  at  1%  level (F=4.996 , P<0.01).

To conclude that hydrographical features such as dissolved oxygen,

temperature, pH, and salinity of Pazhayakayal estuary showed

monthly variations in all the stations.The distribution and abundance

of THB load was independent to the hydrographic factors.Despite

the fact that the present study has been limited with hydrographical

parameters and THB load.This data provide baseline information

on the hydrobiology of water that would form a useful tool for further

ecological assessment and monitoring of this study area. Further

studies  on  isolation , identification of  bacteria  and  also  to  reveal

their  possible  role  in  bioremediation  of  pesticides are  required

in  this  highly polluted area  due  to  agricultural  activity.
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