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 Water samples were examined for total viable count and pollution indicator bacteria (total coliform, fecal coliform, 

Escherichia coli and Streptococcus faecalis). Salinity, pH, dissolved oxygen, biological oxygen demand, nutrients and 

Chlorophyll-a were examined to assess the physico-chemical condition of water. Statistically, insignificant seasonal variation 

was found in bacterial populations. Average abundances (CFU/ml) of the different heterotrophic bacteria of surface waters were: 

total viable count (2.1×106), total coliforms (1.3×105), fecal coliforms (1.5×104), Escherichia coli (1.1×104) and Streptococcus 

faecalis (0.4×104).  Spatially, the higher bacterial population was recorded in creek and shore regions with high concentration of 

nutrients. Significant positive correlation (p < 0.05) was observed between bacterial population and the nutrient concentration 

which suggest that elevated nutrient load favors the bacterial growth. However, bacterial populations showed positive 

correlations with biological oxygen demand, and negative relationship (p < 0.05) with salinity, indicating the dominating 

influence of anthropogenic activities in the coastal area. 
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Introduction 

India is bestowed with long coastline of 

8,129 km and of this 6,000 km is rich in estuaries, 

creeks, brackish water, lagoons and lakes
1
. The 

southeast coast of India is an important stretch of 

coastline, where many major rivers drain into the 

Bay of Bengal and they are also richer in marine 

fauna and flora
1
. In recent years, the human 

interference through urbanization and 

industrialization has severe impact on the 

microbial population of coastal water of the Bay 

of Bengal
2
. Various anthropogenic activities and 

some natural processes, bring about adverse 

environmental conditions that affect physiological 

responses such as viability
3-5

, metabolism, resting 

(dormant) stages and death
6
 among 

microorganisms in situ.  Coastal water generally 

contains both pathogenic and non-pathogenic 

microbes derived from river run off, sewage, 

industrial effluents, agricultural activities, wild 

life and indigenous microorganisms
2
. Responses 

of heterotrophic bacteria to environmental 

changes are very rapid and quite consistent when 

compared with those of higher forms of marine 

biota
7
. 

Pollution level is increasing day by day 

due to non availability of appropriate drainage 

system for industrial units and housing societies 

established along the banks. Hence, prevention of 

coastal pollution necessitates effective monitoring 

of physicochemical and microbiological 

parameters. Microbiological quality of marine 

water is the health indicator to identify polluted 

sites and also to estimate the extent of pollution
8
. 

Total coliform, fecal coliform, Escherichia coli 

and Streptococcus faecalis counts are the most 

widely used bacteriological procedures for 

assessment of the quality of water
8
. Thomann and 

Mueller
9
 pointed out that Dissolved Oxygen 

(DO), Biological Oxygen Demand (BOD) and 
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nutrients, which help in assessing the quality of a 

water body, also assist in understanding   the   

waste   assimilative   capacity of water. Along 

Ennore coastal waters, the distribution of physic-

chemical properties
1, 10

 and heterotrophic 

bacteria
11-12

 reported in previous studies. Presence 

of fecal indicator organisms in water samples 

have been reported in several stations along the 

Indian coasts
13-16

. But scarce information is 

available about variations in contribution of 

pollution indicator bacteria along Ennore coast 

and their dispersion towards offshore with respect 

to physico-chemical properties. 

 The present study consists the microbial 

population (Total viable count, total coliform, 

fecal coliform, Escherichia coli and 

Streptococcus faecalis) from coastal water of 

Ennore during 2011 in four seasons 

(postmonsoon, summer, premonsoon and 

monsoon). This aids in understanding the 

seasonal variation, so as to provide an annual 

cycle of microbial load and to assess the 

distribution of pollution indicator bacteria in 

surface waters and sediments in the Ennore coast. 

Efforts have been made to found their relationship 

and dependency with physico-chemical 

parameters. 

 

Materials and Methods 

The study was carried out along the 

coastline of Ennore (Fig. 1). Sampling was 

undertaken in the month of February (post 

monsoon), June (summer), September 

(premonsoon) and December (monsoon), 2011 

covering four distinct seasons. Samples were 

collected during sunny weather. To understand 

the spatial variability of physicochemical and 

microbiological properties along Ennore coastal 

waters  four stations were selected representing 

creek, shore (0.5 km from coast), inshore (2 km) 

and off shore (5 km) (Fig. 1). For microbial 

analysis, surface water samples were collected 

and aseptically, transferred into sterilized glass 

bottles. Sediment samples were collected using a 

Van Veen grab and sub samples were aseptically 

transferred into fresh polythene bags with a sterile 

spatula before disturbing the sediment for other 

analyses. Immediately after collection both water 

and sediment samples were stored in ice and 

transported to the field laboratory. Water quality 

parameters such as temperature, salinity, pH, DO, 

BOD nutrients (ammonia, nitrate, nitrite, 

phosphate, silicate, total nitrogen and total 

phosphorous) concentrations and Chlorophyll-a 

(Chl-a) concentration were also monitored for 

their impact on microbial count for all four 

seasons. 

 

 
Fig.1-Station locations in the Ennore coastal waters.  

 

Surface water temperature was measured 

using mercury thermometer. Salinity was 

estimated with a hand held refractometer (Atago, 

Japan) and pH was measured using digital pH 

meter. Water transparency was measured by 

Secchi disc. For the analysis of nutrients, surface 

water samples were collected in clean 

polyethylene bottles and kept in an ice box and 

transported immediately to the laboratory. The 

water samples were analyzed for ammonia, 

dissolved inorganic phosphate, nitrate, nitrite, 

reactive silicate, total nitrogen (TN) and total 

phosphorous (TP) by adopting the standard 

methods described by Grasshoff et al 
17

. Water 

samples for Chl-a determination were filtered 

through Whatmann GF/F (47mm) glass fiber 

filters and pigment extraction was performed 

using 90% acetone. Chl-a pigment concentrations 

were measured by using UV-visible 

spectrophotometer
18

. DO and BOD was estimated 

by the modified Winkler’s method
18

 and is 

expressed as mg/L. For Total Suspended Matter 

(TSM) estimation, about 500 ml of water samples 

were filtered through pre weighed 0.22 µm  
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polycarbonate filters (Millipore), dried at 40
o
 C 

and reweighed. The difference between two 

weights was taken as TSM content (mg/L). 

Enumeration of bacteria was carried out 

by using standard procedures, water sample and 

sediment samples were prepared in 50% of aged 

sea water separately. Samples are serially diluted, 

surface plated in duplicate in appropriate media 

before microbial analysis. Standard spread plate 

technique was adopted for enumeration of Total 

Viable Count (TVC), Total Coliforms (TC), Fecal 

Coliforms (FC), Escherichia coli (EC) and 

Streptococcus faecalis (SF). Nutrient agar 

prepared in 10% seawater was used for 

enumerating TVC. Nutrient Agar plates are 

incubated at 28°±1°C and counted after 24 hrs 

and 48 hrs. TC, FC, EC and SF using a membrane 

filtration technique
19

. Briefly, water sample (100 

ml) was filtered through a gridded sterile 

cellulose-nitrate membrane filter (0.45 μm pore 

size, 47 mm diameter, Sartorius type filters) under 

partial vacuum (Millipore). TC was enumerated 

using Mac Conkeys agar which was incubated for 

24 h at 37°C. All colonies showing pink-red 

colour were counted as total coliforms. FC were 

enumerated using M-FC agar with rosalic acid as 

an indicator and incubated at 44.5°C for 24 h. 

Typical blue-green colonies were counted for 

fecal coliforms. HiCrome E.coli agar was the 

selective media for the enumeration of EC. Agar 

plates are incubated at 37°C for 48 hrs and 

colonies appeared blue in colour. SF were 

enumerated on M-Enterococcus agar with maroon 

colour colonies after 48 hrs. The colonies were 

counted and the population density expressed as 

colony forming unit (CFU) per ml (water sample) 

or g (sediment sample) of the sample. 

Correlation matrix of microbial 

population and physico-chemical parameters were 

analyzed with the help of STASTICA 7.0 software. 

One such method employed is the Spearman 

rank-order correlation, which gives an idea of the 

inter-relation between various water quality 

paramaters and this method was considered to be 

not significant when the value of the probability 

of significance (p) was greater than 0.05. 

 

Results and Discussions 

 The seasonal and spatial variations of 

water quality parameters with their mean and 

standard deviation along Ennore coast are  

 

 

 

summarized in Table 1. Temperature controls 

behavioral characteristics of organisms, solubility 

of gases and salts in water
20

. During the study 

period, surface water temperature ranged from 

28.0°C to 32.0°C with the minimum (28.3±0.6°C) 

during the monsoon season (Table 1). The 

variation in surface water temperature depends 

mainly on the climatic conditions, sampling times 

and the number of sunshine hours
21

. Salinity acts 

as a limiting factor in the distribution of living 

organisms, its variation caused by dilution and 

evaporation which influence the characteristic 

change of fauna in the intertidal zone
22

 (Table 1). 

Salinity ranged between 25.8 and 34.4 PSU, the 

lowest salinity was found during monsoon period 

(29.6±3.2 PSU) due to heavy rainfall and large 

quantity of freshwater inflow to the coast. Similar 

trend in the salinity values were also observed 

from various parts in southeast coast of India
23-28

. 

Spatially, salinity values were found to be lower 

towards creek and were gradually increase 

towards offshore (Table 1). Turbidity is a good 

indicator of the amount of material suspended in 

water because it measures the amount of light that 

is scattered within the medium
12

. High 

concentrations of TSM were observed during 

monsoon (58±5.7 mg/L) whereas low 

concentrations were recorded during premonsoon 

(18.8±3.1 mg/L). Highest concentration of TSM 

coincided with heavy silt-laden land runoff during 

monsoon seasons. Transparency of the Ennore 

coastal waters ranged from 0.2 to 7 m with higher 

transparency in summer (3.9±2.8 m). The high 

transparency of the water column during summer 

(Table 1) can be due to the consequences of 

intensity of sunlight. pH maintenance (buffering 

capacity) is one of the most important attributes 

of any aquatic system since all the biochemical 

activities depend on pH of the surrounding 

water
29

. The pH values of water samples hardly 

varied from sample to another but generally were 

falling in the alkaline side ranging between 7.9 

and 8.2. The high values of pH during non 

monsoon seasons (postmonsoon, summer and 

premonsoon) are due to the influence of seawater 

penetration and the biological activities (Table 1). 

The lower pH during monsoon may be due to 

freshwater influx, dilution of sea water, low 

temperature and decomposition of organic matter 

as suggested by Ganesan et al 
30

. 
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Table 1: Variations of environmental properties along Ennore coastal waters during distinct seasons (postmonsoon, summer, 

premonsoon and monsoon) and creek to offshore. TSM, TN,TP,Chl-a, DO and BOD indicates Total suspended matter, Total 

nitrogen, Total phosphorous, Chlorophyll-a, Dissoved oxygen and Biologica oxygen demand respectively. 

 

Seasons 

Postmonsoon Summer Premonsoon Monsoon 

Temperature (°C) 28.9 ± 0.3 

 
29.5 ± 1.7 28.3 ± 0.6 

Salinity (PSU) 32.3 ± 2.1 33.3 ± 0.8 34.2 ± 0.2 29.6 ± 3.2 

Transparency (m) 2 ± 1.6 3.9 ± 2.8 3.7 ± 3.2 3 ± 0.5 

TSM (mg/L) 52.7 ± 7.4 47.3 ± 9.3 18.8 ± 3.1 58 ± 5.7 

pH 8.2 ± 0.1 8.2 ± 0.1 8.1 ± 0.4 7.9 ± 0.3 

Ammonia (µM) 0.3 ± 0.4 0.4 ± 0.4 0.9 ± 1.2 0.4 ± 0.2 

Nitrite (µM) 0.8 ± 0.8 0.8 ± 0.6 1.5 ± 0.9 0.6 ± 0.2 

Nitrate (µM) 7.8 ± 3.3 7.7 ± 1.6 10.2 ± 1.5 9.1 ± 1.8 

Phosphate (µM) 0.3 ± 0.1 1.1 ± 0.6 0.9 ± 0.9 1.6 ± 0.6 

Silicate (µM) 14.5 ± 3.1 8.3 ± 3.7 19.1 ± 5 33.9 ± 1.9 

TN (µM) 26.7 ± 4.8 24.6 ± 3.4 25.1 ± 3.7 26.2 ± 4.8 

TP (µM) 2.7 ± 2 1.8 ± 1.2 2 ± 1.2 2.8 ± 0.6 

Chl-a (mg/m3) 5.4 ± 1 2.9 ± 2.7 2.8 ± 1.3 0.4 ± 0.2 

DO (mg/L) 4.8 ± 1.6 4.8 ± 1.4 5 ± 1.8 4.6 ± 0.7 

BOD (mg/L) 2.2 ± 2.8 1.5 ± 0.8 1.9 ± 1.9 1.5 ± 1.2 

 
Stations 

 
Creek Shore Inshore Offshore 

Temperature (°C) 29.8 ± 1.9 28.5 ± 0.5 28.7 ± 0.6 28.8 ± 0.4 

Salinity (PSU) 29.1 ± 3.3 32.3 ± 2.4 32.8 ± 1.9 33.9 ± 0.4 

Transparency (m) 0.2 ± 0.3 3.1 ± 1.4 4 ± 1.9 4.8 ± 1.9 

TSM (mg/L) 48.3 ± 4.3 43.8 ± 19.1 41.7 ± 19.5 50.4 ± 18.8 

pH 7.8 ± 0.3 8.1 ± 0.2 8.2 ± 0.1 8.3 ± 0.1 

Ammonia (µM) 1.3 ± 0.9 0.3 ± 0.2 0.2 ± 0.1 0.2 ± 0.2 

Nitrite (µM) 1.8 ± 0.8 0.8 ± 0.4 0.6 ± 0.4 0.5 ± 0.3 

Nitrate (µM) 11.8 ± 0.7 8.2 ± 1.6 8.8 ± 1.5 7 ± 2.3 

Phosphate (µM) 2.2 ± 0.2 0.7 ± 0.3 0.8 ± 0.4 0.7 ± 0.6 

Silicate (µM) 24 ± 9.5 20.3 ± 12.3 16.6 ± 11.6 17.2 ± 11.5 

TN (µM) 30.7 ± 2.9 24.3 ± 3 25 ± 2.2 22.6 ± 1.9 

TP (µM) 4.2 ± 1 1.7 ± 0.8 1.6 ± 0.7 1.7 ± 0.5 

Chl-a (mg/m3) 2.2 ± 2.4 3.7 ± 2.2 2 ± 2.6 3.4 ± 2.6 

DO (mg/L) 2.9 ± 0.6 5.4 ± 0.6 5.4 ± 0.3 5.7 ± 0.4 

BOD (mg/L) 4.2 ± 1.6 1 ± 0.5 1 ± 0.3 0.8 ± 0.4 

 

 

In the coastal environment, the supply of 

nutrients is mainly influenced by the amount of 

fresh water inflow, rate of the rainfall, invasion of 

tidal pattern and also biological activities
31

. 

Terrestrial runoff from the industrial, agricultural, 

residential and urban areas may also raises 

substantially the nutrient loads to the near shore 

and inland waters in the ocean
32

. The variations of 

nutrients concentrations along Ennore coastal 

water ranged from 0.01 to 2.6 µM of ammonia, 

0.2 to 2.8 µM of nitrite, 4.0 to 12.3 of nitrate, 0.2 

to 2.5 of phosphate and 5.5 to 36.7 of silicate. 

Nutrient concentrations (except silicate) showed 

significant spatial variability than seasonal 
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variability (Table 2). Along Ennore coastal waters 

these nutrient concentrations (except silicate) are 

indicating that the source of the nutrients is from 

localized anthropogenic input rather than 

monsoonal runoff. The seasonal distribution 

showed well defined pattern for silicate (Table 2), 

higher concentrations of silicate were noticed 

during monsoon (33.9±1.9). During monsoon 

high concentrations of silicate is attributed by 

input of more siliceous sediment gathered from its 

catchments
33-36

. The concentrations of TN and TP 

along Ennore coastal waters ranged from 19.9 to 

33.7 and 0.9 to 5.6 µM. No significant seasonal 

variability was noticed in the concentrations of 

TN and TP due to influx of surplus discharge of 

industrial and domestic sewage. The difference 

between dissolved inorganic nitrogen (ammonia + 

nitrite + nitrate) and TN is much higher during all 

seasons, indicating that a higher value of the 

organic form of nitrogen contributed through 

industrial and domestic sewage along Ennore 

coastal waters.  High concentrations of nutrients 

detected in Ennore Creek region reflect the 

domination of industries around the region.

 
 

Table 2: Results of analysis of variance (ANOVA) for nutrients and bacterial population 

Parameters 

Seasons Stations 

F-value P-value F-value P-value 

Total nitrogen 0.22 0.878 7.55*** 0.004 

Total phosphorous 0.49 0.693 10.33*** 0.001 

Dissolved inorganic silicate 35.36*** 0 0.3 0.824 

Total viable count 0.06 0.979 91.70*** 0 

Total coliforms 0.21 0.888 1524.19*** 0 

Fecal coliforms 0.16 0.923 15.22*** 0 

Escherichia coli 0.64 0.602 5.71** 0.012 

Streptococcus faecalis 0.31 0.815 2.63* 0.09 

 

DO may be present in water due to direct 

diffusion from air and photosynthetic activity of 

autographs
37

.  Seasonal average of DO values 

oscillated between 4.6±0.7 in monsoon and 5±1.8 

in premonsoon (Table 1). The depletion of DO 

during monsoon could be anticipated to the higher 

rate of microbial decomposition of the excessive 

organic matter discharge directly into water body 

which in turn is controlled by temperature
38-39

. 

Among stations, low DO values were noticed at 

creek region may be due to the closeness of the 

stations to the effluent discharge points in the 

creek. Amount of BOD is used to find out the 

level of organic pollution in water. Obtained data 

recorded higher BOD values at creek region may 

be due to the high level of organic matter loaded 

from sewage and industrial discharge. There is no 

significant seasonal cycle was observed in BOD 

values. Present study recorded higher Chl-a 

concentrations during non monsoon period 

(Postmonsoon, summer and premonsoon 

respectively) than monsoon season (Table 1). 

Similarly, during monsoon season minimum 

concentration of Chl-a has also been reported by 

several authors
40-42

. During monsoon season, the 

sharp decline in Chl-a concentration encountered 

due to the changes in hydrographic parameters 

due to large volume of freshwater influx, 

increased turbidity and decreased pH. 

 Microbiological examination of coastal 

water have a special status in marine pollution 

studies, as it is a direct measurement of 

deleterious effect of coastal pollution on human 

health through food chain
43

. It is necessary to 

monitor marine microbial population along 

coastal waters, as these waters are used for many 

purposes.  Spatial and seasonal variations of TVC 

and indicator bacteria (TC, FC, EC and SF) 

abundance of collected water samples during 

2011 were summarized in Fig. 2. From the 

analysis of variance of these data it was clear that 

the numerical differences of TVC, TC, FC, EC 

and SF among seasons during the year 2011 were 

not statistically significant (Table 2).  Total 

heterotrophic bacteria (THB) count can be 

reliable indicator of water quality since the 

number of bacteria present depends on the degree 

of contamination
44

. The distribution of TVC of 

the collected samples during the course of the 

study ranged from 0.04 to 6.5×10
6
 CFU/ml 
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recording their minimum number during 

postmonsoon (average 2.1×10
6
) and rest of the  

seasons (summer, premonsoon and monsoon) 

showed high numbers and did not show 

statistically significant differences among seasons 

(p < 0.9). During study period, the heterotropic 

bacterial population showed relatively high 

numbers of TVC. Warmer temperature and influx 

of surplus discharge of industrial and domestic 

sewage are prime cause for these higher bacterial 

counts.  Population was found to be quite 

comparable to other areas of Southeast coast of 

India. Mahalakshmi et al 
45

 recorded THB load in 

Uppanar estuarine sediments were ranged from 

11.3×10
3 

- 3.0×10
6
 CFU/g and water were 10.5× 

10
3
-3.2×10

6
 CFU/ml and revealed that the 

Uppanar estuarine region is highly polluted with 

pathogenic microbes. Premalatha
46

 recorded the 

distribution of THB in Uppanar estuary during the 

month of monsoon season, the higher population 

was observed like 8.7×10
6
 CFU/ml in water and 

9.4×10
7
 CFU/g in sediment. 

 

  
Fig.2-Spatial and seasonal distribution of bacterial 

populations from water samples along Ennore coastal waters. 

TVC, TC, FC, EC and SF indicates Total viable count, Total 

coliform, Fecal coiform,  Escherichia coli and Streptococcus 

faecalis. 
 

TC population varied between 0.001 and 

4.0 × 10
5
 CFU/ml, showing high numbers 

throughout the year along Ennore coastal waters 

(Fig. 2), since present study area receives huge 

waste water from adjacent areas. Coliforms are 

the dominant bacteria in the waste water, and 

their presence in natural water is an indicator of 

water pollution
47

. Coliform bacteria themselves 

are not necessarily pathogenic, but they indicate 

the likelihood of more dangerous organisms that 

cause salmonellosis, cholera or hepatitis
8
. FC 

bacteria are indicators of recent contamination by 

fecal matter from warm blooded creatures, 

including humans, other mammals and birds
8
. 

Along Ennore coast, FC population ranged from 

0.002 to 5.8×10
4 
CFU/ml and their average counts 

were higher during monsoon season (2.0×10
4  

± 

3.0×10
4 

CFU/ml), which clearly suggests that, the 

role of precipitation on the sources and the level 

of microbial populations. High coliform numbers 

have been reported in waters used for dumping of 

sewage
48

.  TC counts are always higher than FC 

counts, since total coliform can originate from 

nonfaecal sources such as plants and soils
49

. The 

number of EC and SF ranged from 0.002 to 

4.2×10
4 

CFU/ml and 0.001 to 1.9×10
4 

CFU/ml 

respectively. EC is a well-known indicator of 

fecal pollution and it is capable of causing many 

diseases, also major cause of gastroenteritis. 

On the whole, bacterial abundance often 

decreased with distance from the coast during 

four seasons (Fig. 2) and the spatial variability is 

statistically significant (Table 2). Creek and shore 

waters were recorded much higher population of 

TVC and indicator bacteria than in the offshore 

water, might be due to decomposition of organic 

matter and anthropogenic activities. Relatively 

low bacterial load in the offshore stations 

compared to near shore may be attributed to 

salinity variations and marginal stress from the 

saline water. 

During the investigated period, in surface 

sediments, TVC varied from 0.03 to 5.0×10
7 

CFU/g, TC 0.01 to 2.2×10
6 

CFU/g, FC 0.01 to 

4.0×10
5 

CFU/g, EC 0.001 to 2.9×10
5 

CFU/g and 

SF 0.01 to 3.0×10
4 

CFU/g (Fig. 3). Abundance of 

all groups of bacteria were observed more (2-23 

times) in the sediment than in the water column 

(Fig. 3) which was also reported in other studies
50-

51
 and their averages did not vary much between 

seasons. Higher population in the sediment is 

generally attributed to the rich organic content
52

. 

Besides, it could also be due to the less residence 

time of the microorganism in the water column 

compared to sediment
53

. Dale
54

 and Davies et al 
55

 

pointed out that the interaction of microorganisms 

with sediments may enhance their survival by 

reducing exposure to stressors such as infrared 

radiation and predation or by increasing the 

availability of nutrients. The presence of these 

bacteria in bottom sediments reflects fecal 

pollution even when at the given moment there 

are no such bacteria in the water
56

 they can also 

cause secondary bacteriological pollution of 

water
57

. 
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Fig.3-Variations of bacterial population between surface 

waters and surface sediments. TVC, TC, FC, EC and SF 

indicate Total viable count, Total coliform, Fecal coiform, 

Escherichia coli and Streptococcus faecalis. 

 

Spearman correlations between the 

environmental variables and microbial 

populations can provide interesting information 

on the relationship of the factors studied and their 

sources. Several investigators have examined the 

distribution of indicator and human pathogenic 

bacteria as well as certain viruses in coastal 

waters with a view to quantify and understand 

their relationships and their relevant 

environmental variables
2, 58-59

.  Microbial and 

physiochemical parameters along Ennore coastal 

waters showed significant correlations between 

them which indicated that those were strongly 

associated with each other statistically due to 

same origin. Results indicate a strong significant 

positive correlation between salinity and pH (p < 

0.05). Coastal water pH found to vary with 

salinity
60

. Insignificant correlation was noticed in 

case of TSM vs. nutrients (Table 3). This lack of 

significant correlations indicates the influx of 

anthropogenic inputs and waste discharges 

containing nutrients from adjacent effluents 

irrespective of monsoonal influence. 

Number of viable bacterial count was 

significantly and positively correlated with only 

the TN and TP content rather than available 

dissolved inorganic nitrate and dissolved 

inorganic phosphate indicating the importance of 

the TN in driving the bacterial population in the 

study area. The result of the present study 

corresponded with the findings of other study that 

reported that dissolved organic nitrogen and 

amino acids were more important than inorganic 

nitrogen for bacteria in the marine habitats
61

. Fig. 

4 is depicting that elevated nutrient load (TP, TN) 

supports the bacteria growth throughout the year 

irrespective of the season. Unlike phosphorous 

and nitrogen, input of dissolved silicate is largely 

unaffected by human activity and mostly 

originated by way of weathering of silicate 

rocks
62

. Hence, silicate showed significant 

seasonal variability (p < 0.001) than spatial 

variability (Fig. 4). Correlation matrix showed a 

positive relationship (statistically insignificant) of 

BOD, with most of the bacterial counts (TVC, 

TC, FC, EC and SF). This is clearly indicating 

that the microbial population in the coastal water 

contributes the BOD. Overall, correlation matrix 

showed a very good positive relationship (p < 

0.05) with ammonia with almost all the microbial 

populations during study period which indicates 

the influence of effluents in the coastal areas. The 

significant negative correlation (p < 0.05) was 

found between variables (DO and pH) and 

microbial population indicating dominant 

influence human activities. A negative 

relationship of salinity exists with the bacterial 

populations due to sewage influence decreases 

vice versa salinity increases towards offshore. 

 

 
 

Fig.4-Seasonal variability in concentrations of TN, TP, DISi 

(dissolved inorganic silicate) and TVC. 
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Table 3: Rank correlation matrix (Spearman’s) of bacterial populations with physical and chemical parameters along Ennore 

coastal waters (* indicates p<0.05). Tem, Sal, Tran, TSM, NH4
+, NO2

-, NO3
-, PO4

-, SiO4
-, TN, TP, Chl-a, DO, BOD, TVC, TC, 

FC, EC and SF indicates Temperature, Salinity, Transparency, Total suspended matter, Ammonia, Nitrite, Nitrate, Phosphate, 

Silicate, Total nitrogen, Total phosphorous, Chlorophyll-a, Dissolved oxygen, Biological oxygen demand, Total viable count, 

Total coliform, Fecal coiform,  Escherichia coli and Streptococcus faecalis respectively. 

 

Tem Sal Tran pH NH4
+ NO2

- NO3
- PO4

- SiO4
- TN TP DO BOD 

Sal      0.7 *                     

TSM -0.4 -0.4   -0.5   -0.6 *         0.4     

pH   1 * 0.8 *                     

NH4
+   -0.5 -0.5 -0.6 *                   

NO2
-     -0.5   0.8 *                 

NO3
-       -0.4 0.5 * 0.7 *               

PO4
-   -0.6 *   -0.7 * 0.8 * 0.5 0.4             

SiO4
- -0.5 -0.4   -0.5 0.4   0.5 0.4           

TN 0.4 -0.5 * -0.7 * -0.6 * 0.5 0.6 * 0.4 0.5           

TP   -0.7 * -0.6 * -0.8 * 0.7 * 0.4 0.6 * 0.7 * 0.6 * 0.5 *       

Chl-a   0.4   0.4     -0.4 -0.7 * -0.6 *   -0.4     

DO   0.8 * 0.8 * 0.9 * -0.7 * -0.5 -0.4 -0.8 * -0.4 -0.7 * -0.8 *     

BOD     -0.4 -0.4 0.5 0.4 0.7 * 0.6 *   0.5 0.6 * -0.5   

TVC   -0.6 * -0.7 * -0.6 * 0.8 * 0.6 * 0.4 0.4   0.6 * 0.6 * -0.6 * 0.4 

TC   -0.7 * -0.7 * -0.7 * 0.7 * 0.5 * 0.4 0.6 *   0.7 * 0.6 * -0.6 * 0.4 

FC   -0.7 * -0.8 * -0.7 * 0.7 * 0.6 * 0.4 0.5   0.7 * 0.5 -0.6 * 0.4 

EC   -0.8 * -0.8 * -0.7 * 0.5 * 0.4   0.4   0.7 * 0.5 -0.6 * 0.5 

SF   -0.7 * -0.7 * -0.6 * 0.7 * 0.5 * 0.5 * 0.5 * 0.4 0.6 * 0.6 * -0.6 * 0.5 * 

594 



BHARATHI et al.: SEASONAL AND SPATIAL DISTRIBUTION OF HETEROTRPHIC BACTERIA 

Conclusions 

The levels of various physical, chemical 

and biological parameters along Ennore coastal 

waters have been assessed and studied during four 

seasons in 2011. The study aims to understand the 

distribution of physicochemical characteristics 

and bacterial populations in the study area and 

also understand the relations between 

environmental properties and microbial features. 

Nutrient concentrations and microbial populations 

showed great spatial variability due to point and 

non point sources of sewage discharge from 

adjacent regions. The overall data indicates that 

creek and shore regions are adversely impacted 

by anthropogenic material than offshore waters. 

Insignificant seasonal variability was noticed in 

nutrient concentrations due to influx of surplus 

discharge of industrial and domestic sewage. 

Higher microbial populations were observed 

throughout the year irrespective of seasons due to 

the intensive anthropogenic activities. The 

correlation proved that the nutrients are strongly 

supported to microbial population due to addition 

of rich organic content in the coastal waters from 

point and non point sources. Present study 

generated baseline data on microbiological 

quality of Ennore coastal waters may serve as a 

biomonitoring and comparisons analysis for other 

coastal studies. Further studies are necessary to 

examine how different combinations of physic 

chemical properties are influencing coastal 

bacterial population and its impact food chain 

process. 
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