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Abstract 

A study pertaining to seasonal variation in physico-chemical properties and nutrients was carried 

out at twelve stations of Kalpakkam coastal area for a period of one year i.e. January to December 

2010. Seasonal observations on water-quality parameters and chlorophyll-a in the coastal waters off 

Kalpakkam, southeast coast of India, was carried out covering an area of about 14 km to find out 

the variations in physicochemical properties during a monsoonal cycle of the year. Most of the 

parameters exhibited a significant spatial and seasonal variation. It reveals that the coastal area is 

significantly influenced by freshwater input during northeast monsoon period. Coastal water quality 

results show no regular trend. Concentration of all the nutrients and dissolved oxygen is relatively 

high during the northeast monsoon, whereas, temperature and salinity are at their minimum level 

during this period. High chlorophyll-a values were observed during summer and surface water was 

found to have higher pigment concentrations. Phytoplankton production peak in terms of 

chlorophyll-a is observed in summer during which a typical marine condition prevailed. In present 

study, Factor Analysis (Principal Component Analysis) was used in the ordination of samples 

(seasons, physicochemical parameters and nutrients). Finally the results of PCA reflect a good 

appear on the surface water quality. 

Keywords: Physico-Chemical Properties, Nutrients, Spatial Plot, Principal Components Analysis, 

Seasonal Variations 

1. Introduction 

Coastal water has become a major concern, 

because of its value for socioeconomic 

development and human health. With the 

growth of human population and commercial 

industries, marine water has received large 

amounts of pollutants from a variety of sources 

[1]. Estuarine and coastal areas are complex and 

dynamic aquatic environment [2]. When river 

water mixes with seawater, a large number of 

physical and chemical processes take place, 

which may influence of water quality. The 

quality of surface water is a very sensitive issue. 

The natural processes, such as precipitation 

inputs, erosion, weathering of crustal materials, 

as well as the anthropogenic influences, viz, 

urban, industrial and agricultural activities, 

calling for increasing exploitation of water 

resources, together determine the quality of 

surface water in a region. Rivers play a major 

role in assimilation or carrying off of municipal 

and industrial wastewater and runoff from 

agricultural land, the former constitutes the 

constant polluting source whereas the later is a 

seasonal phenomenon. 

Coastal ecosystems of karst regions are 

particularly vulnerable to eutrophication 

because freshwater enters these are as via 

groundwater which is highly susceptible to 

pollution from urban and industrial wastewater, 

septic tanks, and open sanitary landfills [3]. 

Eutrophication of coastal waters can have a 

number of adverse impacts on ecosystems, 

including algal growth, hypoxia, and substantial 

loss of marine life and habitat [4]. Traditionally, 

studies on coastal eutrophication have focused 

on point sources of nutrients, such as rivers and 

wastewater treatment plants [5]. However, in 

coastal lagoons and estuaries, submarine 

groundwater discharge (SGD) contaminated by 

urban or agricultural wastes are a source of 

contaminants that can impact these ecosystems. 

Human activities have already negatively 

influenced water quality and aquatic ecosystem 

functions. This situation has generated great 

pressure on these ecosystems, resulting in a 

decrease of water quality and biodiversity, loss 

of critical habitats, and an overall decrease in 
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the quality of life of local inhabitants [6]. It is 

therefore essential to prevent and control marine 

water pollution and to implement regular 

monitoring programs, which help to understand 

the temporal and spatial variations in marine 

water quality [7,8] and diagnose the present 

condition of coastal water quality. For effective 

management of coastal water quality, 

continuous measurements and analyses, 

assessment of changes with time and space are 

necessary. To establish the spatial and temporal 

variations in water quality, regular monitoring 

programs are required. The present study 

discusses the monitoring of water quality 

parameters around Kalpakkam coastal region in 

India. 

2. Materials and Methods 

2.1. Study Area 

The study was carried out in the vicinity of 

Madras atomic power station (MAPS) located at 

Kalpakkam, east coast of India. Kalpakkam is 

about 70 km south of Chennai. A schematic 

illustration of the site is given in Fig. 1. MAPS 

consist of two units of pressurized heavy water 

reactors (PHWR) with an original installed 

capacity of 220 MW (e) each. The power plants 

draw water from the Bay of Bengal for 

condenser cooling and the heated water are 

discharged back into the sea. The water is drawn 

about 400 m away from the shoreline, using a 

50 m deep buried concrete tunnel. The seawater 

is used for cooling the main condensers and the 

process water heat exchangers. Two back waters 

viz., the Edaiyur and the Sadras are important 

features of this coast. These backwaters are 

connected to the Buckingham canal, which runs 

parallel to the coast. During the period of NE 

monsoon and seldom during SW monsoon, 

these two backwaters get opened discharging 

considerable amount of freshwater to the coastal 

milieu for a period of 2 to 3 months. This part 

(Tamil Nadu) of the peninsular India receives 

bulk of its rainfall (~70%) from NE monsoon 

average rainfall at Kalpakkam is about 1,200 

mm. Sadras backwater receives the domestic 

discharge of the Kalpakkam Township, whereas, 

anthropogenic influences in the Edaiyur 

backwater is negligible. The township has a 

population of about 50,000. Two villages 

inhabited by fishermen are located adjoining 

both sides of the township having sizable 

population. This coast had been badly affected 

by Tsunami 2004 which devastated the entire 

east coast of India. During the present study, 

Sadras backwater remained disconnected from 

the sea from March 2010 and opened from 

November 2010 to January 2010whileEdaiyur 

backwater remained open throughout the study 

period due to dredging activities. According to 

the climatology of this area, the whole year has 

been divided into four seasons viz., (1) post-

monsoon (January–March), (2) summer (April-

May), (3) SW monsoon (June–September), and 

(4) NE monsoon (October–December). 

2.2. Sample Collection and Analysis 

A regular monitoring was carried out during 

January–December 2010 from twelve prefixed 

locations of different environmental stresses. 

The stations were fixed with the help of a 

Global Positioning System (GPS) and are in 

three transects parallel to the shoreline at 200 m, 

500 m and 1 km inside the sea (Figure 1). Each 

transect comprised of twelve sampling locations. 

The average depth of the water column is about 

7 to 8 m near the second transect (500 m inside 

sea) and is about 12m at the last transect located 

1 km inside the sea. The distance between any 

two stations ranged from 500 m –1 km. Stations 

S1 and S8 were situated opposite to the Sadras 

and Edaiyur Backwaters respectively while 

stations S6 and S7are near the intake point and 

the mixing point of MAPS, respectively. 

Surface water samples were collected 

monthly on in pre-cleaned polythene bottles by 

immersing a 1L bottle into the surface of the 

seawater. The bottles were cleaned using 1:1 

diluted HCl and allowed to stand for a week at 

room temperature. After rinsing with distilled 

water and water from an adjacent location and 

then labeled with details viz., sample location, 

date, time, and sampler identification on the 

bottle used for sample collection. For DO 

sample fixed with 1.0 ml of manganous sulphate 

reagent followed at once by 1.0ml alkaline 

iodide solution. Restopper the bottle 

immediately and mix the contents thoroughly by 

shaking until the precipitated manganous 

hydroxide is evenly dispersed. Allow the 

precipitate to settle down to one third volume of 

the bottle. The samples stored in the ice box at 

the time of collection were brought to the 
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laboratory and refrigerated in order to prevent 

significant changes before analysis and titration. 

Winkler’s titrimetric method [9] was 

followed for the estimation of DO. Salinity was 

measured using the WTW 330i probe with 

accuracy of ±1 digit and resolution of 0.1 

mS.Turbidity of the water samples was 

estimated by turbidity meter (CyberScan IR TB 

100) having 0.01 NTU resolution. For the 

suspended particulate matter (SPM), 500 ml of 

the sample was filtered through 0.45 μm filter 

paper (cellulose nitrate membrane) and the filter 

paper was dried at 105C up to a constant 

weight [9]. pH measurement was carried out by 

a pH meter (WTW 330i probe, Germany) with a 

resolution of 0.01. The dissolved micronutrients 

such as, nitrite, nitrate, ammonia, silicate, 

phosphate, along with Total Nitrogen (TN) and 

Total Phosphorus (TP), were estimated by 

colorimetry following standard methods [10, 9], 

after filtering the water samples through 0.45 

μm Millipore filter paper. Chlorophyll-a (Chl-a) 

was analyzed by spectrophotometry following 

[10]. For all the spectrophotometric analyses, a 

double beam UV Visible Spectrophotometer 

(Chemito Spectrascan UV 2600) was used. 

Statistical analyses such as statistic description 

and principal component analysis (PCA) or 

factor analysis were carried out by using 

STATISTICA. 

3. Results and Discussions 

3.1. Spatial Interpolation Analysis 

Spatial and temporal variations of selected 

water quality parameters were obtained using 

inverse distance weighting (IDW). The spatial 

analysis was undertaken by the data from the 

twelve monitoring stations, whereas the 

temporal analysis is performed using one sets of 

data from 2010 for surface seasonal analysis 

such as post monsoon, summer, southwest 

monsoon and northeast monsoon. The physico-

chemical properties were presented in Fig. 2. pH 

values indicate that the water is more alkaline 

during the study period. The minimum pH 

values can be seen to be around 7.7 and 

maximum was about 8.3 (Fig. 2). pH values 

almost stable from post monsoon, summer and 

SW monsoon whereas decreased during NE 

monsoon particularly at stations near to Sadras 

and Edaiyur back water. The insignificant 

variation in pH observed could be attributed to 

the relatively lowland drainage and terrestrial 

runoff at this location and also due to absence of 

fresh water discharge from any other perennial 

river. Moreover, the extensive buffering 

capacity of the seawater that causes the change 

of pH within a very narrow limit [11] could be 

another factor for this marginal change. 

The minimum water temperature can be seen 

around 28C whereas in summer, it was about 

30°C (Table 1). Temperature shows significant 

increase during summer with the median by 

about 2°C which is undesirable because 

increases in water temperature cause oxygen 

solubility to decline.With the onset of SW 

monsoon (June–September), the temperature 

decreased, which could be due to the loss of 

energy from the sea surface to the atmosphere 

by evaporation cooling as a result of the impact 

of strong monsoonal winds. This is coupled 

with reduction in the incoming solar radiation 

by clouds resulting in cooling of sea surface. 

Moreover, upwelling, a well-known 

phenomenon during SW monsoon period is also 

responsible for relatively low temperature. 

The lowest and highest salinity values were 

observed in the season of NE monsoon and 

summer, respectively. As expected, increase in 

salinity from PM to SW monsoon (Fig. 2) was 

noticed, which could be attributed to low fresh 

water influx during post-monsoon and summer, 

whereas dilution of coastal water by addition of 

fresh water from the two backwaters during NE 

monsoon period cold be the reason for lower 

salinity values observed during NE monsoon. 

Minimum value is observed in northeast 

monsoon indicating the improved 

oceanographic conditions of marine water at 

that time. The freshwater discharge from rivers 

causes a decline in the salinity of the surface 

water [12] during the monsoon. The significant 

decrease in salinity values during NE is not only 

contributed by the local precipitation during NE 

monsoon but also coupled with the low saline 

water which comes from the northern part of the 

BOB during this period. 

The turbidity portrays a gradual increase 

from post monsoon to northeast monsoon. 

Turbidity shows significant increase in northeast 

monsoon period due to influence of fresh water 

influx, whereas a similar pattern for SPM is 

noticed in northeast monsoon period. The 
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maximum and minimum values are observed in 

northeast monsoon, due to the influence from 

two backwaters.Phytoplankton population and 

turbidity, which significantly contribute to the 

SPM values in marine waters, decreased from 

northward to southward circulation which could 

be the reason for the gradual decrease in SPM 

content. 

The noticeable increase in DO observed 

during northeast monsoon could be attributed to 

the input of DO-rich fresh water during the NE 

monsoon period. In aquatic systems, 

oxygenation is the result of an imbalance 

between the process of photosynthesis, 

degradation of organic matter, reaeration [13], 

and physicochemical properties of water 

[14].During the present study, parameters such 

as salinity, chlorophyll-a and turbidity were 

found to affect the level of DO in coastal waters. 

A close scrutiny of the distribution of salinity 

and chlorophyll-a during the study period 

showed that, salinity increased and chlorophyll-

a showed a reverse trend to that of salinity. 

Thus, the observed elevated DO content in 

waters close to shore could be due to photo 

synthetic release during the study period. 

Similarly, relatively high DO content in the 

stations away from the shore waters could be 

attributed to the fact that the gradually 

decreasing turbidity from coastal waters to off 

shore could have enhanced the light penetration 

resulting in the increased photosynthesis rate 

and release of DO. 

As far as the spatial variation is concerned, 

DO does not seem to indicate any significant 

variation amongst the seasons during the study 

period. BOD is presented in figure 2. The 

minimum and maximum BOD is found more or 

less the same for all seasons (Table 1). Marine 

microorganisms including phytoplankton, 

responsible for the BOD solely depend up on 

the salinity factor for their growth and 

reproduction and might have been eliminated 

due to lower salinity during the NE monsoon, 

resulting in gradual decrease in BOD contents. 

Moreover, the lower BOD contents could be 

due to lower pollution load and low organic 

matter in the coastal water during the study 

period. 

Concentration of nitrite in the coastal waters 

did not show any significant variation during the 

present study (Fig. 3). The maximum nitrite 

concentration is observed at about 3 µmol/L 

during NE monsoon. During summer and SW 

monsoon, it shows decreased southward 

direction. Nitrite, the intermediate oxidation 

state between ammonia and nitrate, can appear 

as a transient species by the oxidation of 

ammonia or by the reduction of nitrate. Thus, 

being the most unstable form of dissolved 

inorganic nitrogen species present in seawater, 

nitrite level showed wide fluctuations during the 

present investigation. The lowest nitrate value 

was observed during PM monsoon period, 

whereas, highest value was observed during the 

NE monsoon period particularly near Sadras 

backwater. The visible increase in nitrate 

concentration during the NE period could be 

due to the intrusion of low saline high nitrate 

content water mass from northern BOB.A 

decrease in nitrate concentration from post 

monsoon to summer occurs. Summer shows the 

lesser nitrate in surface water. Nitrate showed a 

positive correlation with TN, which shows that 

it contributed significantly to the TN 

concentration. 

Ammonia concentration was relatively high 

during summer and NE monsoon in all the 

stations except on a few stations (Fig. 3), which 

could be either related to higher contribution by 

phytoplankton growth or to the re-

mineralization from the sediments. Higher 

concentration of total nitrogen is found during 

summer and NE monsoon, particularly in Sadras 

and Edaiyur backwaters. Differences in nitrogen 

are probably due to different sources, since 

increase of ammonium and other nutrients in 

coastal waters come from waste, sewage, 

sediment resuspension, and recycling processes 

[15-19]. 

A significant difference is observed in 

silicate during different seasons. The highest 

value is noticed in southwest and northeast 

monsoon whereas the lowest concentration is 

found in summer. Since freshwater is the main 

source of silicate [20], the above statement of 

silicate with salinity described the drift of 

silicate rich hypo-saline water from northern 

BOB, as the other possibilities like precipitation 

and land drainage to the coastal water was not 

there during this period.Phosphate and total 

phosphorus shows similar pattern in all the 

seasons. Phosphate concentration in coastal 

waters depends upon its concentration in the 
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fresh water that mixed with the seawater within 

the land–sea interaction zone, phytoplankton 

uptake, addition through localized upwelling, 

and replenishment as a result of microbial 

decomposition of organic matter. The highest 

concentration is recorded in northeast monsoon. 

These differences may be related to fresh water 

inputs, as northeast monsoon is associated with 

land runoff. Phosphorus availability has been 

linked to sediment resuspension in the tropical 

Guanabara Bay, Brazil, recognized as one of the 

most eutrophic among the coastal ecosystems 

around the world [21].Thus, as far as the spatial 

variation is concerned, out of the 12 monitoring 

stations in the Kalpakkam coastal area, the 

water quality in northeast monsoon has 

consistently been affected due to surface runoff 

and nutrient rich backwater discharge into the 

coastal water. 

Relatively high Chl-a values observed during 

early summer and summer showed that the 

phytoplankton productivity was high at this 

location during this period. A similar 

observation has been made from this area [22, 

23] as well as from other coastal waters of India 

[24-26]. The Primary productivity potential of 

the marine environments depends upon the 

phytoplankters, which alone contributes ∼90% 

of the total marine primary production. Thus, 

chlorophyll-a, which constitutes the chief 

photosynthetic pigment of phytoplankters, is an 

index that would provide the primary 

production potential upon which the 

biodiversity, biomass, and carrying capacity of 

that system depends. The increased temperature 

and pH also could have hampered the 

phytoplankton productivity. 

3.2. Factor Analysis 

Table 2 shows the factor loadings obtained 

from the principal components factor analysis 

with varimax rotation for post monsoon. The 

first three vary factors accounting for 47.89% of 

the total variation are retained on the basis of 

the “Eigen value greater than one” rule. Factor 

loadings with values greater than 0.40 are 

shown in bold and only these values are used for 

the factor interpretation (Table 2).It is observed 

that the factor 1 is dominant and together 

accounted for 23.11% of the total variance, 

whereas the remaining two factors are 

secondary and accounted for 13.62% and 

11.16% of the variance respectively (Fig. 4). 

The first factor with an eigenvalue of 3.47, 

explained 23.11% of the total variance. It is 

associated with strong positive loadings of 

phosphate and total phosphorous; moderate 

positive loading of SPM and temperature, weak 

positive loading of pH and a moderate negative 

loading of nitrate. In this factor, the nutrients 

(phosphate and total phosphorous) correlate 

significantly with each other, suggesting a 

common source. Factor 2 shows the moderate 

positive loading of silicate, weak positive 

loading of TN and turbidity. The second factor, 

with an eigenvalue of 2.04 and accounting for 

13.62% of the total variance is also significant. 

Silicate exhibits moderate positive loadings, TN 

and turbidity show weak positive loading, and 

chlorophyll a and salinity illustrate a moderate 

negative loading with weak negative loading of 

pH. Third factor is highly correlated with DO, 

BOD and ammonia, it may be summarized that 

the major pollutant sources in the study area are 

domestic, discharge from surrounding fisherman 

community, etc. 

During summer, three factors for surface 

water contribute a total variance of 47.25% (Fig. 

4). Factor 1 is associated with strong positive 

loading of phosphate and total phosphorous; 

suggest a common source, moderate positive 

loading of pH and weak positive loading of DO 

whereas a weak negative loading with turbidity 

and ammonia. Factor 2 is accounted for 14.69% 

of variance and it shows strong positive loading 

of temperature and nitrite, moderate positive 

loading of SPM (Table 2). TN and silicate 

portrays a strong positive loading in factor 3 and 

moderate positive loading of DO and ammonia, 

which indicates the domestic discharge by 

surrounding area. Southwest monsoon has three 

factors each contributing 20.54%, 15.10%, and 

12.29% giving a total variance of 47.93% (Fig. 

4). Factor 1 reveals a strong positive loading of 

DO, nitrate and TN; these are dominated in the 

first factor, whereas the other nutrient variables 

have much lower loadings in this factor. A 

moderate positive loading is observed with 

turbidity and BOD. Phosphate and total 

phosphorous shows the strong positive loading 

in factor 2, it contributes 15.10% of variance 

and 2.26 Eigen value (Table 3). But in factor 3, 

SPM, nitrite and silicate portray a strong 
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positive loading and a weak negative loading 

with ammonia. 

Northeast monsoon is characterized by three 

factors contributing to a total variance of 

47.65%. Factor 1 is associated with nitrate and 

TN; it indicates the general relationship of 

nutrients in coastal water. In factor 2, SPM and 

silicate show the moderate positive loading and 

temperature exhibits a moderate negative 

loading and strong negatively loading of salinity 

(Fig. 4). Factor 3 accounting for 11.84% of total 

variance with 1.78 Eigen value (Table 3). This 

factor strong positively loaded with phosphate 

and total phosphorous. This suggests that the 

contribution of nutrients to the coastal water is 

mostly from freshwater inflow sources. 

4. Conclusion 

A significant spatial and seasonal variation in 

all the physico-chemical and biological 

parameters observed during the study period 

that is post monsoon, summer, southwest 

monsoon and northeast monsoon periods were 

characterized by different physico-chemical and 

biological properties. In this study, the seasonal 

fluctuations in various physico-chemical 

parameters in the coastal waters off Kalpakkam 

coast as exploratory statistical data output. 

Results from the analysis of box plots reveal 

pronounced spatial and temporal patterns and 

the heterogeneity of the parameters studied. The 

present investigation showed that the 

physicochemical properties of the coastal waters 

of Kalpakkam are significantly affected by 

freshwater (Sadras and Edaiyur Backwater) 

input during northeast monsoon. The highest 

concentration for all the nutrients and dissolved 

oxygen is observed during northeast monsoon 

period, on the other hand, salinity and chl-a 

were at their minimum level during the study 

period. The factor analysis indicates nutrient 

and hydro-biological processes to be most 

dominant and the external environmental factors 

seem to be relatively less dominant.Strong 

correlations between nitrate and TN as well as 

between phosphate and TP showed that 

contribution of inorganic forms of nitrogen and 

phosphorous to TN and TP was significant. 

Seasonal monsoon reversal of wind, a unique 

feature of Indian Ocean at results in consequent 

change in the coastal circulation pattern i.e. 

change in current direction from north to south 

and vise-versa [27], as well as the precipitation 

received during the Northeast and Southwest 

monsoon periods, were found to have 

considerable impact on the coastal water 

characteristics at this location. It is reveals in the 

factor analysis that the nutrient processes play 

an important role in the recent year, suggesting 

adequate supply of nutrients for phytoplankton 

growth. 

References 

  

[1] Zhou F, Guo HC, Liu Y, Jiang YM (2007). 

Chemometrics data analysis of marine water 

quality and source identification in Southern 

Hong Kong. Marine Pollution Bulletin 54, 

745–756. 

[2] Morris AW, Allen JI, Howland RJM, Wood 

RG (1995). The estuary plume zone: source 

or sink for land derived nutrient discharges? 

Estuarine, Coastal and Shelf Science 

40:387402. 

[3] Fetter CW (1994). Applied Hydrogeology. 

Prentice-Hall, Englewood Cliffs, NJ. 

[4] De Jonge VN, Elliot M, Orive E (2002). 

Causes, historical development, effects and 

future challenges of a common 

environmental problem: eutrophication. 

Hydrobiologia 475, 1e19. 

[5] Richardson K, Jorgensen BB (1996). 

Eutrophication: definition, history, effects. 

Coastal Estuaries Studies 52, 1e19. 

[6] Herrera-Silveira JA, Morales-Ojeda SM 

(2009). Evaluation of the health status of a 

coastal ecosystem in southeast Mexico: 

assessment of water quality, phytoplankton 

and submerged aquatic vegetation. Marine 

Pollution Bulletin 59, 72–86. 

[7] Simeonov V, Stratis JA, Samara C, 

Zachariadis G, Voutsa D, Anthemidis A, et al. 

(2003). Assessment of the surface water 

quality in Northern Greece. Water Research 

37, 4119–4124. 

[8] Singh KP, Malik A, Mohan D, Sinha S 

(2004). Multivariate statistical techniques for 

the evaluation of spatial and temporal 

variations in water quality of Gomti River 

(India) – a case study. Water Research 38, 

3980–3992. 

[9] Grasshoff K., Ehrhardt M, Kremling K 

(1983). Methods of seawater analysis. New 

York: Wiley. 



ARCH. ENVIRON. SCI. (2012), 6, 118-131 

124 

[10] Parsons TR, Maita Y, Lalli CM (1984). A 

manual of chemical and biological methods 

for seawater analysis. New York: Pergamon. 

[11] Riley JP, Chester R (1971). An 

introduction to marine chemistry. London: 

Academic. 

[12] La Fond EC (1954). On upwelling and 

sinking off the east coast of India. Andhra 

University Memories in Oceanography 1, 

117–121. 

[13] Granier J, Billen G, Palfner L (2000). 

Understanding the oxygen budget and related 

ecological processes in the river Mosel: The 

RIVERSTRAHLER approach. 

Hydrobiologia 410, 151–166. Doi: 10.1023/ 

A: 1003894200796. 

[14] Aston SR (1980). Nutrients dissolved 

gasses and general biochemistry in estuaries. 

In E.Olausson & I. Cato (Eds.), Chemistry 

and biogeochemistry of estuaries (pp. 233–

262).New York: Wiley. 

[15] Hopkinson Jr. CS, Vallino JJ, (1995). The 

relationships among Man’s activities in 

watersheds and estuaries: a model of runoff 

effects on patterns of estuarine community 

metabolism. Estuaries 18 (4), 598e621. 

[16] Pelley J (1998). Is coastal eutrophication 

out of control? Environmental Science and 

Technology 32 (19), 462Ae466A. 

[17] Braga E, Bonetti CVDH, Burone L, Bonetti 

Filho J (2000). Eutrophication and bacterial 

pollution caused by industrial and domestic 

wastes at the Baixada Santista estuarine 

system e Brazil. Marine Pollution Bulletin 40, 

165e173. 

[18] Costanzo SD, O’Donohue MJ, Dennison 

WC, Loneragan NR, Thomas M (2001). A 

new approach for detecting and mapping 

sewage impacts. Marine Pollution Bulletin 

42 (2), 149e156. 

[19] Farı´as L (2003). Remineralization and 

accumulation of organic carbon and nitrogen 

in marine sediments of eutrophic bays: the 

case of the Bay of Concepcion, Chile. 

Estuarine, Coastal and Shelf Science 57, 

829e841. doi:10.1016/S0272-

7714(02)00414-6. 

[20] Lal D (1978). Transfer of chemical species 

through estuaries to oceans. In Proc. Of 

UNESCO/SCOR workshop (pp. 166–170). 

Melreus, Belgium. 

[21] Paranhos R, Pereira AP, Mayr LM (1998). 

Diel variability of water quality in a tropical 

polluted bay. Environmental Monitoring and 

Assessment 50, 131e141. 

[22] Ganapati PN, Rao DVS (1958). Qualitative 

studies of plankton off Lawson’s Bay, 

Waltair. Proceedings of the Indiana Academy 

of Sciences, 48, 189–209. 

[23] Prasannakumar S, Muralidharan PM, 

Prasad TG, Ganus M, Ramaiah N, De Souza 

SN, Sardesai S, Madhupratp M (2002). Why 

Bay of Bengal is less productive during 

summer monsoon compared to the Arabian 

Sea? Geophysical Research Letter 29, 88.1– 

88.4. 

[24] Prasannakumar S, Madhupratap M, Dileep 

Kumar M, Gauns M, Muraleedharan PM, 

Sarma VV, De Souza SN (2000). Physical 

control of primary productivity on a seasonal 

scale in central and eastern Arabian Sea. 

Proceedings of the Indiana Academy of 

Sciences, 109, 433–441. 

[25] Madhupratap M, Nair KNV, 

Gopalakrishnan TC, Haridas P, Nair K KC, 

Venugopal P, Gauns M (2001). Arabian Sea 

oceanography and fisheries off the west coast 

of India. Current Science 81, 355–361. 

[26] Sarma VV, Sadhuram Y, Sravanthi NA, 

Tripathy SC (2006). Role of physical 

processes in the distribution of chlorophyll-a 

in the Northwest Bay of Bengal during pre- 

and post-monsoon seasons. Current Science 

91, 1133–1134. 

[27] Varkey MJ, Murty VSN, Suryanaryan A 

(1996). Physical Oceanography of the Bay of 

Bengal and Andaman Sea. In A. D. Ansell, R. 

N. Gibson, & M. Barnes (Eds.), 

Oceanography and Marine Biology Vol. 34, 

pp. 1–70. London: UCL Press. 

 



ARCH. ENVIRON. SCI. (2012), 6, 118-131 

125 

Table 1. Statistics description of various parameters during different seasons 

 

Season/Statistics Parameters 

Post Monsoon pH Temperature Salinity Turbidity SPM DO BOD Nitrite Nitrate Ammonia TN Silicate Phosphate TP Chl a 

Minimum 7.70 25.00 29.67 0.51 21.60 4.17 0.48 0.10 1.50 0.47 10.00 0.20 0.20 0.45 0.20 

Maximum 8.20 31.90 35.70 8.72 89.20 6.75 2.74 1.80 39.00 7.83 73.00 15.50 3.67 3.86 2.56 

Mean 7.98 28.38 33.25 2.11 45.17 5.22 1.49 0.66 11.75 3.86 27.74 6.65 1.64 1.99 1.61 

Std. Deviation ± 0.12 ± 1.06 ± 1.14 ± 1.57 ± 13.08 ± 0.53 ± 0.62 ± 0.46 ± 7.65 ± 1.59 ± 13.06 ± 4.78 ± 0.92 ± 0.85 ± 0.47 

Std. Error 0.01 0.10 0.11 0.15 1.26 0.05 0.06 0.04 0.74 0.15 1.26 0.46 0.09 0.08 0.05 

Summer 

               Minimum 7.70 27.80 31.00 0.96 24.40 4.00 0.65 0.10 0.50 1.00 10.13 0.10 0.33 0.67 1.56 

Maximum 8.30 32.50 35.80 16.00 87.60 6.64 2.94 2.50 22.50 8.33 56.50 13.70 3.70 3.88 3.56 

Mean 8.05 30.00 33.97 4.53 51.78 5.08 1.76 1.00 8.15 4.52 26.11 3.22 2.22 2.49 2.08 

Std. Deviation ± 0.11 ± 1.27 ± 1.12 ± 2.99 ± 9.74 ± 0.65 ± 0.53 ± 0.64 ± 5.18 ± 1.62 ± 10.46 ± 2.50 ± 0.90 ± 0.87 ± 0.30 

Std. Error 0.01 0.15 0.13 0.35 1.15 0.08 0.06 0.08 0.61 0.19 1.23 0.29 0.11 0.10 0.04 

Southwest Monsoon 

               Minimum 7.70 27.00 29.80 0.90 19.60 4.00 0.32 0.10 2.50 0.47 7.00 0.50 0.33 0.65 0.85 

Maximum 8.20 31.90 35.10 22.50 80.80 6.64 2.90 2.80 41.00 7.07 64.50 19.80 3.67 3.88 3.60 

Mean 7.93 28.26 33.14 4.38 49.21 4.84 1.50 1.42 13.88 3.35 27.60 5.37 2.16 2.39 1.93 

Std. Deviation ± 0.08 ± 0.63 ± 1.13 ± 4.10 ± 11.92 ± 0.66 ± 0.54 ± 0.61 ± 8.49 ± 1.39 ± 12.11 ± 3.25 ± 0.88 ± 0.83 ± 0.57 

Std. Error 0.01 0.05 0.09 0.34 0.99 0.06 0.05 0.05 0.71 0.12 1.01 0.27 0.07 0.07 0.05 

Northeast Monsoon 

               Minimum 7.70 26.30 27.30 1.03 12.40 4.39 0.32 0.20 2.78 0.33 8.00 0.20 0.20 0.80 0.65 

Maximum 8.10 32.70 35.00 25.10 94.40 6.53 2.58 2.60 37.50 7.53 66.00 19.60 3.67 3.88 2.45 

Mean 7.91 28.36 32.48 4.76 43.20 5.30 1.16 1.24 14.35 4.18 26.90 7.89 2.74 2.90 1.56 

Std. Deviation ± 0.08 ± 0.91 ± 1.67 ± 3.40 ± 13.69 ± 0.44 ± 0.54 ± 0.57 ± 8.03 ± 1.41 ± 12.54 ± 4.41 ± 0.72 ± 0.69 ± 0.45 

Std. Error 0.01 0.09 0.16 0.33 1.32 0.04 0.05 0.06 0.77 0.14 1.21 0.42 0.07 0.07 0.04 
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Table 2. Factor loadings from a principle component factor analysis for Post monsoon and Summer 

Variables (PM) Factor-1 Factor-2 Factor-3 Variables (S) Factor-1 Factor-2 Factor-3 

pH 0.41 -0.42 
 

pH 0.61 -0.17 -0.11 

Temperature 0.59 -0.14 0.21 Temperature -0.10 0.79 
 

Salinity -0.16 -0.57 
 

Salinity 0.13 0.21 0.18 

Turbidity 
 

0.50 0.33 Turbidity -0.50 0.25 
 

SPM 0.54 -0.35 
 

SPM 
 

0.64 -0.11 

DO 
  

0.67 DO 0.49 
 

0.60 

BOD 
  

0.70 BOD 0.33 0.24 -0.10 

Nitrite -0.36 0.39 -0.20 Nitrite 0.28 0.76 0.18 

Nitrate -0.57 0.13 0.24 Nitrate -0.16 0.23 0.23 

Ammonia 
 

0.11 0.61 Ammonia -0.43 -0.16 0.63 

TN -0.29 0.43 0.52 TN 
 

0.28 0.71 

Silicate 
 

0.75 
 

Silicate 
 

-0.28 0.81 

Phosphate 0.91 0.14 
 

Phosphate 0.80 0.32 0.14 

TP 0.91 0.12 
 

TP 0.82 0.27 0.15 

Chlorophyll a 0.26 -0.60 
 

Chlorophyll a 
 

-0.36 
 

Eigen value 3.47 2.04 1.67 Eigen value 3.07 2.20 1.81 

% variance 23.11 13.62 11.16 % variance 20.47 14.69 12.10 

Cumulative % 23.11 36.73 47.89 Cumulative % 20.47 35.15 47.25 
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Table 3. Factor loadings from a principle component factor analysis for Southwest and Northeast Monsoon 

Variables (SW) Factor-1 Factor-2 Factor-3 Variables (NE) Factor-1 Factor-2 Factor-3 

pH 0.21 
  

pH -0.51 0.14 
 

Temperature -0.33 -0.23 
 

Temperature -0.20 -0.63 -0.12 

Salinity 0.29 -0.26 0.21 Salinity 
 

-0.73 
 

Turbidity 0.63 -0.19 
 

Turbidity 0.28 0.34 
 

SPM 
  

0.70 SPM -0.24 0.61 -0.23 

DO 0.81 
  

DO 0.65 -0.15 
 

BOD 0.63 
 

-0.23 BOD 
 

-0.38 
 

Nitrite 0.15 
 

0.73 Nitrite 0.64 0.19 
 

Nitrate 0.77 0.19 0.12 Nitrate 0.73 0.21 
 

Ammonia -0.11 -0.28 -0.46 Ammonia 0.56 0.21 -0.13 

TN 0.81 0.16 
 

TN 0.74 0.21 -0.19 

Silicate 
 

-0.08 0.78 Silicate 0.29 0.61 0.22 

Phosphate 
 

0.97 
 

Phosphate 
  

0.98 

TP 
 

0.97 
 

TP 
  

0.98 

Chlorophyll a 
 

-0.10 0.13 Chlorophyll a -0.21 0.29 -0.13 

Eigen value 3.08 2.26 1.84 Eigen value 3.22 2.15 1.78 

% variance 20.54 15.10 12.29 % variance 21.49 14.33 11.84 

Cumulative % 20.54 35.64 47.93 Cumulative % 21.49 35.82 47.65 
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Figure 1. Study area showing the sampling locations 
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Figure 2. Seasonal variations in physico-chemical variables 
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Figure 3. Seasonal variations in nutrients and chlorophyll a 
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Figure 4. Two-dimensional plot of water quality from two Principal Components of the PCA for 

Different Seasons 

 


