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Seasonal Variations in the Physico-Chemical Characteristics 
of  the Two Coastal Waters of Palk-Strait in Tamil Nadu, India

Department of Oceanography and Coastal Area studies,
Alagappa University Thondi campus, Thondi, 623409, Tamil Nadu, India

Abstract: In the present study the hydrographical parameters like temperature, hydrogen ion concentration
(pH), salinity, conductivity, light penetration, turbidity, total suspended solids (mg/l), total dissolved solids,
dissolved oxygen (mg/l), biological oxygen demand (mg/l) and nutrients of the surface waters were studied in
both stations of Manamelkudi and S.P. Pattinam. All the physico-chemical parameters and nutrients were not
showed any significant variations in both the stations. Knowledge of nutrients relating to their contributory
sources, utilization levels and their availability will be of great value to assess the productivity potential of
marine ecosystem.
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INTRODUCTION [12] studied the hydrography of wedge back-premonsoon

Many studies have been carried out on marine [13 ] also stated that the temperature variations of surface
ecosystem in several parts of the world in the past few waters appear to follow close to the atmosphere.
decades. Faldor and Anati [1] made observations on the Arunabha . [14] observed the seasonal variations of
seasonal variations of temperature and salinity in the Gulf some hydrographical parameters in a tidal creek opening
of Flat. Jacob . [2] observed the hydrography of into the Bay of Bengal. Karl Banse [15] studied
Kuwait waters. Yoo and Lee [3] studied the environmental oceanographic observations of the east coast of India.
parameters of the Jinhal Bay. Postma [4] made an The information on the nutrient distribution together
ecological survey on hydrography of Wadden sea and with other hydrographic features may also help to
properties of water.Mathew and Gopakumar [5] observed understand the fluctuations in fisheries in particular area.
the maximal value of surface water temperature in the Considerable knowledge has been gained in the solar
month of April and the minimal in February at Minicoy radiation and nutrients of the coastal waters of the Indian
Island.. seas reported by Nair and Gopinathan [16] Nair and Pillai.

Reddy  [6] made an extensive study on the [17]. Vijayakumar . [18] studied Seasonal distribution
seasonal variations in hydrographic conditions of and behavior of nutrients with reference to tidal  rhythm
estuarine and oceanic waters of Mangalore port. in  the   Mulki   Estuary,   South-West   Coast   of  India.
Narayanaswamy and Sarma [7] studied the physical In temperate waters extensive work has been carried out
characteristics of the coastal waters between Navapur and on the nature and distribution of the dissolved nutrients,
Umbharat. The hydrography of the inshore waters of by Helder and De Vries [19]; Iranic and Degobbis [20];
karwar has been  observed  by  Annigeri  [8]  Rivonker Stigebrandt and Wulff [21]. Nitrate, silicate and phosphate
and  Verlancer  [9]  made  on  observations on the are the important nutrients for the growth of organisms.
physico-chemical characteristics of fishing grounds of Distribution pattern of organic matter in Arabian Sea, west
Mangalore. Jagadeesan [10] studied the environmental coast of India was studied by Vandana Prasad . [22].
inventory of the marine zone of Celeron estuary and Large-scale upwelling and turbulent mixing in the upper
inshore waters of Pazhayaru. Gemma Evangeline [11] has water column keeps the nutrients high  in  all  seasons.
studied the hydrobiology of the estuaries and backwaters But in summer it was observed that silica and nitrogen
of Ramanathapuram district, Tamil Nadu. Rama Raju . concentrations show significant decrease.

and seasons. Chandramohan and Sathyanarayana  Rao
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Fig. 1: Map showing the Palk Strait area

Hence  the  present  study  has  been  made an considered  to  be  the  less  compactness  of  sandstone
attempt  to  understand  the  seasonal  variations of and sloping of the terrain.
Physico-chemical  characteristic  of  Manamelkudi  and
S.P. Pattinam coastal waters of Palk strait of Tamil Nadu, S.P. Pattinam: Sundarapandian Pattinam is commonly
India. known as S.P.Pattinam, was named after the Pandiya king

Description  of  the  Study  Area:  The  Palk Strait is a This village is located along the Palk Strait in the east
strait  that  lies  between   the   Tamil   Nadu   state   of coast of South Tamil Nadu. This small fishing village in
India  and  the  island  nation  of  Sri  Lanka.  It  connects Ramanathapuram District is known for its fishery
the Bay of Bengal to the northeast with the Gulf of resources. Both stations are being influenced mainly by
Mannar to  the  south. The Palk Bay (Lat.9”40`N, Long. the northeast monsoon and has strong potential of both
79”20`E) and the Gulf of Mannar Biosphere Reserve living and non living resources. These two stations are
(Lat.8”35`-9”25`N, long. 78”08`-79”30`E) situated along situated in the Palk Strait region of Tamil Nadu (Photo 1
the southeast coast of India are separated by the and 2). The rainfall in these regions is mainly due to North
Rameswaram Island (Fig. 1). East and South West monsoon. These coastal areas have

Manamelkudi: It  extended  over an area of 1135.24  hect. moderately low and also they are rich in nutrients hence,
It  is situated along the way of Palk strait and well they serve as treasure houses for valuable marine
connected   by   a   major   district   of   Tamil  Nadu. This resources like sea grass, seaweeds and invertebrates like
area  was eroded  by  small  rivers  (Agniar,  Ambullar, coelenterates, echinoderms and shell fishes. The major
Vellar etc.,). The main causes of these erosions are occupation of the people is fishing activities.

Sundarapandian who ruled South Tamil Nadu (Photo.1).

a very minimal wave action. Turbidity of the seawater is
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Photo 1: Station I S.P. Pattinam Photo 2: Station II Manamelkudi

MATERIALS AND METHODS Except April (2006)  all  the  months  were  received

Samplings were made on every full moon during high 782.0mm (2005-2006) and it was ranged from 11.0 mm
tide. In the present investigation, using clean plastic (June2006)   to   310.0   mm   (October   2005)   except  the
containers collected surface water samples. All the water two   months   i.e.,   February   and   April   2006   there
samples were  estimated  by  following  standard  methods was no rainfall.  During the study period (2005-2006)
(Strickland and Parsons [23]; Grasshoff . [24] and station I received the higher rainfall than station II. The
APHA [25], Temperature was measured by using bulk of rainfall was obtained during the Northeast
thermometer of 0.5°C accuracy. Salinity was estimated by monsoon at both stations and the pattern of rainfall
silver nitrate titration method using potassium chromate influenced the physico-chemical and characters of the
as an indicator as described by Strickland and  Parsons study area.
[23]. The dissolved oxygen content was calculated by
Winkler’s titration method. Light penetration was Light  Penetration  (m):  At  station  I, the light
measured by sechi-disc;  pH  was  determined  by  using Penetration  values  were   recorded   from  1.3m
Elico model EL 10 pH meter. The rainfall data were (November 2005) to 2.4 m (March 2006) and in station II,
collected  from   the   nearest    meteorological   station. it was recorded from 0.6m (October 2005) to 2.2 m
For nutrient analysis, the water samples were filtered (February 2006). In both stations the minimum value was
through the Millipore filtering unit using whatman GF/C recorded  during  monsoon  season and the maximum
filter and dissolved nutrients like total phosphorus, value was recorded during summer and premonsoon
nitrate, nitrite reactive silicate and silicate were estimated seasons. Light penetrates deep in pre monsoon and
by calorimetric method using ECIL CE 303 Grating summer seasons. This may be due to high solar radiation,
Spectrophometer at appropriate wave lengths as low turbidly and dominance of clear neritic water. It was
described by Strickland and Parsons [23]. low during monsoon months due to rainfall.

RESULTS AND DISCUSSION penetration than station 1.

In the present study hydrographic parameters like Temperature   (°C):    At    station    1,the   minimum
temperature, hydrogen ion concentration, salinity surface   water   temperature   was   recorded   28.3°C
conductivity, light penetration, turbidity, total suspended during  October (2005) and the maximum water
solids, total dissolved solids, dissolved oxygen, temperature   was   recorded   33.4°C   during   May
biological oxygen demand and nutrients were showed (2006). At station II, the minimum surface water
monthly variation (Figs 1-14). temperature  was  recorded  28.0°C  during  November

Rainfall (mm): In the present study at Station I, the total 32.8°C May (2006). In the present study the maximum
rainfall was recorded 914.5mm (2005-2006) and the ranged temperature was recorded in summer and premonsoon
from 8mm (March 2006) to 386.5mm (November 2005). months (Fig.1).

rainfall. In station II, the total rainfall was recorded

Comparatively station II recorded minimum light

(2005) and the maximum water temperature was recorded
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Fig. 1: 

Fig. 2:

Fig. 3:

Fig. 4:

The maximum temperature of 33.4°C was due to the
high solar radiation. The maximum and minimum values of
surface water temperature coincided with peak solar
radiation and the atmosphere essentially influenced the
temperature of water. In general summer and pre monsoon
season recorded high water temperature as compared with

other seasons, which agree with the observations of
Kannan and Kannan [26] Alvarez Borrego and Alvarez
Borrego [27] had suggested the temperature variations as
a function of bathymetry, solar radiation, tidal currents,
incidence of up welled waters and atmospheric variations.

Hydrogen Ion Concentration (pH): At station I, the
hydrogen ion concentration values were varied from 7.8
(November 2005) to 8.23 (April and May 2006) and at
station II pH values were varied from 7.85 (October 2005)
to 8.35 (May 2006). Station II recorded higher pH values
than station I. Maximum pH value was recorded in summer
and early premonsoon seasons (Fig.2).

In the present study, the range of variation in
hydrogen ion concentration was found to be very narrow
at both the stations. The pH of the coastal seawater
normally falls between 7.8 and 8.3 and is controlled by the
buffering action of HCO (Martin 1970). In general3

monsoon seasons recoded low pH values while summer
and pre monsoon recorded high pH values. The high pH
value could be due to the removal of CO , photosynthesis2

while low pH due to the dilution of seawater by fresh
water flow during the monsoon reason. Similar
observation was also reported by Subramanian and
Mahadevan [28]. The reverse was reported by Thangaraj
[29] Murugan and Ayyakkannu [30].

Salinity (ppt): At station I the salinity values were ranged
from 30.0 ppt (October 2005) to 34.75 ppt (June 2006) and
at station II the salinity values were ranged from 29.95 ppt
(October 2005) to 34.30 ppt (June 2006) during 2005-2006.
In both stations the maximum salinity value was recorded
during summer and the minimum salinity value was
recorded during monsoon season. (Fig.3).

In the present study the salinity values were
fluctuated monthly within a narrow range at both the
stations. Salinity values were slightly decreased and
increased during monsoon and summer seasons
respectively. This may be due to discharge of sewage
water and fresh water inflow by heavy rain. The maximum
salinity values were recorded during pre monsoon and
summer seasons may be due to high temperature and
evaporation. Salinity is one of the most important water
parameter that regulates the quality of waters and
determines the extent of dissolution of gases and
hydrogen ion concentration. This would endorse the view
of Marichamy . [31] stated that the surface salinity
steadily increased from January-March and reached the
peak in April-May, then declined gradually in the
following months. The most important factors governing
the seasonal distribution of salinity in these waters are the
two monsoon driven current systems [32].
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Conductivity (S/m): At station I, the conductivity values
were ranged from 43.15 (August 2005) to 46.00 (September
2005) and in station II, it was ranged from 40.10
(Dcember2005) and 48.40 (September 2005) during 2005-
2006. The maximum conductivity value was observed in
station II when it was compared with station I (Fig.4).

Turbidity (NTU): At station I, the turbidity values were
ranged from 110 (August, 2005) to 230 (December, 2005)
and in station II, the  turbidity  values  were  recorded
from  128  (September  2005)  to  283  (November 2005).
The maximum turbidity value was recorded in station II Fig. 5:
(Fig.5).

Turbidity values in marine environment were mainly
influenced by wave action, tides, wind and fresh water
and sewage discharges. In the present study there is a
marked seasonal variations. During monsoon seasons
water was more turbid than pre monsoon and summer
months. High turbidity value during monsoon season may
be due to freshwater discharges, which carried lot of
terrestrogenous   materials   and   low  solar  radiation.
This confirms with previous observations made by
Dwidedi . [33]. Fig. 6:

TSS (mg/l): At station I, the TSS values were ranged from
27.6 (August 2005) to 47.5 (June, 2006). At station II, the
TSS values were varied from 19.0 (Febrary 2006) to 43.0
(August 2005). The maximum value of TSS was recorded
in station I when it was compared to station II (Fig.6).

TDS (mg/l): At station I the TDS values were ranged from
23.75 (August2005) to 31.35 (December 2005) and in
station II the TDS values were varied from 30.0 (March 
2006) to 32.8 (February 2006). The maximum value of TDS
was recorded in station II (Fig.7). Fig. 7:

Dissolved Oxygen (mg/ l):At station I,m the dissolved
oxygen concentration values were varied from 4.76 (April
2005) to 5.65 (October 2005) and in station II, the
dissolved oxygen concentration values varied from 4.67
(June 05) to 5.80 (December 05). In both stations the
maximum values of dissolved oxygen were observed
during monsoon months and the minimum values was
recorded during summer months (Fig.8).

The high oxygen content especially during monsoon
could be attributed to low temperature and low salinity Fig. 8:
values, which might help to enhance the level of
dissolved  oxygen  content  in  water.  Rochford  [34] Vishakapatnam observed a direct relationship between
stated that greater solubility of oxygen in water takes oxygen and temperature. Satpathy [37] reported that
place when temperature and salinity are low. Similar maximum dissolved oxygen value was observed during
observations were reported by Ramamurthi [35] in Madras monsoon period coincided with minimum salinity value.
coastal  waters  and  Ganapati  and  Venkatasalam  [36]  at Similar  observation was also noted in the present study.
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Fig. 9: Fig. 11:

Fig. 10: Fig. 12:

The correlation analysis between salinity and dissolved month of October 2005 and the minimum value was
oxygen showed significant negative correlations by recorded in February 2006 (Fig.10 and 11).
Satpathy (1996). The fluctuation in dissolved oxygen Nutrients like nitrate and phosphate influenced the
concentration within and between the sampling sites was productivity of the marine environment, which are always
very low. It would reveal that the reduction in salinity higher during the monsoon season due to river run off
enhances the solubility of oxygen holding capacity of and rapid oxidation of plankton detritus and decomposing
water. matter [38,39].

Biological Oxygen Demand (mg/l): At station I, the Reactive silicate (µg/l): Concentration of reactive silicate
biological oxygen demand values were fluctuated from valves were ranged from 11.853 to 49.543  at  station  I.
1.02 (April 2005) to 1.58 (October 2005) and in station II, it The maximum value was recorded in December 2005 and
was varied from 1.01 (June 2005) to 1.65 (December 2005). the minimum value was recorded in April 2006. At station
In both the stations the maximum value was recorded II the values were ranged from 10.436 to 77.364. The
during monsoon months and the minimum value was maximum value was recorded in December 2005 and the
recorded during summer months (Fig.9). minimum value was recorded in September 2005. (Fig.12).

Nutrients Inorganic Phosphate (µg/l): In the present addition of silica material by land run off caused by
study the inorganic phosphate concentration value were flooding and low due to the sizeable reduction in the
ranged from 0.020 to 1.717 at station I and in station II, the freshwater input and greater utilization of this nutrient by
inorganic phosphate concentration values were ranged the abundantly occurring phytoplankton for their
from 0.719 to1.920. In both stations the maximum value of biological activity [26]. In general the silicate level in Palk
inorganic phosphate was recorded during December 2005 Bay is higher than that of Gulf of Mannar. Similar result
and in minimum value was recorded in May 2005. Total was reported by Jayaraman[ 40], who stated that the total
phosphate (µg/l): At station I, the total phosphate annual turnover of silicate was higher in the Palk Bay than
concentration values were fluctuated from 1.063 to 2.958. that in the Gulf of Mannar. The decline in silicate level
The maximum value was recorded in the month of during summer can be reasonably attributed to its
February 2006 and the minimum value was recorded in utilization by phytoplankton and bottom algae. Part of
August 2005. At station II the values  were  ranged  from silicate content may have been lost to the bottom on
1.124  to  2.620.  The  maximum  value was recorded in the mixing with sea water [41].

The high silicate concentration was due to the
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Fig. 13:

Fig. 14:

Nitrate  (µg/l):  Nitrate  concentration  values  were
ranged  from  2.125  to 5.820 at station I. The maximum
value  was  recorded  in  December  2005  and  the
minimum value was recorded in May 2006. At station II
the  values  were  ranged  from 1.473 to 4.010. The temporal variations. Knowledge of nutrients relating to
maximum   value   was   recorded   in   November   2005
and  the  minimum  value  was recorded in June 2006
(Fig.13).

In the present study the maximum nitrate value were
observed in premonsoon and minimum value was
observed in monsoon seasons could be attributed to
higher activity of oxidation of ammonia form of nitrogen
to nitrite and subsequently to nitrate during summer
season and the enrichment of terogenous deposit with lot
of nutrients as land run off during the monsoon
subsequent  post  monsoon  season.  Marichamy .
[31]   stated   that,   these   nutrients   have   been  utilized
by the phytoplankton during their peak period of
production.  Janet .  [42]   stated   that,   with  the
high  fresh  water  inflow,  phytoplankton  population
would eventually respond to the enhance nutrient
conditions.

Nitrite (µg/l): Nitrite concentration values were ranged
from 0.743 to 1.532 at station I. The maximum value was
recorded in December 05 and the minimum value was
recorded in September 2005. At station II the values were
ranged from 0.195 to 1.842. The maximum value was
recorded in November 2005 and  the  minimum  value  was

Table 1: One  way  analysis  of variance for parameter at station I and
station II

Station I
--------------------------------------------------------------

Source of Variance df ss ms F test

Between column 11 1633 148.4 0.05939
Within column 108 269900 2499

Total 119 271500

Station II
--------------------------------------------------------------

Source of Variance df ss ms F test

Between column 11 5931 539.2 0.2421
Within column 108 240600 2228

Total 119 246500

recorded in May 2006. The same was observed by Sunitha
Rao and Rama Sarma [41] in Gosthani estuary, east coast
of India (Fig.14).

Occurrence of high concentrations of nutrients in the
study areas can be reasonably attributed to the inputs of
untreated sewage as well as recycling from decay of
detritus, the contribution of nutrients through meiofaunal
component could possibly be limited. All the physico
chemical parameters (transparency, temperature, salinity,
pH, dissolved oxygen) and nutrients (nitrate, phosphate
and silicate) were not showed significant spatial and

their contributory sources, utilization levels and their
availability will be of great value to assess the
productivity potential of marine ecosystem. In the present
study, the one way analysis of variance of nutrients at
station I and II was not significant (Table 1).
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