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Abstract: The rapid industrialization and anthropogenic activities along the estuarine system and the coastal areas have
brought considerable decline in the water quality of the estuaries. Uncontrolled discharges of domestic wastes and
industrial effluents have affected the Tapi estuary. Present study was carried out from June 2011 to May 2012 to
determine the important physic-chemical parameters of water of Tapi estuary at Dumas jetty. Turbidity, conductivity,
total solid, total dissolved solid, salinity, pH, dissolved oxygen, BOD, COD, calcium, chloride, sodium , potassium
and nutrients like nitrate, nitrite and phosphate were studied. Correlation coefficient was carried out between various
physic-chemical parameters. Significant correlation was found for salinity, TS, TDS, sodium and chloride .High BOD
and COD was recorded exhibiting positive correlation. Kruskal wallis test showed that physic-chemical parameters
varied seasonally. The study showed that the water quality of Tapi estuary at Dumas jetty was affected by industrial as
well as anthropogenic activities.
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I. LINTRODUCTION

Estuary is a semi-enclosed coastal body of water which has a free connection with the open sea and with fresh water
from land drainage. Estuaries are dynamic, highly productive ecosystems [1]. Estuarine processes vary in a systematic
manner within tidal cycle (semidiurnal, diurnal), weather cycles (seasonal and inter annual cycles) [2]. The structure
and functions of estuaries are controlled by internal processes as well as by adjacent land and sea. The rapid
industrialization and anthropogenic activities along the estuarine system and the coastal areas have brought
considerable decline in the water quality of the estuaries. Immense pressure of population, industrialization in adjacent
areas and on the river banks which joins the system and rapid urbanization are the threats faced by estuaries Regular
study of estuaries are important as these regions are ecologically rich and most productive . Coastal zones and estuaries
are important ecological systems and resources for variety of uses. The total life on the earth depends on water for
different purposes. The environmental conditions such as topography, water movement and stratification, salinity,
oxygen, temperature and various nutrients characterizing particular water mass determine the composition of its biota.
Several reports are available on the physico-chemical features of Indian estuaries [3, 4, 5, 6, 7, 8,9, 10 and 11]. The
current study was undertaken to assess the present status of water quality in Dumas jetty with reference to physic-
chemical characteristics of water.
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The Tapi estuary is permanent tropical estuary and one of the major estuaries on the Gulf of Khambhat .The estuary is
located at geographical position latitude 21°40°N and Longitude 72° 40°E. Its length from source to mouth is about 720
km and with a catchment area of approximately 1,650,000 km2. Dumas jetty was selected which is the mouth of the
estuary in the southern bank. It is 16 Km away from main city Surat (Fig. 1).

Fig. 1 Study area

It receives industrial effluents released from urban city like Surat and many chemical and fertilizers industries in and
around Hazira industrial area forming the major source of pollution in to the estuary.

II. MATERIALS AND METHODS

Water samples for the analyses of physical and chemical parameters were collected from the river at monthly interval
from June 2011 to May 2012 during low tide, in polyethylene bottles and brought to the laboratory. Water parameters
analyzed were temperature, turbidity, conductivity, total solid, total dissolved solid, salinity, pH, dissolved oxygen,
BOD, COD, calcium, chloride, potassium and nutrients like nitrite, nitrate and phosphate. Preservation and analysis
were done following standard methods of [12] and [13].

Statistical analyses were employed to interpret the results using software SPSS 16. Correlation coefficient (r) described
the strength of relationship between two inter dependent variables. The normality of data was tested and the data were
not distributed normally, non parametric test Kruskall wallis was performed.

III. RESULTS AND DISCUSSION
The analytical mean results of physio-chemical parameters of water samples are summarized in Fig. 2-7.
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Correlation-coefficient derived for various physico- chemical parameters is shown in Table 1.

TABLE 1: CORELATION COEFFICIENT OF VARIOUS PHYSICO CHEMICAL PARAMETERS OF WATER

temperature turbidity conductivity TS TDS TSS pH Salinity DO BOD COD Nitrite Nitrate Phosphate Calcium
Parameters
Temperature 1
Turbidity 017 !
- -0.28 0.424 1
conductivity
TS 0.184 0.42 0.476 1
ok
DS 0.099 0.375 0.455 965 1
*
TSS 0.301 0.172 0.245 622 0.469 1
pH -0.247 -0.185 0.134 -0.116 -0.253 0.011 1
L -0.356 0.498 .634* .578* .644%* 0.14 -0.102 1
Salinity
DO 0.093 0.111 -0.025 -0.141 -0.239 -0.025 0.422 -0.083 1
BOD 0.135 0.056 -0.217 -0.357 -0.357 -0.014 -0.26 -0.322 -0.397 1
oD 0.205 -0.021 0.098 -0.385 -0.497 0.161 0.088 -0.462 -0.035 0.497 1
Nitrite 0.28 0.053 .643% 0.427 0.371 0.308 0.165 0.417 0.295 -0.259 | -0.126 1
Nitrate 0.308 -0.077 0.573 0.364 0.238 0.343 0.471 0.077 0.081 -0.014 0.217 734%% 1
-0.123 0.505 -0.042 0.198 0.173 0.092 -0.08 -0.117 0.321 -0.3 -0.028 -0.314 -0.388 1
Phosphate
Calcium 0.251 -0.088 0.392 0.378 0.203 .657* 0.46 0.249 0.081 -0.14 0.126 .636* .699% -0.448 1
Chioride -0.336 .578* 713 587 .643* 0.154 -0.081 981 -0.025 | -0.252 | -0.364 0.462 0.161 -0.067 0.231
Sodium -0.149 0.235 671% 0.245 0.14 0.329 0.482 0.392 -0.102 0.252 0.301 0.503 27 -0.423 .678*
P 0.266 0.182 0.448 .650% 0.51 T13E 0.239 0.242 -0.186 | -0.098 0.315 0.259 .580* -0.035 .657*

*_ Correlation is significant at the 0.05 level (2-tailed).

**_ Correlation is significant at the 0.01 level (2-tailed).
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Result of Kruskal Wallis test is depicted in Table-2.

TABLE 2 KRUSKAL WALLIS RANK TEST

Parameters Seasons Mean Rank Parameters Seasons Mean Rank
Temperature Monsoon 7.5 | BOD monsoon 6.5
Postmonsoon 6.38 postmonsoon 775
Premonsoon 5.62 premonsoon 525
Turbidity Monsoon 512 | cop monsoon 8
Postmonsoon 8.12 Postmonsoon 9
Premonsoon 6.25 premonsoon 25
Conductivity Monsoon 575 | Nitrite monsoon 5.75
Postmonsoon 7.5 postmonsoon 6.5
Premonsoon 6.25 premonsoon 7.25
TS Monsoon 475 | Nitrate monsoon 6.00
Postmonsoon 7.25 postmonsoon 6.75
Premonsoon 7.5 premonsoon 6.75
TDS Monsoon 4.75 Phosphate monsoon 775
Postmonsoon 6.5 postmonsoon 6.88
Premonsoon 8.25 premonsoon 4.88
TSS Monsoon 45 | Ccalcium monsoon 4.5
Postmonsoon 9.5 postmonsoon 8.75
Premonsoon 5.5 premonsoon 6.25
pH Monsoon 6.62 | Chloride monsoon 3.25
Postmonsoon 8.12 postmonsoon 7.5
Premonsoon 4.75 premonsoon 8.75
Salinity Monsoon 3 | Sodium monsoon 4.75
Postmonsoon 7.12 postmonsoon 9.25
Premonsoon 9.38 premonsoon 5.5
DO Monsoon 6.75 | Potassium monsoon 5.25
Postmonsoon 7.38 postmonsoon 9.5
Premonsoon 5.38 premonsoon 4.75

Surface water temperature fluctuated from 22°C to 32.8°C (Fig.2). Turbidity of the water varied from 22 to
240NTU.Minimum turbidity was registered during monsoon season and the maximum was recorded in Post monsoon
(Fig.2). Conductivity was recorded minimum (0.663mS) in monsoon and maximum (42.31mS) in post monsoon
(Fig.2). Total solid and total dissolved solid values were found minimum in monsoon and maximum in post monsoon
season (Fig.3). pH varied from 7.1 to 8.2 respectively (Fig.4) Salinity of the water varied from 0.28 to 32.00 ppt in
monsoon and pre-monsoon respectively (Fig.4). Dissolved oxygen was recorded maximum 5.47mg/l and minimum
0.41mg/1 (Fig.4). BOD values varied from 8.11 to 81.00 mg/l and COD from 48 to 928 mg/l (Fig.5). Nitrite was
recorded minimum (0.25mg/l) in post monsoon and maximum (5.57mg/l) in monsoon (Fig.6). Nitrate value ranged
from 1.93 to 46.06mg/1 in different seasons (Fig.6). Phosphate was found minimum in pre monsoon and maximum in
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monsoon season (Fig.6). Calcium and Chloride were found maximum in pre-monsoon (Fig.7). Sodium and potassium
concentrations were found maximum in post monsoon season (Fig.7).

The mean seasonal water temperature recorded was not fluctuating much round the year. Variation in temperature was
due to the meteorological characteristics. Turbidity is affected by sunshine, clear water conditions and removal of
suspended materials from the water column and cessation of freshwater flow. Turbidity exhibited positive correlation
with dissolved oxygen, nutrients and negative correlation with pH and COD. Higher value of conductivity recorded in
post monsoon is attributed to low mixing of fresh water input from river causing more ionic concentration and lower
value in monsoon is due to rain and mixing of more fresh water from river. The maximum salinity during pre-monsoon
season was due to the high degree of evaporation of surface water and the domination of adjacent neritic waters and
low wave and tidal action with decreased freshwater inflow and land drainage. Similar observations were also made in
Mahanadi estuary [14]. The minimum salinity was due to the monsoonal rain, flooding and freshwater input into the
study areas. Salinity showed positive significant correlation with conductivity, total solid and total dissolved solid.

The pH value did not show fluctuation during the study (Fig.4). pH remained alkaline throughout the study period
indicating that the estuarine water having high buffering capacity resulting limited change of pH values in channel of
Cauvery river [15].

Higher Dissolved oxygen during the monsoon season was due to the monsoonal floods, turbulence of water caused by
the freshwater mixing with the seawater [16]. The study also agrees with the other [17 and 11]. The low dissolved
oxygen concentration in dry season could be attributed to the lesser input of freshwater into the study area. The study is
supported by various scholars [18 and 19]. The dissolved oxygen concentration showed negative correlation with BOD
and COD. Higher value of BOD recorded during the post-monsoon season could be due to the microbial utilization of
oxygen and occasional freshwater input and low BOD in the pre monsoon season due to effective assimilation of
organic load [20]. Maximum COD during the post-monsoon season was due to decrease in freshwater inflow, land
drainage, domestic sewage and industrial inputs increase in salinity, temperature and phytoplankton productivity and
microbial utilization of oxygen at the time of decomposition [21]. Low COD observed during the pre-monsoon season
may be due to the presence of heavy river run-off, decreased mixing of agricultural and domestic wastes, land drainage
into the estuary and decreased biological activity due to decreased salinity and temperature. In the present study BOD
and COD showed negative correlation with salinity, calcium and dissolved oxygen and positive correlation with
temperature.

In the present investigation, inorganic phosphate recorded high during the monsoon season and there was a decrease in
the concentration during the post monsoon season. This might have been due to rainfall, addition of domestic sewage
and fertilizers from the adjacent agricultural land. High concentration of nitrate observed during the monsoon season
might be due to the heavy rainfall, resultant river run-off, land drainage and input of fertilizers from the adjacent
agricultural fields and oxidation of ammonia [22]. Most of the nitrate might have been derived from the decomposition
of organic wastes [23]. The peak value of nitrite during the monsoon season may be attributed to the influence of
seasonal flood as has been observed in the case of phosphate and nitrate [24]. Excretion of phytoplankton, reduction of
nitrate and oxidation of ammonia may all contribute together or individually for an increase in the concentration of
nitrite in this environment [25].

Low values of nitrite observed during the post-monsoon season are in agreement with the present [26]. This might be
due to the lesser amount of freshwater inflow and higher salinity. In coastal waters comprising near shore, the
concentration of calcium varies with the factors such as land drainage, precipitation and dissolution. The high
concentrations of calcium can be attributed to their release from the exchangeable sites of majority of riverine clays
with other cations in the early stages of estuarine mixing. Calcium showed positive significant correlation with TS,
TDS, Nitrite and Nitrate. The high chloride concentration in water indicates the presence of large amount of organic
matter. The higher concentration of chloride in water is an index of pollution of animal origin and there is a direct
correlation between chloride concentration and pollution levels. The possible reason for lower concentration of chloride
in monsoon may be due to the lesser input from the industrial activity while, higher concentration of it may be due to
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seawater intrusion coupled with huge influx of sewage and industrial wastewater. Chloride showed significant positive
correlation with salinity, turbidity, conductivity, TS and TDS.

Kruskal Wallis Rank test showed seasonal variation in physico chemical characteristics that was found affected due to
industrial as well as anthropogenic activities. The recorded physico-chemical characteristics of the estuary water
exceeded the tolerance limits for the survival and growth of aquatic organisms as prescribed by Coastal cater quality
standard. The polluted nature is shown by much higher levels of BOD, COD, very low dissolved oxygen which are also
taken as pollution indicating parameters. It can be concluded that Dumas is getting polluted due to industrial and
anthropogenic activities. The result of study showed that the present status of pollution at Tapi estuary in Dumas jetty
was due to the organic pollution, the major causes were industrial discharges, domestic sewage from Surat city along
with other natural and anthropogenic sources. The regular monitoring of water parameters should be done and steps
should be taken up in the study area to minimize further pollution in coming future.
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