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Abstract
Present study was carried out to determine the important physico chemical parameters
of water of Tapi estuary in Hazira industrial area. Tapi estuary receives the inputs of
organic matter and nutrients coming from the domestic wastewater discharges from
Surat City, a textile hub as well as industrial effluents from Hazira, a major industrial
Complex of Gujarat, India. Uncontrolled discharges of domestic wastes and industrial
effluents have affected the estuary.  Present study was carried out from June -
2011 to May 2012 to study the impacts of uncontrolled discharges on
physicochemical characteristics of water. Samples were collected monthly in the
morning during low tide to determine the important physico chemical parameters Viz.
Turbidity, conductivity, total solid, total dissolved solid, salinity, pH, dissolved
oxygen, BOD, COD, Calcium, chloride, sodium , potassium and nutrients like nitrate,
nitrite and phosphate. Dissolved oxygen was found extremely low during the study
period. High biochemical oxygen demand (BOD) and Chemical Oxygen demand
(COD) showed that the water quality of estuary has been affected by industrial and
domestic effluents.
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Introduction
Estuarine and coastal areas are complex
and dynamic aquatic environment (Morris,
et al.1995). Estuaries are economically
important ecosystems for fisheries in
tropical regions (Kawabata et al., 1993) and
they act as a transitional zone between land
and sea (Bardarudeen et al., 1996). When
river water mixes with seawater, a large nu-
mber of physical and chemical processes
take place and may influence water quality.
The quality of surface water is very sensi-
tive issue. The natural processes, such as
precipitation inputs, erosion, weathering of
crustal materials, as well as the anthro-
pogenic activities calling for increasing

exploitation of water resources, togeth-
er determine the quality of surface water in
a region. Rivers play a major role in assim-
ilation or carrying of municipal and Indus-
trial wastewater and runoff from agricultural
land, the former constitutes the constant
polluting source whereas the later is a seaso-
nal phenomenon. Many reports are available
on the physico-chemical features of Indian
estuaries (Govindasamy et al., 2000;
Rajasegar, 2003; Balasubramanian and
Kannan, 2005; Paramasivam and Kannan,
2005; Rajaram et al., 2005; Ajithkumar et
al., 2006; Asha and Diwakar, 2007; Ashok
Prabu  et al., 2008; Saravanakumar et al.,

Our Nature (2012) 10: 249-257



M. Gadhia, R. Surana and E. Ansari / Our Nature (2012) 10: 249-257

250

2008; Gowda et al., 2009; Vengadesh et al.,
2009). Hazira is located on the bank of
the Tapi River, eight kilometers from
the Arabian Sea. It is a home to major
industrial and shipping facilities like Essar
Group of Industries, Kribhco, Shell, Larsen
andToubro, NTPC, ONGC,GAIL, GSPC,
UltraTech, Reliance and many more. To
trace the influence of these activities,
seasonal variations in important physico
chemical parameters of water of Tapi
estuary near Mora village in Hazira
industrial area was studied from June -
2011 to May 2012.

Materials and Methods
Water samples were collected every month
in the morning during low tide from June
2011 to May 2012 from Tapi estuary near
Mora village in Hazira industrial area (Fig.
1).

Figure 1. Study area

Surface water samples were collected with
a clean plastic bucket. Preservation and
analysis of the water samples were done as
per standard methods. The water samples
were analyzed for turbidity, conductivity,
total solid, total dissolved solid, salinity,
pH, dissolved   oxygen, BOD, COD,
Calcium, chloride, sodium, potassium and

nutrients like nitrate, nitrite and phosphate.
Standard procedures recommended by the
(APHA, 1998) and Trivedy and Goel (1984)
were followed during the sample collection,
handling, preservation and analysis to
ensure data quality and consistency.

Results and discussion
The mean of analytical results of physico-
chemical aspects of water samples were
summarized in Fig. 2-8. Surface water
temperature varied from 20oC to 33 oC.
Generally, surface water temperature is
influenced by the intensity of solar
radiation, evaporation, freshwater influx and
cooling and mix up with ebb and flow from
adjoining neritic waters. The highest
(29±1.857) and lowest (27±1.6431) values
were observed during pre-monsoon and post
monsoon seasons, respectively (Fig. 2).
Higher temperature values recorded in the
dry season may be because of heat raising
temperature of surface water. Low
temperature in post monsoon season was
due to winter (Das et al., 1997;
Karuppasamy and Perumal, 2000;
Senthilkumar et al., 2002; Santhanam and
Perumal, 2003).

Table 1. General coastal cater quality standards
(swimming and aquatic life).
PARAMETERS STANDARDS
pH 7.8–8.3

Temperature (◦C) 30
Turbidity (NTU) 10 NTU or less
Total suspended sediments (TSS) 25 mg/l or less
Dissolved oxygen (DO) 4 mg/l or more
Biochemical oxygen demand (BOD) 30 mg/l or less
Chemical oxygen demand COD 250 mg/l or less
Nitrate 10 mg/l or less
Nitrite 10 mg/l or less
Phosphorus 4 0.1 mg/l or less
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Turbidity is the material in water that
affects the transparency or light scattering
of the water. The range for natural water is
1 to 2000 NTU. The measurement unit used
to describe turbidity is Nephelometric
Turbidity Unit (NTU). Higher value
(152±48.282 NTU) was recorded during pre
monsoon and low value during monsoon
(54±24.052NTU) (Fig. 2). Highest Turbidi-
ty in water is caused by the presence of
suspended matter such as clay, silts, finely
divided organic and inorganic matter,
plankton and other microscopic organisms.
It has been reported that the wave action
increases during pre-monsoon Season
resulting in turbulent condition in the
coastal waters favoring the resuspension of
the bottom sediment due to stirring action
that causes low water transparency (Nixon,
1988).
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Figure 2. Seasonal variations in Temperature,
Turbidity and Conductivity.

The conductivity ranged from 1.5 to 41.306
mS, high during Post monsoon
(32.2695±4.8420) and low in monsoon
season 18.4355±6.5705) (Fig. 2). High
conductivity during post monsoon might be
attributed to low mixing of fresh water input
from river. Low value during monsoon

season was due to rain and mixing of more
fresh water from river. The conductivity
values decreased with an increase in
rainfall. In the rainy season, the increased
volume of water remarkably diluted the
water (Izonfuo and Bariweni, 2001).

Total solid value was higher during
post monsoon (37662.5±5790.94 mg/l)   and
lower during monsoon season (20795 ±
5796.0295 mg/l) (Fig. 3).    TSS is typically
composed of fine clay or silt particles,
plankton, organic compounds, inorganic
compounds or other microorganisms. These
suspended particles range size from 10nm
to0.1nm. TSS as well as TDS can be
influenced by changes in pH. Changes in
the pH will cause some of the solutes to
precipitate or will affect the solubility of the
suspended matter. During post monsoon
period TSS value was found to be maximum
and low during monsoon. TDS value was
higher during pre monsoon and lower
during monsoon. The mean values for the
total dissolved solids (TDS) were higher in
dry season than in the rainy season (Fig. 3).
The lower values of this parameter suggest
that the runoff water only contributes to its
dilution in the rainy season (Izonfuo and
Bariweni, 2001).
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Figure 3. Seasonal variations in TS, TDS and TSS.
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The salinity acts as a limiting factor in
the distribution of living organisms, and its
variation caused by dilution and evaporation
is most likely to influence the fauna in the
intertidal zone (Gibson, 1982). Water with
a high total dissolved solids indicated more
ionic concentration, which is of inferior
palatability and can induce an unfavorable
physicochemical reaction in the consumers.
Kataria et al., (1996) reported that increase
in value of TDS indicated pollution by
extraneous sources. The high amount of
dissolved, suspended and total solids of
samples adversely affects the quality of
running water and it is unsuitable for any
other purpose irrigation and drinking
.Generally, changes in the salinity in the
estuaries is  due to the influx of freshwater
from land run off, caused by monsoon or by
tidal variations. In the present study, salinity
was high during pre monsoon and low
during the monsoon season (Fig. 4). Higher

Seasonal variations

0

5

10

15

20

25

30

premonsoon Monsoon Postmonsoon

Seasons

V
al

u
es pH

Salinity(ppt)

Figure 4. Seasonal variations in pH and salinity.

values (27.25±3.0103 ‰) during pre
monsoon could be attributed to the low
amount of rainfall (Sampathkumar and
Kannan, 1998; Govindasamy et al., 2000;
Gowda et al., 2001; Rajasegar, 2003).
During the monsoon season (12.65 ±

4.0383‰), the rainfall and the freshwater
inflow from the land in turn moderately
reduced the salinity as reported by Sai
Sastry and Chandramohan (1990) in the
Godavari estuary; Mitra et al. (1990) in the
Bay of Bengal and coastal waters of
Kalpakkam (Satpathy, 1996).

Hydrogen ion concentration (pH) in
surface water remained alkaline throughout
the study period with no marked difference.
Maximum value (7.65±0.1258) during the
end of the monsoon and minimum value
(7.4±0.3109)   during pre monsoon was
recorded (Fig. 4). Generally, fluctuations in
pH values during different seasons of the
year is attributed to factors like removal of
CO2 by photosynthesis through bicarbonate
degradation, dilution of seawater by
freshwater influx, low primary productivity,
reduction of salinity and temperature and
decomposition of organic materials as stated
by Karuppasamy and Perumal, 2000;
Rajasegar, 2003.

Variation in dissolved oxygen content
was from 2.936 mg/l to 5.212 mg/l. It is
well known that the temperature and salinity
affect the dissolution of oxygen
(Vijayakumar et al., 2000). In the present
investigation, higher values of dissolved
oxygen were recorded during monsoon.
Higher dissolved oxygen concentration
observed during the monsoon season
(5.21±0.7432) might be due to the
cumulative effect of higher wind velocity,
rainfall and the resultant freshwater mixing
(Das et al., 1997). Mitra et al. (1990) mainly
attributed seasonal variation of dissolved
oxygen to freshwater flow .DO is indicative
of the health of an aquatic system, the vital
metabolism of aerobic organisms,
respiration depends purely on the amount of
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oxygen dissolved in the water. Optimum
concentration of dissolved oxygen is
essential for maintaining aesthetic qualities
water as well as for supporting life.  Low
value (2.936±0.7640) was recorded during
pre monsoon (Fig. 5).
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Figure 5. Seasonal variations in DO, BOD and COD.

BOD showed a fluctuation
between19.26±3.8352 mg/l to72±14.4625
mg/respectively during monsoon and pre
monsoon seasons (Fig. 5). High BOD might
be due to the decomposition of organic
matter and decay of vegetation in river
which mixed with sea water during rainy
season. The value of COD was found
maximum (235±96.1578/l) during monsoon
season and low value (118±31.7280mg/l)
during pre monsoon. (Fig. 5). The monsoon
showers brought nutrients from
allochthonous sources into the systems
elevating the phosphate, nitrate and silicate
concentrations in the water.  Moderate to
high COD values were observed during the
post-monsoon when compared to the
monsoon season.  The high COD load could
be due to runoff from the surrounding areas.
COD is an indicator of organic pollution,
which is caused by the inflow of domestic,
livestock and industrial waste that contains
elevated levels of organic pollutants (Ayati,

2003). Chemical oxygen demand (COD)
and biochemical oxygen demand (BOD,)
test results were found comparatively higher
in monsoon than pre- monsoon and post-
monsoon periods by Joseph and Srivastava
(1993) the higher BOD observed during the
rainy season implied that high demands for
oxygen were made to support life processes.
Clark (1986) noted similar situation of
higher BOD and concluded that it was due
to higher organic waste load experienced in
the rainy months. Odokuma and
Okpokwasili (1996) also observed that BOD
fluctuation between seasons may be
attributed to additional organic matter
introduced into the river as a result of run-
off and soil erosion caused by continuous
rain fall in the rainy season.

The chemical oxygen demand (COD)
was higher in the rainy season than the dry
season. Since COD has a direct relationship
with BOD, the reasons adduced for BOD
being higher in the rainy season are also
responsible for COD. The COD values of
the industrial effluents were observed to be
high and therefore contributing to the
pollution of the river.

Calcium value was found higher
(1409.6±866.0149mg/l) during post
monsoon and lower value
(315.875±97.63233 /l) during monsoon
season (Fig. 6).The value of chloride was
found higher (14162±1530.04875mg/l)
during pre monsoon which might be due to
high salinity, tidal flow and low fresh water
mixing. Low value was found during
monsoon season due to rain and more
mixing of fresh water from river.
Fluctuation in chloride is not related to
pyrite oxidation, but due to the tidal and
seasonal changes in the river. Higher value
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of sodium (mg/l) was found during post
monsoon season due to high salinity and
low value (77.7mg/l) was found during
monsoon season due to rain and flow of
river water.

Seasonal variations
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Figure 6. Seasonal variations in Calcium and
Potassium.

Freshwater flow constituted the main
source of the nutrients in the estuaries.
Nitrates value ranged from 2.537mg/l to
13.738mg/l. Mean value 13.7383±6.502428
mg/l during monsoon season could be
mainly due to the organic materials received
from the catchments area during the tide
(Das et al., 1997). The increased nitrates
level was due to fresh water inflow and
terrestrial run-off during the monsoon
season (Karuppasamy and Perumal, 2000).
Another possible way of nitrates entry is
through oxidation of ammonia form of
nitrogen to nitrite formation (Rajasegar,
2003). The low value 4.411±0.88749mg/l
recorded during pre monsoon period may be
due to its utilization by phytoplankton as
evidenced by high photosynthetic activity
and also due to the neritic water dominance,
which contained negligible amount of
nitrate (Das et al., 1997; Govindasamy et
al., 2000). The recorded value of nitrite

(1.88325 ± 0.5099 mg/l) could be due to the
increased phytoplankton excretion, oxidati-
on of ammonia and reduction of nitrate and
by recycling of nitrogen and bacterial
decomposition of planktonic detritus present
in the environment (Swami et al., 1996;
Govindasamy et al., 2000). The recorded
low value (1.1905±0.4029mg/l) during pre
monsoon seasons may be due to less
freshwater inflow and high salinity (Mani
and Krishnamurthy, 1989; Murugan and
Ayyakkannu, 1991).
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Figure 8. Seasonal variations in Nitrite, Nitrate and
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Nutrients are considered as one of the most
important parameters in the aquatic
environment influencing growth,
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reproduction and metabolic activities of
living being. Distribution of nutrients is
mainly based on the season, tidal conditions
and freshwater flow from land source. High
concentration of inorganic phosphates
(0.10375±0.049423mg/l) observed during
monsoon season might possibly be due to
intrusion of upwelling seawater into the
creek, which increased the level of
phosphate (Nair et al., 1984) The recorded
low phosphates value during dry seasons
could be attributed to the limited flow of
freshwater, high salinity and utilization of
phosphate by phytoplankton (Senthilkumar
et al., 2002; Rajasegar, 2003). The addition
of super phosphates applied in the
agricultural fields as fertilizers and alkyl
phosphates used in households as detergents
can be other sources of inorganic
phosphates during the season (Tiwari and
Nair, 1993).
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