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ABSTRACT

The two major sources which are contributing to marine pollution are natural processes as well as anthropogenic activi-
ties. The natural process includes precipitation, erosion, weathering of crystal material whereas anthropogenic activities
are urbanization, industrialization, mining and agricultural activities, etc. Mahanadi is the biggest river source of Odisha
which joins the Bay of Bengal at Paradip. Paradip Township is an urbanized well-developed industrial township where
various anthropogenic activities are contributing pollution to the water sources. In the present study, an attempt has
been made to estimate and monitor the seasonal and spatial variation of physiochemical properties of the Mahanadi es-
tuary, the East Coast coastal belt of India. The result revealed that there is a remarkable variation in the physiochemical
parameters such as pH, salinity, TSS, DO, BOD, NO,N, NOs;N, NH;N, TN, TP, SIO, and Chl-a which are attributed to
the runoff water getting discharged to the coastal water sources. It is being recommended to treat waste water and mate-
rials before discharging them to the marine water medium.
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1. Introduction

The marine environment, especially costal and estuary,
forms an essential component of the global life. In highly
developed countries, all these human activities can affect
the characteristics of the water in their estuaries. The
environmental impact of municipal wastewater and in-
dustrial effluents, discharge on receiving water are nu-
merous and inputs of contaminants can affect the aquatic
biota as well as the health of the marine environment [1].
The water quality depends on both natural processes,
such as precipitation erosion, weathering of crystal mate-
rials and anthropogenic processes like urbanization, in-
dustrialization, mining and agricultural activities [2].
These two parameters play a vital role in nutrient cy-
cling, eutrophication, biota abundance and overall food
web dynamics in estuarine and near shore ecosystems,
whereas surface runoff is a seasonal phenomenon largely
affected by climate in the basin. Apart from this, fishing
activities near the estuary also influence the water qual-
ity. In this context, researchers have analyzed the water
quality of Mahanadi River and estuarine system [1,3-7].
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The aim of present research is to study the seasonal and
special nutrient variation and change in physicochemical
parameter due to the impact of pollution sources and in-
dustrial effluents upon Mahanadi estuarine environment.

2. Outlines Study of Sampling Area

Mabhanadi is one of the major rivers of India and is the
largest river of Orissa state having the annual discharge
of 66,640 Mm®. The average annual rainfall is 1572 mm,
of which 70% is precipitated during the southeast mon-
soon between mid June to mid October. The growth of
industrialization and urbanization in the upstream and
estuarine region of Mahanadi, is putting unique pressure
on estuarine and coastal resources [2,5,7]. The Maha-
nadi River begins in the Baster hills of Madhya Pradesh
flows over different geological formations of Eastern
Ghats and adjacent areas and joins the Bay of Bengal
after divided into different branches in the deltaic area.
The main branches of River Mahanadi meet Bay of
Bengal at Paradip (Figure 1). The River basin (80°30'E -
86°50'E and 19°20'N - 23°35'N) extends over an area
approximately 141,600 km?, has a total length of 851 km
and an annual runoff of 50 x 10° m® with a peak dis-
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Figure 1. Map showing locations of station in Mahanadi
estuary.

charge of 44,740 m’s™' [8-11]. Mahanadi estuary, the
major estuary of coastal Orissa has its drainage basin,
which is one of the biggest drainage basins along the east
Coast. The tidal estuarine part of the river covers a length
of 10 km and has a basin area of 9 km”[12]. Based on
physical characteristics, the estuary has been character-
ized as a partially mixed coastal plain estuary [13]. Tidal
cycle is semidiurnal. It is principally a wave-dominated
coast during the southwest monsoon season, while during
the non-monsoon period it is mixed wave and tide domi-
nated. Mahanadi estuary receives effluents from two fer-
tilizer plants, other small industries and domestic sew-
ages from Paradip Township. Apart from these, fishing
harbour activities at the estuary also affect the water
quality. Atharbanki Creek is heavily loaded with the
most of the municipal sewage of Paradip Township and
effluents from industries. The anthropogenic/port activi-
ties influenced the estuarine environment of Mahanadi.

3. Materialsand Methods

Water samples were collected from the Mahanadi river
mouth at a station (Lat. 20°17'16" and Long. 86°42'28")
during 2008-09 to 2009-10 (Figure 1). Diurnal tidal sur-
face sampling was carried out at an interval of 3 hrs in
three different seasons such as, pre-monsoon (May) post-
monsoon (October) and summer (March). Surface water
temperature, pH were measured in situ by using WTW
Kit. Niskin’s water sampler will collect water samples.
Salinity, TSS, dissolved oxygen (DO) was measured by
the standard methods [14]. DO and BOD were done by
Winkler’s method and BOD was calculated from differ-
ent in DO concentration after 5 days of incubation at
20°C. Cellulose nitrate membrane filters of pore size 0.45
um were used for determination of TSS. Nutrients such
as NO,-N, NO;-N, TN, PO4-P, TP, and SiO4-Si were
determined by UV-visible spectrophotometer (Perkin
Elmer, Lambda 35) as described in methods of seawater
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analysis [15]. Water samples for Chl-a determination
were filtered through Whatmann GF/C glass fiber filters
and pigment extraction was performed using 90% ace-
tone. Pigment concentration was measured by means of a
UV-visible spectrophotometer for chlorophyll-a analysis
[16]. Statistical analysis was carried out by using SPSS
VER. 10.0 statistical packages.

4. Result and Discussion

The seasonal variations of environmental variables are
presented in Table 1. The seasonal water temperature
varied from 27.18 to 30.85°C. During higher temperature
in summer followed by post monsoon and pre monsoon,
the pH varied between 7.99 to 8.43 in pre monsoon, post
monsoon and summer. The temperature and pH were
recorded lower during the post monsoon seasons. Salin-
ity values fluctuated between 0.01 to 29.36 PSU in pre-
monsoon, post monsoon and summer. The salinity
showed a regular trend of variation with tides. The low-
est and highest values are always associated with flood
and ebb tides. The seasonal variation salinity (0.01 PSU)
lowers in Post monsoon, due to the river run off in this
period and high dilution in the estuary. The seasonal
variation TSS varied from 3.53 mg/l to 56.88 mg/l. The
low tide higher value (56.88 mg/l) were recorded during
post monsoon, which indicates the river run off, indus-
trial effluents and municipal sewage contaminated in the
estuary. The seasonal variation of DO values were be-
tween 4.74 mg/l and 8.48 mg/l. The DO values are low-
est (4.74 mg/1) in pre monsoon. The lower concentration
of DO values in the estuary indicates that a high or-

Table 1. Seasonal variation of standard deviation (Sd.dev.)
values of environmental variables in the Mahanadi estuary
of year 2008-2010.

PREMONSOON POSTMONSOON  SUMMER
Mean + Sd.dev Mean + Sd.dev  Mean + Sd.dev
pH 8.15+0.11 7.77+0.38 8.04 +0.29
Salinity 14.68 + 8.23 6.49 +7.04 18.62+9.07
TSS 15.00 +9.22 16.31+£20.17 11.00 + 8.85
DO 7.08 +1.42 7.10+1.29 7.19+0.86
BOD 1.82+0.86 2.09+0.71 2.04+1.22
NO,-N 0.53+0.22 0.62 + 0.30 0.57 +0.37
NO;-N 274+ 1.17 3.79 + 134 338+ 1.71
NH,-N 2.63+1.82 479 +1.86 3.46+ 1.66
TN 28.01 + 10.59 41.02+£10.94  69.75+36.51
PO,-P 3.24+1.15 11.44 +9.68 8.10 +2.81
TP 6.62+2.92 1449+£12.12 1632+ 10.93
Si0, 3.54 +1.01 434+1.11 6.53+2.91
Chl-a (mg/m®)  2.98£2.03 425+ 1.89 1.94 +0.59

TSS—Total suspended solids, TN—Total nitrogen, TP—Total phosphorus.
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ganic load from the sewage of Paradip port, town ship as
well as effluents from fertilizer industry situated up-
stream of the Mahanadi estuary [6]. The seasonal varia-
tions of BOD varies from 0.83 mg/l and 3.92 mg/l. BOD
values highest in post monsoon due to the large amount
of municipal sewage wastes, effluents from industries,
Atharbanki creek carries all the sewage from Paradip
township and industrial effluents from fertilizer industry
directly into the estuary in this period.

The seasonal variations of nutrients concentrations
during the sampling period ranged between 0.10 pmol/1 1
to 1.16 umol/l NO,, 1.32 pmol/l to 6.32 pmol/l NO;,
0.63 umol/l to 7.93 umol/l NH,, 17.13 pmol/l to
126.73pumol/l TN, 1.41 pumol/l to 28.97 umol/l POy, 3.84
pmol/l to 36.98 umol/l TP and 1.99 pmol/l to 10.55
pmol/l SiO4 NO, always indicates the fresh input of or-
ganic load in to the water system [6]. Municipal sewage
loads are accounted as the main source of organic matter
for river and estuarine environment. NO, concentration
was higher in post monsoon, which is due to the influx of
municipal sewage from Paradip port and township. The
NO, discharge through effluents during indicates that the
concentration is diluted during post monsoon season.
This phenomenon is also found in the Periyar river estua-
rine system [9]. The highest concentration NO; are found
in post monsoon, due to the river water and agricultural
runoff, Atharbanki creek carries all the sewage Paradip
township and industrial effluents from fertilizer industry
in to the Mahanadi estuary [17,18]. This phenomenon
was observed in the Mahanadi river-estuarine system [6],
the Godavari river-estuarine system [19], the Mandovi
Zuari river-estuarine system [12] and Periyar river estua-
rine system [9]. The ammonia concentration is compara-
tively higher during post monsoon then the pre monsoon
and summer. The source of ammonia is from localized
anthropogenic input rather then River run-off. The Total
nitrogen (TN) concentration is higher in summer, which
may be due to the decay of organic debris, disintegration
of industrial effluents and organic wastes. The highest
concentration PO, and Total phosphorus recorded in
post-monsoon of 2008-09 might be due to the effluent
discharge from the near by Phosphatic industries. The
spatial and seasonal variation total phosphorus high in
summer, which may be that a higher value of organic
from of phosphate is contributed through the municipal
sewage of Paradip port town and effluents of Phosphatic
industries. The seasonal variation show that silicate con-
centration is maximum during the summer season,
probably on account of the input of more siliceous sedi-
ment gathered from its catchments area [1,20-22]. The
above nutrients were higher in low tide than that of high
tide. The minimum DO, BOD and other nutrient our
present study were consider as polluted as the estuary,
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which is one of the most polluted estuaries east cost of
India. Land runoff through the river from a large basin is
the principal source of nutrient in the coastal water off
Paradip, Bay of Bengal. The increase in industrial activi-
ties near Paradip found to have adverse impact on health
of the Mahanadi river, estuary and its coastal environ-
ment. The growth of industrialization and urbanization is
in the upstream and estuarine and coastal resources.
Chlorophyll-a concentration revealed wide seasonal
variation. Chlorophyll-a varied from 1.35 to 6.92, 1.54 to
7.41 and 0.99 to 2.47 mg/m’ for pre monsoon, post
monsoon and summer seasons respectively. Relatively,
higher values are also observed during post monsoon
season reflects the higher phytoplankton productivity.
The variation of Chlorophyll-a content during post mon-
soon is insignificant and a reverse condition is marked
during pre-monsoon season. The chlorophyll-a concen-
tration was observed higher during post monsoons.

5. Statistical Analysis

In recent years, various statistical procedures based on
multivariate data from river-estuarine system have been
used to formulate environmental classification, which
helps for a better understanding of the chemical proc-
esses and difference in environmental variables, nutrient
concentrations in the river-estuarine system. For better
understanding of natural and anthropogenic fluxes re-
sponsible for characterization of water quality in Maha-
nadi estuarine system, researchers have carried out statis-
tical analysis of the water quality study [6,23,24]. The
present study includes the principal component analysis
for three seasonal sets of data. pH shows positive sig-
nificant correlation with salinity. Salinity shows negative
significant correlation with NH4; whereas DO shows
negative significant correlation with BOD, and NO;.
BOD shows positive significant correlation with NO,,
NO; and NHy. NO, has positive significant correlation
with NH,4, PO,. NH, shows positive significant correla-
tion with PO, whereas TN produces positive significant
correlation with TP and SiO, and PO, shows positive
significant correlation with TP. The statistical analysis
data with its seasons is represented graphically in Figure
2.

6. Conclusion

A detailed seasonal variations physicochemical and nu-
trient content study of the estuarine water of Mahanadi
over a period of two years brought out the following
facts. The main source of pollutants is the residential one,
generating both organic and inorganic wastes. Mahanadi
estuary receives effluents from two fertilizer plants, from
other small industries and domestic sewages from
Paradip Township. Apart from these, fishing harbour
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Figure 2. Seasonal variation of physicochemical parameterswith standard deviation and itsrelation in variables of M ahanadi

estuary in the years 2008-10.

activities at the estuary also affect the water quality.
Atharbanki Creek is heavily loaded with the most of the
municipal sewage of Paradip Township and effluents
from industries such as Paradip Phosphate Limited (PPL)
and passes it to Mahanadi estuary, which is due to influx
of solid wastes from the Phosphatic fertilizer plants situ-
ated in the estuarine region. These wastes are allowed to
join the sewers untreated bodies and create contamina-
tions. During summer, reduced water volume and accel-
erated growth of microbes in higher temperature are re-
sponsible for higher degradation of organic matter, which
eventually depleted the DO concentration. Domestic se-
wage appears to be the major source of pollutant in these
water bodies. Results also indicate that the Mahanadi
estuary with such overloaded situation cannot sustain any
further sewage discharge. If proper alternative arrange-
ments like sewage treatment before discharge are not
made then the situation may be alarming to the inhabi-
tants in the study area and to the downstream as well.
Thus, adequate attempts have to be made to treat the
waste water before discharging it to the water bodies to
keep the marine environment healthy.
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