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Abstract. A study pertaining to seasonal variation in physicochemical properties was carried out at five
sites of Tapi estuarine zone for a period of one year i.e. July 2008 to June 2009. It revealed that the
estuarine zone was significantly influenced by freshwater input during monsoon and post-monsoon
periods. Concentration of all the nutrients and dissolved oxygen (DO) was relatively high during the
monsoon, whereas, and salinity were at their minimum level during this period. Phytoplankton production
peak in terms of chlorophyll-a (Chl a) was observed in summer and winter during which a typical marine
condition prevailed. In present study observed correlated values of salinity, nitrate, phosphate, silicate,
values are significantly high in the estuarine zone. Cluster analysis carried out for both monthly and
station-wise and average values gives different clusters depending on the affinity and relation between
months and sites due to environmental conditions prevailed in the estuary zone. Principal Component
Analysis (PCA) was used in the ordination of samples (site, season and physicochemical parameters). The
PCA was performed using all variables, Eigenvalues accounts and Scree plot showed that the first three
Principal Components are the most significant components which represent more than 75% of the
variance in water quality parameters in Tapi estuary, 48.5% by PC1, 14.4% by PC2 and 12.1% by PC3.
Keywords: Estuary, Dissolved nutrients, Cluster analysis, Principal Component Analysis

INTRODUCTION

Dissolved nutrients are the raw material for the marine trophic chain and estuaries
are the main entry for nutrients coming from continental drainage to the marine
environment [3, 16]. The nutrient supply is greater in estuaries that are near densely
populated regions, due to the entry of domestic and industrial waste, urban drainage,
and agricultural effluents. The increase of nutrient concentrations in estuarine and
coastal waters causes several environmental modifications, such as increases in
productivity and fishing yields [18, 26, 31]. However, anthropogenic inputs frequently
cause excessive eutrophication in the environment, especially where the circulation is
restricted, such as in estuaries and coastal regions. Several alterations in chemical
characteristics and water quality in such water bodies occur as a result of varying river
flows. Such alterations can lead to various ecological consequences like changes in
species composition, blooms of phytoplankton and decrease of oxygen concentrations.

Tidal variation and nutrient dynamics is more pronounced in tropical estuaries than
in temperate estuaries. Reports on some tropical estuaries include those of [8] on the
Kollidan estuary, southeast coast of India, [12] on the Mahi estuary and in Coastal
waters of Kalpakam, East coast of India [28]. Physico chemical characteristics of
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tropical Devi Estuary in the eastern region of India was analysed by [20].
Physicochemical characteristics in relation to pollution and phytoplankton production
potential of brackish water were carried out in Sundarbans of India by [30]. This paper
aims to assess spatial and temporal fluctuations of water quality of Tapi estuarine
system of western India.

STUDY AREA

Gulf of Khambhat on the western India has been profusely endowed with major
perennial rivers like Tapi, Narmada, Mahi and many minor rivers. The Tapi River
estuary is permanent tropical estuary and one of the major estuaries on the Gulf of
Khambhat (Fig.1). The estuary is located at geographical position Lat 21°40°’N and
Long 72° 40’E. Its length from source to mouth is about 720 km and with a catchment
area of approximately 1,650,000 km?”. The river originates in Madhya Pradesh state and
after its course through Maharashtra, Tapi river ends in Gulf of Khambhat of the
Arabian Sea. Along its course the river receives industrial effluents released from urban
cities like Surat and many chemical and fertilizers industries in and around Hazira
industrial area which forms the major source of pollution in to the estuary. The estuarine
region experience high, semi diurnal tides with a range of 5.5 m at spring decreasing to
2.3 m, 25 km upstream and 2.3m at neap going down to 0.4 m at a distance of 25 km in
the estuary. Salinity intrusion is largely governed by the tidal phase and is felt up to 30
km upstream during the dry season. Strong tidal current exceeding 1m/s sweep the
shallow estuary making it vertically well mixed expect during short period of tidal
slacks [23].
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Figure 1. Study sites along the Tapi estuary region
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Five different study sites were selected on the northern and southern banks of the
river. Dumas was the site selected in the mouth of the estuary in the southern bank.
Hazira which forms the second study site was about 4 km far from the mouth and
located in the northern bank. Third site selected was Umra which is 15-17 km away
from the mouth. Fourth site which was selected is SP Bridge which is 22 km away from
the mouth. The fifth site, Cosway was 27-29 km away from the mouth of estuary. A
small dam built at the upstream of Cosway prevents the sea water in flux to the river
and the tidal effect is influenced up to this site only.

MATERIALS AND METHODS

Water samples for physical and chemical parameters determination were collected
from the river at monthly interval from July, 2008 to June 2009. The samples were
collected during the time of high tide, in polyethylene bottles and brought to the
laboratory. In the field its self, pH and DO was analysed. Dissolved oxygen was
determined by the alkali-Azide modification of Winkler’s technique, alkalinity was
determined titrimetricall Nitrate was estimated by the cadmium reduction method.
Phosphate and silica were determined by the ascorbic acid and molybdosilicate methods
respectively as described by [2]. Sodium and Potassium was estimated using Flame
photometer. Chlorophyll-a was estimated by filtering the sample through glass fibre
filter papers and it was extracted in 90% acetone, estimated spectrophotometricaly.

RESULTS AND DISCUSSION
Hydrochemistry of Tapi

Descriptive statistics of the data is given in Table.l. The average surface water
temperature of study sites varied from 23.5°C to 33.5°C (Fig. 2.a). The pH of water
ranges from 7.2 to 8.5 where the highest recorded at SP Bridge during the dry seasons
and lowest in Umra but pH values did not show significant fluctuation during the
present study (Fig. 2.b). The extensive buffering capacity of the seawater may be the
causes of change of pH within a very narrow limit in the present study [25]. As
compared with other tropical estuaries tidal influence has a great influence on Tapi
estuarine environment [23].

Table 1. Descriptive statistics of the data along the study sites of Tapi Estuary from July 2008
to June 2009

Mean S.EM S.D. Variance Coff. Var. Min Max N
Temp (°C) 29.34 | 0.3761 2.91397 8.49125 0.09931 23.5 33.5 60
pH 7.96666 | 0.0346 0.26849 0.07209 0.03370 7.2 8.5 60
DO (mgL") 4.65966 0.191 1.48135 2.19441 0.31791 2.1 8.5 60
Sali (ppt) 10.3443 | 1.4350 11.1162 123.570 1.07461 0.11 32 60
Alk (mgL") 124.05 | 2.9751 23.0455 531.099 0.18577 76 224 60
PO, (pmolL") 2.73197 | 0.1797 1.39237 1.93871 0.50966 0.16 4.98 60
SO, (mgL") 1.24409 | 0.0941 0.72898 0.53142 0.58595 0.385 2.986 60
K (mgL'l) 86.1833 | 5.8459 452827 2050.52 0.52542 25 190 60
Na (mgL") 694.183 | 61.026 472.712 223456. 0.68096 50 1495 60
NO; (pmolL’l) 6.48933 | 0.2340 1.81277 3.28615 0.27934 3.74 11.6 60
SiO, (pmolL") 393.8977 | 11.461 88.7808 7882.04 0.22539 | 181.45 573.94 60
Chl-a (uglL'l) 4.0992 | 0.3624 2.80743 7.88169 0.68487 0.16 10.2 60
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The salinity ranges from 0.11 ppt in fresh water site Cosway during monsoon period
to 32 ppt in Dumas in the month of May (Fig. 2.c). The dry season experienced the
highest salinity range 32 + 3 ppt. The salinity is greatly influenced by the runoff water,
so that the lowest salinity was observed during monsoon season.

The Dissolved oxygen ranges from 2.1 mg L' during the December in SP Bridge to
8.5 mg L" in Dumas during September (Fig. 2.d). The Dissolved Oxygen was found
more on the lower reaches when compared to upper reaches. Dissolved Oxygen shows a
negative correlation with temperature (-0.17). In aquatic systems, oxygenation is the
result of an imbalance between the process of photosynthesis, degradation of organic
matter, re-aeration [10], and physicochemical properties of water [3]. During the present
study, salinity was found to be the most important factor that controlled the level of DO
in coastal waters as evident from its non-significant correlation with DO (Table 2). A
positive correlation of all the nutrients, except nitrate and phosphate, with DO was also
observed which showed that DO concentration in this coastal water was largely
dependent on the freshwater influx. The above observation was further supported by the
strong negative correlation of DO with chl-a, which showed that contribution of
photosynthetic release of DO was negligible [28].

The alkalinity value ranges from 76 mg L' Cosway during September to 168 mg L'
in Dumas in the month of August (Fig. 2.e) with a mean difference 124 + 23 along the
study sites. The sulphate concentration showed a clear variation from 0.385 mg L in
the fresh water receiving site, Cosway to 2.986 mg L' Hazira which is in the lower
saline region (Fig. 2.f). The sulphate concentration shows a significant positive
correlation with pH, Salinity, Alkalinity where as it shows a negative correlation with
Phosphate, Nitrate and Chlorophyll-a.
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Figure 2. (a-1) Seasonal Distribution of nutrients along the study sites of Tapi Estuary from July
2008 to June 2009
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Table 2. Correlation between different physicochemical parameters along the study sites of Tapi
Estuary from July 2008 to June 2009

°C pH Salinity DO Alk. SO, PO, K Na NO; SiO, Chl-a

°C 1
pH 0.27 1
Sal 0.10 0.50 1
DO 0.17 | 0.07 0.21 1
Alk. | 0.16 | 037 0.47 -0.06 1
SO, 0.18 | 0.53 0.92 032 | 0.60 1
PO, -0.03 -0.22 -0.62 -0.59 -0.33 -0.69 1
K 031 | 049 0.83 0.09 | 052 | 080 | -0.39 1
Na 0.25 | 049 0.82 020 | 071 | 0.88 | -0.65 | 0.84 1
NO; -0.40 -0.55 -0.47 0.029 -0.59 -0.55 0.31 -0.61 -0.64 1
Sio, | -033 | 002 | -0002 | 035 | -0.15 | 005 | -0.16 | -021 | -021 | 0.03 1
Chl-a | -0.53 | -0.36 -0.42 044 | 033 | 052 | 053 | -030 | -052 | 031 |O0.12 1
Alk.-Alkalinity, Sal.-Salinity

The phosphate value ranged from 0.16 pumol L" in Umra during September to 4.9

pmol L" in Umra during October (Fig. 2.g). The phosphate concentration was high
during the monsoon period which ranges 3.7 + 1 pmol L. It shows a significant
negative correlation with sulphate, Dissolved Oxygen and Salinity. The highest amount
of phosphate was mostly found in fresh water receiving areas and lower in lower
reaches. The upper reaches areas reported the highest phosphate content during
monsoon month which might have be received through agricultural runoff and from
cities. Moreover, release of phosphate from sediments due to stirring action by strong
tidal waves could also be another causative factor. The observed variation might be
caused by various processes like adsorption and desorption of phosphate and buffering

action of sediments under varying environmental conditions [19].
The concentration of nitrate varied from 4.1 umol L in Hazira during July to 11

.6

pmol L in Cosway during September (Fig. 2.j). Nitrate shows significant negative
correlation with pH, Alkalinity, Salinity, Sodium and Potassium. The negative

correlation between nitrate and salinity showed that freshwater influx, which

is

considered to be the main source of this nutrient in coastal waters [5, 29]. It also shows
a strong positive correlation with phosphate. Variations in nitrate and its reduced
inorganic compounds are predominantly the results of biologically activated reactions.
Quick assimilation by phytoplankton and enhancement by surface runoff results in large
scale spatio-temporal variation of nitrate in the coastal milieu [7, 24, 32]. During
monsoon, the freshwater influx dilutes the coastal water resulting in decrease in salinity

and increase in solubility of DO in the present study.

The amount of sodium was in the range 50 umol L™ to 1495 umol L™ the highest

been observed in Dumas in June and lowest in Cosway during September (Fig. 2.i).

It

shows significant positive correlation salinity, alkalinity and sulphate concentration and
negatively correlated with Phosphate (-0.64). Potassium was in the range 25 umolL™" in

Cosway during September to 190 pmol L' in Dumas in the month of June (Fig. 2.h).

It

shows a significant positive correlation with salinity, phosphate and sulphate. The

distribution of Sodium and Potassium is directly influence by the fresh water runoff.

Silicate forms an important parameter of phytoplankton distribution and was in the
range 181.5 pmol L' to 573.9 pmol L' (Fig. 1.k). The highest and lowest silicate value
was reported in the Hazira region during April and October, respectively. Silicate shows
negative correlation with temperature. The spatio-temporal variation of silicate in
coastal water is influenced by several factors, more importantly the proportional
physical mixing of seawater with fresh water [22], adsorption of reactive silicate into

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 7(3): 267-276.
http://www.ecology.uni-corvinus.hu e ISSN 1589 1623
© 2009, Penkala Bt., Budapest, Hungary




Nirmal Kumar et al.: Assessment of spatial and temporal fluctuations in water quality of a tropical permanent estuarine system
-272 -

suspended sedimentary particles [13], chemical interaction with clay minerals [3, 9] and
biological removal by phytoplankton, especially by diatoms and silicoflagellates [14].
Silicate showed strong negative correlation with salinity and strong positive correlation
with DO. [13] explained that the freshwater, which is rich in DO, could be the main
source of silicate in this coastal water as entry of silicate into a coastal zone mainly
takes place through land drainage rich with weathered silicate material.

In estuarine environment the primary productivity depends upon the phytoplankton,
which alone contributes ~ 90% of the total estuarine primary production. Thus, chl-a,
which constitutes the chief photosynthetic pigment of phytoplankton, is an index that
would provide the primary production potential upon which the biodiversity, biomass,
and carrying capacity of that system depends upon. The chlorophyll —a, value was
observed high in the fresh water zone particularly in the post monsoon season and the
value ranges from 0.16 pgm L™ to 10.2 ugm L™ (Fig. 2.1). The lowest been observed in
Dumas during the month of June and highest in Cosway during the post monsoon and
per summer seasons. Chlorophyll shows a significant negative correlation with
temperature, sulphate and sodium. Relatively higher chl-a values observed during
March to May could be due the phytoplankton productivity in summer. A similar
observation has been made from other coastal waters of India [15, 21, 27].

Cluster Analysis

Cluster analysis can be used an important tool for analysing water quality data [1, 28]
to understand the relationship among stations and months. Month-wise water quality
parameters formed three clusters (Fig.3). This indicated that the coastal water quality
over a period of one year exert three clusters in different seasons. The first cluster was
formed by the months from July, August, October and November. This showed that
during the period of monsoon, the coastal water quality behaved alike. The second
cluster was formed by the months from November, January, February and December,
which corresponded to the period of winter. The third cluster formed by June, May,
April and March is typically different from other periods due to high tidal influence.
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Figure 3. Month wise cluster diagram

The station-wise dendrogram showed two clusters (Fig. 4). The first cluster is
formed by the fresh water dominant area in the upper reaches at site Dumas, SP Bridge
and Umra which receives a continuous fresh water influx from July to February months.
The second cluster is formed by the sites Hazira and Dumas which located on the lower
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reaches nearby to the mouth of the estuary. The similarity of tidal influence and low
fresh water influence in the area accounts for the cluster formation. These two cluster
formations are justified by the prevalence of different environmental conditions in the
study sites.
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Figure 4. Site wise cluster diagram

Principal Component Analysis

The data obtained from the laboratory analysis were used as variables inputs for
Principal Components Analysis (PCA), for water samples described by twelve physical,
chemical and biological parameters which performed using the SPSS package. Prior to
the analysis the data were standardized to produce a normally distribution of all
variables, since water quality parameters had different magnitudes and scales of
measurements, which if not taken into account would have given more weight to certain
variables due to their respective variance [6]. From the standardized covariance or
correlation matrix of the data the initial factor solution were extracted by the
multivariate principal components extraction, then a number of PC were selected from
the initial according to their Eigenvalues and scree diagram.

Table 3. Explaining Initial values

Initial Eigenvalues
Components Total % of Variance Cumulative %
1 5.82 48.5 48.5
2 1.72 14.4 62.9
3 1.45 12.1 74.9
4 0.89 7.5 82.3
5 0.66 5.5 87.9
6 0.55 4.6 92.5
7 0.28 2.3 94.8
8 0.22 1.8 96.7
9 0.19 1.5 98.2
10 0.11 0.09 99.2
11 0.05 0.04 99.6
12 0.04 0.03 100

This method aims to transform the observed variables to a new set of variables
of principal components (PC) which are arranged in decreasing order of importance so
that to simplify. Table 3. represented the determined initial Figenvalues, its total, % of

variance and cumulative %.
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Scree Plot
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Figure 5. Scree plot graph for components with its Eigenvalues

Fig. 5 showed the scree plot of the eigenvalue for each component. Eigenvalues
accounts and scree plot showed that the first three PC is the most significant
components which represent more than 75% of the variance in water quality; in addition
it has eigenvalue of more than one. PC1 accounts for 48.5% of the total variance, which
is due to positive load of Salinity (0.364), Sulphate (0.387), Sodium (0.390) and
Potassium (0.346) and negative load of Nitrate(-0.314), Phosphate (-0.346) and
Chlorophyll-a(-0.269). Whereas PC 2 accounts for 14.4% of the total variance, which is
due to positive load of DO (0.633) and Silicate (0.282) and negative load of
Temperature (-0.443) and Phosphate (-0.434). While PC 3 accounts for 12.1% of the
total variance, which is due to positive load of Silcate (0.502) and Chlorophyll-a (0.546)
and negative load of Temperature (-0.436). (Table 4).

Table 4. Principal Component Analysis

PC1 PC2 PC3
Eigen Value 5.822 1.722 1.447
Variability (%) 48.5 144 12.1
Cumulative (%) 48.5 62.9 74.9
Factor Loadings
°C 0.150 -0.443 -0.436
pH 0.261 -0.159 0.058
DO 0.105 0.633 -0.286
Salinity 0.364 0.090 0.155
Alkalinity 0.280 -0.126 0.227
Phosphate -0.285 -0.434 0.111
Sulphate 0.387 0.132 0.113
Potassium 0.346 -0.192 0.208
Sodium 0.389 0.013 0.085
Nitrate -0.314 0.164 -0.157
Silicate -0.119 0.282 0.502
Chl-a -0.268 -0.059 0.545

Components loading (correlation coefficients), which measure the degree of
closeness between the variables and the PC, the largest loading either positive or
negative, suggests the meaning of the dimensions; positive loading indicates that the
contribution of the variables increases with the increasing loading in dimension; and
negative loading indicates a decrease.
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CONCLUSION

The present study summarizes the seasonal fluctuations in various physico-chemical
parameters in the waters of the Tapi estuary as exploratory statistical data output which
showed that the physicochemical properties of the estuarine zone were significantly
affected by freshwater input during monsoon. The highest concentration for all the
nutrients and DO was observed during the monsoon; on the other hand, salinity and chl-
a were at their minimum level during this period. The distribution of dissolved
inorganic nutrients in this tropical coast may be very much influenced by factors like
tidal and physical stirring by currents [4] and benthic invertebrates [11, 17] as well as
drainage discharged from industries and cities around the estuarine zone. A significant
increase in nitrate, phosphate, silicate, and turbidity and conversely, a decrease in DO
and chl-a concentration were noticed during the present study. Cluster analysis provides
a clear variation in water quality, both station wise and month wise. The variability
among different components was described by PCA and found that Principal component
one; two and three are responsible much of the variation existed in the zone during the
study period.
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