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Water is a key factor in our lives, yet this valuable asset is progressively under threat. From
the total share of the Earth's water, only 2% is fresh water, which is available for various life
forms, including humans. Monitoring the quality of water is very important to check the
physical, chemical, and biological characteristics, and the subsequent control of its
wholesomeness. Particularly, the estuarine water bodies that are rich in diversity confront
more threats for contamination in the entire riverine framework. This study was carried out
to evaluate the current status of various physico-chemical properties of four different
estuarine locations of the Gahirmatha coast, in the Indian state of Odisha in the eastern part
of the Bay of Bengal: water temperature, pH, conductivity, TDS, TSS, turbidity, salinity, DO,
BOD, total alkalinity, fluoride, Nitrite-N, Ammonia-N, Nitrate-N, phosphate, silicate, total
chlorophyll. The study was carried out during the pre-monsoon (March to April) and post-
monsoon (November to December) seasons in 2019. The surface water samples were
collected from designated stations both during low tide and high tide to observe tidal
influence. The data were subjected to statistical analysis regarding correlation coefficient,
principal component analysis (PCA), and cluster analysis (CA) for interpretation. The Pearson
correlation showed that the results were significantly correlated both at the 0.05 and 0.01
level of significance. When PCA was interpolated for the pre-monsoon and post-monsoon
data, three broad groups were categorized. The highest eigen value was about 10.87 during
the pre-monsoon and 9.07 during the post-monsoon season, and the cluster analysis
showed there were two major groups of parameters with respect to the Euclidean distance.
The observed variations in the concentration of these physico-chemical parameters in the
estuarine waters of the Gahirmatha may be attributed to the riverine inputs from the
catchment of rivers like the Brahmani, Baitarani, and Dhamra, which are associated with
anthropogenic local activities.

1. Introduction

freshwater is accessible, and its inconsistent dispersion
makes water pollution a matter of extraordinary concern.

Water is the key ingredient of life on our planet, yet it
progressively loses its pristine nature day by day and is
under threat. The surface of the earth is comprised of 70%
water that includes rivers, lakes, streams, oceans as well as
groundwater, which are all significant in the life cycle of the
respective form [1]. Around 780 million people do not have
access to clean and safe water, and nearly 2.5 billion people
do not have suitable sanitation [2]. Less than 3% of
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The toxins present in natural environments experience
numerous reactions and forms and can threaten our lives.
Nowadays, nearly 70% of India’s fresh water is polluted,
which can affect biodiversity and pose a threat to
ecosystems. As the world relies upon water, a hydrological
study is very important to comprehend the connection
between trophic levels and food webs. The morpho-
ecological conditions such as topography, stratification,
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water movement, temperature, salinity, oxygen content,
and nutrients profile additionally decide the arrangement of
its biota. Generally, different influential factors play vital
roles in water bodies close to the shore and estuaries to
determine their overall condition: tidal incursions, different
biotic and abiotic processes, fresh water influx, nutrient
cycle, etc. [6]. Variations in water temperature mainly due
to seasonal changes and rainfall [7] are also influential as
both the atmospheric and water temperatures often
fluctuate with reference to the topography of the location
and from season to season [8]. Generally, estuaries are
significant nutrient providers to coastal regions, breeding
grounds for marine life, a nursery for different species, and
support the potential diversity in the environment.
Nowadays, the water quality of numerous estuary areas
around the world has become polluted due to
anthropogenic activity and the introduction of excessive
nutrients, heavy metals, herbicides, polyaromatic
hydrocarbons, and pesticides [9-11]. The water quality of an
estuary is either affected naturally [12,13] through normal
processes such as weather, tidal cycle, soil erosion, and
rainfall or anthropologically through industrial and
agricultural activities, discharging of untreated sewage, and
human manipulation of its pristine nature [14]. The rivers
receive pollutants from their catchment areas, which
ultimately enter into the marine ecosystem through
estuaries and seriously disturbs its quality [15,16]. Estuaries
are the prime passage for nutrients and other pollutants
that originate from the mainland, affecting the marine
ecosystem [17]. The river provides significant levels of
nutrients, which make the estuary increasingly beneficial
for a natural environment [18]. Despite the fact that the
nutrients are a basic requirement for marine biota, still, its
higher concentration in estuarine and coastal water may
bring ecological changes. An abnormal supply of nutrients
to the coastal body may affect the ecological equilibrium
[14]. So, both quantitative and subjective coastal
monitoring with its proper valuation is crucial [19] for its
sustenance. Monitoring the water quality of estuaries
around the world has been carried out in the last three
decades. The Gahirmatha stretch is close to Bhitarakanika,
the second largest mangrove ecosystem [21] of India and
the largest breeding ground for Olive Ridley sea turtles
[20,21]. Gahirmatha is positioned at the conjunction of the
Brahmani and Baitarani stream deltas in the district of
Kendrapara, Odissa. The Gahirmatha Marine Sanctuary is
encompassed by the river Dhamara in the north and the
river Bramhani (Hansua) in the south, a stretch in the Bay of
Bengal [22]. The Bhitarkanika Sanctuary is home to
estuarine crocodiles with a population of more than 1,650.
The significant mangrove patches in this area protect from
destructive cyclones and other disasters and have a long-
term role in the life of the people residing nearby [23-25].
The National park is essentially comprised of a network of

creeks and canals which are inundated from rivers,
including the Brahmani, Baitarani, Dhamra, and Patasala,
forming an extraordinary environment. Though significant
consideration has been paid in recent years to study the
physico-chemical parameters of the coastal waters around
India to ascertain the water quality and estuarine
productivity, various information on the Gahirmatha
estuary is inaccessible. The current study was dedicated to
acquiring the status of estuarine water with respect to the
physico-chemical parameters and their relationship in the
four different estuarine locations of the Gahirmatha coast,
Odisha. The study was carried out during the pre-monsoon
(March to April) and post-monsoon (November to
December) seasons in 2019. The surface water samples
were collected from designated stations both during low
tide and high tide to observe tidal influence.

2. Materials and methods

The Gahirmatha estuary is located in the east coast of the
Bay of Bengal, Odisha. Four strategic sampling locations
were selected considering topography, riverine influx, and
other environmental conditions. All four sampling sites are
situated within 0.5 to 2.5 km from the seashore towards the
sea (Table 1 and Figure 1). Surface water samples were
collected at a depth of 0.5-1.5 meters of seawater with the
help of a water sampler (Niskin type, Make- K.C. Denmark),
and then transferred to the pre-cleaned sampling bottles (1
litter) from each site during both the low and high tide. The
physico-chemical parameters of pH, water temperature,
total dissolved solid (TDS), conductivity, dissolved oxygen
(DO), and salinity were analyzed with the help of an YSI
(556MPS) portable analyzer kit. For the other physico-
chemical parameters, the water samples were taken to the
laboratory with proper preservation, and the analysis was
carried out within 72 hours. The turbidity was analyzed by a
nephelometer (Systonics, Model-135), and the total
suspended solids (TSS) were analyzed gravimetrically. For
the analysis of the biochemical oxygen demand (BOD), the
samples were incubated in a BOD incubator (SANCO, SAN
134) for three days using the Winkler’'s method and then
titrated against sodium thiosulphate (Na2S.03); the total
alkalinity was analyzed titrimetrically. The fluoride was
analyzed by a specific ion meter (Thermo Scientific, lon Star
Benchtop A214), and the total chlorophyll was analyzed
spectrophotometrically (Agilent, Cary Eclipse), whereas the
nitrate, nitrite, ammonia, phosphate, and silicate were
analyzed using an auto-analyzer (Skalar, Analytical B.V,
SAN**).
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Table 1. Geographical locations of the sample collecting points.

Sampling Point Name of Sampling Point

Coordinates Distance from shore in km

G1 Hansua Mouth Up
G2 Hansua Mouth
G3 Jambu Up

G4 Jambu

20032'10.41”N / 86°47°30.95"E 0.5
20°29'53.08”N / 86%°46'49.88"E
20027'43.14”N / 86°41'38.68"E
20025'29.60”N / 86°45'31.72"E 2.5

2.0 from mouth
2.2 from mouth

S%0disha

Odisha:

Bay of Bengal

Fig.1. Map of Study area along the coast of Bay of Bengal.

Legend
© Sampling Sites
10

Fig.2. Map of study area showing sampling points in Gahirmatha estuary region.

3. Results and discussion

Physico-chemical parameters are considered as one of the
most significant highlights that are equipped for impacting
the marine condition and have demonstrated wide
temporal and spatial differences. All the physico-chemical
parameters indicated clear seasonal patterns, which are

very typical to the marine environment of the Gahirmatha
estuary. The water temperature (WT) of the estuary was
recorded at four unique stations and ranged from 27.835 to
29.612C during the pre-monsoon season and from 27.025
to 28.58 °C during the post-monsoon. The minimum pH
value was detected during March and April 2019; the
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maximum was recorded during November as well as
December 2019 at point G2 (Figure. 2, Table 2, and Table 3).
The conductivity values in the post-monsoon were higher
than those in the pre-monsoon, whereas the total dissolved
solids (TDS) values varied seasonally (Table 2 and Table 3).
On the contrary, the minimum observed total suspended
solids at station G1 during the pre-monsoon as compared to
the post-monsoon season show the TSS value is maximum
during the pre-monsoon (77.6415.26mg/L) and the
minimum during the post-monsoon (56.72+4.76 mg/L). The
salinity and turbidity values ranged between 4.835+1.95 to
21.515+£5.32 PSU and 28.55+#1.63 to 42.175+1.01 NTU,
respectively. From observation, it was found that the
turbidity and salinity were directly related to the study area.
The dissolved oxygen (DO) concentration varied between
5.075 to 6.963 mg/L, registering a maximum at G3 and a
minimum at G1 during the pre-monsoon, whereas it varied
between 4.6 to 7.2 mg/L, with the maximum at G4 and
minimum at G3 during the post-monsoon. The BOD
concentration was maximum at point G2 during the post-
monsoon (2.35+0.063mg/L) and minimum during the pre-
monsoon (0.7+0.01mg/L) at the same point. The total
chlorophyll values ranged between 2.661+0.04 mg/L and
5.911.26 mg/L, registering a maximum at point G3 and a
minimum at point G4 during the pre-monsoon season.

Whereas, the value of the total chlorophyll range was
between 3.024+0.067 and 8.896+0.069 mg/L, with the
maximum at G1 and minimum at G4 during the post-
monsoon. The total alkalinity ranged from 79+3.69 mg/L to
13947.02 mg/L with the maximum at station G3 during the
post-monsoon and minimum at station G2 during the pre-
monsoon. The observed fluoride concentration was found
to be the lowest (0.33510.024 mg/L) in the pre-monsoon at
station-G2 and recorded the highest (0.682+0.078 mg/L) in
the post-monsoon at station-G1 (Table 2 and Table 3).
Similarly, the concentration of nitrite was the lowest
(0.26£0.01 mg/L) at G1 during the pre-monsoon, and the
highest was recorded (1.19+0.16 mg/L) at G2 in the post-
monsoon; the value for nitrate was the lowest (1.225+0.68)
at G4 in the pre-monsoon and the highest (6.346+1.12
mg/L) at G1 in the pre-monsoon. The maximum ammonia
(NH4) concentration was found during the post-monsoon
and the minimum during the pre-monsoon (Table 2 and
Table 3). The minimum phosphate concentration was
recorded (0.579+0.37 mg/L) during the pre-monsoon and
the maximum concentration (5.896+0.92) at G4. The
reactive silicate concentration ranged from 12.5416.13
mg/L to 52.84+18.65 mg/L, with the higher value during the
pre-monsoon at station G2 and the lowest during the post-
monsoon at station G3.

Table 2. Concentration of physico-chemical parameters during pre-monsoon (Average of LT and HT) of all four stations.

SI No. Parameters G1 G2 G3 G4
1 Water Temp (C°) 29.61+0.86 29.28+0.54 28.62+0.42 27.835+0.65
2 pH 8.135+0.023 7.24+0.031 7.835+0.015 8.21+0.037
3 Conductivity (mS/cm) 21.6614.21 9.59+3.96 12.69+4.14 33.285%4.59
4 TDS (mg/L) 13082.25+65.86 6233.5+54.23 8248.5+68.71 21635.25+£74.35
5 TSS (mg/L) 77.6415.26 64.813.63 70.412.68 75.214.21
6 Turbidity (NTU) 28.55+1.63 31.4+0.46 33.75+1.51 32.51+0.82
7 Salinity (PSU) 12.495+2.64 4.835+1.95 6.625+3.18 9.525+2.32
8 DO (mg/L) 5.07510.36 6.60510.25 6.96510.41 5.25510.28
9 BOD (mg/L) 1.3+0.026 0.7+0.01 1.5+0.039 1.35+0.032
10 Total Alkalinity (mg/L) 117+5.45 7913.69 9713.65 124+6.12
11 Fluoride (mg/L) 0.6660.065 0.335+0.024 0.415+0.036 0.6+0.019
12 Nitrite-N (umol/L) 0.2610.01 0.471+0.01 0.910.012 0.9210.014
13 Ammonia-N (umol/L) 0.3+0.053 0.58+0.036 0.175+0.01 0.156+0.048
14 Nitrate-N (umol/L) 6.346+1.12 1.95+0.72 2.144+0.84 1.225+0.68
15 Phosphate (umol/L) 4.422+0.56 1.26310.24 0.895+0.26 0.579+0.37
16 Silicate (umol/L) 16.7716.94 52.84+18.65 40.018+14.52 19.92+5.37
17 Total Chl.(mg/m3) 3.551+0.03 4.43+0.09 5.9+1.26 2.6610.04
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Table 3. Concentration of physico-chemical parameters during post-monsoon (Average of LT and HT) of all four stations.

SI No. Parameters G1 G2 G3 G4
1 Water Temp (C°) 28.58+0.94 28.345+1.2 27.02510.86 27.037+1.1
2 pH 8.28+0.01 8.36+0.024 8.19+0.012 8.165+0.022
3 Conductivity (mS/cm) 36.621+4.12 35.34+2.99 36.5+3.97 26.0125+4.82
4 TDS (mg/L) 23803+82.65 22971+76.52 23725172.64 16908+68.43
5 TSS (mg/L) 56.721+4.76 109.2+2.13 86.613.92 83.925+5.15
6 Turbidity (NTU) 32.910.4 35.7+0.25 41.95+0.76 42.175+1.01
7 Salinity (PSU) 21.51545.32 20.6414.21 18.075+3.69 17.435+2.86
8 DO (mg/L) 4,955+0.13 4.735+0.1 4.610.1 7.24+0.28
9 BOD (mg/L) 1.15+0.024 2.351+0.063 1.3+0.098 0.8+0.017
10 Total Alkalinity (mg/L) 115+6.35 138+7.62 139+7.02 105+4.31
11 Fluoride (mg/L) 0.682+0.078 0.635+0.092 0.64+0.042 0.609+0.049
12 Nitrite-N (umol/L) 0.32+0.023 1.19+0.16 0.85+0.062 1.113+0.23
13 Ammonia-N (umol/L) 0.619+0.069 0.220+.02 0.215+012 0.383+0.054
14 Nitrate-N (umol/L) 2.015+0.64 1.354+0.76 1.628+0.82 6.048+1.34
15 Phosphate (umol/L) 3.053+0.65 1.31610.41 1.84+0.22 5.896+0.92
16 Silicate (umol/L) 19.873+4.31 13.574+3.76 12.54+6.13 26.03718.84
17 Total Chl.(mg/m3) 8.89610.069 3.53740.072 5.66+0.039 3.02440.067

The information in this brief time frame series may permit
us to understand the impact of short time disparities in the
physico-chemical parameters of surface water in the
estuary region of Gahirmatha. The Bay of Bengal is viewed
as quite less productive when compared to the matching
western part of the Arabian Sea [26-29]. The primary
nutrient production of the coastal waters of the Bay of
Bengal is produced by the participation of the river surplus
[30-32]. The temperature stimulates some other
parameters and can change the properties (physical and
chemical) of the water. In such a manner, the water
temperature (WT) should be represented when deciding
the production of metabolic rates and photosynthesis,
compound toxicity, dissolved oxygen and other liquefied
gas concentrations, conductivity and salinity, oxidation-
reduction potential (ORP), pH, and the density of the water.
The pH of the water regulates the solubility and biological
accessibility (amount that can be exploited by aquatic life)
of chemical compounds like nutrients (phosphorus, carbon
and nitrogen) and heavy metals (cadmium, lead, copper,
etc.). When the conductivity exceeds their standard range,
it can be unfavorable to the aquatic life. Estuarine life can
endure quickly changing salinity levels better than both
their freshwater and marine counterparts. But even these
bitter water species can endure if the salinity or
conductivity changes become excessively extraordinary
[34]. Turbidity and TSS are the most visible indicators of
water quality. These suspended particles can come from soil
erosion, runoff, discharges, stirred bottom sediments, or
algal blooms. While it is possible for certain streams to have
normally significant levels of suspended solids, clear water
is generally viewed as an indicator of healthy water. An
unexpected increase in turbidity in a formerly away from of

water is a reason for concern. Unnecessary suspended
sediment can harm water quality for aquatic and human
life, obstruct the route, and increase the risks in flooding.
Turbidity can also inhibit photosynthesis by blocking
sunlight. Diminished photosynthesis implies a decline in
plant endurance and a reduction in the dissolved oxygen
output [33]. The higher the turbidity levels, the less light
that can influence the lower levels of water. This condenses
plant productivity at the bottom of an ocean, lake, or river.
Without the required sunlight, bay grasses and seaweed
below the surface of the water will not be able to continue
the process of photosynthesis and may die. The dissolved
solids are important for aquatic life by keeping cell density
balanced. These changes can affect an organism's ability to
move in a water column, causing it to float or sink beyond
its normal range. BOD is a significant water quality
parameter as it affords an index to assess the effect that
discharged wastewater will have on the receiving
environment. The higher the BOD value, the greater the
amount of organic matter or “food” available for oxygen-
consuming bacteria. The data of BOD have been applied for
two different resolutions: to foresee the total oxygen
demand of wastewater and the frequency of de-
oxygenation [36]. Silicon has been studied extensively
because it is utilized by diatoms and other silica-secreting
organisms. Generally, surface samples are low, attributable
to the improvement of silica-emitting organisms, but a
dynamic increment in silicate takes place with depth, which
is attributed to the dissolving of soluble silicates. In the open
ocean, as on land, the fixed nitrogen is one of the essential
growth-limiting nutrients for primary producers such as
algae and marine bacteria. It can also serve as an energy
source or an oxidant for marine bacteria and archaea [34].
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Ammonia is the preferred nitrogen-containing nutrient for
plant growth. Ammonia can be changed to nitrite (NO2) and
nitrate (NOs) by bacteria, and afterward utilized by plants.
Nitrate and ammonia are the widely recognized types of
nitrogen in aquatic frameworks. Nitrate predominates in
unpolluted waters. Nitrogen can be a significant factor in
controlling algal development when different nutrients,
e.g., phosphate, are plentiful. The impartial, unionized form
(NHs) is exceptionally toxic to fish and other aquatic life [35].
However, such restrictive nutrient factors diverge for closed
water bodies and water bodies, which are predisposed by
the external emancipations.

3.1. Analysis of physico-chemical parameters by
multivariate Statistics

The multivariate statistical instruments are highly popular
today for explaining a large number of data set. Different
statistical methods like cluster analysis (CA), principal
component analysis (PCA), and factor analysis (FA) are
utilized for this sort of study. These statistical tools are
proficient in evaluating temporal and spatial scale
differences in coastal water quality, identifying potential
sources of water contamination, and drawing a meaningful
conclusion [29,37-39]. Season-wise (pre-monsoon and post-
monsoon) multivariate statistical analysis of the
Gahirmatha estuarine was done through CA, PCA, and
person correlation matrix by advanced software (IBM SPSS
20 and Minitab 17). The cluster analysis is cast-off to know
similarity between different parameters during the pre- and
post-monsoon seasons [40]. The estuarine data set were
standardization through Z-score transformation to avoid
misclassification due to wide variability in the data
dimensionality [41]. The statistical correlation matrix
analysis was carried out for 17 environmental physico-
chemical parameters.

3.1.1. Correlation coefficient (r) matrix Study

All of the 17 parameters were correlated with each other by
the help of Pearson correlation in SPSS software. The
correlations were studied by both the 0.01 and 0.05 level of
significance. During pre-monsoon season, various
parameters correlated with each other either positively or
negatively: salinity, conductivity, dissolved oxygen, total
dissolved solids, total suspended solids, alkalinity,
ammonia, chlorophyll, pH, fluoride, nitrate, phosphate,
nitrite, and silicates. With respect to 0.05 levels of
significance, fluoride was positively correlated with TSS.
Salinity and silicate were negatively correlated with pH, TSS,
and alkalinity. TDS and alkalinity were positively correlated
with pH. Chlorophyll was positively correlated with
dissolved oxygen. Concerning the 0.01 level of significance,
TDS and conductivity were positively correlated. Silicate
was negatively correlated with fluoride. Phosphate and
nitrate were positively correlated with each other. During
the post-monsoon season, parameters like salinity,
temperature, dissolved oxygen, total dissolved solids,
conductivity, pH, nitrate, turbidity, fluoride, nitrite,
chlorophyll, alkalinity, and silicate correlated with each
other at the 0.01 and 0.05 level of significances. With
respect to the 0.05 levels of significance, fluoride and
chlorophyll were positively correlated with pH. Dissolved
oxygen and nitrate were negatively correlated with both
chlorophyll and TDS. Salinity was positively correlated with
temperature. Silicate was positively correlated with
phosphate and negatively correlated with alkalinity.
Considering the 0.01 levels of significance, turbidity was
negatively correlated with temperature and salinity.
Dissolved oxygen was positively correlated with nitrate,
whereas total dissolved solids were positively correlated
with conductivity.
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Table 4. Pearson correlation matrix of different physico-chemical during pre-monsoon season.
n o > - © o =
5 5 5 z > - o 2 9 3 o £
- b = h— s = -] g c 3 ] b <
g § T § 8 p % E g8 § 5 % E & E§ 8 B g
s 2 - F = 5 3 @ = 3 Z 3 Z e & 2
c K S F < o < £ =
Temperature 1
pH -.393 1
Conductivity -.602 .834 1
TDS -.655 .810 .997** 1
TSS -.127 .957* .766 724 1
Turbidity .542 -.623 -.947 -.584 1
.949
Salinity .107 .849 .669 .615 .966* -534 1
DO .040 -.728 -.821 -.836 .817 -.888 1
781
BOD -.434 .822 464 455 695 -.155 515 -.215 1
Alkalinity -.408 .975* .923 900 .949 -.773 .864 -841  .683 1
Fluoride -.073 .904 .801 756 .979*  -676 .981*  -928  .540 .939 1
Nitrite -.629 229 726 756 .142 -.885 .088 -500 -.174 409 .258 1
Ammonia .641 -.853 -.625 - -.684 .354 -476  .280 - -.754 -550 -.078 1
Nitrate .748 .316 -.015 - .560 .102 725 -490 139 .285 .580 -.476 .050 1
Phosphate .768 .276 .005 - .536 .045 719  -536 .041 271 .580 -.396 132 .992%* 1
Silicate .195 -.95* -.844 .697 .893  -630 -975* -99** -284 .655 -.489 -.479 1
.807 .989* .954*
Chlorophyll .035 -.516 -.764 -.632 .859 -713  .953*  .063 -.682 -772  -661 .044 -.345 -.423 722 1
.735

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

**_ Correlation is significant at the 0.01 level (2-tailed).
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Table 5. Pearson correlation matrix of different physico-chemical parameters during post-monsoon season

[ 2 .a. > (1] 9 E
g 2 > ) > 2 ] o '— @ ® @
= = ] = 2 = ° g c 3 © 3 =
2 5 T 5 8 a 2 £ 8 8 £ 5 5 g 5 s S &
g 2 3 = = g 2 a 2 3 E £ 2 s 5 2
& 3 8 : < " < z S
Temperature 1
pH .670 1
Conductivity .537 .558 1
TDS .537 .558 1.000** 1
TSS -177 -.811 -.092 -.092 1
Turbidity -.991%** -.765 -.560 -.560 .305 1
Salinity .988* 738 .651 .651 -.991%** 1
234
DO -.481 -.404 -.984* -.984* 482 1
.085 .587
BOD .515 -.164 .505 .505 .710 -.412 498  -.619 1
Alkalinity .083 -.185 712 712 .584 -.028 157 -.824 .750 1
Fluoride 716 .963* 761 .761 -.795 .803 -.637 .053  .087 1
.654
Nitrite -.433 -.500 -.500 .906 .551 337 377 224 -.905 1
.959%* .524
Ammonia 467 .820 -.017 -.017 -.561 466 .189 -712 .636 -.798 1
.896 517
Nitrate -.540 -.394 -.974* -.974* .532 .995** -.823  -.628 301 191 1
129 .635 .681
Phosphate -.427 -.164 -.897 -.897 391 .960* -927  -424 .067 413 .971* 1
.357 .508 .790
Silicate -.182 .012 -.823 -.823 .145 .908 -.258 -.051 .582 .903 .967* 1
440 273 715 .984*
Chlorophyll 495 .962* .639 .639 -.603 .597 -.492 -062  .953*  -986* .708 -.458 -.235 1
.822 .233 114

**_ Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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3.1.2. Cluster Analysis

Cluster analysis is a class of techniques used to categorize
various objects and individuals of cases into comparative
groups known as clusters. This tool analyzed the different
physicochemical parameters for understanding the
association within all the stations and
Agglomerative hierarchical clustering (AHC) was performed
for the different parameters for the year 2019 (Figs. 3 and

seasons.

4) using MINITAB-17 software. The pre-monsoon season
formed two foremost clustering and groups, in which
temperature, nitrate, phosphate, turbidity, silicate, DO, and
ammonia account for one group. The second group
consisted of pH, alkalinity, TSS, fluoride, conductivity,
salinity, TDS, BOD, and nitrite.

Dendrogram of pre-monsoon

Complete Linkage, Cormrelation Coefficient Distance

0.22
*g"' 33.48
o
=
&
66.74
100.00 | N — 1 :Ij— _I_
Cr 3 o o QQ" A A S S~ A A N
Q\. d@ dp Q{'—" dp \((3) dp ! \(;:3; \((D) @(}‘-’ *3 l\_{:@) o dp
RIS S T ) oo & & S
. & o 2 = LA o AT & A - -
B aF o L L G cad 5 S &
qagb ) A = & él— o P .
-{3" & o {gp 2 ¥ oy
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Fig.3. Agglomerative Hierarchical clustering dendrogram showing relationship between physico-chemical parameters during pre-

monsoon season.

Post Monsoon seasons showing 2 major groups and cluster.
In first cluster again two grouping are formed, within 1%
group Temperature, pH, Fluoride and Ammonia are present
but within 2" group Conductivity, TDS, Salinity, BOD and

Total Alkalinity are present. In second cluster, 15t group
containing TSS, Nitrate and Turbidity but within 2" group
DO, Nitrate, Phosphate and silicate are present.
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Fig.4. Agglomerative Hierarchical clustering dendrogram showing relationship between physico-chemical parameters during post-

monsoon season.
3.1.3. Principal component analysis (PCA)

A principal component analysis was conducted for both the
pre-monsoon and post-monsoon seasons with the help of
MINITAB-17. During The pre-monsoon season, the PCA
uprooted about 3 factors from PC-1 to PC-3, which had an
eigen value of more than 1 and accounted for 63.93% of
total variance. Both of the seasonal eigen values are shown
in Table 6 and Figure 5. In the principal component analysis
of the pre-monsoon season, the first principal (PC-1) was

Eigenvalue

considered to be about 63.933% of the total variance and
had more positive values of pH, TDS, salinity, fluoride, TSS,
and total alkalinity, while having a negative loading of
turbidity and dissolved oxygen. These values may be due to
the ecotone region of both the seawater and estuarine
region. The PC-2 group was showing 22.51%, with a positive
loading of water temperature, nitrate, and phosphate. PC-3
accounted for about 13.56%, with a positive load towards
BOD and total chlorophyll.
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Fig.5. Eigen curve extracted from PCA during pre-monsoon.
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Table 6. Seasonal rotated component matrix (RCM) of physico-chemical parameters (Principal component Analysis, PCA).

Seasonal rotated components matrix

Pre-Monsoon

Post-Monsoon

Parameters PC-1 PC-2 PC-3 PC-1 PC-2 PC-3
Water Temp (C°) -0.351 0.926 -0.136 0.59 0.197 0.783
pH 0.947 -0.018 0.321 0.61 0.766 0.204
Conductivity (mS/cm) 0.932 -0.321 -0.169 0.997 -0.051 -0.052
TDS (mg/L) 0.906 -0.388 -0.17 0.997 -0.051 -0.052
TSS (mg/L) 0.946 0.252 0.205 -0.137 -0.983 0.124
Turbidity (NTU) -0.955 -0.282 0.088 -0.252 -0.539 0.803
Salinity (PSU) 0.936 -0.305 -0.177 0.97 -0.015 -0.242
DO (mg/L) -0.898 -0.244 0.366 -0.971 0.229 0.06
BOD (mg/L) 0.597 -0.126 0.792 0.493 -0.732 0.47
Total Alkalinity (mg/L) 0.993 -0.048 0.106 0.666 -0.714 -0.216
Fluoride (mg/L) 0.958 0.286 0.005 0.801 0.575 0.166
Nitrite-N (umol/L) 0.453 -0.603 -0.656 -0.541 -0.838 0.065
Ammonia-N (umol/L) -0.672 0.341 -0.658 0.049 0.946 0.322
Nitrate-N (umol/L) 0.324 0.943 0.081 -0.965 0.262 -0.029
Phosphate (umol/L) 0.324 0.945 -0.042 -0.875 0.484 -0.008
Silicate (umol/L) -0.981 -0.174 -0.083 -0.784 0.583 0.211
Total Chl.(mg/m3) -0.761 -0.159 0.628 0.676 0.735 -0.062
Eigen Value 10.869 3.825 2.306 9.068 6.096 1.836
% of Variance 63.933 22.503 13.565 53.341 35.861 10.798
Cumulative % 63.933 86.435 100 53.341 89.202 100
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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Fig.6. Eigen curve extracted from PCA during post-monsoon.

During the post-monsoon season, the PCA categorized
about three groups, namely PC-1, PC-2, and PC-3, which
contained Eigen values >1 and accounted for about 53.34%
of the total variance. Both of the seasonal Eigen values are
plotted in Table 6 and Fig.6. The PC-1 shows about 53.34%
of the total variance with huge positive values for
conductivity, TDS, and fluoride; it also shows huge negative
values for nitrate and dissolved oxygen. The PC-2 accounts
for about 35.86% of the total variance and has positive
loading of ammonia, pH, and total chlorophyll; it also shows

a huge negative for TSS. PC-3 accounts for about 10.79% of
the total variances with a more positive load towards
turbidity and water temperature but also showing negative
for salinity and total alkalinity.

5. Conclusions

The present study attempted to determine the
concentration of different physico-chemical parameters by
the use of various prescribed methods. The Pearson
correlation between all the seventeen physico-chemical
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parameters concluded that during the pre-monsoon
season, silicate was highly correlated with various
parameters like pH, total dissolved solids, salinity, and
alkalinity with respect to a 0.05 level of significance, but in
the case of post-monsoon season, both the dissolved
oxygen and nitrate were negatively correlated with the
conductivity and total dissolved solids. The principal
component analysis concluded that both the pre-monsoon
and post-monsoon season accounted for three categories.
The highest Eigen value was about 10.87 during the pre-
monsoon and 9.07 during the post-monsoon season. The
agglomerative hierarchical clustering grouped all the
physico-chemical parameters into two major groups with
respect to their similarities. The observed variations in the
concentration of these physico-chemical parameters in the
surface waters of the Gahirmatha estuary may only be due
to the riverine water inputs from the large catchment of
rivers like the Brahmani, Baitarani, and Dhamra. Other
factors that influence the water quality, i.e., the
anthropogenic liberation through local activities, may be
responsible for the changes and need to be investigated.

Acknowledgments

The authors wish to thank the experts who were involved in
the validation survey for this research project Dr. S.S Pati,
Asst. Env. Scientist, Dr (Mrs.) Sangeeta Mishra, Asst. Env.
Scientist, Mrs. Sumitra Nayak, Asst. Env. Scientist and other
Staffs of ICZMP, SPCB, Odisha. without their passionate
participation and proper support, the validation survey
could not have been successfully conducted.

References

[1] Arimieari, L. W., Sangodoyin, A. Y., Ereoforiokuma, N. S.
(2014). Assessment of surface water quality in some
selected locations in Port Harcourt, Nigeria.
International journal of engineering research and
technology, 3(7), 1146-1151.

[2] Rahmanian, N., Ali, S. H. B., Homayoonfard, M., Ali, N. J.,
Rehan, M., Sadef, Y., Nizami, A. S. (2015). Analysis of
physiochemical parameters to evaluate the drinking
water quality in the State of Perak, Malaysia. Journal of
chemistry, 1-10.

[3] Onifade, A. K., llori, R. M. (2008). Microbiological analysis
of sachet water vended in Ondo State, Nigeria.
Environmental research journal, 2(3), 107-110.

[4] Ababio, O.e Y. (2005). New school chemistry for senior
secondary schools. African first publisher Ltd, Onitsha.
3rd edn, 292.

[5] Pardeshi, B.M. (2019). Screening of physicochemical
parameters of water samples from pune area, india,
Journal of emerging technologies and innovative
research, 6(5), 63-68.

[6] Ramana, V., Rao, L. M., Manjulatha, C. (2015). Physico-
chemical parameters of coastal waters of

Visakhapatnam, east coast of India. Asian journal of
experimental sciences, 29(1, 2), 7-10.

[7]1 Choudhury, S. B., Panigrahy, R. C. (1991). Seasonal
destribution and behaviour of nutrients in the creek
and coastal waters of Gopalpur, East Coast of India.
Mahasagar, 24(2), 81-88.

[8] Gothandaraman, N. (1993).
Zooplankton (Doctoral dissertation,
Annamalai University, India).

[9] Panda, B. S., Mahanta, S. K. (2008). Quantification of Poly
Aromatic Hydrocarbons in Waters of Mahanadi Estuary
at Paradeep, Odisha. International research journal of
engineering and technology, 7(6), 6971-6981.

[10] Smith, S. V., Swaney, D. P., Talaue-Mcmanus, L.,
Bartley, J. D., Sandhei, P. T., McLAUGHLIN, C. J, Wulff,
F. (2003). Humans, hydrology, and the distribution of
inorganic nutrient loading to the ocean. BioScience,
53(3), 235-245.

[11] Panda, B. S., Mahanta, SS K. (2020). Determination of
herbicides and pesticides in estuary and sea water of
Mahanadi, near Paradeep, Odisha, International
journal of research and analytical reviews, 7(3,727),
686-697.

[12] Pejman, A.H., Nabi Bidhendi, G.R., Karbassi, A.R.,
Mehradi, N., Esmaeili, B.M. (2009). Evaluation of
spatial and seasonal variations in surface water quality
using multivariate statistical techniques. International
journal of environmental science and technology, 6(3),
467-476.

[13] Yang, L., Song, X., Zhang, Y., Yuan, R., Ma, Y., Han, D.,
Bu, H. (2012). A hydro-chemical framework and water
quality assessment of river water in the upper reaches
of the Huai River Basin, China. Environmental earth
science, 67(7), 2141-2153.

[14] Qadir, A., Malik, R.N., Husain, S.Z. (2008). Spatio-
temporal variations in water quality of Nullah Aik-
tributary of the river Chenab, Pakistan. Environmental
monitoring and assessment, 140(1), 43-59.

[15] Zhang, X., Wang, Q., Liu, Y., Wu, J., Yu, M. (2011).
Application of multivariate statistical techniques in the
assessment of water quality in the Southwest New
Territories and Kowloon, Hong Kong. Environmental
monitoring and assessment, 173(1-4), 17-27.

[16] Mustapha, A., Aris, A.Z. (2012). Spatial aspects of
surface water quality in the Jakara Basin, Nigeria using
chemometric analysis. Journal of environmental
science and health, Part A, 47(10), 1455-1465.

[17] Martin, G.D., Vijay, J.G., Laluraj, C.M., Madhu, N.V,,
Joseph, M., Nair, G.V.M., Gupta, K.K. (2008). Fresh
water influence on nutrient Stoichiometry in a tropical
estuary, southwest coast of India. Applied ecology and
environs. Research, 6(1), 57-64.

[18] Mc Lusky, D.S., Elliott, M. (2004). The estuarine
ecosystem: ecology, threats and management, 3rd ed.
Oxford University Press Inc., New York, NY, USA, 214.

Studies on micro
PhD. thesis,



B.S. Panda et al. / Advances in Environmental Technology 3 (2019) 171-183 183

[19] Jeyageetha, J.C., Sugirtha, P.K. (2015). Study of physico-
chemical parameters of sea water in Tuticorin Coastal
area and assessing their Quality, Tamil Nadu, India.,
Journal of chemical and pharmaceutical research, 7(5),
1298-1304.

[20] Behera, S., Tripathy, B., Kuppusamy, S., Choudhury, B.C.
Pandav, B. (2016). Fisheries impact on breeding of olive
ridley turtles (lepidochelysolivacea) along the
gahirmatha coast, Bay of Bengal, Odisha, India.
Herpetological Journal, 26, 93-98.

[21] Behera, A., Pati, S.S., Mishra, S., Nayak. (2017). Report
Card of Gahirmatha Coastal Stretch 2015, ICZMP, SPCB,
Odisha, 7.

[22] Mishra, R.R., Rath, B., Thatoi, H. (2008). Water Quality
Assessment of Aquaculture Ponds Located in
Bhitarkanika Mangrove ecosystem, Orissa, India.
Turkish journal of fisheries and aquatic sciences, 8, 71-
77.

[23] Mishra, R.R., Swain, M.R., Dangar, T.K., Thatoi, H.
(2012). Diversity and seasonal fluctuation of
predominant microbial communities in Bhitarkanika, a
tropical mangrove ecosystem in India. Revista de
biologia tropical, 60(2), 909-924.

[24] Chauhan, R., Ramanathan, Al. (2008). Evaluation of
water quality of Bhitarkanika mangrove system, Orissa,
east coast of India. Indian journal of marine sciences,
37,153-158.

[25] Gupta, N.C., Das, S., Basak, Uday. (2007). Useful
Extracellular Activity of Bacteria Isolated from
Bhitarkanika Mangrove ecosystem of Orissa Coast.
Malaysian journal of microbiology, 3, 15-18.

[26] Qasim, S. Z. (1977). Biological productivity of the Indian
Ocean. Indian journal of marine sciences, 6122-137

[27] Radhakrishna, K., Devassy, V. P., Bhargava, R. M. S.
(1978). Primary production in the Northern Arabian
Sea, Indian journal of marine sciences, 7, 271-275.

[28] Prasanna, S. K., Muraleedharan, P.M., Prasad, T. G.
(2002). Why is the Bay of Bengal less productive during
SM as compared to the Arabian Sea, Geophysical
research letters, 29(24), 2238-2435.

[29] Panda, U. C., Sundaray, S. K., Rath, P., Nayak, B. B.,
Bhatta, D. (2006). Application of factor and cluster
analysis for characterization of river and estuarine
water systems—a case study: Mahanadi River (India).
Journal of hydrology, 331(3-4), 434-445.

[30] Gomes, H. R., Goes, J. ., Saino, T. (2000). Influence of
physical processes and freshwater discharge on the
seasonality of phytoplankton regime in the Bay of
Bengal. Continental shelf research, 20(3), 313-330.

[31] Madhu, N.V., Maheswaran, P.A., Jyothibabu, R. (2002)
Enhanced biological production off Chennai triggered

by October 1999 super cyclone (Orissa). Current
science, 82(12), 1472-1479.

[32] Madhupratap, M., Gauns, M., Ramaiah, N. (2003).
Biogeochemistry of the Bay of Bengal: physical,
chemical and primary productivity during summer
monsoon. Deep sea research, 50, 881-896

[33] Coastal regulation zone notification, (2011). Coastal
regulation zone notification, Ministry of Environment
and Forests (Department of Environment, Forests and
Wildlife), Gazette of India, Extraordinary, Part-Il,
Section 3, Sub-section (ii) of dated the 6th January,
2011.

[34] Biswal, D., Behera, A., Pati, S.S., Mishra, S., Nayak, S.,
Mishra, S., Panda, B.S., Behera, R. (2019). Status and
trends of Coastal Parameters (2013-2018), Paradeep,
Gahirmatha Dhamra coastal environment. ICZMP,
SPCB, Odisha, 208.

[35] Parsons, T. R., Maita, Y., Lalli, C. M. (1984). A manual of
Chemical and biological methods for seawater analysis.
Pergamon Press, Oxford, 173.

[36] Olsen, A.R., Sedransk, J., Edwards, D., Gotway, C. A,,
Liggett, W., Rathbun, S., Reckhow, K. H., Young, L. J.
(1999). Statistical issues for monitoring ecological and
natural resources in the United States. Environmental
monitoring and assessment, 54, 1-45.

[37] Sundaray, S.K., Panda, U.C., Nayak, B.B., Bhatta, D.
(2006). Multivariate statistical techniques for the
evaluation of spatial and temporal variation in water
quality of Mahanadi River—Estuarine system (India) a
case study. Environmental geochemistry and health,
28, 317-330.

[38] Pradhan, U.K., Shirodkar, P.V., Sahu, B. K. (2009).
Physico-chemical characteristics of the coastal water
off Devi estuary, Orissa and evaluation of its seasonal
changes using chemometric techniques. Current
science, 96 (9), 1203-1209.

[39] Helena, B., Pardo, R., Vega, M., Barrado, E., Fernandez,
J.M., Fernandez, L. (2000). Temporal evolution of
groundwater composition in an alluvial (Pisuerga river,
Spain) by principal component analysis. Water
research, 34, 807-816.

[40] Singh, K.P., Malik, A., Mohan, D., Sinha, S. (2004).
Multivariate statistical techniques for the evaluation of
spatial and temporal variations in water quality of
Gomti River (India) — a case study. Water research, 38,
3980-3992.

[41] Liu, C.W., Lin, K.H., Kuo, Y. M. (2003). Application of
factor analysis in the assessment of ground water in a
blackfoot disease area in Taiwan. Science of the total
environment, 313, 77—89.



