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ABSTRACT

The tremendous biodiversity and ecological processes that depend on freshwater and marine
environments are essential to human survival. The physicochemical parameters in both surface
waters and sediments are important to understand estuarine dynamics. The present study was
carried out to determine how the seasonal variation will affect the physicochemical parameters of
sediments of five stations in Thengapatnam estuary. Sediment samples were collected for a period
of one year from June 2014-May 2015 from five different sampling stations. The parameters such
as pH, temperature, Nitrogen, Phosphorous, Potassium, Copper, Zinc, Iron and Manganese were
analysed using standard procedures. The result expose that, soil sediment have high amount of
potassium in all five stations. Sediment temperature varied from 25.7- 30.1°C. Hydrogen ion
concentration ranged between 6.9 to 8.3, concentrations of nutrients viz. nitrate (2.4 — 6.4
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mg/100g), phosphate (1.5 - 15.25 mg/100g) potassium (138 — 560 ppm) and concentration of
metals like iron, zinc and manganese were found to be higher during monsoon season and lower
during premonsoon seasons The overall findings highlight the need for a scientific solution to
reduce the use of harmful chemicals and heavy metal contamination from the river system in order
to preserve the biodiversity of freshwater and marine ecosystems.

Keywords: Water contamination; industrial chemicals; heavy metals; pollution; marine ecosystem.

1. INTRODUCTION

Everything that is alive, including humans, plants,
animals, and even microbes, needs water to
survive [1]. There is severe pollution in
freshwater river streams and the ocean as a
result of the growing global population and the
effects of climate change on the ecosystem. Due
to inadequate waste water treatment systems,
modern industrial production and agriculture
practices that use a variety of fertilisers,
pesticides, and synthetic chemicals seep into
rivers, kiling aquatic life and creating
eutrophication [2,3,4]. Marine ecosystems are
crucial components of the global environment
and offer many advantages to humankind,
including recreational opportunities, drinking and
irrigation water, and habitat for commercially
important fisheries [5,6]. According to recent
studies, rising greenhouse gas levels directly
contribute to global warming, which causes
erratic rainfall and floods [7,8]. Hazardous
industrial chemical and heavy metals pollutants
that leak into rivers and oceans also pose a
threat to aquatic ecosystems [5,9]. The aquatic
ecosystems are affected by some health
stressors that extensively deplete biodiversity,
the loss of biodiversity and its effects are
predicted to be greater for aquatic ecosystems
than for terrestrial ecosystems [10]. The
biodiversity of freshwater habitats is at risk due to
human activity and environmental change.
Freshwater ecosystems are essential to human
life and the maintenance of the enormous
biodiversity, natural cycles, and processes found
in nature [11,12].

Life on Earth is made possible by the ocean,
which makes up 71% of the planet's surface and
stil has a significant influence over climate
change. India has a coastline spanning 7516.6
km, with the Arabian Sea and Indian Ocean to
the west and the Bay of Bengal to the east [13].
More than 16 million fishermen in India depend
on the fishing industry for their livelihood,
according to figures published by the Department
of Fisheries, Government of India, 2020, and the
National Fisheries Policy 2020 Draft. The primary
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food and nutrition source in India is the fisheries
industry, which includes fish from brackish,
inland, and marine waters [14,15]. In 2017-2018,
it made up 5% of all exports from the nation and
contributed a sizeable 1.03% of the GDP [16].
Estuarine and coastal areas are complex and
dynamic aquatic environment [17]. The growing
reliance on the ocean for these purposes has
raised concerns and posed a serious threat to
the preservation of the biological diversity of the
ocean and its coastal regions [18,19,20]. In the
southern region of India, the Thamiraparani River
is the primary source of water for drinking and
agriculture. Rising to a height of 1,645.2 metres
from the Mahenthragiri hills of the Western
Ghats, it passes by the Kothiyar Dam in the
Tamilnadu district of Kanyakumari, South India,
and then joins the Arabian Sea at the
Thengapatnam estuary of the district with
polluted sediments [21]. In the Kanyakuamri
district of Tamilnadu, south India, industrial and
agricultural pollutants have raised serious
concerns about the river's water quality. Pollution
is a major issue in India, where organic,
inorganic, and biological pollutants have
contaminated 70% of the country&#39;s
groundwater reserves and surface water
resources [22]. Sediment quality monitoring
befits a very important process in the restitution
and protection of the aquatic ecosystems.
Sediments contained very high values of the
physico chemical parameters [23]. Elevated
nutrient levels and heavy metal pollution in water
have an impact on the aquatic environment's
ecology [24]. The main nutrients polluted due to
improper management of agricultural fertilisers
are potassium, phosphorous, and nitrogen.
Industrial  pollution  contaminates  aquatic
ecosystems with heavy metals such as copper,
zinc, manganese, iron, and lead. As a result, in
recent years, management of the aquatic
environment in particular has gained significant
attention [25]. The major objective of the current
work is to examine how seasonal variations in
river sediment quality, as well as the farming
industrial chemicals and metal pollutants
associated with them, may impact the general
health of aquatic ecosystems.
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Description of the study area: In Tamil Nadu's
Kanyakumari District, the Thengapatnam Estuary
(latitude 70 53 N and longitude 770 07’), a
portion of the Thamiraparani River is one of the
most significant estuaries. The river flows
through a 60-kilometer stretch and meets the
Arabian Sea in the Kanyakumari district's
Thengapatnam estuary southwest coastal region
(Fig. 1). The estuary connects to the AVM canal

(Ananda Victoria Marthandavarma Canal). Five
stations were chosen for the current
investigation. Station I was located
approximately 1.2 km from Station |, signifying
the gradient zone; Station Il was located at the
head of the estuary, one kilometre from Station
II; Station IV was chosen at the AVM Canal; and
Station V was chosen in the freshwater zone at
Ganapathy Kadavu (Figs. 2-6).
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-1V AVM Canal
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| I I I I
77910

Fig. 3. Thengapatnam estuary showing
station I

Fig. 4. Thengapatnam estuary showing station
11
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Fig. 5. Thengapatnam estuary showing
station IV
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Fig. 6. Thengapatnam estuary showing station V

2. MATERIALS AND METHODS

The sediment samples were taken from five
stations using Peterson’s Grab (0.04 m?), for 12
months and quickly packed in air tight polythene
bags. After sampling, precautions were taken to
avoid contamination during drying, grinding,
sieving and storage. Temperature of the
sediment samples were measured using
centigrade mercury thermometer of 0.1°C
accuracy. Sediment pH and EC were measured
in a suspension of 1:2.5 sediment to water ratio
using calibrated pH meter (Elico) and
conductivity meter (Systronics) described by
Pearson and Stanly [26]. The nutrients like
nitrogen, phosphrous and potassium and trace
metals in the sediment such as copper, zinc,
manganese and iron were estimated using
standard methods [27].

Data Analysis: The Simple correlation
coefficient (r) was made for describing physico-
chemical characteristics and two-way analysis
(ANOVA) was also employed.

3. RESULTS

3.1 Sediment Temperature

The Thengapatnam estuary sediment
temperature did not show wide spatial variations.
Throughout the study period the sediment
temperature showed minimum values (27.45 °C),
27°C). 38,27°C). 40, 27.38, 27.67) in monsoon
season and maximum during premonsoon
season (29.55,29.04,28.85,29.20,28.85) (Table
1). T The statistical studies (two-way ANOVA)
carried out in sediment temperature showed
significant variation between seasons only
(p<0.001) (Table 2).

Sediment pH: The data on the seasonal
variations of pH in sediments recorded in the five
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stations during the study period was presented in
Table 3. Sediment pH showed higher values
during the pre-monsoon season (7.9, 7.8, 7.9,
7.6, 7.7) and lower during monsoon season
(7.2,7.2,7.2,7.1,7.3) respectively. The data on
two- way ANOVA test carried out for sediment
pH showed significant variation between seasons
only (p<0.001) (Table 4).

3.2 Nutrients

Nitrogen: The data on the seasonal variations of
nitrate content in sediments recorded in the five
stations during the study period was being
presented in Table 5. The highest values were
recorded during the monsoon period in all the
five stations (47.0 mg/100 g, 57.0 mg/100 g, 45.5
mg/100 g, 53.5 mg/100 g and 45.0 mg/100 g for
stations | — V respectively). The lowest values
were recorded during the pre-monsoon period in
all the five stations (25.25 mg/100 g, 40.00
mg/100 g, 29.50 mg/100 g, 35.50 mg/100 g and
26.75 mg/100 g respectively). The data on two
way ANOVA test carried out for nitrogen in the
sediment sample showed significant
variations between stations seasons
(p<0.001) (Table 6).

and

Phosphorous: The data on the seasonal
variations in the sediment phosphate
concentration are shown in (Table 7). The
maximum values noticed were 10.20 mg/100 g,
13.57 mg/100 g, 10.90 mg/100 g, 12.63 mg/100
g and 10.57 mg/100 g at the stations | to V
respectively during monsoon season. The
minimum values were 3.40 mg/100 g, 8.09
mg/100 g, 5.10 mg/100 g, 6.73 mg/100 g and
3.90 g/100 mg during pre-monsoon season at
the stations | — V respectively. The data on two
way ANOVA test for the season station
interaction revealed significant variations in
sediment phosphate between seasons (p<0.001)
(Table 8).
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Potassium: The seasonal changes observed in
the sediment potassium concentration are
depicted in Table 9. The mean concentration of
potassium was more during the monsoon season
in all the five stations (403.5 ppm, 416.25 ppm,
371.5 ppm, 362.75 ppm and 350.75ppm) and
less during the pre-monsoon season in all the
five stations (164.5 ppm, 162.75 ppm, 155.5ppm,
151.75 ppm and 143.25 ppm). ANOVA test
carried out for the sediment potassium showed
significant variation between seasons and
stations (p<0.001) (Table 10).

3.3 Trace Metals

Copper: Seasonal comparison indicated (Table
11) higher values during the monsoon months in
all the five stations (1.51ppm, 1.32ppm,
1.39ppm, 1.37ppm and 1.40ppm at the station |
to V respectively). Lower values were observed
during pre-monsoon months (0.69 ppm, 0.82
ppm, 0.92 ppm, 0.97 ppm and 1.02 ppm at the
stations I, Il, Ill, IV and V respectively). The data
on two way ANOVA test carried out for copper in
sediment showed significant variation between
seasons only (p<0.001) (Table 12).

Zinc: Seasonal variation in concentration of zinc
showed maximum values (1.21 ppm, 1.24 ppm,

1.26 ppm, 1.27 ppm and 1.26 ppm from the
station | to V respectively) during monsoon
months and minimum concentration (1.11 ppm,
1.12 ppm, 1.11 ppm, 1.19 ppm and 1.17 ppm
from stations | to V respectively) was recorded
during the pre-monsoon season in the five
stations (Table 13). The data on two way ANOVA
test carried out for zinc in sediment showed
significant variation between seasons only
(p<0.001) (Table 14).

Manganese: The manganese value of present
study was varied from 5.20 ppm to 1.35 ppm |
(Table 15) The maximum concentration of
manganese 5.20 ppm was recorded in monsoon
at station Il and the minimum concentration 1.35
ppm was recorded in pre monsoon at station I.
Using a two-way ANOVA test, manganese levels
in sediment samples varied significantly between
stations and seasons (p<0.001) (Table16).

Iron: The seasonal mean concentration of iron
peaked during the monsoon season (15.07 ppm)
and decreased during the pre-monsoon season
(7.72 ppm). Significant differences (p<0.001)
were found between stations and seasons in the
results of the two-way ANOVA test conducted to
determine the amount of iron in the sediment
sample (Table 18).

Table 1. Mean seasonal variation of sediment temperature (°C) at station | -V

Sample Monsoon Post-monsoon Pre-monsoon
Station | 27.45 27.69 29.55
Station I 27.38 27.68 29.04
Station 1l 27.40 27.56 28.85
Station IV 27.38 28.07 29.20
Station V 27.67 27.97 28.85

Table 2. Two way Analysis of Variance test for sediment temperature
Variation SS df MS F P-value F crit
Seasons 7.282543 2 3.641272  62.62668  1.29911E-05 4.45897
Stations 0.127947 4 0.031987  0.550146  0.704782366 3.837853
Error 0.46514 8 0.058143
Total 7.875631 14

Table 3. Mean seasonal variation of sediment pH at station | -V

Sample Monsoon Post-monsoon Pre-monsoon
Station | 7.2 7.3 7.9
Station Il 7.2 7.3 7.8
Station 1l 7.2 7.3 7.9
Station IV 7.1 7.2 7.6
Station V 7.3 7.4 7.7
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Table 4. Two way analysis of variance test for sediment pH

Variation SS Df MS F P- value F crit
Seasons 0.886083 2 0.443042 78.47232 5.53359E-06 4.45897
Stations 0.040583 4 0.010146 1.797048 0.222689175 3.837853
Error 0.045167 8 0.005646

Total 0.971833 14

Table 5. Mean seasonal variation of nitrogen (mg/100g) in sediment at station | -V

Stations Monsoon Post-monsoon Pre-monsoon
Station | 47.00 42.00 25.25
Station Il 57.00 50.50 40.00
Station Il 45.50 40.50 29.50
Station IV 53.50 51.50 35.50
Station V 45.00 42.25 26.75
Table 6. Two way analysis of Variance test for sediment nitrogen
Variation SS df MS F P-value F crit
Seasons 893.3333 2 446.6667 135.9113 6.68081E-07 4.45897
Stations 366.5583 4 91.63958 27.88399 9.49374E-05 3.837853
Error 26.29167 8 3.286458
Total 1286.183 14

Table 7. Mean seasonal variation of sediment phosphorus (mg/100g) at station | =V

Sample Monsoon Post-monsoon Pre-monsoon
Station | 10.20 9.43 3.48
Station I 13.57 12.25 8.09
Station 1l 10.90 10.31 5.10
Station IV 12.63 10.95 6.73
Station V 10.57 10.00 3.90
Table 8. Two way Analysis of Variance test for sediment phosphorous
Variation SS df MS F P-value F crit
Seasons 112.4822 2 56.2411 161.9625 3.37443E-07 4.45897
Stations 2498061 4 6.245153 17.98472 0.000461378 3.837853
Error 2.777982 8 0.347248
Total 140.2408 14

Table 9. Mean seasonal variation of sediment potassium (ppm) at station | =V (ppm)

Sample Monsoon Post-monsoon Pre-monsoon
Station | 403.50 392.00 164.75
Station I 416.25 400.00 162.75
Station Il 371.50 369.25 155.50
Station IV 362.75 353.00 151.75
Station V 350.75 336.75 143.25
Table 10. Two way Analysis of Variance test for sediment potassium
Variation SS df MS F P-value F crit
Seasons 155098.4 2 77549.21 615.2716 1.74067E-09 4.45897
Stations 3330.25 4 832.5625 6.605509 0.011875362 3.837853
Error 1008.325 8 126.0406
Total 159437 14
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Table 11. Mean seasonal variation of sediment copper(ppm) at station | -V

Sample Monsoon Post-monsoon Pre-monsoon
Station | 151 1.39 0.69
Station I 1.32 1.20 0.82
Station IlI 1.39 1.26 0.92
Station IV 1.37 1.35 0.97
Station V 1.40 1.36 1.02

Table 12. Two way Analysis of Variance test for sediment copper

Variation SS df MS F P-value F crit
Seasons 0.734203 2 0.367102 36.33508 9.67182E-05 4.45897
Stations 0.033564 4 0.008391 0.830531 0.541805121 3.837853
Error 0.080826 8 0.010103

Total 0.848593 14

Table 13. Mean seasonal variation of sediment zinc (ppm) at station | -V

Stations Monsoon Post-monsoon Pre-monsoon
Station | 1.21 1.19 1.11
Station Il 1.24 1.20 1.12
Station I 1.26 1.26 1.11
Station IV 1.27 1.24 1.19
Station V 1.26 1.25 1.17

Table 14. Two way analysis of variance test for sediment zinc

Variation SS df MS F P-value F crit
Seasons 0.030146 2 0.015073  23.4332 0.000451996 4.,45897
Stations 0.011244 4 0.002811 4.370202 0.036379827 3.837853
Error 0.005146 8 0.000643

Total 0.046536 14

Table 15. Mean seasonal variation of sediment manganese (ppm) at station | -V

Stations Monsoon Post-monsoon Pre-monsoon
Station | 1.76 1.62 1.35
Station Il 5.20 4.80 4.07
Station I 4.70 4,50 3.83
Station IV 4.14 4.06 3.88
Station V 3.91 3.88 3.15

Table 16. Two way Analysis of Variance test for sediment manganese

Variation SS df MS F P-value F crit
Seasons 2.305773 2 1.152887 106.5822 1.71198E-06 4.45897
Stations 10.49064 4 2.62266 242.46 2.22539E-08 3.837853
Error 0.086535 8 0.010817

Total 12.88295 14

Table 17. Mean seasonal variation of sediment iron (ppm) at station | =V

Stations Monsoon Post-monsoon Pre-monsoon
Station | 13.44 11.78 6.32
Station Il 13.31 12.05 6.85
Station I 13.33 13.25 7.30
Station IV 14.27 13.50 7.50
Station V 15.07 14.45 7.72
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Table 18. Two way analysis of variance test for sediment iron

Variation SS df MS F P-value F crit
Seasons 141.0627 2 70.53134  955.2454 3.02358E-10 4.45897
Stations 4,168456 4 1.042114 14.11393 0.001068729 3.837853
Error 0.590687 8 0.073836

Total 145.8218 14

4. DISCUSSION

In an aquatic environment, the sediment serves
as a nutrient storage facility. According to Khan,
2018., the primary determinants of sedimentation
nature and rate are watershed characteristics,
water transport, and ecological stress. Sediments
are increasingly recognized as both a carrier and
a possible source of contaminants in aquatic
systems and these materials may also affect
ground water quality and agricultural product
when disposed on land [28]. It is indisputable that
maintaining ecological integrity through the
preservation of ecosystem services is crucial
[18]. Ecosystems found in freshwaters can be the
most vulnerable worldwide. The most impacted
terrestrial ecosystems have much lower levels of
biodiversity than freshwater environments
[19,20,29]. The biodiversity of India’s freshwater
and marine ecosystems is at risk due to pollution
caused by a range of human activities, including
as industrial processes, waste disposal,
transportation, and inappropriate usage of
fertilizer in agriculture [30,31]. Global research is
being conducted to create systematic
conservation planning to save freshwater
biodiversity since the aquatic environment is
facing major threats to ecosystem stability and
diversity [32]

In the studies area Thengapatnam estuary,
Kanyakumari district, Tamil Nadu, south costal
region, India, Sediment temperature did not
exhibit significant regional variability. Every
station recorded a higher temperature during the
pre-monsoon period. This could be caused by
the comparatively high ambient and water
temperatures. Because of the rain and the chilly
temperatures, the sediment's temperature was
low during the southwest monsoon months. The
ocean absorbs solar energy and releases it into
the atmosphere due to its substantial thermal
inertia, causing temperature fluctuations [33].

The wintertime soil temperature dropped in
tandem with the air temperature, partly
due to the freshwater input during the

monsoon season. Rajasegar et al. [34] from the
Vellar estuary and Bragadeeswaran et al. from
the Arasalar estuary all saw a similar pattern [35]
[34].
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Anything either highly acidic or alkaline would Kill
marine life. Aquatic organisms are sensitive to
pH changes and biological treatment requires pH
control or monitoring, Pravin Singare et al., 2011
[36]. Prior to the monsoon, soil pH readings were
higher, and during the monsoon, they were
lower. It might result from redox changes in the
water column and sediments in addition to the
effect of fresh water [37]. It is possibly due to
redox changes in the sediments and water
column a part from the influence of fresh water
(Saravanakumar et al., 2008). Low value of pH
recorded during monsoon may also be due to the
increased rate of inflow of fresh water,
decomposition of organic matter and conversion
of releasing carbondioxide into carbonic acid [32]
[38], Anitha and Sugirtha (2013) from the
Thengapatnam estuary, and Bragadeeswaran et
al. (2007) from the Arasalar estuary all reported
comparable findings.

The current study point out that the pre-monsoon
season had the lowest levels of sediment
nitrogen while the monsoon season had the
highest levels. It was reported that, high nitrogen
content in finer substrates in Africa's Swartkops
estuary it may due to the fine particles likely
trapped detritus, increasing the number of
bacteria which leads to high nitrogen levels
concentration [37]. Such great and sudden
elevated nitrogen concentrations will cause
phytoplankton decomposing [39].

Under the right conditions, phosphorus releases
into the surrounding water, acting as a reservoir
for the mineral. In this study, the premonsoon
season had the lowest phosphate content, while
the monsoon season had the highest phosphate
content in the sediment. The highest
concentration of phosphorus is due to the
agricultural waste discharge from water, sewage
and coconut husk retting activities (Helen et al.,
2016) [21,40]. Strong flooding may cause low
levels by removing the top layer of sediments,
while dead organic materials from the top layer
may cause higher values [41]. Bhagan et al.
(1998) noted that the monsoon season caused
the sediment's phosphate concentration to rise
[42]. Moreover, increased fertiliser application,
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detergent use, and home sewage largely also
make impact in significant loading of phosphorus
in the sediment [10].

In sediment, potassium is a naturally occurring
element. The weathering of rocks is the primary
source of potassium in fresh water; nevertheless,
the discharge of household trash has increased
the amount of potassium in contaminated water.
Several scientific data cited that, the value of
potassium was higher during the monsoon
season and lower during the pre-monsoon
period. Low levels of potassium may be likely
due to its utilisation by biological activity and low
fresh water flow [43]. The high concentration of
potassium during monsoon is mainly caused by
heavy river rain off leaching of potassium from
the nearby coconut plantation, which use potash
fertilizers [38]. Domestic sewage from human
settlements near the selected stations and
surface runoffs during Monsoon into the estuary
could be the reason for this high levels of
nutrients (Nandini and John, 2018)[23]. Adeola
Alex et al., (2016) [44] have reported similar
results from Nwaja Creek.

In developing countries like India, improper
industrial wastewater management seriously
contaminates the freshwater and marine
ecosystems [45]. Heavy metal pollution of
coastal water results from the mining, smelting,
and burning of fossil fuels, as well as the
discharge of trash from manufacturing and
processing businesses and municipal sewage.
The current study found that the premonsoon
season had lower copper concentrations, while
the monsoon period had higher concentrations.
Land runoff and flooding from monsoon rains
could introduce copper into the estuary, leading
to its eventual accumulation in the sediment.
Senthilnathan and Balasubramanian (1997)
reported, higher copper contents in the Velar and
Kaduviar estuaries during the monsoon season
[46].

Pre-monsoon seasons shown lower
concentrations of metals such as manganese,
iron, and zinc, when compare to the monsoon
seasons. A scientific data suggest that, the
relative abundance of suspended matter, fixed
during transportation, may contribute to the
presence of more iron [47]. lron may precipitate
as an insoluble hydroxide in alkaline water
conditions, as suggested by several study which
assertion that sediments contain a higher iron
content than river water [48]. It may be a
correlation between the lower iron concentration
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during the premonsoon and the increase in
phytoplankton uptake and decrease in rainfall.
An anthropogenic activity leads to change in the
natural availability of the heavy metals in the
natural environment and that is the main cause
of contamination.

Microorganisms, animals, and plants all require
zinc as a micronutrient [49]. The current study's
findings suggest that increased land drainage
and flooding during the monsoon season are to
blame for the elevated concentration of zinc in
sediment. River runoff may be the primary cause
of the elevated manganese levels in the current
study.

5. CONCLUSION

This study  monitored the sediments
contaminated with industrial chemical and certain
trace metals in the Thengapatnam estuary of
Tamil Nadu, a south-coastal region of India,
using both geochemical and ecological indices at
the same time. The estimated indices revealed
significant amounts of chemical pollutants and
trace metals concentration in the studied areas.
We noted the average concentrations of all the
trace metal pollutants, including iron, zinc, and
copper. These findings show that all of the study
regions' soil sediments contain substantial levels
of potassium. The study's conclusions
recommend avoiding both direct and indirect
discharge of raw wastewater in the study area
and reducing the use of pesticides and fertilisers
in agricultural activities to prevent negative
effects on the aquatic ecosystems. Creating a
management plan that limits the discharge of
pollutants into aquatic ecosystems and the
wetland watershed is generally necessary for the
effective protection of the wetland. The present
baseline information will be helpful and form a
useful tool for future ecological monitoring and
assessment along the coastal waters.
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