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The seawater quality in the northern Gulf of Mannar and Palk Bay, southeast coast of India has
been increased by the uncontrolled release of untreated sewage effluents from coastal villages
and towns, seepage of diesel oils and related products from mechanized boats and other human
activities. The Gulf of Mannar and Palk Bay regions harbor diverse coral reefs and associated
fauna of commercial and economic importance. The untreated sewage discharges badly affect
the coral reefs and its partner ecosystems such as seaweed and seagrass. Therefore the present
study was identified the sources of sewage inputs, vulnerable zones and probable remedial
measures for impacted coastal and coral reef ecosystems of northern Gulf of Mannar between
Rameswaram and Chinna Erwadi as well as Palk Bay regions between Rameswaram and
Veedhalai. The coastal water quality and pathogenic microbial distribution were assessed for
three years (2019-2012) at intervals of 3 months. This study reveals that mainly BOD, COD,
turbidity and nutrient levels reached notably at higher levels where the sewage effluent
discharged directly into the coastal waters. Further, the abundance of pathogenic indicator
microbes in Rameswaram and Keezhakkarai Coastal regions aggravates the situations worsen
due to release of untreated domestic sewage effluents. Mostly Rameswaram and Keezhakkarai
coastal waters showed highest pathogenic bacterial count. To protect the coastal and coral reef
environment of Gulf of Mannar and Palk Bay, India from the uncontrolled release of sewage
outfalls, it is necessary to design and construct separate sewer treatment and disposal facility
before releasing into coastal waters and also to monitor the coastal water quality along with
pathogenic microbes at regular intervals to protect fragile coral reef ecosystems.

Introduction

wastes (Kennish, 2002). Water quality is an important
factor for survival, growth and health aquatic organism /

Coastal and marine ecosystems of the world have been  animals. Pollutants from both anthropogenic and natural
considered as an unlimited pool of productivity and a  sources enter through receiving water bodies and
massive sink with boundless capacity to assimilate  contaminate the coastal resources (Tomascik, 1991;
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Readman et al., 2002; Meiaraj and Jeyapriya, 2019; Raja
et al., 2022). The pollutants affect the marine biota
especially the critical habitats like coral reefs, seagrasses
and mangroves through food chains.

The widespread anthropogenic wastes are the major
sources of pollution in the Indian waters. They enter in to
estuarine and coastal waters by the way of river input,
runoff from land, and direct pipeline discharges
(Capuzzo and Kester, 1987; Kennish et al., 2008). The
anthropogenic pollution mainly from domestic and
industrial effluents lead to depletion of oxygen, elevated
BOD level, change in transparency, pH, phosphate,
nitrate etc., thus degrading the quality of water. Any
alterations in the physico-chemical nature of water
bodies are forming tremendous stresses on the aquatic
organisms (Rajbir and Anish, 2014).

Gulf of Mannar and Palk Bay, Southeast coasts of India
are renowned for its rich biodiversity owing to its varied
ecosystems such as coral reefs, seaweeds, seagrass beds,
mangroves and estuaries. Therefore, these are considered
to be one the favorable habitats for globally endangered
Dugongs, Holothurians etc. Earlier the Gulf of Mannar
region has about 510 fishes, 106 shell fishes which
include crabs, lobsters, shrimps and other marine
mammals, but now some of these are in the list of
endangered animals. The obliteration of reefs and reef
associated organisms in the Gulf of Mannar and Palk Bay
perhaps unparalleled in the history of environmental
damage to nature and natural resources in the recent past
(Govindaraju et al., 2011; Pradhap et al., 2020).

The Gulf of Mannar and Palk bay regions have a large
number of fishing towns and industries; these are the
main sources of pollution. The oil pollution and domestic
sewage discharge were badly distress the coral reefs and
seaweeds of Palk Bay (Ramdas and Rajeshwari, 2011;
Lyla et al., 2012; Gurumoorthi and Venkatachalapathy,
2017; Raja et al., 2022). The seawater qualities were
changed in these regions due to the direct release of
domestic sewage and industrial effluents (Puthiya Sekar
et al., 2009); this can affect the health of the corals
(Yogesh Kumar and Geetha, 2012a). The metal
concentrations in Gulf of Mannar and Palk Bay regions
were higher due to direct mixing of industrial and sewage
effluents, in future, it affects survival of corals (Bindu et
al., 2007; Yogesh Kumar and Geetha, 2012b).

The effluents from industries in the Thoothukudi coastal
region were directly discharged into the sea hence there

is a possibility for accumulation of high concentration of
trace metals in the fauna and flora of the Gulf of Mannar
(Yogesh Kumar and Geetha, 2012b).

Several anthropogenic and natural factors influence the
coral reefs in Gulf of Mannar, thus it affects the
spawning of corals (Edward et al, 2012). Further the
pathogenic bacterial infections on corals have been
reported in the reef corals of Gulf of Mannar and Palk
Bay (Thinesh et al., 2011) and this may be due to the
continuous exposure of domestic sewage effluent in the
coastal and coral reef environments (Rushdi et al., 2017).

The systematic and scientific data collection and
monitoring help to obtain authentic data on the status of
ecosystems, but limited research were conducted in the
Gulf of Mannar and Palk Bay regions. Therefore, the
present study was aimed to investigate the seawater
quality in terms of Physico-chemical parameters as well
as pathogenic indicator microbes in the coastal waters of
northern Gulf of Mannar and Palk Bay, India due to the
domestic sewage pollution from 2009 to 2012.

Materials and Methods

Geographical Location of study sites

India has a long coastline and many parts of it have coral
reef rich environments. Gulf of Mannar and Palk Bay
have rich coral reef ecosystems and associated fauna and
flora. Gulf of Mannar has a chain of 21 islands along a
stretch of 140 km between Tuticorin and Rameswaram
(Lat. 8° 55" — 9° 15’N and Long. 78° 0’ and 79° 16’ E)
(Table-1), and is located along the southeast coast of
India. It has been rightly considered as a Marine
Biosphere Reserve. The Gulf of Mannar coastal regions
contain fringing coral reefs and patchy reefs rising from
shallow seas (Pillai, 1971, 1972).

The fringing reefs around the islands have lagoons of 100
to 150 m width and 1 to 2 m depth. The reef area of the
Gulf of Mannar accounts for 94.3 sq.km based on the
estimates of data derived from IRS LISS II 1989 &
SPOT 1989 satellite information. It has been estimated
that 117 species of stony corals inhabit the Gulf of
Mannar and shelter a variety of fauna and flora of
economic value including cowries, cones, volutes,
murices, whelks, strombids, chanks, tonnids, oysters,
holothurians, starfishes and sponges (Pillai, 1972, 1973;
Mahadevan and Nagappan Nayar, 1969; Kumaraguru et
al., 2005; Venkataraman et al., 2007).
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The Palk Bay coastal region is located in the north-
northwest of Rameswaram island, where coral reefs are
lying in an east-west direction along the mainland at
Mandapam and Rameswaram island extending from 79°
8 — 79° 20’ E Longitude and 9° 17’ Latitude. It is
discontinuous at Pamban Pass. The patch reefs also
found closer to the shore, while, there is no distinct
zonation. The shoreward side has massive, encrusting,
large polyp coral fauna and the seaward side has small
ramose type coral fauna. This reef area is known to have
more than 31 species belonging to 22 genera
(Ramakritinan et al., 2024).

General Survey and Sources of Pollution

In the present investigation, the study sites were
identified based on the general survey conducted
between Rameswaram and Chinna Ervadi in the northern
Gulf of Mannar, and between Veedhalai and
Agnitheertham of Rameswarm, southeast coast of India.
The research team visited the towns / villages along the
coast of northern Gulf of Mannar and Palk Bay and
identified the current status sewage pollution and their
discharges into the coastal waters. Major criteria for
selection of study sites were (1) direct sewage outfalls
into the coastal waters and (2) oil pollution due to as
motorized and mechanized boat operation. Based on the
above criteria, eight different locations were selected
along the northern Gulf of Mannar and Palk Bay, India
(Figure 1; Table 1). The latitude and longitude of
sampling stations were marked using portable Global
Positioning System (Garmin GPS, Model Etrex) (Table
1). Seawater samples were collected at three months’
interval from March 2009 to March 2012.

Selected Study Sites

S-1: Agnitheertham, Rameswaram; S-2: Boat Jetty,
Rameswaram; Site-3: Chinnapalam, Pamban; S-4: Boat
Jetty, Mandapam; S-5: Pudumadam; S-6: Boat Jetty,
Keezhakkarai; S-7: Lighthouse, Keezhakkarai; S-8:
Chinna Erwadi

Seawater Quality Analysis

Seawater samples were collected from 10 meters away at
low tide mark in each using sterile sampling bottles of
five-liter capacity. The samples were transported to the
laboratory in an ice-box. The seawater samples collected
using sterile DO bottle (DWAF, 1992) for bacterial

enumeration and maintained in a refrigerator. Bacterial
enumeration was conducted within six hours of sampling.
Triplicates were done in all chemical analysis and the
quality assurance studies. Physico-chemical parameters
such as Temperature, pH, Salinity, Dissolved Oxygen,
Total  Dissolved  Solids, Milli-volt,  Turbidity,
Conductivity, BOD, COD, and Nutrients were analyzed.

Temperature, Milli-volt, Total Dissolved Solids,
Conductivity and Turbidity were estimated in situ using
Microprocessor Controlled Water Analyzer (Systronics
Make Model No. 319) and pH were determined on-site
using pH pen (ELICO). The dissolved oxygen was
determined by Winkler’s method. Salinity was
determined by Mohr's titration method (Muller, 1999).
Nutrients like nitrate, nitrite, silicate and inorganic
phosphate ~ were  analyzed using  UV-Visible
Spectrophotometer (Cecil Make UK, Model Nol000
series) as per the standard protocol described by
Strickland and Parsons, (1972) and
APHA/AWWA/WEF, (1998). BOD and COD contents
were  analyzed using the standard  methods
(APHA/AWWA/WEF, 1998; Manivaskam, 2005).

For bacterial enumeration, the seawater samples were
serially diluted and inoculated on Zobell marine agar and
some selective media such as MFC and m-Endo agars
(Hi media) were used for faecal coliform and total
coliform counts, KFS and TCBS agar (Hi media) for
fecal Streptococci and Vibrio sp. isolation. The
inoculated agar plates were incubated at 35°C for 24 h
(APHA, 1992) and counted the pathogenic indicator
bacteria and expressed as CFU / mL.

Statistical Analysis

The mean and standard deviation of the data were
calculated (Zar, 2010). One-way analysis of variance
(ANOVA) with Dunnett test was used to calculate
significant difference between the years, p < 0.05 as
significant. The analysis was performed using GraphPad
Prism, Version 6.

Results and Discussion
Sources of Pollution

In this study, the general sources of pollution in the
coastal environment of Palk Bay and Northern Gulf of
Mannar, India was described in Table 1 and Figures 2
and 3.
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Rameswaram Agnitheertham (Site 1) and

Rameswaram Boat Jetty (Site 2)

Nearer to Agnitheertham, two sewage discharging points
were identified i.e., one was nearer to Agnitheertham and
another was nearer to Hotel Tamil Nadu. In addition to
the sewage effluent discharges, this coastal water was
contaminated by pilgrims and tourists. Rameswaram
Boat Jetty is 500 meters southwest of Rameswaram
Agnitheertham. Nearer to the Rameswaram Boat Jetty,
three sewage discharging points were identified and these
three points were located within 100-meter distance.

Pamban (Site 3)

Pamban is also one of the major fishing villages and fish
landing centres in Tamil Nadu. Pamban, on both sides of
Gulf of Mannar and Palk Bay region, found to have more
oil and sewage pollution.

Mandapam Boat Jetty (Site 4)

Three fish processing industries were also located in
Mandapam. Of these, two are located in the Palk Bay
region and third one was located in the Gulf of Mannar
region. The processing plant discharged their effluent
directly in to the coastal water but in low flow rate.

Pudhumadam (Site 5)

The Madurai Kamaraj University’s Marine Research
Centre i.e., the eastern side of Pudumadam coast was
selected as control site, since there were no direct,
indirect and seasonal sewage outfall along the coastal
region and also few motorized boat operations hence
Pudumadam was considered as Control Site.

(Site  6)

Keezhakkarai light house and

Keezhakkarai Boat Jetty (Site 7)

Keezhakkarai is one of the important fish landing centre
in Tamil Nadu with more densely populated town in
Ramanathapuram district, Tamil Nadu. Two major
sewage outfalls are identified i.e. one is nearer to the
Keezhakkarai light house; it carries the domestic sewage
effluents from Keezhakkarai town.

The Keezhakkarai Boat Jetty is located at 400 meters
towards the east of Light house. This site reported more
sewage outfall than the light house discharge.
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Additionally, oil pollution due to boat operation and
dumping of solid wastes is also a major sources of
pollution.

Chinna Erwadi (Site 8)

Chinna Erwadi which is located just 2 km from Erwadi
town and also one of the major fish landing centres in
Tamil Nadu. This coastal water is contaminated by oil
pollution due to boat operations while there were no
direct sewage outfalls in this fishing village.

Physico-chemical parameters

The seawater quality parameters including nutrients and
microbial enumeration of seawater samples were
analyzed at intervals of three months i.e., June 2009,
September 2009, December 2009, March 2010 (First
year), June 2010, September 2010, December 2010,
March 2011 (Second year), June 2011, September 2011,
December 2011 and March 2012 (Third year). The mean
values of seawater quality parameters and nutrient
contents were calculated and presented in Figures 4 - 8.

During the study periods, the pH levels of the seawater
samples were ranged from 7.23 to 8.4. Site 1 recorded
minimum pH during March 2011 and Site 3 recorded
maximum pH during June 2010 (Figure 4a). In all three-
year studies, maximum pH was recorded at Site 3 while
the second year study showed raise in pH in all study
sites (p< 0.02). The seawater temperature was ranged
from 27.8°C to 35.7°C. Overall it was highest when
compared with all study sites and at all three years
sampling. Site 2 noticed minimum temperature during
September 2009 and 2011 whereas it was maximum in
Site 3 during March 2012 (Figure 4b). Similar to pH, the
second year study showed an increasing trend in
temperature in all study sites (p< 0.001). The millivolt of
the seawater samples ranged between -112 and -45mv.
Minimum value was noticed in Site 3 during March 2012
and maximum in Site 1 during September 2009 and June
2011. Over all, Site 1 showed higher conductivity during
the first year observation (p< 0.001) (Figure 4c).

The salinity of the seawater was ranged from 22.6 to 34.9
ppt. Minimum salinity was noticed in Site 1 during
September 2011 and maximum salinity in Site 3 during
March and June 2010. The salinity recorded was higher
in all study sites during the second year observation
(p<0.0005) (Figure 5a). The dissolved oxygen content
was varied from 2.99 to 6.5 mg/L. Minimum DO was
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recorded during March 2012 at site 2 and maximum
during June 2009 at Site 5. The DO levels in all eight
study sites were decreased during the third year (p<0.05)
(Figure 5b). The total dissolved solids were ranged
between 19.3 and 39.2 ppt. The minimum value was
recorded during June 2011 in site 5 and maximum was
recorded during March 2012 in Site 3. Overall, all study
sites showed variations in TDS, while, the site 5 showed
less TDS during first and third years (p<0.05). The
conductivity was ranged between 32.2 and 72.2 mS/cm
(Figure 5c). The minimum value was noticed in site 2
during September 2011 and the maximum value was in
site 3 during March 2012.

Like TDS, the site 5 recorded less conductivity during
the first and third years compared to the second year
(p<0.005) (Figure 6a). The turbidity recoded were ranged
between 1.76 and 24.5 NTU. The minimum turbidity was
recorded during June 2011 in Site 4 and maximum
turbidity was during March 2012 in Site 7. Excluding
Site 3, the remaining sites showed elevation in turbidity
(p<0.05) during the second year (Figure 6b).

Nutrients

In this study, the nutrients such as Nitrate, Nitrite,
Phosphate and Silicate in seawater samples at all eight
study sites calculated were presented in Figures 7a-7d.
The nitrite level was ranged between 0.59 and 5.8 mg/L.
Minimum and maximum nitrite levels were recorded in
Site 1 during June 2011 and March 2011, respectively
(p<0.05) (Figure 7a). The nitrate concentration was
varied from 2.93 to 8.9 mg/L. Minimum nitrate level was
recorded during September 2011 at Site 1 and it was
maximum during March 2011 and September 2011 at
Site 1 and Site 7, respectively (Figure 7b). Compared to
the first and third years, the second year showed
increasing nitrate and nitrite levels in all stations except
Site 5 and Site 8 (p<0.05).

Likely the inorganic phosphate content in seawater was
ranged from 1.83 to 4.92 mg/L. Minimum inorganic
phosphate concentration was recorded during September
2011 at Site 5 whereas it was maximum during March
2012 at Site 7 (Figure 7c). The inorganic phosphate
levels in the study sites showed slight variation in all the
three years (p<0.5). The reactive silicate concentration in
seawater sampled in all eight sites during the three years
was ranged from 6.2 to 14 mg/L. Site 1 reported
minimum reactive silicate concentration during June
2009 while it was maximum at Site 3 during June 2010

(Figure 7d). All three-year study showed that there was
little elevation in silicate concentration when compared
with each study site, however Site 1 and Site 2 exhibited
less silicate concentrations in all three years (p<0.05).

COD and BOD

The BOD was ranged between 21 and 75 mg/L.
Minimum BOD was noticed in site 5 during September
2009, December 2009 and 2010 and maximum BOD was
during June 2010 and March 2012 at Site 7. Compared to
the first year, the second and third years showed less
BOD in all study sites (p<0.001) (Figure 8a). The COD
was varied from 52 to 345 mg/L. Minimum COD was
noticed in Site 5 during September 2009 and maximum
was during June 2010 at Site 7. Like BOD, the second
and third year showed less COD in all study sites
(p<0.001) (Figure 8b).

Pathogenic Microbial Counts

In addition to physico-chemical analysis, the pathogenic
indicator bacteria (Total Coliform, Fecal coliform, fecal
Streptococci and Vibrio sp.,) from the seawater samples
collected from all eight sites were also carried out and the
indicator bacterial counts were presented in Table 2. The
sites 1, 2, 6 and 7 showed maximum microbial count
especially the total coli forms and fecal contamination
indicating bacteria are rich in these sites and the sites 3,
4, 5 and 8 showed minimum microbial count in all years
(Table 2).

The major sources of coastal pollution are because of
increased coastal urban development (Xu and Zhang,
2022). Most of the coastal regions of the Gulf of Mannar
and Palk Bay showed unpolluted environments except
the coastal regions of Tuticorin (GOM), Tiruchendur
(GOM), Rameswaram (PB), and Mandapam (GOM &
PB). The coastal waters of Tuticorin and Tiruchendur
regions are polluted due to the direct release of untreated
industrial and domestic sewage effluents while the
coastal regions of Keezhakarai, Rameswaram and
Mandapam were mainly polluted only because of
untreated domestic sewage outfalls in the coastal waters.
However, the oil pollution is also common in all major
fishing towns / villages due to the seepage of diesel oil
and grease from mechanized and motorized boats’
operation.

Untreated sewage outfalls are increasing the suspended
solid loads, turbidity, nutrients etc. This alters the
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seawater quality of the coastal and associate ecosystems.
Among the hydrological parameters, temperature and pH
are indispensable factors for growth, reproduction and
diversity of aquatic organisms (Gopinathan and Rodrigo,
1991; Guldberg-Hoegh, 1999; Loya et al, 2004;
Rosenberg et al., 2004). The high buffering activity of
sea water often ensured wide variations of pH (Yokesh
Kumar and Geetha, 2012a). The pH of marine water is
generally ranged from 7.8 to 8.3 (Moore and Stevanson,
1991; National Environmental Board, 1994), but the pH
was very low in Site 1 due to continuous mixing of
sewage pollution. Though, in other sites, compared to the
first and third years, the rainfall is less in the second year,
this perhaps the reason for increased pH in the second
year. The fluctuations in temperature, salinity and DO of
Palk Bay coastal waters influenced the pH in seawater
(Yokesh Kumar and Geetha, 2012b).

The temperature of the coastal marine waters is generally
ranged from 26°C to 28°C (Moore and Stevenson, 1991;
National Environmental Board, 1994) while during
summer or very hot climatic condition, it was higher than
the normal. In this study, the temperature recorded in
Site-1 showed highest during Dec. 2009 i.e., 34°C. (1*
Year); in the 2™ year, Site-6 recorded overall highest
temperature of 35.4°C was recorded during Jun-2010 at
Site-6 during 2™ year as well as March 2012 at Site-8
however there were no variations between sites and study
periods. This was mainly due to very shallow water in
the Palk Bay coast i.e., average of 5Sm depth. Even
though there are more depth in the Gulf of Mannar study
sites, Sites 5 and 6 noticed higher temperature this may
be due to higher sun’s radiation during observation.

Further it alters the seawater chemistry because of
temperature all together with terrestrial runoff and
pollution (Wild and Maier, 2010). Like pH, the
temperature also increased in the second year in all eight
study sites because of decreased rain fall, and increased
atmospheric temperature. The variation in salinity is
caused by frequent dilution by rainfall and evaporation.
Site 1 showed less salinity due to the continuous sewage
inflow, and in Site 3, higher salinity recorded in summer
could be attributed to the increased rate of evaporation,
low rainfall and tidal action with decreased freshwater
inflow and drainage (Govindasamy et al., 2000).

The dissolved oxygen is known to decide the suitability
of aquatic ecosystem to support the survival and growth
of aquatic organisms. The dissolved oxygen in seawater
depending upon several factors mainly temperature,

salinity, wave action, amount of plankton, pollution load
and external water masses (Sivasamy, 1990). Generally,
the dissolved oxygen concentration greater than 4 mg L™
is always associated with survival and growth
(Chandraprakash and Reddy, 1999). The DO was very
low in Site 2 in March 2010 but in all the three years, the
DO is less in Site 1, 2 and 3 but in third year, Sites 6, 7
and 8 showed less DO. The maximum DO was recorded
in Site 5, because of no sewage input in Site-5.

BOD is the ‘measure the amount of oxygen that microbes
consume while decomposing organic matter under
aerobic conditions’. In all three years, BOD was low in
Site 5, moderate in sites 3, 4, 7 and 8, though it was very
high in sites 1, 2, 6 and 8. The COD is a measure of the
total quantity of oxygen required to oxidize all organic
materials into carbon dioxide and water via chemical
oxidation. The source of organic materials is nothing but
sewage pollution. Like BOD, the COD was very less in
Site 5, moderate in sites 1, 3, 4 and 8, but it was high in
sites 2, 6 and 7 in all the three years. The DO, BOD and
COD were clearly indicated the sites 1, 2, 6 and 7
received large amount of domestic sewage water
containing high quantity of organic matters.

Nutrients are naturally found in coastal waters and
essential for the growth of microalgae. The accumulation
of nutrients through sewage favours the growth of micro
and macroalgae. Terrestrial discharges such as domestic
sewage and industrial effluents, and runoffs have a
significant source of nutrients to the coastal marine
waters (Shanmugam et al., 2007). Nitrate and ammonia
is a main source of nitrite.

The agriculture fertilizers and detergents used for
household purposes are the main sources of inorganic
phosphates. The inorganic phosphate is utilized by
primary producers. If the nutrient load increases which
results micro and macroalgal growth and lastly enormous
quantity of nutrients in seawater leading to algal bloom
i.e., red tides. For the past two decades, the Gulf of
Mannar and Palk Bay coasts encountered frequent red
tide problems and fish mortalities were reported due to
drastic changes in seawater quality mainly because of
very low dissolved oxygen levels (Gopakumar et al.,
2009; Sundararajan, 2019; Diraviya Raj et al., 2020). The
nutrient levels were very high in Site 1 and Site 7 during
the study periods while it was less in Site 5 and Site 8.
The reactive silicate level was very less in Site 1 and Site
2 because of uptake of silicate by phytoplankton for their
biological activity (Govindasamy et al., 2012).
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Table.1 Sources and Types of Pollution along the northern Gulf of Mannar and Palk Bay, Southeast coast of India.

Names of town \

village surveyed

1. Rameswaram
a. Agnitheertam

b. Boat jetty

2.
Thanghachimadam
3. Akkalmadam

4. Pamban
a. Pamban Bridge

b. Chinnappalam

c. Pamban North

5. Mandapam
a. Near Baby
Marine sea food
Company

b. Boat jetty

c¢. Mandapam
camp

d. CMFRI

6. Veedhalai

7. Pudhumadam

8. Periyapattinam

9. Keezhakkarai
a. Light house

b. Boat jetty

10. Chinna Erwadi

Sources of pollution

Domestic sewage outfall- 2 discharge
point, Pilgrims bathing and open
lavatory
Domestic sewage outfalls —3 discharge
points and oil pollution due to Boat
operation and open lavatory by local
settlers
Nil

Nil

Solid wastes, open lavatory along the
coast and oil pollution due to berthing
and operations of Trawlers and Vallam

Anthropogenic, solid waste disposal

and open lavatory.

Anthropogenic, solid waste disposal

and open lavatory.

Sewage outfall from fish processing
industry and oil pollution due to Boat
berthing
Anthropogenic, oil pollution due to
boat operation and solid waste
disposals
Anthropogenic wastes including solid
wastes dumping and open lavatory.
Solid waste dumping

Solid wastes dumping. No sewage
outfalls.
Solid wastes dumping along the coasts
and faecal wastes.

Dumping solid wastes and open
lavatory

Sewage outfall and faecal
contamination.

Sewage outfall, oil pollution due to
boat operation and Dumping of solid
wastes.

No sewage outfall, but oil pollution
due to Boat berthing.

Types of pollution

Organic, Inorganic,
microbial and Solid
wastes.
Organic, Inorganic,
microbial and solid
wastes.

Dumping solid wastes
only
Dumping solid wastes
only

Inorganic, organic and
solid wastes

Organic, Inorganic and
solid wastes

Organic, Inorganic and
solid wastes

Sewage effluents, oil
pollution and solid
wastes

Organic, Inorganic and
solid wastes

Dumping of solid wastes
Organic and Inorganic

Organic, Inorganic and
solid wastes
Organic, Inorganic
wastes and microbial
contamination.
Solid wastes

Organic and Inorganic

Organic, Inorganic, oil
pollution and Solid
wastes.

Oil pollution
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Coastal
region

Palk Bay

Palk Bay

Gulf of
Mannar
Gulf of
Mannar

Gulf of
Mannar

Gulf of
Mannar
Palk Bay

Palk Bay

Gulf of
Mannar

Gulf of
Mannar
Gulf of
Mannar
Gulf of
Mannar
Gulf of
Mannar

Gulf of
Mannar

Gulf of
Mannar

Gulf of
Mannar

Gulf of
Mannar

GPS location

N 09°17°23.63”
E 079° 19°16.75”

N 09°17°05.64”
E 079° 18°57.03”

N09°15°33.04”
E 079°14°37.87°
N09°15°29.83”
E 079°15°22.57

N 09°16’ 55.73”
E 079° 12°30.40”

N09°16°23.62”
E 079°12°45.75”
N09°17°05.38”
E 079°12°56.25”

N 09° 17°45.55”
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Table.2 Indicator pathogenic bacterial counts (n=3) in the Gulf of Mannar and Palk Bay coastal waters from

May 2009 to June 2012.
Study Mean Bacterial count (CFU mL'l; x10%)
sites
2009-10 2010-11 2011-12
TCF FCF FS Vibrio TCF @ FCF FS Vibrio TCF @ FCF FS Vibrio
Sp. Sp. Sp.

Site-1 214+ 173+ 121+ 96+ 182+ 123+ 83+ 96+ 232+ 154+ 119+ 83+
10.5 8.5 1.5 1.5 13.5 15.5 0.6 0.7 15.5 10.2 9.5 3.5
Site-2 112+ | 83+ 39+ 26+ 185+ 167+ 62%+ 89+ 196+ 164+ | 31+ 68 +
10.3 4.3 0.5 0.4 14.1 8.5 10.5 6.5 10.5 11.1 5.5 5.5
Site-3 68+ 34+ 0.13x 028 7.5+ 37+ 23+ 41+ 93+ 29+ 3.6+ 52+
53 0.5 0.06 0.05 0.75 0.5 0.5 0.5 0.9 0.87 0.54 0.52
Site-4 2.1+ 021+ 025+ 032+ 36+ 12+ 31+ 41+ 39+ 31+ 18+ | 58+
0.5 0.05 0.1 0.1 3.9 0.3 0.2 0.5 4.5 0.5 0.32 0.54
Site-5 68+ 0.114 075+ 038+ 94+ 0.16+x 034+ 063+ 162 74+ 37+  37%
045 +0.01 0.1 0.1 0.3 0.05 0.5 0.1 1.1 0.5 0.13 0.3
Site-6 247+ 192+ 102+ 11.8+ 226+ 138+ 102+ 113+ 252+ 161+ 128+ | 83+
9.5 9.5 2.5 1.2 22.5 10.5 7.8 12.5 9.5 3.5 8.6 10.5
Site-7 232+ 175+ 86+ 92+ 208+ 141+ 92+ 95+ 212+ 154+ 139+ 83+
21.1 3.1 2.5 22 11.4 8.6 5.5 4.5 9.13 10.3 8.5 3.2
Site-8 024 1022+ 031+ 043+ 3.6+ 0.12+ 031+ 54+ 41+ 37+ 23+ | 68%

+ 0.05 0.1 0.1 0.2 0.1 0.4 0.14 =~ 0.09 @ 0.11 0.24 0.46
0.05

TCEF: Total Coliforms; FCF: Fecal Coliforms; Fecal Streptococci and Vibrio sp.

Figure.1 Map showing the sites surveyed and selected sites for Physico-chemical parameter studies
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Figure.2 Sources of sewage and other pollution in the Palk Bay and Northern Gulf of Mannar, India

a) Rameswaram Agnitheertam b) Rameswara
-

m Boat Jetty

7

¢) Pamban (near Pamban Bridge) d) Mandapam

e) Pudhumadam

f) Keezhakkarai Light House

g) Keezhakkarai Boat Jetty
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Figure.3 Pollution sources and its status in the Rameswaram Coast after 5 years of Study

a: Agnitheertham (constructed a step)

b: Discharge of effluent without any treatment

347




Int.J.Curr.Microbiol. App.Sci (2024) 13(10): 338-357

Figure.4 Yearly mean variation in (a) pH, (b) Temperature and (c) Milli-volt in seawater collected from
different sites from May 2009 to June 2012. 1*" Year: Jun. 2009 - Mar. 2010; 2™ Year: Jun. 2010 - Mar.
2011; 3" Year: Jun. 2011 - Mar. 2012
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Figure.5 Yearly mean variations in (a) salinity, (b) Dissolved Oxygen and (c) Total Dissolved Solids (TDS)
in seawater collected from different sites from May 2009 to June 2012. 1% Year: Jun. 2009 - Mar. 2010; 2™
Year: Jun. 2010 - Mar. 2011; 3" Year: Jun. 2011 - Mar. 2012
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Figure.6 Yearly mean variations in (a) Conductivity and (b) Turbidity in seawater collected from different
sites from May 2009 to June 2012. 1* Year: Jun. 2009 - Mar. 2010; 2™ Year: Jun. 2010 - Mar. 2011; 3"
Year: Jun. 2011 - Mar. 2012
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Figure.7 Yearly mean variations in (a) Nitrite, (b) Nitrate, (c) Inorganic Phosphate and (d) Silicate in
seawater collected from eight sites from May 2009 to June 2012. I* Year: Jun. 2009 - Mar. 2010; 2" Year:
Jun. 2010 - Mar. 2011; 3" Year: Jun. 2011 - Mar. 2012
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Figure.8 Yearly mean variations in (a) BOD and (b) COD levels in seawater collected from different sites
from May 2009 to June 2012. 1% Year: Jun. 2009 - Mar. 2010; 2™ Year: Jun. 2010 - Mar. 2011; 3™ Year:

Jun. 2011 -

Mar. 2012

BOD (mglL)

Site 1 Site 2 Site 3 Site 4

Study sites

m 1 year
M 2 year

m 3 year

Site 5 Site 6 Site 7 Site 8

400

350

300

250

200

€D (mg/L)

150

100

50

Site 1 Site 2 Site 3 Site 4

Study sites

m 1 year
2 year

= 3 year

Site 8

Site 5 Site & Site 7

The increasing concentration of nutrient load leads to
excess growth of bacteria, phytoplankton and toxic algae,
subsequently it depletes dissolved oxygen in the
surrounding waters which reflects BOD, and it is
hazardous to other fauna and flora of coastal marine
waters (Meyers, 1999).

Turbidity is a good indicator for the presence of
suspended materials such as silt clay and organic
substances in seawater. The high TDS in seawater can
form turbidity. Generally, the TDS and turbidity occurred
due to domestic sewage and industrial waste water inputs
(Gowri and Ramachandran, 2001).  Electrical
conductivity is one of the key factors that determine the
quality of water; it indicates the presence of ions in the
water. It can also indicate the domestic sewage and
industrial discharges which altered by the tidal and wind
velocity. These factors were high in most of the sites but
less in Site 5. In this study, the seawater quality based on
the physico-chemical parameters was good than that of
other study sites. Though, the COD and BOD of
Rameswaram and Keezhakkarai coastal waters showed
very high. This indicates the pollution load due to the
discharge of untreated sewage effluents directly into the

coastal waters. Correspondingly, the nutrient load as well
as TDS, turbidity and conductivity were also higher in
Rameswaram, Mandapam and Keezhakkarai sites. This
further intensify the severity of pollution load in these
regions.

Unambiguously, temperature alterations can have acute
or long-term effects, pH changes disrupt ion balance and
respiratory efficiency, salinity affects osmoregulation and
ion dynamics, and dissolved oxygen levels are
fundamental for respiration and metabolic health
(Marium et al., 2023). Therefore, the aquatic organisms
have immediate response to the shifts / changes in their
surrounding environmental conditions which reflects the
survival, growth and reproduction of organisms inhabited
in this environments and as long term it affects the
distribution and diversity.

Major industries and power plants including salt pans
were located in the southern parts of the Gulf of Mannar,
India especially between Tuticorin and Tiruchendur
regions and additionally high quantity of untreated
sewage effluent released directly in the coastal waters of
Tuticorin region. While the northern Gulf of Mannar has
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no such industrial establishment except slat pans and
discharge of untreated domestic sewage effluent, mostly
from Keezhakkarai, Rameswaram, Mandapam and
Pamban. Both Gulf of Mannar and Palk Bay costs have
diverse reef ecosystems in India which have associated
fauna and flora of economical, food and medicinal
values.

The reef corals in Agnitheertham of Rameswaram,
Pamban and Mandapam are very close to shore than that
of other study sites hence the reef corals of the above
study sites were affected much by domestic sewage as
well as diesel oil pollution. The direct sewage inputs
contains high nutrient load thus enhances the growth of
macroalgae in and around as well as over the corals thus
reduction in coral covers.

Abaya et al., (2018) reported the influence of sewage
effluent to the global decline of coral reefs. The release
of sewage effluents into the coastal and coral reef
environments which reflects the seawater quality and
increased chances of microbial contamination with
subsequent disease occurrences i.e., the coral disease
prevalence was increased from 8.9% in 2007 to 10% in
2008 (Abaya et al., 2018). The increased impacts on
coral disease prevalence and its severity have been linked
to sewage pollution (Sutherland et al., 2010; Redding et
al., 2013; Vega Thurber et al., 2014; Yoshioka et al.,
2016).

Normally untreated sewage effluent receiving coastal
waters showed significant effect on their water quality
and subsequent load of the pathogenic indicator bacteria
(Delille and Gleizon, 2003). The pathogenic bacterial
indicator study revealed that there was variation in
indicator bacterial counts between sites and period of
sampling. Mostly the sites 1, 2, 6 and 7 (Rameswaram,
and Keezhakkarai) showed highest counts of all four
pathogenic bacteria examined while total coliform
showed maximum counts followed by fecal coliforms.
This was because of heavy load of domestic sewage
released in the coastal waters without pre-treatment
(Rameswaram, and Keezhakkarai). The sites 3,4, 5 and 8
(Pamban, Pudumadam and Chinna Erwadi) showed very
less bacterial counts since there were no direct release of
sewage effluent in to the coastal waters. Generally, the
Palk Bay coast is very shallow waters with coral reef
ecosystem. Ramaiah et al., (2002) reported that the total
bacterial counts were very high in Ennore creek waters.
Another study by Ramaiah et al, (2004) reported the
variations in abundance of indicator pathogenic bacterial
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population assessed in the Mumbai creek. Through the
bacterial abundance in Gulf of Mannar and Palk Bay
coasts was higher when compared with Mumbai creek. In
the meanwhile, the pathogenic indicator bacterial
abundance in Veraval coastal water was very low
(Borade et al., 2015).

The release of untreated sewage effluents into the coral
reef environments containing heavy load of pathogenic
microbes may be the reason for various microbial
diseases to the corals. This was confirmed the study
conducted by Thinesh et al., (2011) and they reported
that the bacterial diseases such black band, white spot,
pink spot, white plague and yellow spot were
predominant in the reef corals of Palk Bay and the total
heterotrophic bacteria and pathogenic microbial counts
were highest in Mandapam coastal waters and sediments
(Patterson et al., 2002; Thinesh et al., 2009).

In the present study, mostly the Rameswaram, Pamban,
Mandapam and Keezhakkarai coastal waters found to be
severely contaminated by oil pollution. This was because
of leakage of diesel and grease by mechanized and
motorized boats. This may affect the survival of fauna
and flora of inhabitance. This was confirmed the study
conducted by Hemalatha et al., (2020). They noticed that
the high concentrations of PHCs in the estuarine mouths,
bays and, harbours and coastal regions of Pulicat Lake
were because of boat traffic and urban wastage. A study
conducted by Raja et al., (2022) reported that the surface
sediment samples from the Palk Bay coasts contained the
TPHs concentration from 0.78 to 2.70 pg g (wet wt.)
which was relatively higher in the southern region than
the northern region. Predominance of cyclic
hydrocarbons was also reported which was widespread
use of petroleum derivatives and may contribute to
higher hydrocarbon pollution in the Palk Bay.

Petroleum hydrocarbons has toxic to the aquatic fauna
and flora (Turner and Reneger, 2017; Oparaji et al.,
2016) which have adverse effects on survival, growth
and reproduction thus leads to death (Oparaji et al.,
2016). It confirms that the seawater quality in
Rameswaram, Mandapam, Pamban and Keezhakkarai
coastal waters is influenced not only by the domestic
sewage effluent and also by seepage of diesel oil / grease
from mechanized boats’ traffic.

After four years of the study, the sites were revisited and
checked the status of domestic sewage entry and oil
pollution during 2017. In Agitheertham of Rameswaram,
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a small sewage water storage pit was constructed for
treatment and released the treated domestic sewage
effluents just away from the devotees bathing areas but
other locations / sites found to be no changes.
Additionally, the seepage of diesel oil from mechanized
boats is also pollute the coastal and adjutant coral reef
environments hence it is required oil remediation process
to control. The domestic sewage pollution leads to long
term consequences comprising eco-social, ecological,
and adverse health impacts (Alkhalidi et al., 2022).

This study indicates that the Gulf of Mannar and Palk
Bay regions, India are in threat because of anthropogenic
pollutions. The role of physical mixing and transport by
water current are less significant in these areas; therefore,
all pollutants remain concentrated around the surf zone
due to low dispersion.

In this study, the Pudumadam coast is considered as a
control site because this fishing village is one of the
unpolluted region in the Northern Gulf of Mannar as well
as Palk Bay coasts.

The Gulf of Mannar and Palk Bay coasts have fragile
coral reef ecosystems and inhabitance of highly sensitive
organisms, the constant changes of hydrological
parameters are directly influenced the coastal water
quality and also nearby coral reefs and other marine
fauna and flora. New techniques and facilities are
necessary to reduce the content of suspended solids,
oxygen-demanding substances, dissolved inorganic
compounds, pathogens and mixing of sewage in the
marine environment. This study is the baseline data for
impact of domestic sewage effluents on seawater quality
of northern Gulf of Mannar and a part of the Palk Bay
coastal waters. Therefore the Palk Bay and Gulf of
Mannar regions should need a separate, and reliable
continuous monitoring programme to check the various
environmental indicators including pathogenic microbes.
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