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Abstract: Beaches are popular vacation destinations across the globe, and many nations have acknowledged the issue of seawater
contamination. The present study was carried out to analyse the difference in quality between rural and urban beaches during
post-lockdown. Water and soil samples were collected post-lockdown in the year 2021 and 2023 from Tiruchendur and Marina
beaches in Tamil Nadu and were analyzed for physico-chemical and biological parameters. A statistical survey was also done to
understand the awareness of the public in this area. Microbial presence was detected using spread plate technique and colonies
were enumerated. According to the experimental results performed in the year 2021 and 2023, the number of bacteria in the soil
sample was 6.55 x10® CFU/g (S1) and 6.4 x10® CFU/g (S2) and 2.43 x107 CFU/g (S1) and 2.9 x10” CFU/g (S2), respectively.
Similarly, the bacterial count in the water sample was TLTC (S1 & S2) in 2021 and 6.5 x 108 CFU/mL (S1) and 7.0 x108
CFU/mL (S2) in 2023. Gram positive organisms such as Staphylococcus sp., Sarcina sp., Micrococcus sp., Enterococcus sp.,
Corynebacterium sp., Bacillus sp., were found to be the dominating organisms in seawater. The total coliforms and other Gram-
negative organisms such as E. coli, Pseudomonas, Aeromonas, Acinetobacter were found to be high in sand, rather than in
seawater during both the years. Due to high population activity, the samples collected after two years expressed high microbial
load indicating increased contamination and suspended particulate matter.

IndexTerms - Seawater, Marine, Gram-positive Organisms, Coliforms

. INTRODUCTION

Marine water pollution has been recognized globally as an issue that requires an important public health and environmental
concern. In order to conserve the marine ecosystem and their diversity in deep oceans, Mission Blue has been started along with
TUCN declaring 76 hope spots of ocean which are the Earth’s blue heart. In specific, India has 2 hope spots, Lakshadweep and
Andaman Nicobar Islands. Beach quality monitoring and assessments based on microbiological, physical and chemical
parameters are taken into account as a vital part of coastal management programs due to the increased recreational activities. The
quality of seawater is assessed by comparing with National and/ International standards (Davies et al., 1995; Andraus et al., 2014;
Velonakis et al., 2014; Halliday et al., 2014; and DEA, 2012). Monitoring the presence of pathogenic bacteria is essential for
water quality assessment, as it can directly or indirectly result in significant health issues for humans (Dibra et al., 2023 and
Ichsan Rusydi et al., 2024). Many studies have reported the presence of Enterococcus species, Aeromonas sp., Vibrio sp.,
Staphylococcus sp., Pseudomonas sp., Escherichia coli etc. in beach sand, seawater, or both samples that can infect people
(Elmanama et al., 2005; Curiel-Ayala et al., 2012 and Ahmad et al., 2013). These waterborne pathogens act as a source for various
ailments like gastrointestinal, respiratory, skin, eye as well as ear infections (Sabino et al., 2014). The study of biodiversity and
enumeration has been a greater option to understand the presence of various microorganisms and their count to prevent various
diseases from spreading and maintain a sustainable and sanitary environment. This research was executed to analyze the extent of
human intervention, post-covid lockdown relaxation, and changes in both land and water at their interface i.e., beach and seashore
were assessed. The decrease in contamination on beaches and in coastal water has been observed globally where quarantine
measures existed. In post-covid times, the waters in beaches of Acapulco (Mexico), Barcelona (Spain), Salinas (Ecuador) have
become substantially more transparent and clearer (Zambrano-Monserrate et al., 2020). In this study, samples were collected from
the shoreline of South India, Tamil Nadu, and quality assessments were done to explore the differences between rural and urban
beaches and to figure out the impact of lockdown and current population activity on them.
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Il. MATERIALS AND METHODS

2.1. Study area

The study sites comprise Tiruchendur (8°29'46.7088" N, 78°7'30.306" E), a holy place located in Tuticorin district (near
Tirunelveli) along the shoreline overlooking the Bay of Bengal in the South-eastern part of Tamil Nadu (Approximately 2000 km
from Andaman Nicobar Islands) and Marina beach (13°03'15.05" N, 80°17'1.25" E), located in Chennai along the Bay of Bengal in
the north-southern part of Tamil Nadu, which is an important urban sandy beach (Approximately 1500 km from Andaman Nicobar
Islands).

www.jetir.org (ISSN-2349-5162)

2.2. Sampling

Composite soil and water samples were collected in the month of September, 2021 and August, 2023 from the coasts of
Tiruchendur beach (S1) and Marina beach (S2). The samples were collected from the top 4 cm soil profile, where maximum
microbial activity occurs, and thus most of the bacterial population is concentrated. Soil samples were collected (approx. 100g) in
clean, dry and sterile polythene bags using sterilized spatula and water samples were collected in 1 L sterilized water cans and were
carried to the laboratory for further analysis.

2.3. Physico-chemical analysis
The following physico-chemical parameters were used to analyse soil and water samples: pH, chloride test, sulphate test, suspended
matter, organic and inorganic particles, specific gravity, and sedimentary texture analysis.

2.4. Isolation of microorganisms and enumeration

The water and soil samples collected from the study sites were analyzed immediately in order to isolate all viable bacteria. The
samples were serially diluted in saline and aliquots from the dilution tubes were plated on Zobell Marine Agar plates by means of
spread plate technique. The plates were incubated overnight at room temperature. After incubation, bacterial growth was observed
and the number of colonies were enumerated as follows:

Colony Forming Unit (CFU) = No. of colonies X dilution factor
volume of sample (ml)
The isolated colonies showing different morphological characteristics were identified using Gram staining, motility and minimum
biochemical tests and were confirmed using Bergey’s Manual. The purified isolates were then cultured on Zobell Marine slant and
stored at 4°C. Membrane filtration technique was also performed to determine the quality of water sample.

2.5. Statistical survey

An online survey was conducted using Google forms to know public understanding about water bodies and their ideology about
using beaches for recreational activities and risk factors associated with it. The results were then analysed and data were depicted
using pie and bar charts.

I1l. RESULTS

Soil and water samples were collected from Tiruchendur (S1) and Marina (S2) coasts and analyzed for various physico-chemical
and microbiological parameters. The pH of water and sand from both the sites were found to decrease as shown in Table 1.

Table 1. pH of water and soil sample

pH
SAMPLE 2021 2023
S1 S2 S1 S2
WATER 8.20 7.91 7.84 7.27
SOIL 9.40 9.25 7.92 7.70

The chloride ions, sulphates, inorganic solids, organic solids content was found to be much higher than the permissible limit as
represented in Table 2.

Table 2. Chemical analysis of water samples

RESULTS
S.No | PARTICULARS STANDARDS
2021 2023
51 52 51 52 500 mg/l for RCC
1 Chlorides as CI- Mgy max. for

19458.25mg/l | 16565.04mg/l | 19499.15mg/l | 19073.71mg/l 2000 mg/I max. for PCC

2 Sulphates as SO3 1722.16mg/l 1635.67mg/I 2292.89mg/I 2219.45mg/l 400mg/l max.

3 Inorganic Solids 34630.00mg/l | 28841.00mg/l | 34325.00mg/l | 33549.00mg/I 3000mg/I max.

4 Suspended matter 3.20mg/I 3.20mg/I 1.00mg/l 1.00mg/l 2000mg/l max.

5 Organic Solids 24983.00mg/l | 11624.00mg/l | 3373.00mg/Il 2739.00mg/I 200mg/l max.
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Soil texture of Tiruchendur sand was observed to be finer with less medium sized particle and soil texture of Marina sample was
observed to be less fine with more medium sized particle (Table 3).

Table 3. Texture analysis of soil samples

SOIL TEXTURE S1 S2
GRAVEL
COARSE
SAND MEDIUM 55 64
FINE 42 36
SILT & CLAY 3 0
LIQUID LIMIT 21 18
AJLEI.}T_EI(E;)G PLASTIC LIMIT Nil Nil
PLASTICITY INDEX Non-Plastic Non-Plastic

Specific gravity and chloride test of soil samples are given in Table 4. Organisms were isolated from water and soil samples by
spread plate technique and were enumerated (Table 5).

Morphologically distinct colonies from marine water and soil samples were purified and identified by microscopic and
biochemical analysis (Table 6). In both water and soil samples mainly Gram-positive organisms like Staphylococcus, Sarcina sp.,
Micrococcus, Enterococcus, Corynebacterium, and Bacillus were found to be predominant. Gram negative organisms like E. coli,
Pseudomonas, Aeromonas, Acinetobacter were observed less dominant. Water samples from both the areas were analyzed for the
presence of fecal indicators by membrane filtration technique. After incubation, no growth of E. coli was observed on the Eosin
Methylene Blue (EMB) agar.

Table 4. Specific gravity and chloride test of soil samples

RESULTS
TEST 2021 2023
S1 S2 S1 S2
SPECIFIC GRAVITY 2.71 2.67 - -
CHLORIDE (%BY MASS) 0.16 0.01 0.16 0.18
Table 5. Microbial count of water and soil samples
Microbial count of water samples Microbial count of soil samples
YEAR SANR-E (CFU/mL) (CFUIg)
s TLTC? TNTC?
TLTC 6.50 x10°
2021
TLTC 0.96 x10°
S2
TLTC 6.4 x10°
2.70x107 TNTC
S1
6.50 x108 2.43 x107
2023
s 2.99 x107 TNTC
7.0 x108 2.9 x107

Table 6. Biochemical properties of the isolated organisms

S.No Organism Gram Staining Motility Pigment Oxidase Catalase IMViC Urease
1. Staphylococcus | Gram positive cocci - - - + - +
2. Sarcina sp. Gram positive cocci - orange + - - -
3. Micrococcus Gram positive cocci - yellow + + - -
4. Enterococcus Gram positive cocci - - - - - -

Gram positive

5. Corynebacterium - - - - + - -
bacillus
. Gram positive
6. Bacillus P + - + + . .
bacillus
. Gram negative
7. E. coli 0 + - - + ++ -- -
bacilli
Gram negative
8. Pseudomonas gativ + - + + e+ -
coccobacilli

I TLTC - Too low to count
2 TNTC — Too numerous to count
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Gram negative
9. Aeromonas - + - + + ++++ -
coccobacilli
. Gram negative
10. Acinetobacter 0 - - - + -+ -
bacilli

Figure 3. SPC of soil Figure 4. SPC of soil
sample — S1 (2021) sample — S2 (2021)

Figure 2. SPC of water
sample — S2 (2021)

Figure 5. SPC of water Figure 6. SPC of water
sample — S1 (2023) sample — S2 (2023)

Figure 7. SPC of soil Figure 8. SPC of soil
sample — S1 (2023) sample — S2 (2023)
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3.1Statistical survey

The survey received 215 responses in total over the course of two days, from December 13 to December 15, 2021. Out of 215
respondents, respondents under the age of 20 provided the most responses (16.7%), while respondents above the age of 60
provided the fewest responses (0.5%; Figure 9). Female respondents outnumbered male respondents (18.6%) by 80.5% (Figure
10).

Of the 215 respondents, 67.9% say Marina is their favorite place to travel, while 32.1% say Tiruchendur is their favorite place to
visit (Figure 11). 10.2% of the population has visited Tiruchendur more than once, in contrast to 31.6% of the population who
have never been there (Figure 12). Only 3.3% of the population has never been to Marina, compared to 38.1% of the population
who have been there numerous (Figure 13). 156 people, or 72.6%, believed that bathing in these resources was improper, but 59
people, or 27.4%, thought it was safe to do so (Figure 14). The majority of the people (83.1%) believed that using these resources
for bathing had a negative impact on the standard of beaches, whereas the remaining 16.9% did not share this opinion (Figure
15). A large percentage of respondents—81.9%, or 176 people—believe that human activity significantly contaminated Marina,
while 18.1% said Tiruchendur was more polluted (Figure 16).

Out of 215 individuals, 80.9% were aware that they might contract infections from beaches, but the remaining 19.1% were not
(Figure 17). While 74.4% of the community said they didn't get sick, 25.6% of respondents claimed they became sick after
visiting the beaches (Figure 18). The majority of respondents (71.2%) chose that the microbial load would be higher on urban
beaches than on rural beaches, whereas the remaining 28.8% thought the opposite (Figure 19). A whopping 75.3% of respondents
said that Marina's water contains more salt than Tiruchendur's, while just 24.7% disagreed (Figure 20). Almost half of the
population, 45.6%, decided that these waterbodies cannot be made potable, while the remaining 54.4% agreed (Figure 21).

The greater part of the respondents, 91.6%, or 197 persons, said that the lockdown and pandemic limitations had enhanced the
environmental conditions of the ocean and sand, while 8.4% of respondents experienced no improvement at all (Figure 22). The
majority of the population (72.6%) suggested that the best way to prevent pollution of these resources with plastic, medico waste,
and defecation, while 13.5% selected "Less human intervention™ as the best option and another 12.1% chose "using them for
productive purposes only" as the more effective choice (Figure 23).
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215 responses
@ Male

@ Female
@ Prefer not to say
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Figure 10. Pie chart representing the gender of the respondents.

Figure 9. Bar chart representing the age group of respondents.

Which is your most favorite tourist place, among the two 7

215 responses
@ Tiruchendur
@ Marina

67.9%

32.1%

Figure 11. Pie chart representing the respondents favourite tourist place.

How often have you visited Tiruchendur?

215 responses

0
68 (31.6%)

60
22 (10.2%)

40
29 (13.5%)27 (12.6%)

5(2.3%)

138%] 12 (5.6%) 12(56%) g (o)
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20

Figure 12. Bar chart representing the respondents visit history of Tiruchendur.

How often have you visited Marina ?

215 responses
100
82 (38.1%)
75
50
19 (8.8% r
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Figure 13. Bar chart representing the respondents visit history of Marina.
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Do you think bathing in these water resources are right?

215 responses

@ Yes
® No

Figure 14. Pie chart representing the respondents view on bathing in water resources.

If yes, will it affect the quality of those water?
213 responses

® Yes
® No

Figure 15. Pie chart describing the view of respondents on the factors affecting quality of beach water.

According to you, which one of them will be more polluted by human intervention?
215 responses

@ Tiruchendur
@ Marina

Figure 16. Pie chart representing the respondents view on pollution due to anthropogenic activities.

Do you think humans can acquire disease from these beaches?

215 responses

@ Yes
® No

Figure 17. Pie chart representing the respondents awareness on infections spread due to recreational activities in beaches.
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Have you ever fallen sick after visiting the beaches?
215 responses

® Yes
® No

Figure 18. Pie chart representing the health status of respondents after visiting beaches.
According to you, in which beach the microbial load will be more?
215 responses

@ Urban beaches
@ Rural beaches

Figure 19. Pie chart representing the respondents awareness on the presence of microorganisms.

Which water do you think will be more salty?
215 responses

@ Tiruchendur
® Marina

Figure 20. Pie chart representing the respondents view on salt concentration of the beaches.

Will these water bodies can be made potable?
215 responses

® Yes
® No

Figure 21. Pie chart representing the respondents view on making the seawater potable.
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Do you think Covid-19 lockdown would have improved the environmental conditions of sea water
and sand?

215 responses

® Yes
® No

Figure 22. Pie chart representing the respondents awareness on the improvement of environmental condition post-lockdown.

What do you think will be the best way to prevent these resources from pollution?
215 responses

@ Less human intervention
@ Using them for productive purposes only

Preventing pollution of these resources
with plastic, medico waste, defecation

1 @ All the above
@ both first and last option
13.5% @ Using the resources for a limit and to
\ conserve for the future generations as
12.1% we've borrowed the glabe from them

Figure 23. Pie chart representing the respondents awareness of the preventive measures.

IV. DISCUSSION

Tiruchendur and Marina beaches were analysed for various parameters and the results were interpreted. Both soil and water
samples had an alkaline pH, however there had been a significant shift in the pH of the soil samples during the two sampling
intervals. In a study carried out during the period 2006-2007, the quality of Tiruchendur beach was analyzed and found that the
pH of Tiruchendur seawater was differing i.e., 8 (festival days) and 7.4 (normal days) (Ganthi et al., 2009). Similarly, the amount
of chloride ion presence in seawater was 24 mg/l, much lesser than the value of chloride obtained during the present analysis. The
chlorides, sulphates, organic and inorganic solids content were found to be higher than that of the standard, indicating that they
were unfit for various purposes and a substantial reduction in the amount of organic solids present in the water samples was
observed in the analysis during the period 2023.

Bacterial counts of water and soil samples were significantly lower in 2021 compared to 2023, signaling changes in human
activity due to lockdown restrictions and their subsequent relaxation. The number of bacteria recorded in 2021 were TLTC (S1 &
S2) for water samples, 6.55 x108 CFU/g (S1) and 6.4 x10% CFU/g (S2) for soil samples. In 2023, the samples exhibited bacterial
counts of 6.50 x 108 CFU/g (S1) and 7.0 x 108 CFU/g (S2) for the water samples, and 2.43 x 107 (S1) and 2.9 x 107 (S2) for the
soil samples. These results reveal how the increased population activity has degraded the quality of beaches. Gram positive
organisms such as Staphylococcus, Sarcina sp., Micrococcus, Enterococcus, Corynebacterium, Bacillus were found to be the
dominating organisms in seawater. In comparison with seawater, the total coliforms and other Gram-negative organisms such as
E. coli, Pseudomonas, Aeromonas, Acinetobacter were found to be high in soil sample. The findings also showed that
Aeromonas counts were high in sand but low in seawater. The presence of Enterococcus indicates the contamination by humans.
Majority of the organisms isolated were catalase positive, indicating that they were aerobic. The presence of fungi and yeast were
also reported in marine water and sand (Kaumadi Samarasekera et al., 2017). Absence of E. coli on EMB medium after
membrane filtration indicates chances of less contamination of the resources in recent days.

A questionnaire survey consisting of 215 respondents was undertaken to understand beach user's priorities, concern and
preferences with regard to their beach use and visit. In general, the results of the survey indicated that majority of the beach users
are aware that bathing in the water resources are not right and that these human activities affect the quality of the water. People
are also aware that they can acquire diseases from beaches. According to people, urban beaches are highly polluted by human
intervention, contains more microbial load and has high salt concentration compared to rural beaches. Majority of the people also
feel that environmental conditions of seawater and sand has improved because of the lockdown restrictions and are also aware of
the preventive measures to maintain the quality of the water resources.

A survey was conducted across 109 households on beach use and perception of people towards better management in Oman
revealed that there was dissatisfaction with regard to provision of service and public would like to see improvement of beaches in
this area (Choudri et al., 2016). A study on marine debris pollution along Marina beach was carried out and the results indicated
that the plastic, paper and wood debris were found predominantly followed by food waste and metals (Arun Kumar et al., 2016).
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In general, in accordance with the lockdown and post-lockdown conditions due to Covid 19 pandemic situation, there were
deliberately very less human activity in the beaches, which has led to the reduction in contamination especially the Gram-negative
organism’s accumulation in the seawater and sands. The environmental conditions have improved a bit temporarily and the water
quality has also been increased indicating less contamination and suspended particulate matter. For the first time in Modern times,
many of the coastal areas studies has developed features of marine protected areas. Based on recent studies from the southeast
coast of India and in Brazil, similar findings have been observed. However, the 2023 investigation revealed a significant
microbial load, suggesting heightened pollution as a result of rising population activities.

V. CONCLUSION

Beaches are popular destinations for vacation tourism and leisure activities in many regions of the world. The goal of the current
research was to compare and contrast the post-lockdown quality of rural and urban beaches. Various physico-chemical and
microbiological characteristics were examined in soil and water samples collected in September, 2021 and August, 2023. The
comparison of the soil and water samples revealed that samples from Tiruchendur had significant levels of microorganisms during
the first sampling period and samples from Marina had significant amounts of microorganisms during the subsequent study,
particularly Gram-positive ones. Compared to samples taken from Marina, Tiruchendur's seawater and sand have a high alkalinity
level. In comparison to the Marina sample, the amount of chloride, sulphate, inorganic solids, and organic solids is significantly
greater and incredibly high in the Tiruchendur sample. Both samples had the same quantity of suspended matter. The change in
chloride levels in Marina water was also a sign that desalination is a practically challenging solution to the city's water demand. The
Tiruchendur sample had partially higher levels of pollutants during the initial study because of the sample's increased human
activity because of the temple festival, whereas Marina Beach had lower levels of pollutants, probably in compliance with COVID-
19 limitations. However, during the second phase of the study, it became apparent that the levels of chlorides, sulphates, and
inorganic solids had increased. The prevalence of E. coli, a faecal indicator, was not alarming right after the lockdown, suggesting
that the resources were not as contaminated, but later in the subsequent year, it was drastically increasing. Results of the
questionnaire study indicated awareness among people about the environmental conditions of beaches, the negative effects of
bathing, the pollution that humans cause, and potential solutions to these problems.
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