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Abstract: The presence of many types of microorganisms, including potential pathogens has been reported as an integral 

part of coastal management programs in many countries. Therefore the purpose of this study was to examine the seawater 

collected from a selected bathing site in the West coast of Sri Lanka, for pollution indicating bacterial parameters. Sand 

samples were subjected to similar evaluation. Two sites were selected from this location to collect samples. The following 

microbial parameters were analyzed in the collected samples: enterococci, total coliforms, thermotolerant coliforms, E. coli, 

Pseudomonas sp. and Staphylococcus sp. In addition, physical parameters such as temperature, pH and conductivity were also 

measured in collected samples. Enterococci counts generally varied from 09 - <1600 (MPN/100 ml). The statistical analysis 

revealed that counts of enterococci, coliforms, thermotolerent coliforms and E. coli were not significantly different at two sites 

in both seawater and sand samples. The average enterococci and total coliform counts in beach sand were higher than that of 

seawater. However, E. coli showed a higher average count as 228 (MPN/100ml) in seawater than 72 (MPN/100 ml) in beach 

sand. Bacteria belonging to species of Vibrio, Aeromonas, Pseudomonas, Bacillus, Staphylococcus and Listeria were identified 

from both seawater and sand. The sampled seawater was characterized by a salinity of 20-33 (ppt) and varying pH of 6.7 – 

8.20. Based on the obtained results for enterococci, the selected location was provisionally classified in the D category as per 

WHO guidelines. However microbiological quality of the seawater as per the water quality guidelines depends upon which 

indicator microbe is chosen. 
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1. Introduction 

Beach quality monitoring and assessments based on 

microbiological, physical and chemical parameters are 

considered as a vital part of coastal management programs 

due to the increased recreational activities. The problem of 

seawater pollution is therefore acknowledged worldwide and 

many countries are already monitoring the quality of beaches 

according to national and/or international standards; 

Australia [1], Brazil [2], Greece [3], Portugal [4], New 

Zealand [5], United Kingdom [6], United States [7], etc. The 

contamination of beach sand and seawater has increased due 

to improper garbage disposal, discharge of untreated 

domestic sewage, animal waste, pollution that are brought by 

rain water and river water [2]. The recreational water 

generally consists of pathogenic and non-pathogenic 

microorganisms derived from various sources. It has been 

found that these pathogens has the ability to cause many 

health problems such as gastrointestinal, respiratory, skin, 

eye, nasal cavity and ear infections, etc., who use these areas 

for their recreational activities [8, 9]. Since continuous 

epidemiological studies have shown a gradual increase in 

these diseases among the bathers, many countries have 

considered that it is important to monitor the microbiological 

quality of seawater and beach sand. World Health 

Organization [10] and United States Environmental 
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Protective Agency (US-EPA) [11] have setup guidelines to 

assess the microbiological quality of seawater and to grade 

the beaches according to the quality seawater. 

The microbiological quality of beach sand, specially the 

sand – water interface is receiving more attention as high 

levels of fecal indicator bacteria have been detected during 

several studies [7, 12]. In a study carried out in Oak Creek, 

Arizona, USA reported, a fecal coliform count in sand was 

2200 times higher than that of seawater [13]. Results 

revealed that re-suspension of sand due to recreational 

activities have affected the quality of seawater in a negative 

manner [13]. Based on research findings, sand is considered 

as a reservoir of infection in beaches [2, 14]. Generally most 

of the recreational users of beaches, especially the children 

are in contact with beach sand more than seawater, but still 

the legislations or guidelines have not been set up to assess 

the quality of beach sand [14]. 

According to many reported studies, the assessment of 

microbiological quality of beaches is based on the assessment 

of fecal pollution due to its adverse effect on recreational 

water users. The indicator organisms are used as a 

fundamental monitoring tool to measure both changes in 

water quality and to find the potential of presence of 

pathogens that cannot be easily detected [8]. The 

recommended indicator organism for marine water is 

Enterococcus [10]. Many studies have reported the presence 

of Enterococcus spp., Aeromonas spp. Staphylococcus spp., 

Pseudomonas spp., E. coli, etc. in either beach sand or sea 

water or in both samples [14 -16] which have the ability to 

cause infections in humans. The presence of fungi and yeasts 

were also reported in seawater and sand [17-19]. 

Sri Lanka is an island where tourism is one of the major 

economic sectors in its economy. The beaches therefore play 

a major role as recreational environments which make it 

important to assess the quality of these beaches. At the local 

level, few studies have been carried out [20]. However, no 

preliminary studies have been carried out to provide the 

foundation to classify the beaches according to international 

standards.  

This study was carried out to provide a foundation which 

would be helpful to the local responsible authorities and 

other interested parties in their future research on assessing 

microbiological quality of Sri Lankan beaches. The primary 

objective of the current study was to evaluate microbiological 

quality of the seawater of a selected beach site. The 

evaluation focused on Enterococcus, Total coliforms, 

Thermotolerant coliforms, E. coli, Pseudomonas and 

Staphylococcus. The wet sand collected from the beach area 

was also monitored for its microbial consortium. 

2. Materials and Methods 

2.1. Selection of Sampling Site 

The bathing location at Prithipura area, Hendala (a part of 

Uswatakeiyawa Beach) in the Western province of Sri Lanka 

was chosen as the study site. From this location, two sites 

with the highest bathers’ density were selected and these two 

sites were located approximately 150 m away from each 

other. The Table 1 illustrates the location with its landmarks 

around it. The distance for the two prominent landmarks 

from the selected site is as follows; 6.8 Km to Colombo 

Dockyard and 1.2 Km for the Dikkowita fisheries harbor. 

This selected beach area is visited by locals as well as 

foreigners and several resorts, hotels, houses, etc. are also 

located in this area. 

Table 1. Distance to landmarks from bathing location. 

Landmark Distance from location (km) 

Colombo Dockyard 6.80 

Pegasus Beach hotel 0.45 

Dikkowita fisheries harbour 1.20 

2.2. Sample Collection and Preparation 

Samples of seawater from 0.3 m below the water surface 

and beach sand (wet sand) from the shoreline were collected 

from April 2015 to September 2015 at different time 

intervals. The sampling was performed according to the 

guidelines given by American Public Health Association [21] 

where seawater samples were collected into sterilized amber 

coloured polyethylene bottles (200 ml) and sand into sterile 

polyethylene zipped bags. From each site, samples were 

obtained from three places with 20 m distance between each 

other. The samples were transported to the laboratory in a 

cool box. 

Composite samples of both seawater and beach sand were 

prepared for the two sites separately. Equal amounts from the 

three samples collected at each site were mixed well to 

prepare the composite samples. 

Extraction of beach sand  

Sand (50g) from the composite sample was placed in a 

pre-sterilized glass bottle (300 ml) into which Phosphate 

Buffer Saline (PBS) eluent (120 ml) was added and shaken 

for 2 minutes by hand over an arc of about 10 cm, following 

a 30 seconds settling time. The supernatant was decanted into 

a second sterile bottle. An additional PBS (80ml) was again 

added to the sand and the bottle was gently swirled for 10 

seconds after which the bottle was allowed to settle for 30 

seconds. The supernatant was then transferred into the same 

sterile bottle used after the first rinse step. 

2.3. Detection and Enumeration of Enterococcus 

Multiple tube technique was followed for both seawater 

and sand, and the test was performed according to APHA 

[21]. During the presumptive test, the samples were 

inoculated into tubes of Azide dextrose broth and incubated 

at 37°C for 48 h. All the positive tubes were sub-cultured 

into Bile Esculin Agar for confirmation and incubated at 

37°C for 24 h. For further confirmation, the isolated 

colonies were transferred to tubes of Brain Heart Infusion 

broth with 6.5% NaCl and incubated at 35 ±0.5°C and into 

another tube of brain-heart infusion broth which was 

incubated at 45 ±0.5°C. 
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2.4. Detection and Enumeration of Total Coliforms, 

Thermotolerant Coliforms and E. coli 

The multiple tube technique was followed with a slight 

modification to the protocol described in APHA [21]. 

Lactose broth [22] was used to perform the presumptive test. 

Tubes of Lactose Broth were inoculated and incubated at 

37°C for 48 h. The positive tubes were transferred into the 

Brilliant Green Lactose Bile (BGLB) broth and to the EC 

broth separately for the detection of Total Coliforms 

(incubated at 37°C for 48 h) and Thermotolerant Coliforms 

(incubated at 44°C for 48 h) respectively. 

The positive EC broth tubes were then inoculated into 

tubes of Tryptone broth and incubated at 44°C for 24-48 h. 

The Indole test was performed for these tubes after 

incubation to detect and enumerate E. coli. 

2.5. Quantitative Estimation of Staphylococcus aureus and 

Pseudomonas spp 

Mannitol Salt Agar and Pseudomonas Selective Agar were 

used to enumerate S. aureus and Pseudomonas respectively 

and the followed methods were similar to that of given in 

previous studies [14, 23]. The inoculated plates were 

incubated at room temperature for 60 h. 

During the enumeration and/or detection of different 

bacteria, quality controlling of the performed tests were 

carried with following reference bacterial cultures; i.e. 

Enterococcus faecalis (DBUMK 157011), E. coli (DBUMK 

30019), Staphylococcus aureus (DBUMK 96017) and 

Pseudomonas aeruginosa (DBUMK 10018). These reference 

cultures were obtained from the Microbial Culture collection 

of the Department of Microbiology, Faculty of Science, 

University of Kelaniya. The culture media used in this study 

belonged to the following brands; Oxoid, Sigma and 

Himedia. 

2.6. Enumeration, Isolation and Identification of 

Heterotrophic Bacteria 

For both seawater and sand samples, the serial dilution 

plate technique was used. Nutrient Agar with 3% NaCl and 

Plate Count Agar with 1% NaCl were used to isolate 

halotolerant bacteria from seawater and sand samples 

respectively. All the plates were incubated at 28°C for 24 h. 

The morphologically different colonies from the serial 

dilution plate technique were isolated for identification. The 

isolated colonies were streaked on Marine Agar 

supplemented with minimal medium i.e. Vaatanen Nine Salt 

Solution to obtain pure cultures of different bacteria. 

Identification of isolated bacteria was based on their 

morphological and biochemical studies as given in Bergey’s 

manual volume 1 [24] and volume 2 [25], Manual of Medical 

Microbiology [26], Prokaryotes – A Hand book of Biology of 

bacteria volume 4 and 6 [27, 28] and Harrigan and McCance 

[29].  

2.7. Measurement of Physical Parameters 

Dissolved Oxygen (DO) content, pH, Total Dissolved 

Solids (TDS), conductivity and salinity were measured as 

physical parameters using HACH HQ40d Multi-parameter, to 

assess the variation of these parameters during the sampling 

period. DO was measured only in seawater samples. 

Temperature was measured at the sampling location.  

To measure the physical parameters in sand, 25 g was 

added into 100 ml of deionized water and shaken vigorously 

for 2 minutes. Then the sand was allowed to settle for a 

further 2 minutes and the physical parameters were 

monitored immediately. 

3. Results and Discussion 

The location (Preethipura, Uswetakeiyawa beach) was 

selected to carry out the research because of its 

attractiveness as a bathing beach in the area. The sampling 

period was from April to September 2015 which is the 

Southwest monsoon season of Sri Lanka [30]. As the 

selected location is situated in the west coast of the country, 

a windy weather with rain and on some days a rough sea 

was experienced (visual observations). The sampling was 

performed generally in the morning time at around 9.30 – 

11.00 am. It was observed that high numbers of bathers 

were present during this time period in this selected 

location. The indicators given in US-EPA (1986) and WHO 

(2003) were used to assess the microbiological quality of 

the seawater in this selected beach. Those indicators were 

Enterococcus, thermotolerant coliforms (fecal coliforms) 

and total coliforms.  

The sand and seawater collected from the selected 

locations exhibited variations in all the tested 

microbiological parameters. The statistical analysis (2-

sample t-test) indicated that results obtained for all the 

microbial parameters and physical parameters of Site 1 

were not significantly different from Site 2. But the results 

were reported as average values of each microbiological 

parameter and indicating minimum and maximum values of 

each study site (Tables 2 and 3). 

Table 2. Summary of the results of microbiological parameters – Seawater. 

Microorganisms Seawater Site 1 min - max Site 2 min - max 

Enterococcus spp. (MPN/100ml) 9.0 - <1600 1.1 x102 – <1600 4.0 - <1600 

Coliforms (MPN/100ml) 23 - <1600 23-<1600 23- <1600 

Thermotolerant coliforms (MPN/100ml) 18– 920 23- <1600 13- <1600 

E. coli (MPN/100ml) 6.0 – 220 8.0 - 2.4x102 8.0 - 2.2 x102 

Pseudomonas spp. (cfu/ml) 1.53x103 – 2.28 x104 3.05x 103 -8.1x103 1.90x102– 4.35x104 

Staphylococcus spp. (cfu/ml) ND – 9.62 x 103 ND – 7.35x103 ND – 9.1x103 
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Table 3. Summary of the results of microbiological parameters – Sand. 

Microorganisms Sand Site 1 min - max Site 2 min - max 

Enterococcus spp. (MPN/100ml) 28 - <1600 23- <1600 33-<1600 

Coliforms (MPN/100ml) 40 - <1600 50-<1600 30-<1600 

Thermotolerant coliforms (MPN/100ml) 37 – 975 50-<1600 23-3.5x102 

E. coli (MPN/100ml) 18 – 132 23-220 13-220 

Pseudomonas spp. (cfu/ml) 7.83 x103 – 6.12 x104  1.36 x104 -6.2 x104 2.06 x103-6.48 x104 

Staphylococcus spp. (cfu/ml) 4.80 x102 – 2.52 x104 4.00 x102- 3.42 x104 5.60 x102- 2.52 x104 

 

Microbiological parameters - Seawater  

Enterococcus 

Enterococci counts generally varied from 4-220 (MPN/100 

ml) in site 1, whereas 4 -130 (MPN/100ml) in site 2 (Figure 1 

and Table 2) with few exceptional results; i.e. the counts 

were >1600 (MPN/100 ml) (Figure 1). However the 

combined mean of Enterococcus count in seawater was 294 

/100 ml. The US-EPA [11] guide has given standard values as 

a monthly average (geometric mean) of ≤ 35/100 ml and ≤ 

104/100ml on a single day sample for Enterococcus. The 

results indicated that 65% of the obtained data was less than 

104/100ml on a single day sample.  

Since this particular location has neither sanitary 

inspection data nor microbiological water quality, this 

location is subjected to provisional classification as given by 

WHO guide [10]. The obtained results were also treated as a 

single day sample because of the sampling intervals was not 

same as given in the WHO guide [10].  

 
Figure 1. Variations of Enterococcus counts in seawater collected from the two sites selected from the beach area. 

Enterococcus spp. is generally considered as the indicator microorganism in international standards such as WHO [10] and 

US-EPA [31] to evaluate the microbiological quality of marine waters. US-EPA [11] recommends measuring culturable 

Enterococcus either following the method given by this authority or equivalent method for marine recreational water. The 

microbiological quality of the collected seawater was therefore initially analyzed using enterococci values. 

 
Figure 2. Variations of Enterococcus counts in sand collected from the two sites selected from the beach area. 
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The data obtained for this location indicated that 95
th

 

percentile value for the Enterococcus count was 1270 /100 

ml and this particular location was assigned to the group D 

as given in the WHO classification [10]. Due to the 

prevailed weather conditions, very high values of 

Enterococcus counts were recorded in some sampling dates 

and such situations were considered as ‘exceptional 

circumstances’ and recalculated the 95
th

 percentile value. 

Under such circumstances, the 95th percentile value of the 

Enterococcus count was 665/100 ml and the assigned group 

was not changed. Based on this classification on beaches, 

there may be a 10% of Gastro intestinal illness risk and 

3.9% of acute febrile respiratory illness (AFRI) risk for the 

users of such beaches. Since an epidemiological study has 

not been carried out during this research, it is not possible 

to confirm the related health risks as per the WHO 

classification [10]. Another important factor is that there is 

no complete study carried out or available past data to 

evaluate the suitability of applying this classification for the 

local beaches. However, under this particular provisional 

classification, it indicates that there is a fecal contamination 

in water and it is necessary to follow the sanitary inspection 

and monitor the sewage discharges, riverine discharges and 

other possible sources that can increase the fecal 

contamination. 

The results of enterococci in seawater were also assessed 

according to the US-EPA [31] guidelines. This particular 

guideline indicates the enterococci level as ≤ 104 

enterococci/100 ml at 75
th

 percentile for single day samples. 

The calculated results of enterococci (288 enterococci/100ml 

-75
th

 percentile) indicated that it exceeded the EPA standards 

for single day samples. 

The observed high count of Enterococcus in seawater 

may be due to the large amount of fecal contaminations 

coming through the discharge of wastewater from hotels, 

resorts and residencies and riverine discharges of Kelani 

River which falls into sea 2.5 km away from the location. 

The increased rainfall received during the sampling period 

which would have increased the surface runoffs, urban 

storm water overflows and/or re-suspension of sediments 

might have increased the contaminants in the seawater. 

When considering re-suspension of sediments it has been 

mentioned by Byappanahalli et al. [32], that sediments 

play a major role in influencing the surface water because 

of the re-suspension of the particle bound bacteria among 

which 80% are fecal streptococci and fecal coliforms. 

These facts also indicate that the time period that research 

was carried out was ideal as the highest possible 

contamination of seawater and highest expected public 

health risk could occur during this period due to the 

rainfall.  

Total Coliforms, Thermotolerant coliforms and E. coli  

In the absence of past data, it is useful to make use of 

another index organism (or organisms) before any 

conclusions are made as to the appropriate classification [10]. 

For this purpose, the two commonly used organisms given in 

US-EPA [31] guide were used. They are thermotolerant 

(Fecal) coliforms and total coliforms. E. coli is considered as 

the most suitable index of fecal contamination in fresh water, 

but not for marine water [33]. In most circumstances, 

populations of thermotolerant coliforms are composed 

predominantly of E. coli and as a result, this group is 

regarded as a less reliable but acceptable index of fecal 

pollution. However, the presence of E. coli and 

thermotolerant coliforms provides evidence of fecal 

contaminations in selected location. 

The thermotolerent coliform counts and E. coli counts for 

seawater were positively correlated in site 01 (r = 0.672, p = 

0. 033) and site 02 (r =0.983, p=0.000). During the study, it 

was observed that thermotolerant coliform counts were 

ranged from 18 to 920 (MPN/ 100 ml) in seawater, whereas 

E coli varied from 6.0 to 220 (MPN/100 ml) (Table 2). The 

calculated data indicated that this location is characterized 

by the geometric mean for each indicator bacterial group i.e 

total coliforms – 867 MPN/100 mL, thermotolerant 

coliforms – 380 MPN/100 mL, E. coli – 253 MPN/100 mL. 

These values of coliforms and thermotolerant coliforms 

were below the regulatory guidelines for recreational water 

given by USEPA [31] i.e. coliforms ≤ 2400/100ml and 

thermotolerant coliforms ≤ 800/100ml on a single day 

(Table 4).  

Table 4. Guidelines for recreational marine water recommended or implemented by USEPA – (Shibata et al., 2004). 

Indicator microbe Guidelines Developed or utilized by: 

E. coli  
Not recommended for marine waters. For freshwater a geometric mean of ≤ 126/100ml and ≤ 

235/100ml on a single day. 
USEPA (1986) 

Enterococci A geometric mean of ≤ 35/100ml and ≤ 104/100ml on a single day. USEPA (1986) 

Fecal coliform 
A monthly average (geometric mean) of ≤ 200/100ml, ≤ 400/100ml in 10% of samples, and 

≤800/100ml on a single day. 
USEPA (1976) 

Total coliform 
A monthly average (geometric mean) of ≤1000/100ml, ≤1000/100ml in 20% of samples, and ≤ 

2400/100ml on a single day. 
USEPA (1976)  

After evaluating the enterococci as the bacterial indicator to assess the seawater, the selected location was provisionally 

classified as D grade level beach. Since there is no guideline to assess the quality of beaches in Sri Lanka, the obtained data 

also compared with the water quality classification criteria of Brazilian Legislation CONAMA 274/2000 as given by Ribeiro 

[34] (Table 5).  
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Table 5. Water quality standards of Brazilian legislation CONAMA 274/2000 (MPN/100ml) (Ribeiro et al., 2002). 

Parameter 

Water (MPN/100ml) 

Proper Category Inappropriate 
Results of the present study 

Excellent Very good Satisfactory  

Fecal coliforms < 2.5 x102  < 5.0 x102  <1.0 x103 >2.5 x103* 3.80 x 102 

E. coli < 2.0 x102 < 4.0 x102 < 8.0 x102 >2.0 x103* 2.53 x 102 

Enterococci  < 25 < 50 <1.0 x102 >4.0 x102* 3.10 x 102 

* Last sample value 

As per Brazilian guidelines (Table 5), if ranking is based 

on E. coli and thermotolerant coliforms, the studied beach 

can be classified into the category of ‘Very good’. When 

enterococci were considered as the indicator organism for 

water quality, it was observed that microbial concentration 

was higher than that of the referred legislation limits for 

‘Satisfactory level’, but less than the category of 

‘Inappropriate level’. However it appears that the results are 

more towards the level of ‘Inappropriate’. Therefore, 

according to both guidelines; i.e. US-EPA and Brazilian 

Legislation, this studied beach area is susceptible to fecal 

pollution with some potential pollution sources and attention 

must be paid to control such sources. The results also 

indicated that different ratings or levels of classification can 

be obtained for the same beach water depending upon the 

selected indicator organism. The three guidelines used to 

compare the data in this study were WHO [10], US-EPA [11, 

31] and Brazilian Legislation CONAMA 274/2000 [34]. 

When Enterococcus is used as the indicator organism, the 

microbial quality of seawater is ‘poor’ as per all three 

guidelines. But change of the indicator organism to total 

coliforms and/or to thermotolerant coliforms, the quality of 

seawater was moved to a different quality level as per US-

EPA and Brazilian Legislation. However WHO guidelines do 

not indicate any other bacterium other than Enterococcus. 

Similar findings have been reported by other researchers [34, 

35]. These indicator organisms can inactivate due to sunlight 

and it has been shown that enterococci degrade more rapidly 

than E. coli [36]. Therefore selection of indicator organisms 

for tropical waters should be done after carrying out a 

systematic study with a large set of data. It also appears that 

multiple indicator organisms may be useful in assessing the 

microbiological quality of seawater, but indicator levels 

should be given after analyzing many data sets.  

Pseudomonas and Staphylococcus 

According to the reported results for seawater, 

Pseudomonas counts were varying with an average of 

1.53x10
3
 – 2.28 x10

4
 (CFU/ml) (Table 2). During this study 

period S. aureus was not detected in many samples of 

seawater and sand. Only 45% of sand samples and 30% of 

seawater samples gave positive results. The data showed that 

S. aureus counts were in a range of ND (not detected) – 9.62 

x 10
3
 (CFU/ml) in seawater.  

Regular monitoring of waterborne pathogens is essential to 

protect public health. Pseudomonas has become an important 

organism for studying in the marine environment because of 

the role it plays during the contamination of recreational 

waters and seawater, as well as outbreaks of opportunistic 

Pseudomonas infections [37]. However there are no national 

or international guideline levels for Pseudomonas and 

Staphylococcus in marine water. But many studies have 

shown the importance of Pseudomonas in assessing marine 

water quality. Yoshpe-purer and Golderman [37] 

demonstrated that total and fecal coliforms correlated with 

presence of P. aeruginosa in bathing beaches. A moderate 

positive correlation between three indicator organisms (i.e. 

fecal coliforms, E. coli and Enterococcus) and St. aureus has 

been shown in Croatian beaches by Solic and Krstulovic 

[38]. They have suggested that Pseudomonas and 

Staphyloccocus aureus can be used as supplementary 

indicator organisms because it will add valuable information 

on the sanitary quality of the seawater. However, Tugrul-

Icemer and Topaloglu [23] found a strong correlation 

between Salmonella and Pseudomonas and they have 

suggested this could be considered as a good indicator for the 

fecal pollution of the beach sand but not in water.  

The statistical analysis indicated that there was no 

correlation between Pseudomonas and three indicator 

organisms; i.e. Fecal coliforms, Total coliforms and 

Enterococcus as well as between Pseudomonas and E. coli in 

seawater. Insufficient data may be one of the reasons for not 

showing any correlation among the microbial parameters as 

reported by other researchers.  

Microbiological parameters - Sand  

During this research, hand-shaking method was followed 

to extract the microorganisms from sand samples which have 

been proven to be an efficient method [39]. This method has 

also been used in previous studies [33, 40].  

The sand samples collected from site 1 and site 2 indicated 

that enterococci counts ranged from 23 - 500 and 33 - 300 

(MPN/100 ml) respectively (Table 3). Comparison of 

enterococci counts in sand and seawater indicated that a high 

number of organisms were present in the sand samples 

irrespective of the site (Figures 1 and 2). The calculated 

results indicated that Enterococcus in sand would be 1412 

MPN/100 g which is higher than the density at Avalon Beach 

(310 MPN/100 ml) [32] and lower than the values recorded 

for some sites in the Camburi beach in Brazil [34].  

The high counts of enterococci in beach sand may be due 

to the residual flora remaining as biofilms but unable to 

replicate due to environmental stresses, transient flora from 

wetting by seawater, seeding by birds and other sources and 

surface runoff during rain [32, 41, 42]. Shibata et al. [33] 

have reported that beach sand can act as a source of 

Enterococcus in seawater which is also proven by bathers 

acting as carriers during recreational activities where a bather 
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may carry 6 x 10
5 

enterococci into seawater through sand 

particles adhered to the body [43].  

The results indicated that Total coliform counts exceeded 

the 1600 (MPN/100 ml) in 70% of sand samples collected 

from both sites. However lesser number (40%) of seawater 

samples exceeded this value. The results also indicated that 

Total coliform counts in sand were higher than that of 

seawater, but E. coli counts were high in seawater.  

E. coli in sand also showed a correlation with 

thermotolerent coliforms at Site 1 (r = 0.625, p =0.05) as well 

as at Site 2 (r= 0.700, p= 0.024). The high counts of 

coliforms, thermotolerent coliforms and E. coli in sand may 

indicate that seawater is contaminated by sewage and other 

pollutants. The survival and re-growth of these indicator 

bacteria due to the unique environmental conditions found 

within the shoreline zone is also possible factors that may 

contribute to the high counts [33].  

Heterotrophic bacteria in seawater and sand 

The heterotrophic counts were also monitored using Plate 

count agar supplemented with 1% NaCl. In sand samples, the 

average heterotrophic counts varied from 8.3 x 10
1
 – 6.8 x 

10
3
 (CFU/ml). Generally it appeared that the sand samples 

contain more heterotrophic bacterial counts than the seawater 

samples (Table 2). In seawater samples the highest recorded 

heterotrophic counts at Site 1 was 3.38 x 10
3
 (CFU/ml) and 

lowest was 1.03 x 10
2
 (CFU/ml) while at Site 2, the highest 

and the lowest values were recorded as 3.88 x 10
3
 (CFU/ml) 

and 1.55 x 10
2
 (CFU/ml) giving an average range of 1.52 x 

10
2
 – 6.46 x 10

4
 (CFU/ml).  

 

Figure 3. Distribution of some genera in seawater. 

 

Figure 4. Distribution of some genera in sand. 

During this study, a large number of heterotrophic 

culturable bacteria was isolated, but morphologically varied, 

total of 52 isolates were subjected to the identification 

programme. From these isolates, 54% obtained from 

seawater. Results also indicated that the 46% isolates 

subjected to the identification programme from seawater 

were gram positives whereas in sand 71% was gram negative 

bacteria. These isolates were identified on the basis of their 

morphological and biochemical characters, but they were not 

subjected to the molecular basis identification. Therefore 

those isolates were only identified up to their genus levels. 

These results are limited to the media used in this experiment 

and therefore treated cautiously. It is also important to 

mention that Enterococcus, coliform group of bacteria and 

Staphylococcus were not included in this experiment and 

more emphasis was given to Aeromonas, Pseudomonas, 

Vibrio, Bacillus, Listeria and Serratia. The results indicated 

lower percentage (10%) of Aeromonas sp. in seawater 

(Figure 3) than in sand (43%) (Figure 4). Bacillus species 

indicated the highest percentage i.e. 33% in sea water. In 

both seawater and sand, the second largest group was Vibrio 

sp (Figures 3 & 4).  

Aeromonas have been isolated from different aquatic 

environment including fresh water, brackish water and sea 

water [44 - 46]. This organism is considered as a halotolerant 

organism and it can grow at 3% NaCl where the salt 

concentration is very much similar to that of seawater [47]. 

According to Arias et al. (1999) [48] vibrios constitute a 

significant part of the autochthonous culturable marine 

bacteria that comprise several important pathogens of aquatic 

organisms. It has been reported that population of vibrios 

changes with the temperature of seawater; increasing with 

warmer temperatures and algal blooms and decreasing with 

cooler temperatures. The other organisms isolated from 

seawater were Pseudomonas and Listeria (Figure 3). 

Pseudomonas indicated a higher percentage in sea water than 

in sand. During this study Serratia and Listeria were not 

detected in sand.  

Physical parameters 

The sampled seawater was characterized by a salinity of 

20-33 (ppt) and varying pH of 6.7 – 8.20 (Table 6). The 

standard pH for seawater is 6.5-8.5 and the values obtained 

from these samples were within the reported values. The 

variation of temperature was 29 -32°C. The lowest dissolved 

oxygen (DO) value recorded for seawater was 6.86 mg/L, 

while the highest was 8.6 mg/L (Table 6). Generally, the 

dissolved oxygen will be affected by water temperature, tides 

and water depths. 

Table 6. Variation of physical parameters in seawater and sand. 

Parameter  Seawater  Sand  

DO (mg/L)  6.9 - 8.6  - 

pH  6.7 – 8.2 7.5 – 8.2 

Temperature (°C)  29 - 32 29 – 32 

Conductivity (x 103) (µS/cm)  24.1 – 49.4 1.55– 2.8 

TDS (mg/L)  18.4 – 37.8 807 – 1827 

Salinity (ppt*)  22 - 33 0.8 – 1.8 
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This study provided an opportunity to observe the levels of 

different indicator organisms in seawater in this selected site. 

It also showed that use of multiple indicator organisms to 

assess the microbiological quality of seawater may classify 

the water into different categories on the basis of the selected 

indicator organism. Due to these discrepancies observed 

among the different indicator organisms, it appears further 

studies are required before selecting the microbiological 

classification levels of a beach area. Additional studies 

should be carried out on identifying the different sources of 

contamination such as discharge of wastewater, runoffs etc. 

and/or epidemiological studies. Microbial source tracking 

studies are also useful to determine whether the selected 

indicator organisms are of animal, human or environmental 

origin.  

4. Conclusions 

The present work represents the initial study of seawater 

quality in the selected beach site, which is a popular bathing 

site. Based on the bacterial indicator enterococci, this 

particular study site was provisionally classified into D grade 

level as per WHO guide. In comparison with seawater, the 

total coliforms and Enterococcus spp. were high in sand, but 

E. coli was high in seawater. The results also indicated that 

the presence of Aeromonas was high in sand but low in 

seawater. Bacillus spp. was the dominating organisms in 

seawater.  
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