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Disease-causing microbes are the primary human health risk in sewage-contaminated 
waters, and the main cause of recreational beach closures. Beach pollution consequently 
is a persistent public health problem. Annually, thousands of swimming advisories and 
beach closings are experienced because high levels of disease-causing microbes are 
found in the water. Sewage often is responsible for the harmful microbial levels. In India, 
beaches are considered as main tourist spots, and hence polluted beaches are a major 
drawback. So adequate awareness should be given to people who go for the recreational 
activities. The present study was focussed on the recreational quality assessment of major 
tourist beaches in Kerala. The results obtained indicate the presence of pathogenic 
organisms present in the beaches, which is of major concern.  
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Introduction 
Microorganisms are a significant component of beach sand. Bacteria, fungi, parasites and 
viruses have all been isolated from beach sand. A number of genera and species that may 
be encountered through contact with sand are potential pathogens. Accordingly, concern 
has been expressed that beach sand or similar materials may act as reservoirs or vectors 
of infection. The long 7600 km coastline and its diverse features make Indian beaches 
one of the favourite spots for tourists. Coastlines touch the states like Goa, Kerala, 
Maharastra, Orissa, Gujarat, Karnataka, Tamilnadu, Pondicherry, Lakshadweep and 
Daman and Diu. The pleasant climate along with serenity and beauty of sea beaches lying 
at these coastlines play a very important role in making it the hot spot for travellers.  

Faecal index organisms are non-pathogenic microorganisms used to indicate the 
degree of faecal contamination. They are generally present in far greater numbers than 
pathogenic microorganisms and are easy to isolate, identify and enumerate. Coastal 
waters receive a variety of land-based water pollutants, ranging from petroleum wastes to 
pesticides. Marine waters also receive wastes directly from offshore activities, such as 
ocean-based dumping (e.g., from ships and offshore oil and gas operations).  To a large 
extent the waters and the beaches are more polluted by faecal materials of animals, birds 
and also waste water by human activity. One of the pollutants in the ocean is sewage. 

Abstract 
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Because coasts are densely populated, the amount of sewage reaching seas and oceans is 
of particular concern because some substances it contains can harm ecosystems and pose 
a significant public health threat.  

The contaminated sand could be the major source of the periodically high levels 
of bacteria in the water. The survival of enteric bacteria on the surface of dry sand may 
essentially be of short duration, the bacteria being destroyed mostly by environmental 
pressure. Wet sand, the area where young children typically spend most of their time on 
the beach, is the most relevant. Wet sand, enriched with organic substances, provides a 
favourable environment for enteric bacteria, which enables them to survive longer than in 
seawater. 

Human diseases can be caused by waterborne pathogens that contact the skin or 
eyes or waterborne pathogens that are accidentally ingested when water is swallowed. 
Beach pollution consequently is a persistent public health problem. There are reports of 
different skin diseases developed only due to bathing activities in beaches.  

Pathological assessment of the recreational beaches is rarely undertaken. There 
are reports of survey studies on the waste disposal and human activities under going on 
the beaches. Studies were conducted in different beaches of the world giving emphasis to 
expanding tourism and the health hazards faced by the tourists. Prospective 
epidemiological studies of beach water pollution were conducted in Hong Kong in the 
summers of 1986 and 1987. The study indicated the overall perceived symptom rates for 
gastrointestinal, ear, eye, skin, respiratory, fever and total illness were significantly 
higher for swimmers than non-swimmers; and the swimming-associated symptom rates 
for gastrointestinal, skin, respiratory and total illness were higher at ‘barely acceptable’ 
beaches than at ‘relatively unpolluted’ ones (Cheung et al., 1990).  

A study has been done as initial evaluation of the presence of indicator microbes 
and pathogens and the association among the indicator microbes, pathogens, and 
environmental conditions at a subtropical, recreational marine beach in south Florida 
impacted by non-point sources of pollution. The elevated microbial levels were detected 
at high tide and under low-solar-insolation conditions (Abdelzaher et al., 2009). Although 
evidence shows that beach sand can harbor high concentrations of fecal indicator 
organisms, as well as fecal pathogens, illness risk associated with beach sand contact is 
not well understood. E. coli was recovered in 61% of the samples and enterococci 
outnumbered coliforms (Bonadonna et al., 2002). In an Italian study, a significant 
correlation was found between contamination of beaches and contamination of adjacent 
seawaters, although the sand generally had higher bacterial counts than the water 
(Aulicino et al., 1985). 

Faecal contamination of coastal waters is of top concern in tropical developing 
countries (Byamukama et al., 2005). Coliform bacteria are used as indicators of faecal 
contamination world wide (El- Naggar et al., 2003; El-Shenawy and Farag, 2005) and 
hence, the possible presence of disease causing organisms (Tyagi et al., 2006; Sabae, 
2006; Rosenfeld et al., 2006).  
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Quality assessment of some common recreational beaches of Mumbai was done 
and the results indicated the deteriorating standards of these beaches (Ingole and Kadam, 
2003). Water quality of the coastal waters of Chennai was also assessed and also found to 
be very low (Shanmugam et al., 2006). Studies were also been conducted at Pondicherry 
and Thoothukudi coasts also. But extensive studies of the recreational quality of beaches 
of Kerala have not been done so far. The main objective of the present study was to 
collect water and sediment samples from beaches in and around Trivandrum, Kochi and 
Kozhikode (Beaches with Tourists visit) and to assess the extent of microbial pollution 
by MPN. 

Materials and methods 
Study area 
 Water samples were collected from Kovalam and Varkala beaches in 
Thiruvananathapuram district, Fort Kochi and Cherai beaches in Eranakulam district and 
Kozhikode and Muzhapilangad beaches in Kozhikode district. Sampling was done 
thrice, first one during December, the second one during April and the third one during 
August. 

Estimation of total coliform and faecal coliforms in water 
Coliforms are defined as facultative anaerobic, gram negative, non-spore forming 

bacteria, rod-shaped ones that can ferment lactose with gas formation at 35˚C for 48 
hours.  Coliforms are members of the family Enterobacteriaceae. This group includes E. 
coli, Enterobacter aerogenes and Klebsiella. 10% of intestinal microorganisms of 
humans and the animals are coliforms. Their presence in water is indicative of 
contamination, especially E. coli. E. coli is considered as an indication of human faecal 
contamination. 

The laboratory tests for faecal contamination begin with a broad estimation of the 
probable number of coliform bacteria in the sample. Multiple tube fermentation method 
was used for faecal contamination detection. This is a test for determining the most 
probable number (MPN) of bacteria in water, first described by Mc Crady (1915). The 
resultant MPN was presently determined from published table. 

Confirmation of E. coli 
Positive tubes with turbidity and gas production were streaked on to MacConkey 

agar plates for further confirmation. The colonies which developed a metallic sheen were 
considered to be E. coli. 
Results 

All the samples collected and analyzed showed the pollution extent of the tourist 
beaches of Kerala. Among the sampling area, Fort Kochi beach is the most polluted one 
with regard to physical and microbial pollution. Land run off and animal faeces are the 
main source of pollution in the sampling sites. The average MPN values obtained for 
different sites are given in the Table 1.  
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Table 1: Average MPN values obtained along the tourist beaches of Kerala 

Sample Total Coliforms 
per 100 ml 

Faecal Coliforms per 
100 ml 

Kovalam 2500 >1200 

Varkala 2800 >1200 

Fort Kochi 3500 >1200 

Cherai 2600 >1200 

Kozhikode 1600 >1200 

Muzhapilangad 2100 >1200 
 

Confirmation of the presence of E.coli was done by the growth at 44°C and also 
by the metallic sheen around the colonies during the growth at MacConkey agar plates.  

The multiple tube fermentation tests are not an exact count of coliform bacteria 
but rather a statistical estimate. The most probable number is a rough guess as to how 
many cells are in 100 mls of sample. In recreational waters a MPN for total coliforms 
below 1000 is generally acceptable, but for drinking water no level of fecal coliform is 
acceptable. According to the results obtained the total coliforms are 3000 to 3500/100 ml, 
which is far beyond the desirable limits. 

The USEPA recommended recreational water (swimming, fishing) quality 
standard for E. coli is based on two criteria:  1) a geometric mean of 126 organisms/100 
ml based on several samples collected during dry weather conditions or 2) 235 
organisms/100 ml for any single water sample (USEPA, 1986). The current EPA water 
quality standard for E. coli corresponds to approximately 8 gastrointestinal illnesses per 
1000 swimmers.  As the concentration of E. coli rises, so does the number of illnesses per 
1000 swimmers. The results obtained in this study shows a high MPN of faecal coliforms 
which are far beyond the recommended limits. So it is confirmed that there is a serious 
risk of pathogenic organisms present in Kerala beach waters, which need to be monitored 
as soon as possible. There have been reports of sewage contamination and waste disposal 
in the premises of the beaches recently. This improper maintenance of the beach can 
cause a serious threat to the foreigners coming here.  

Fecal coliform bacteria, which belong to this group, are present in large numbers 
in the feces and intestinal tracts of humans and other warm-blooded animals, and can 
enter water bodies from human and animal waste. If a large number of fecal coliform 
bacteria (over 200 colonies/100 millilitres (ml) of water sample) are found in water, it is 
possible that pathogenic (disease- or illness-causing) organisms are also present in the 
water. Fecal coliform by them are not pathogenic; they are indicator organisms, which 
means they may indicate the presence of other pathogenic bacteria. Pathogens are 
typically present in such small amounts that it is impractical to monitor them directly. 
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Swimming in waters with high levels of fecal coliform bacteria increases the chance of 
developing illness (fever, nausea or stomach cramps) from pathogens entering the body 
through the mouth, nose, ears, or cuts in the skin. Diseases and illnesses that can be 
contracted in water with high fecal coliform counts include typhoid fever, hepatitis, 
gastroenteritis, and dysentery and ear infections.  

Conclusion 

The principal microbial risk to human health encountered on beaches and in 
similar areas is that arising from contact with animal excreta—notably that of dogs, 
where, for example, such areas are used for exercising pets. Regulations, often local in 
character, may restrict access on a seasonal basis to frequently used beaches or place an 
obligation upon the owner to remove animal excreta. Increased public awareness may 
help to reduce exposure, especially among young children. While beach cleaning may 
contribute to the removal of animal excreta, it is more often undertaken for aesthetic 
reasons or to attempt to remove litter or sharp materials, such as broken glass. The 
majority of beach management award schemes would not give an award to a resort beach 
that allowed dogs during the swimming season. In some countries, particularly at resort 
areas, mechanical sand cleaning is a common practice that can eliminate visible rubbish 
mixed with sand, reducing the amount of organic matter and therefore reducing the 
further development of microorganisms. However, mechanical cleaning may disturb sand 
ecology. Studies that have investigated the microbiological quality of sand have shown 
that a clear improvement was achieved as a result of raising the general levels of hygiene 
and cleanliness. Chemical products such as disinfectants are sometimes applied to sand 
without regard to their effectiveness or possible ecotoxicological effects. When sand 
treatment is necessary, simple methods, such as sweeping and aeration, could be applied, 
together with constant beach supervision in order to prevent access by animals. The use 
of clean towels for use on the beach, good personal hygiene, the prohibition of animals 
and regular mechanical cleaning are considered, by some authorities, to be important. 
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