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Abstract
The bacteriological quality of swimming pool water in Port Harcourt Metropolis was investigated.
Ten (10) swimming pools were examined for microbial quality. Out of the 10 swimming pools, 4 (2,
4, 7 and 9) had bacterial isolates of 40 (100%). Swimming pools 2, 4, 7 and 9 had the bacterial isolates of 10 (25%), 8 (20%), 10 (25%) and 12 (30%), respectively. Of the forty (40) bacterial isolates identified, which represented 100 percent, 22 (55%) were identified as Staphylococcus epidermidis, 10 (25%) Bacillus cereus, 6 (16%) Micrococcus and 2 (5%) Staphylococcus aureus. Among
the four swimming pools, 2 and 9 did not have the isolates of Staphylococcus aureus and Micrococcus, respectively. Based on the World Health Organisation (WHO) standard for recreational waters,
the absence of coliform and fecal coliform bacteria (E. coli) revealed that the ten (10) swimming
pools used for this study are considered to be within the acceptable limits for certifying microbiological water quality. However, there is a need for care and continuous maintenance of the
swimming pools.
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1. Introduction
People go swimming in the pools for different reasons, such as for recreational activities, sports or for rehabilitative treatment. In recent years, swimming pools have been increasingly popular and possible maintenance failure might cause public health problems. The latter is because different microorganisms (fungi, viruses, bacteria
and protozoa) can be found in swimming pools, which may be introduced into the swimming pool in many ways.
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The risk of illnesses or infections has been linked to faecal contamination of the pool water because of some activities of the bathers, such as passing excreta during swimming. It has been reported that pools may also be
contaminated as a result of direct animal contamination, for example, from rodents and birds [1]. The release of
faeces by bathers may be inadvertent, in the case of diarrheic stool. Aside from contaminations through the release of faecal materials, non-faecal human shedding (vomit, mucus, skin or saliva) in the pool is potential
sources of disease-causing microorganisms [1]-[3]. Bello isolated bacteria such as, Enterococcus faecalis, Clostridium perfringens, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis and Proteus vulgaris [4]. They reported that the presence of high level of coliform and
faecal coliform bacteria E. coli showing that the swimming pools had not met the World Health Organization
(WHO) standard for recreational waters. They remarked that swimming pools that did not meet WHO standard
for recreational water constitute a serious public health threat, hence, the need for urgent and effective intervention.
The major contaminating bacteria of swimming pools have been reported to be Staphylococci species. Klapes
and Vesley, reported that the major contaminants of swimming pools and other recreational waters with high
bather density are Staphylococcus epidermidis and Staphylococcus aureus [5]. Allock, noted the potential health
hazard associated with Pseudomonas aeruginosa in swimming pool waters, which is frequently isolated from
the ears of swimmers with otitis media [6]. Staphylococcus aureus may be present in swimming pool water
without the presence of either coliform or faecal coliform bacteria [7]. In addition, Staphylococcus aureus and
Staphylococcus epidermides are the major isolated bacteria [8]. More so, there are some bacteria and amoebae,
which are free-living aquatic microorganisms. These free-living organisms can also grow in swimming pool
water, in heating or air-condition or ventilation system. They can as well grow on other wet surfaces inside these
facilities to a point that some of them may cause a variety of dermal, respiratory or central nervous system infections or diseases [1].
Cases of infectious diseases caused by the accidental swallowing of swimming pool water that was contaminated with microorganisms have been reported by some researchers [9]-[11]. According to their reports, some
microbes associated with the skin, eye, ear and gastrointestinal tract infection were the most common infectious
diseases agents that can be transmitted by recreational waters. This is why the levels of microorganisms in recreational water are important for indexing the health hazard associated with swimming [12]. Alice [13] observed
that an outbreak of conjunctivitis in the USA was linked to summer-camping, the chances of contracting the illness increases by 50% amongst users of the some camp swimming pools as compared to non-users.
This study was carried out to determine the microbiological quality of swimming pools in Port Harcourt, Nigeria, in relation to WHO standard for recreational water; and to isolate and identify the isolated bacteria associated with swimming pools in Port Harcourt and relate them to possible health implications.

2. Materials and Methods
2.1. Study Area
The study area chosen was Port Harcourt, the capital of Rivers State, Nigeria. Port Harcourt is a metropolitan
city with over a million people; it is made up of people from different ethnic groups.
Rivers State is rich in oil and gas, and as a result, a significant number of foreign nationals work in the oil and
gas/allied industries, most of which were resident in Port Harcourt. The population of people in the city has increased as well as the social life of the residents. Port Harcourt is a commercial city with sea port and air port,
the building of hotels with recreational centres such as swimming pools had been on increase. In fact, most of
the hotels and club houses in Port Harcourt have swimming pools for recreational purposes.

2.2. Description of Pools
The number of swimming pools used for this study were (10) ten. The (10) ten swimming pools were all located
in hotel premises and would subsequently be referred to by their numbers.
Ten (10) swimming pools selected were located in Port Harcourt metropolis and permission was obtained
from the authorities to conduct this study. The swimming pools were of varying shapes (e.g. rectangular, circular etc.) and sizes ranging from 50 - 1500 m. Their flow through were from 2.2 - 2.85 m deep and the swimming
pools were made of glazed tile.
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2.3. Collection of Samples

Each water sample was collected into a sterile 250 ml wide mouth plastic container at depth of about 30 cm
from different regions of each swimming pool. The sampling periods were morning before bath, and evening.
The samples were taken to the Microbiology Laboratory, Department of Medical Laboratory Science, Rivers
State University of Science and Technology, Port Harcourt, Nigeria; for immediate bacteriological examination.

2.4. Preparation of Bacterial Media
Bacteriological media were reconstituted and sterilized according to the manufacturer’s instructions. Standard
plate count agar, McConkay agar and nutrient agar dehydrated powders were weighed, reconstituted and sterilized by autoclaving at 121˚C for 15 minutes. They were poured aseptically onto petri-dishes, allowed to solidify
and stored in the refrigerator at 4˚C for subsequent use. All microbiological media used were products of Oxoid,
UK.

2.5. Bacteriological Examination of Samples
The samples collected were serial diluted and plated by spread plate method using standard plate count agar [14].
Total coliform and faecal coliform counts are estimated on McConkay agar plates [15]. The bacteriological examination was carried out within 2 hours from the time of sample collection and inoculated plates were incubated at 37˚C for 24 - 48 hours.

2.6. Identification of Isolated Bacteria
Growth representative of colonies were sub-cultured on nutrient agar medium and incubated for 24 hours at
37˚C. The colonial characteristics on agar plates were taken into consideration. The characterization and identification of isolated bacteria were carried out using the procedures of [16] [17]. The chemical and biochemical
tests employed were, Gram’s staining reaction, motility, catalase, coagulase, oxidase reaction, urease, citrate utilization and sugar fermentation.

3. Results
Out of the ten (10) swimming pools sampled, four (4) had bacterial isolates. The percentage of swimming pools
that had bacteria isolates from the ten (10) was 4 (40%). Out of the four swimming pools, pool (9) had the highest number of bacteria isolated 12 (30%), while pools (2) and (7) had 10 (25%) each respectively and pool (4)
had 8 (20%) which was lowest count; as shown in Figure 1.
The results of the frequencies of bacteria isolated from swimming pools as shown in Figure 2, Staphylococcus epidermides was the most frequently occurring bacteria in pools 2, 4 and 9 respectively; whereas Bacillus
cereus was the most frequent in pool 7. Bacillus cereus also was predominantly present in the four (4) of the
swimming pools that showed bacterial growth. Staphylococcus aureus was the least in frequency occurring in
two (2) swimming pools only, while Micrococcus was isolated from 3 swimming pools 2, 4, and 7 respectively,
Figure 2.
From the results of percentage occurrences of isolates as shown in Figure 3, Staphylococcus epdermides was
22 (55%), Bacillus cereus 10 (25%), Micrococcus 6 (16%) and Staphylococcus aureus 2 (5%) respectively.
There was no difference in the bacteria types isolated in both sampling periods.

Figure 1. Percentages of total heterotrophic bacterial counts from the
four (4) positive swimming pools.
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Figure 2. Frequency occurrences of isolated bacteria from each swimming pool.

Figure 3. The percentage occurrences of isolated bacteria from swimming pools.

4. Discussion
The results of this investigation revealed that four 4 (40%) out of the ten (10) swimming pools in Port Harcourt
used had bacterial isolates. Other workers studying swimming pool bacteriology have isolated various bacteria.
Chrissanthy, in Greece, isolated Pseudomonas, Klebsiella, Enterobacter, Staphylococcus aureus, Staphylococcus epidermides and Leuconostoc [18]. In Accra Ghana, George and his colleagues [19] isolated E. coli, Enterobacter faecalis, Klebsiella pneumonae, Staphylococcus aereus and Staphylococcus epidermides. Also, in a related study on swimming pools in Ilorin, Nigeria, Micrococcus, Aeromonas, Pseudomonas, Klebsiella, Lactobacillus, Bacillus, Citrobacter, Corynobacterium, E. coli and Staphylococcus aureus were isolated [20]. A similar
study investigating swimming pools in Lagos, Nigeria, the bacteria isolated Enterococcus faecalis, Clostridium
perfringes, Bacillus cereus, E. coli, Pseudomonas aeruginosa, Proteus vulgaris, Staphylococcus aureus and
Staphylococcus epidermidis [4]. In this study, the bacteria isolated were: Staphylococcus aureus, Staphylococcus
epidermidis, Bacillus cereus and Micrococcus. The bacteria that were isolated in both sampling periods were the
same. The results are similar to the findings of [8]-[21] reported that approximately 40% of the microorganisms
isolated from swimming pools are species of Bacillus. According to them, the reason is owing to the fact that the
species contain spores, which are resistant to disinfectants, for example, percholorine. The results of these findings are not in agreement with our findings because Staphylococcus epidermidis was the most prevalent bacteria
isolated.
Staphylococcus aureus and Bacillus cereus could be associated with gastroenteritis when ingested with
swimming pool water and both organisms are enterotoxin producers [4]-[22]. Staphylococcus aureus was shown
as the most predominant bacteria found to contaminate swimming pool water [8]. This study showed that Staphylococcus epidermidis was the most predominant bacterium. The findings that the species of Staphylococcus
epidermidis isolated from the swimming pools is more than other bacterial isolates is not surprising because this
organism exist in large number on the human skin. In other words, they are normal flora of the skin. Several
years ago, it was reported that coagulase negative Staphylococci species exist on the human skin and do not always cause infectious diseases [5]-[23] but today they have been associated with diverse infections. As the normal flora of the skin, it is frequently isolated from swimming pools. Staphylococcus epidermides can cause severe infections in humans. For instance, Staphylococcus epidermidis, which is coagulase negative and a com-
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mensal of the skin, can cause severe infections in immune-compromised patients. More so, Staphylococcus saprophyticus that is part of the normal vaginal flora is predominantly implicated in genitourinary tract infections
in sexually active young women [24]. Even if nowadays owners of swimming pools have provided their pools
with a re-circulating system in order to filter and disinfect their pools effectively, relevant research studies show
that neither high-tech systems nor disinfectants can prevent the colonization of swimming pool water with hazardous microorganisms [25]-[28].
In this study, the absence of coliform or faecal coliform, such as Escherichia coli shows that some of the
swimming pools in Port Harcourt complied to [29] standard for recreational waters. However, the swimming
pools in Port Harcourt and other areas in Nigeria as a whole should be adequately and frequently monitored and
maintained to ensure they satisfy the recreational needs of the populace. Also, it is important that swimming
pool waters should be routinely sanitized and the workers properly trained.
The monitoring for potential microbial hazards (carried out using indicator microorganisms) is necessary in
the control of water quality and prevents the transmission of infectious diseases in the swimming pool. The
presence of other bacteria could be hazardous to the people who use the pools for example, Pseudomonas aeruginosa associated with otitis media in swimmers [3]-[30].

5. Conclusions
The swimming pools examined, met the World Health Organization [29] standard for recreational water of zero
coliform and faecal coliform (E. coli). Education of the staff and users of swimming pool will create awareness
on proper use to avoid public health hazard.
In addition, there is a call for improving staff training to increase users’ knowledge and awareness of the
risks.
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