
 

 

 

 

 

 

 

 

 

 

ABSTRACT  

wimming pools are man-made recreational water bodies.  These water bodies are supposed to be 

hygienic   but due to human activities, they have been considered as sources of infections. The objective 

of this study was to ascertain the bacterial isolates found in some swimming pools in Benin City. Five 

swimming pools in Benin City identified as A, B, C, D and E were studied. A total of 15 samples (three from 

each pool) were collected in duplicates before and after the maximum bather’s load, and after the water change. 

Samples were analysed bacteriologically using standard methods. A total of 51 organisms were isolated with 

Staphylococcus epidermidis having a prevalence of 27.5 %/, Escherichia coli; 15.7 %, Staphylococcus aureus; 

15.7 %, Enterobacter aerugenes; 13.7 %, Klebsiella aerogenes; 13.7 %, Pseudomonas aeruginosa; 5.9 %, 

Klebsiella pneumonia; 3.2% and Streptococcus faecalis; 3.2%. The mean viable colony counts of 1.60x 102 

/ml, 7.33 x 102 /ml, 9.00 x 102 /ml, 1.60 x 102 /ml and 7.30 x 102 /ml at 37 oC were obtained from A, B, C, D 

and E pools respectively.  It was observed that water from swimming pools B, C and E were contaminated with 

mean viable counts exceeding the recommended 200 colony counts/ml and detection of Escherichia coli in 100 

ml. The high bacterial load and the isolation of pathogenic bacteria from the pools demonstrate the need for 

pool health authorities to improve surveillance, improve pool decontamination standards, and educate 

swimmers on hygiene before entering pools. This study emphasis the need for proper hygienic maintenance of 

swimming pools and the need for a bacteriological standard to be drawn up for swimming pools in Nigeria. 
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INTRODUCTION 

Recreation has a substantial role in the life of an ever-increasing number of citizens in the world, and when 

choosing the scene for it, people tend to couple it with water. With evolving and advancing civilization, man-

made water recreational environments are on the boom by offering health promotion and social benefits 

accompanied by increasing comfort and sophisticated services but also presenting to a certain extent health  risk 

of physical, microbiological, or chemical nature. Recreational waters are a source of microbial infections such 

as acute gastrointestinal, cutaneous as well as respiratory illnesses (World Health Organization, 2006). 

Cryptosporidium, noroviruses and enteropathogenic Escherichia coli strains are the most important causes of 

diarrhoea, while Pseudomonas and Staphylococcus aureus are the main causes of cutaneous infections 

(Doménech-Sánchez et al., 2008). These organisms are partly protected from the action of chlorine in the water; 

however chlorine-resistant bacteria were the leading cause of pool-related infectious outbreaks between 2000 

and 2014 and hotels were the most frequent sites where outbreaks occurred (Hlavsa et al., 2018). Several studies 

have been conducted on quality controls of swimming pools and their microbial load.  

Although it is known that swimming pool water should meet potable water standards by being clean, 

and transparent, in developing countries, there are no maintained standards or regulatory frameworks to ensure 

that swimming pools are not hubs for pathogens.  

Water, in general, is a recognized vehicle for the transmission of pathogens even when the water looks 

clear and uncontaminated. Apart from the classical water-borne pathogens, there are other intestinal bacteria 

such as Clostridium spp. and faecal streptococci (Wade et al., 2003). The role of pool water as a potential 

common source of infections includes acute otitis external, Trachoma Mollusca contagiosum (a viral disease), 

foot infection with Trichophyton mentagraphytes var interdigitale; leptospirosis infection, viral pharyngeal 

conjunctiva fever as well as pharyngitis caused by an adenovirus amongst other diseases. (Bonadonna and la 

Rosa, 2019; Cohen, 2020). 

The risk of infection in swimming pools as man-made water recreational environments can be reduced 

to a minimum by running the recreation facilities with the application of informed risk management measures 

(World Health Organization, 2006). However, there is a need to examine the pools on a routine basis. Hence, 

this study aimed at investigating the bacterial isolates associated with swimming pools and identify if swimming 

pools can be a vehicle for the transmission of infections in our study locality. 

 

STUDY AREA 

Site Selection and Sample Size 

A cross-sectional study was carried out on five outdoor swimming pools in Benin City between June and July 

2021 with a goal-directed sampling strategy employed. The swimming pools were labelled A, B, C, D and E. 

The samples were examined to show the microbiological quality of the swimming pool water before and after 

maximum bathers’ load and after the pool water change.  

 

 

AJHSE 4(1)                                                                                               Okoruwa et al., 2023 | 2 



Sample Collection, Storage, and Transportation 

A total of fifteen samples were collected in sterile well-labelled 500ml wide-mouthed bottles. Water samples 

were collected, when no bathers were in the pools (access was denied during the maximum bather density). The 

dichlorination of water samples was done using sodium thiosulphate (Na2S203) (100 mg/l) and Sodium 

thiosulphate pentahydrate by adding to each bottle. The samples were transported to the laboratory at 4oC in an 

insulated cooler. The samples were processed within an hour of the collection based on the method of Ibe and 

Okplenye (2008). 

Laboratory Analysis  

The presumptive coliform count was done using the multiple tube fermentation method for total coliform. A 

varying quantities of water (50 ml, 10 ml, and 1 ml) were added to equivalent volumes of Double and single 

strength   MacConkey broth. The initial set of three tubes had 10ml of each double-strength broth with the 

second and third sets having 10ml single strength broth with each containing Durham’s tube before sterilization 

was done to show gas production at 37oC ± 0.5oC for 24hrs (Uhuo et al., 2014). Bottles showing acid and gas 

production were recorded as positive and the most probable number (MPN) of coliform /100ml read off from 

the MacCrady probability table. Known positive (Escherichia coli) and negative (Alcaligenes faecalis) controls 

were put up. 

Coliform Test: Coliform tests were carried out by transferring a loopful from a positive presumptive test to 

sterile Brilliant green lactose bile broth fermentation tubes as a confirmation test. Tubes were incubated at 37 ± 

0.5°C for 24hrs – 48 hrs for the total coliforms and 44.5oC for faecal coliforms. The formation of gas in any 

amount in the inverted vial of the brilliant green lactose bile broth fermentation tube at any time within 48 ± 3 

hrs constitutes a positive coliform test. 

The Completed Test: The completed test was carried out by streaking a loopful from the positive tube onto 

Eosin Methylene Blue (EMB) agar plates from each tube of brilliant green lactose bile broth showing gas. The 

plates were incubated at 37°C for 24 – 48hrs. Colonies developing on EMB agar were further identified as 

faecal coliforms. 

Differential coliform Count: This was done to ascertain whether the coliform detected in the presumptive test 

was Escherichia coli. This was done by Eijkman test for faecal coliform described by Cowan and Steel, (1994). 

Tubes showing acid and gas production at 44oC ± 0.5oC were recorded as positive for Escherichia coli and its 

probable number was read off the MacCrandy Probability Table.  

Screening for Salmonella Species: 1ml of water sample was incubated into 10ml of sterile Selenite F broth 

and incubated at 37oC for 24hrs. Subcultures were made onto sterile MacConkey Agar and Deoxycholate citrate 

agar and incubated at 37oC overnight. Non-lactose fermenting colonies were investigated biochemically. 

Examination for Streptococcus faecalis subcultures of bottles showing acid or acid and gas fermentation in the 

presumptive coliform tests were made into tubes containing 5ml of sterile sodium azide medium (Hannay and 

Norton, 1947). 
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Characterization of Isolates 

Stock cultures of the isolate were identified by standard techniques as described by Cowan and Steel (1994) for 

identification of medical bacteria. This includes colonial appearances on the media, morphologic characteristics 

and specific biochemical tests were performed for further identification of the organisms.  Gram’s staining 

technique was also done from the colonies to act as a guide for identification. 

 

RESULTS 

Table 1 shows the distribution of organisms isolated from the pools with Staphylococcus epidermidis having a 

prevalence of 27.5 %, Escherichia coli; 15.7 %, Staphylococcus aureu;s 15.7 %, Enterobacter aerugenes; 13.7 

%, Klebsiella aerogenes; 13.7 %, Pseudomonas aeruginosa; 5.9 %, Klebsiella pneumonia; 3.2 % and 

Streptococcus faecalis; 3.2 %.  Table 2 presents the mean viable count of the pools represented as colony 

forming units (cfu/ml). The results show that pool C had the highest count (900 cfu/ml), followed by pools B 

(733 cfu/ml) and E (730 cfu/ml). Pool A and D, are observed to be low in mean viable count of bacteria 160 

cfu/ml respectively. 

Table 3 shows the average presumptive and differential coliform counts obtained from five swimming pools.  

From the presumptive coliform count for the estimation of the most probable number of coliform organisms 

present in 100ml of the sample it was observed that more coliform organisms were introduced into the 

swimming pools during maximum bathers load.  The differential coliform counts showed that B, C and E 

swimming pools had Escherichia coli.  

Table 4 shows the prevalence of each of the isolates in each pool and it was observed that Staphylococcus 

epidermidis and Klebsiella aerugenes were isolated from the five swimming pools studied and Pseudomonas 

aeruginosa and Streptococcus faecalis were each isolated from only one out of the five swimming pools. While  

Table 5 shows the number of isolates  from each swimming pool with C swimming pool having 7 (87.5 %), B 

has 6 (75.0 %) and closely followed by E 5 (62.5 %).   

 

Table 1: Bacterial isolates and their percentage occurrence 

Isolates Number Percentage % 

Staphylococcus epidermidis 14 27.5 

Escherichia coli 8 15.7 

Staphylococcus aureus 8 15.7 

Klebsiella aerogenes 14 27.7 

Pseudomonas aeruginosa 3 5.9 

Klebsiella pneumonia 2 3.9 

Streptococcus faecalis 2 3.9 

TOTAL 51 100% 
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Table 2: Mean viable counts of bacteria in the different swimming pools  

Swimming 

Pool 

Total bacterial counts 

Before Heavy Bathers 

Load 

(cfu/ml) (102) 

After Heavy Bathers 

Load 

(cfu/ml) (102) 

After Water 

Change 

(cfu/ml) (102) 

Mean of three 

Samples 

(cfu/ml) (102) 

A 1.50 2.00 1.30 1.60 

B 6.00 8.50 7.50 7.33 

C 9.00 9.20 8.70 9.00 

D 1.80 2.00 1.00 1.60 

E 6.00 8.90 7.00 7.30 

 

Table 3:  The average presumptive and differential coliform counts obtained from five swimming pools.  

Water 

 Sources 

Presumptive Coliform Count Differential Coliform Count 

Before Heavy 

Bathers Load 

After Heavy 

Bathers Load 

After Water 

Change 

Before Heavy 

Bathers Load 

After Heavy 

Bathers Load 

After Water 

Change 

A 1 2 0 0 0 0 

B 6 7 6 2 3 3 

C 5 7 7 2 3 3 

D 0 1 0 0 0 0 

E 3 4 3 0 2 2 

 

Table 4: Prevalence of bacterial isolates in each pool. 

Isolate  Sources of Bacterial Isolates 

Staphylococcus epidermidis A B C D E 

Escherichia coli C B E - - 

Staphylococcus aureus A B C E - 

Enterobacter aeruginosa C D E - - 

Klebsiella aerugenes A B C E D 

Pseudomonas aeruginosa C - - - - 

Klebsiella pneumonia B C - - - 

Streptococcus faecalis B - - - - 
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Table 5: Bacterial isolates from swimming pools studied 

Swimming Pools Number of Isolates Percentage % 

C 7 87.5 

B 6 75 

E 5 62.5 

A 3 37.5 

D 3 37.5 

 

DISCUSSION AND CONCLUSION 

Swimming pools are man-made recreational water bodies found in private homes, recreational centres or in 

hospitality industries. People patronize these centres for leisure and recreational purposes, especially during the 

festive period. This has resulted in increased usage which has given rise to some reported infections of the users 

(Amalu et al., 2019).  This study sought to examine some swimming pools to ascertain the bacteria associated 

with them if there are any. 

The result of this study shows a 27.5 % prevalence of both Staphylococcus epidermis and Klebsiella aerogenes. 

This is in tandem with an earlier report by Aleru et al. (2021) who did similar work in Port Harcourt and 

Obiakpor Local government area of Rivers State, Nigeria. This implies that the water bodies lack maintenance 

by the operatives, and this would be a matter of public health significance. Coagulase-negative staphylococci, 

especially Staphylococcus epidermidis, have long been known as a major source of health-care-associated 

infections. Moreover, Staphylococcus epidermidis is a frequent contaminant in clinical samples, rendering 

diagnosis difficult. Staphylococcus epidermidis was the most prevalent isolate (27.5 %), as earlier reported by 

Widerström, (2016). 

 

This study observed a mean viable microbial count from B (7.33 x 102 cfu/ml) C (9.0 x 102 cfu/ml) and E 

swimming pools (7.30 x 102 cfu/ml) that exceed the recommended values (for microorganisms by 

bacteriological standards) for swimming pools which are 200 cfu/ml indicating that they were contaminated. 

Using the most probable number presumptive and differential coliform count as an index of pollution it is 

observed from Table 3 that B and C swimming pools were polluted with Escherichia coli and also using faecal 

streptococci as an index of water pollution it is observed that B and C swimming pools were polluted with 

Streptococcus faecalis. Enumeration of the coliform of microbial aquatic eco-system has been universally 

applied to document the sanitary quality of any water.  Coliforms are defined as aerobic Gram-negative, 

oxidase-negative non-sporulating and rod-shaped bacteria that are capable of growing in the presence of bile 

salts and fermenting lactose with gas formation within 48 hours.  The coliform bacteria constitute a large part 

of the normal intestinal flora especially Escherichia coli within the intestine most of the strains generally do not 

cause disease and may even contribute to the normal functions of faecal pollution. The American Society of 

Public Health stated that coliform standards are a major public health factor in judging the sanitary quality of 

swimming pools (Payus et al., 2018). Motlagh and Yang (2019) in their study stated that the presence of 

 

AJHSE 4(1)                                                                                               Okoruwa et al., 2023 | 6 



coliforms and faecal streptococci suggests faecal contamination of the pool while the usefulness of the total 

microbial count as an index of bacteria water pollution has been questioned partly because of coliform detected 

or coliform suppression on presumptive media.  

 

The study found that swimming pools with heavy bather loads had higher levels of viable microorganisms, 

including coliform bacilli. The results also showed that swimming pools B and C had higher levels of these 

microorganisms compared to pools A and D. These findings agree with previous studies conducted by Elmar 

et al. (2007) and Petterson et al. (2021), which also found increased levels of microorganisms after heavy bather 

loads. 

 

The prevalence of Pseudomonas aeruginosa a pathogen frequently found in the case of otitis externa is very 

low in this study but this may, however, turn into a problem in a swimming pool environment if proper 

maintenance requirements are not met. This may predispose bathers to otitis media as earlier reported by 

Hajjartabar (2004). 

 

This study observed that chlorination of the polluted pools may have failed or was insufficient to provide the 

recommended residual chlorine levels of 0.2 - 0.5 parts per million (PPM). Also, the duration of the change of 

pool water was too long, especially in B where the authorities used the presence of algae on the walls of the 

pool as an index of the need to change the water. It was observed that humans may not necessarily be the sole 

source of contamination of the pool because wind carrying dust particles also settle on the water however, this 

study observed growth only at 370C indicating that the organisms were of human origin  (Itah and Ekpombok, 

2004). 

 

CONCLUSION 

In conclusion, it is pertinent to note that swimming pools are contaminated with bacteria of human origin and 

these swimming pools are not maintained according to standard operating procedures hence the high prevalence 

of bacteria. It is therefore, recommended that operators of swimming pools should be trained on the importance 

of pool maintenance to avert diseases outbreak of diseases of public health consequences. 

 

CONFLICTS OF INTEREST: The authors declare that they have no conflict of interest. 

 

FUNDING: There was no funding received for this study. 

 

ACKNOWLEDGEMENTS: The authors express our profound appreciation to the management of the 

recreational facilities used for this study. 

 

 

  

AJHSE 4(1)                                                                                               Okoruwa et al., 2023 | 7 



 

REFERENCES 

Aleru, C. P., Agi, V. N., Lawson-Ndu, J. and Nene Eme, Q. (2021). Determination of Bacterial 

Quality of Water in Randomly Selected Swimming Pools in Port Harcourt and Obio-Akpo 

Local Government Areas, Rivers State, Nigeria. Journal of Medical Science and Clinical 

Research 09(02): 134–140 https://doi.org/10.18535/jmscr/v9i2.21 

Amalu, T. E., Otop, O. O., Ojugbo, P. A., Omeje, V. U. and Duluora, E. I. (2019). Recreation centre 

potentials for tourism development in Calabar, Cross River State Nigeria. Geo Journal 

84(6):1627–1643. https://doi.org/10.1007/s10708-018-9943-7 

Barna, Z. and Kádár, M. (2012). The risk of contracting infectious diseases in public swimming pools. 

A review. Annali Dell’Istituto Superiore Di Sanità 48(4). 

https://doi.org/10.4415/ANN_12_04_05 

Bonadonna, L. and la Rosa, G. (2019). A Review and Update on Waterborne Viral Diseases 

Associated with Swimming Pools. International Journal of Environmental Research and 

Public Health 16(2): 166 – 170. https://doi.org/10.3390/ijerph16020166 

Cabral, J. P. S. (2010). Water microbiology. Bacterial pathogens and water. International Journal of 

Environmental Research and Public Health 7(10):3657–3703. 

https://doi.org/10.3390/ijerph7103657 

Cowan, S. T., and Steel, K. J. (1994). Cowan and Steel’s Manual for the Identification of Medical 

Bacteria. Cambridge University Press. 

Doménech-Sánchez, A., Olea, F. and Berrocal, C. I. (2008). Infections related to recreational 

waters. Enfermedades Infecciosas y Microbiologia Clinica 26 Suppl 1:32–37. 

https://doi.org/10.1157/13128778 

Elmir, S. M., Wright, M. E., Abdelzaher, A., Solo-Gabriele, H. M., Fleming, L. E., Miller, G., 

Rybolowik, M., Peter Shih, M.-T., Pillai, S. P. and Cooper, J. A. (2007). Quantitative 

evaluation of bacteria released by bathers in a marine water. Water Research 41(1):3–10. 

https://doi.org/10.1016/j.watres.2006.10.005 

Hajjartabar, M. (2004). Poor-quality water in swimming pools associated with a substantial risk of 

otitis externa due to Pseudomonas aeruginosa. Water Science and Technology : Journal of 

the International Association on Water Pollution Research 50(1): 63–67. 

Hannay, C. L., and Norton, I. L. (1947). Enumeration, isolation, and study of faecal streptococci from 

river water. Proceedings of the Society for Applied Bacteriology 10(1):39–45. 

https://doi.org/10.1111/j.1365-2672.1947.tb03839.x 

Hlavsa, M. C., Cikesh, B. L., Roberts, V. A., Kahler, A. M., Vigar, M., Hilborn, E. D., Wade, T. J., 

Roellig, D. M., Murphy, J. L., Xiao, L., Yates, K. M., Kunz, J. M., Arduino, M. J., Reddy, 

S. C., Fullerton, K. E., Cooley, L. A., Beach, M. J., Hill, V. R. and Yoder, J. S. (2018). 

Outbreaks Associated with Treated Recreational Water — United States, 2000–2014. 

MMWR. Morbidity and Mortality Weekly Report 67(19). 

https://doi.org/10.15585/mmwr.mm6719a3 

 

AJHSE 4(1)                                                                                               Okoruwa et al., 2023 | 8 



Ibe, S. N. and Okplenye, J. I. (2008). Bacteriological analysis of borehole water in Uli, Nigeria. 

African Journal of Applied Zoology and Environmental Biology 7(1):116-119 

https://doi.org/10.4314/ajazeb.v7i1.41158 

Itah, A. Y. and Ekpombok, M.-U. M. (2004). Pollution status of swimming pools in south-south zone 

of south-eastern Nigeria using microbiological and physicochemical indices. Southeast Asian 

Journal of Tropical Medicine and Public Health 35(2): 488–493. 

Motlagh, A. M. and Yang, Z. (2019). Detection and occurrence of indicator organisms and pathogens. 

Water Environment Research 91(10): 1402–1408. https://doi.org/10.1002/wer.1238 

Payus, C., Geoffrey, I., Amrie, K. and Oliver, A. (2018). Coliform Bacteria Contamination in 

Chlorine-treated Swimming Pool Sports Complex. Asian Journal of Scientific Research 

11(4): 560–567. https://doi.org/10.3923/ajsr.2018.560.567 

Petterson, S., Li, Q. and Ashbolt, N. (2021). Screening Level Risk Assessment (SLRA) of human 

health risks from faecal pathogens associated with a Natural Swimming Pond (NSP). Water 

Research 188:  116501- 116508. https://doi.org/10.1016/j.watres.2020.116501 

Uhuo, C. A., Uneke B.I, Okereke C.N, Nwele D.E, and Ogbanshi M.E. (2014). The bacteriological 

survey of borehole waters in Peri-Urban areas of Abakaliki; Ebonyi State, Nigeria. 

International Journal of Bacteriology Research 2(2): 038–031. 

Wade, T. J., Pai, N., Eisenberg, J. N. S. and Colford, J. M. (2003). Do U.S. Environmental Protection 

Agency water quality guidelines for recreational waters prevent gastrointestinal illness? A 

systematic review and meta-analysis. Environmental Health Perspectives 111(8):1102–1109. 

https://doi.org/10.1289/ehp.6241 

Widerström, M. (2016). Commentary: Significance of Staphylococcus epidermidis in Health Care-

Associated Infections, from Contaminant to Clinically Relevant Pathogen: This Is a Wake-

Up Call! Journal of Clinical Microbiology 54(7): 1679–1681. 

https://doi.org/10.1128/JCM.00743-16 

World Health Organisation. (2006). Microbial Hazards. In Guidelines for safe recreational water 

environments: Swimming pools and similar environments. Geneva, Switzerland. 2: 26–60. 

 

AJHSE 4(1)                                                                                               Okoruwa et al., 2023 | 9 


