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ABSTRACT 

	Swimming pools are widely used for recreation and relaxation, making the maintenance of good water quality essential for protecting public health. This study assessed the baseline physicochemical characteristics of swimming pools in Calabar, Cross River State, Nigeria. Water samples were collected from ten swimming pools and analysed for pH, temperature, electrical conductivity (EC), total dissolved solids (TDS), oxidation-reduction potential (ORP), and salinity using a portable water-quality meter. Descriptive statistics were used to summarise the data and compare the results with recommended recreational water-quality standards. The mean pH was 6.41 ± 0.16, indicating that all sampled pools were slightly acidic and below the recommended range of 7.2–7.8. Total dissolved solids ranged from 44 to 340 ppm (mean = 136.2 ± 93.3 ppm), whereas electrical conductivity ranged from 88 to 699 µS/cm (mean = 271.6 ± 191.7 µS/cm); both parameters remained within acceptable limits. Oxidation-reduction potential varied from 286 to 721 mV, with a mean of 508.6 ± 115.9 mV, suggesting inadequate disinfection in many pools. Water temperature ranged from 26.0 to 32.0 °C (mean = 30.3 ± 1.94 °C), and salinity remained low (mean = 0.016 ± 0.03%). The findings indicate that, although TDS, EC, temperature, and salinity were generally satisfactory, consistently low pH and suboptimal ORP values may reduce disinfectant effectiveness and increase potential health risks to swimmers. Routine monitoring of pool-water quality, appropriate chemical adjustment, and regular regulatory inspections are recommended to improve swimming-pool safety in Calabar.
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1. INTRODUCTION 
[bookmark: _Hlk233501162]Swimming pools are artificial recreational water bodies designed for relaxation, exercise, therapy, and sporting activities. In many urban centres, hotels frequently provide swimming pools as a strategic amenity to attract guests and enhance overall satisfaction (Egresi & Lungu, 2025). However, the increased use of swimming pools raises concerns regarding water quality and public health because contaminated or poorly maintained pool water can expose swimmers to physical, chemical, and microbial hazards (Natnael et al., 2024). Maintaining appropriate water quality is essential because swimming pools require effective disinfection to mitigate potential health risks and provide a safe and enjoyable swimming environment (El Hafidi et al., 2025). Commonly assessed parameters include pH, temperature, electrical conductivity, total dissolved solids (TDS), alkalinity, hardness, and oxidation-reduction potential (ORP). These parameters influence water clarity, disinfectant efficiency, corrosion potential, and microorganism survival in pool water. Values outside recommended limits may cause eye irritation, skin infections, respiratory discomfort, and deterioration of pool facilities (Yedeme et al., 2017). Recent physicochemical monitoring of a Nigerian surface-water system similarly demonstrated the value of jointly measuring pH, electrical conductivity, TDS, temperature, and salinity when establishing baseline water-quality conditions (Nordee et al., 2026).
Globally, studies have shown that many public and hotel swimming pools fail to comply with recommended physicochemical standards established by organisations such as the World Health Organization (Konkobo et al., 2026). A study conducted in Kombolcha Town, Ethiopia, found that a large proportion of swimming-pool samples had pH, temperature, turbidity, and residual chlorine levels outside WHO-permissible limits. The study further reported that only a small proportion of the pools met acceptable physicochemical quality standards (Natnael et al., 2024). Similarly, environmental and public health studies have demonstrated that inadequate pool-maintenance practices, including poor disinfection, ineffective filtration, and inconsistent water-quality monitoring, contribute substantially to the deterioration of physicochemical and microbiological water quality, thereby increasing potential health risks to swimmers (Ikhuoriah & Onajite, 2024; Natnael et al., 2024). High turbidity and elevated total dissolved solids may reduce disinfectant effectiveness and encourage microbial proliferation. Improper pH levels may also reduce chlorine efficiency, increase water corrosiveness, and cause discomfort among swimmers (Taha et al., 2025). Recent pool-based evidence further indicates that residual chlorine, pH, and temperature may vary with bacterial contamination levels, supporting integrated physicochemical and microbiological surveillance (Lounaci, 2025). Filtration-cycle duration and daily pool use may also influence pH, redox conditions, chloride, nitrate, and microbial counts, highlighting the operational basis of short-term water-quality variation (Wyczarska-Kokot et al., 2025).
Microorganisms associated with poorly managed swimming-pool water include Giardia lamblia, Cryptosporidium parvum, Pseudomonas aeruginosa, Legionella pneumophila, and pathogenic Escherichia coli strains (Bourli et al., 2023). These microorganisms may persist even in chlorinated water when disinfection is insufficient, water chemistry is imbalanced, or turbidity is elevated, potentially resulting in gastrointestinal, dermatological, and respiratory illnesses among exposed swimmers (Onuorah et al., 2017). Vulnerable populations, including children, older adults, and immunocompromised individuals, may face particularly elevated risks (Nyarko et al., 2026).
In Nigeria, investigations of swimming-pool water quality have reported varying degrees of physicochemical contamination. Onajobi et al. (2013) observed that several swimming pools in Ilorin exceeded World Health Organization (WHO) recommended limits for physicochemical parameters, including pH, turbidity, electrical conductivity, dissolved oxygen, and total dissolved solids. A study of swimming pools in Ibadan, Oyo State, identified enteric bacteria, including Pseudomonas aeruginosa, Escherichia coli, and Klebsiella species, and concluded that the pools did not comply with Centers for Disease Control and Prevention (CDC) and WHO standards for recreational activities, thereby posing serious health risks to bathers (Ajani et al., 2025). The study also detected extended-spectrum beta-lactamase (ESBL)-producing bacteria, representing an emerging public health concern associated with inadequately managed pool water. Similarly, research on hotel swimming pools in Awka, Anambra State, assessed microbial loads and physicochemical characteristics, underscoring growing concerns regarding pool-water safety across Nigerian urban centres (Ezugwu et al., 2025). Earlier work on hotel swimming pools in Port Harcourt similarly found that several physicochemical and microbial indicators did not conform to recommended recreational-water standards (Belonwu et al., 2020).
Calabar, the capital of Cross River State, is recognised as one of Nigeria’s major tourism and hospitality destinations. According to the Cross River State Carnival Commission (n.d.), Calabar has numerous hotels with swimming pools that are frequented by residents and domestic and international tourists, particularly during the annual Calabar Carnival. Increased swimmer loads, environmental exposure, and inconsistent maintenance practices may alter the physicochemical properties of pool water, thereby posing potential health risks to users (Natnael et al., 2024). Although studies have been conducted in other Nigerian cities, including Ibadan and Awka, comprehensive data specific to Calabar remain scarce. This gap is particularly concerning because enforcement of water-quality standards in many developing countries is inconsistent owing to limited resources, weak regulatory oversight, and insufficient operator training (Nyarko et al., 2026). Experimental evidence also suggests that pre-swim showering may reduce swimmer-derived pollutant inputs and support improved physicochemical and microbiological pool-water quality (Włodyka-Bergier et al., 2025).
Despite the growing number of hotel swimming pools in Calabar, documented information on their baseline physicochemical characteristics remains limited. This lack of baseline data restricts the ability of public health authorities, environmental agencies, and hotel managers to evaluate compliance with recreational water-quality guidelines. Therefore, the objective of this study was to assess the baseline physicochemical characteristics of hotel swimming pools in Calabar and provide data to support water-quality monitoring, public health protection, and improved pool-management practices.
2. Materials and methods 

The materials used for sample collection and in situ measurements included clean sample-collection bottles, a portable water-quality meter for measuring pH, temperature, electrical conductivity (EC), total dissolved solids (TDS), oxidation-reduction potential (ORP), and salinity, and a global positioning system (GPS) device for recording the coordinates of each sampling location. The physicochemical parameters analysed were pH, temperature, EC, TDS, ORP, and salinity.
Water samples were collected from 10 swimming pools in Calabar, Nigeria. The locations were selected randomly, and the physicochemical parameters were measured using a portable multiparameter water-quality meter. This handheld device integrated several measurements into a single compact unit and enabled rapid, one-handed water-quality assessment under field conditions.
At each location, water was collected from the pool, the multiparameter meter was placed in the collection bottle to measure each parameter, and the values were recorded.
The data were analysed using SPSS. Descriptive statistics, including the mean, standard deviation, minimum, and maximum values, were calculated for each parameter. The results were presented in tables and expressed as the mean ± standard deviation (SD). The geographical coordinates of each sampling location were recorded using a global positioning system (GPS) to ensure accurate spatial identification and facilitate future monitoring. Sampling was conducted between 2 and 9 May 2026 at different times of the day (GMT +01:00). The pools were distributed across the study area, with latitudes ranging from 4.9532°N to 5.0494°N and longitudes ranging from 8.3177°E to 8.3516°E, thereby providing representative spatial coverage of swimming pools in Calabar.


RESULTS AND DISCUSSION
[bookmark: _Hlk233501863]TABLE 1: pH Values from All the Swimming Pools
	Rank
	Swimming pools name
	pH

	1
	Akhira Lounge
	6.31

	2
	Channel View 
	6.38

	3
	Bulavaad
	6.24

	4
	Hogis Luxury
	6.33

	5
	Petesville
	6.68

	6
	Diamond Crue 
	6.69

	7
	Tinapa
	6.57

	8
	NAKS
	6.31

	9
	Jorany
	6.29

	10
	Stadium pool
	6.26



[bookmark: _Hlk233501922]Table 2:  Total Dissolved Solids Values from all the Swimming Pools
	Hotel Name
	(PPM)

	Akhira Lounge
	45

	Channel View
	44

	Bulavaad
	98

	Hogis Luxury
	106

	Petesville
	134

	Diamond Crue
	174

	Tinapa
	224

	NAKS
	123

	Jorany
	71

	Stadium pool
	340




[bookmark: _Hlk233502005]Table 3. Electrical Conductivity Values from all the Swimming Pools
	Swimming pool Name
	(µs/cm)

	Akhira Lounge
	88

	Channel View
	90

	Bulavaad
	203

	Hogis Luxury
	213

	Petesville
	261

	Diamond Crue
	351

	Tinapa
	448

	NAKS
	243

	Jorany
	144

	Stadium pool
	699


[bookmark: _Hlk233502078]


Table 4: Values for Temperature from all Swimming Pools
	Swimming pool Name
	Degree Celsius °C

	Akhira Lounge
	31.1

	Channel View
	30.9

	Bulavaad 
	31.9

	Hogis Luxury
	26.0

	Petesville
	29.9

	Diamond Crue
	30.7

	Tinapa
	28.2

	NAKS
	30.6

	Jorany
	32.0

	Stadium pool
	31.9



Table 5; Values for ORP from all Swimming Pools
	Swimming pool Name
	(mV)

	Akhira Lounge
	542

	Channel View
	475

	Bulavaad
	553

	Hogis Luxury
	486

	Petesville
	721

	Diamond Crue
	480

	Tinapa 
	286

	NAKS
	362

	Jorany
	579

	Stadium Pool
	544




Table 6: Values for Salinity from all Swimming Pools
	Swimming pool Name
	 %

	Akhira Lounge
	0

	Channel View
	0

	Bulavaad
	0

	Hogis Luxury
	0

	Petesville
	0.01

	Diamond Crue
	0.01

	Tinapa 
	0.02

	NAKS
	0.01

	Jorany
	0

	Stadium pool
	0.03






Table 7. Mean, Median, and Standard Deviation of the Parameters Tested
	Parameter
	Mean
	Median
	Range (Min - Max)
	Standard Deviation

	pH
	6.41
	6.32
	6.24 - 6.69
	0.16

	TDS (PPM)
	136.2
	114.5
	44 - 340
	93.3

	EC (µs/cm)
	271.6
	232.0
	88 - 699
	191.7

	ORP (mV)
	508.6
	513.0
	286 - 721
	115.9

	Temperature (°C)
	30.3
	30.9
	26.0 - 32.0
	1.94

	Salinity (%)
	0.016
	0.005
	0 - 0.10
	0.03



[bookmark: _Hlk233502219]The physicochemical analysis of swimming pools in Calabar, Nigeria, indicated variation among most measured parameters. The pH and temperature values were comparatively consistent, whereas the other parameters showed greater variability. Some pools met the referenced guideline values, whereas others did not, particularly for pH and ORP. TDS and EC remained within the stated acceptable ranges. These baseline findings emphasise the need for regular pool-water monitoring and maintenance.
pH: Slightly Acidic Conditions
The mean pH of 6.41 (range: 6.24–6.69) was below the WHO-recommended range of 7.2–7.8 for swimming pools (World Health Organization [WHO], 2006). Water with a pH below 7.0 is acidic and may cause eye and skin irritation and contribute to the corrosion of metal fittings and pool liners. A lower pH increases the proportion of hypochlorous acid (HOCl), the most effective disinfecting form of chlorine; however, excessively low pH makes the water corrosive and uncomfortable for swimmers (Centers for Disease Control and Prevention [CDC], 2024; CDC, 2025). The low standard deviation (0.16) suggests that pH management was broadly similar across the sampled pools, possibly because operators used similar chemical products or did not adequately adjust the pH upwards. The consistently acidic conditions may be associated with:
1. Rainwater or surface water with low alkalinity.
1. Use of acidic chlorine donors (trichloroisocyanuric acid), which lowers pH over time.
1. Insufficient buffering, allowing pH to drift downward.

Total Dissolved Solids (TDS) and Electrical Conductivity (EC): High Variability
TDS (mean: 136.2 ppm; range: 44–340 ppm) and EC (mean: 271.6 µS/cm; range: 88–699 µS/cm) are closely related because both reflect the concentration of dissolved ions, including chlorides, sulphates, bicarbonates, and sodium. The coefficients of variation for TDS and EC were 0.68 and 0.71, respectively, indicating substantial heterogeneity among the pools.
Possible Explanations for Variability
1. Water-source differences: Pools supplied with treated municipal water, which generally has a low TDS level, may differ substantially from those supplied with borehole water, which often has a higher mineral content. The geology of Calabar may contribute to elevated conductivity in borehole water.
1. Evaporation and refill frequency: Pools in hot tropical climates lose water through evaporation, thereby concentrating dissolved solids. Pools that are infrequently drained and refilled may accumulate TDS over time.
1. Chemical inputs: Frequent additions of chlorine, algaecides, pH-adjusting chemicals, and flocculants contribute to TDS.
1. Bather load: Sweat, urine, cosmetics, and sunscreen introduce organic and inorganic solids, thereby increasing TDS and EC.
Comparison with Standards
No absolute TDS limit exists for swimming pools; however, values above 1,500–2,000 ppm may cause foaming. All pools assessed in this study were well below this threshold.
EC generally should not exceed 1,000–1,500 µS/cm in freshwater pools. The maximum observed value of 699 µS/cm was acceptable, although the wide range indicates substantial differences among the pools.
Implication: Although the observed TDS and EC values were not immediately harmful, increases in these parameters may impair disinfectant performance and contribute to scaling or corrosion. Pool operators should therefore drain and refill pools with fresh water when TDS exceeds 1,000 ppm.
Oxidation‑Reduction Potential (ORP): Disinfection Efficacy Concerns
ORP provides a real-time measure of the oxidising power of disinfectants and is therefore a useful operational indicator of microbial inactivation potential in swimming-pool water (Gongora et al., 2024). WHO recommends an ORP of ≥650–700 mV for properly disinfected pools. The mean ORP in this study was 508.6 mV, with a range of 286–721 mV. These values indicate that only pools at the upper end of the observed range (>700 mV) had strong oxidising conditions.
The median ORP (513 mV) was close to the mean. The standard deviation of 115.9 mV indicates substantial variation among the pools, which may be related to differences in:
1. pH: ORP generally declines as pH rises above 7.0; however, because the pH values in this study were low, higher ORP values might have been expected.
1. Organic load: Bather-derived waste consumes free chlorine and may therefore reduce ORP.
Critical observation: Pools with ORP values as low as 286 mV may have insufficient oxidising capacity for rapid microbial inactivation and therefore require prompt operational review.
Recommendation: Operators should maintain free chlorine at 1–3 ppm, or 2–4 ppm when cyanuric acid is used, and test ORP daily. If ORP falls below 650 mV, superchlorination or a non-chlorine shock treatment may be required.
Temperature: Tropical Normality
The mean temperature of 30.3 °C (range: 26.0–32.0 °C) is typical of outdoor pools in a tropical city such as Calabar, where the stated ambient temperature ranges from 27 to 32 °C. The narrow standard deviation (1.94 °C) indicates that the pools were exposed to broadly similar climatic conditions, with minimal heating or cooling intervention.
Implications
1. Warm water accelerates microbial growth. At 30 °C, bacteria such as Pseudomonas aeruginosa and Legionella may multiply more rapidly than at lower temperatures, such as 25 °C, thereby increasing the demand for effective disinfection.
1. Higher temperatures reduce chlorine half-life. Chlorine degrades more rapidly in warm, sunlit pools and may therefore require more frequent dosing.
1. Water at 30 °C may be comfortable for most bathers; however, temperatures above 32 °C may increase the risk of overheating during vigorous activity.
No pool exceeded 32 °C; therefore, thermal stress was unlikely under the measured conditions. Nevertheless, operators should monitor temperature and consider shading where values consistently approach 32 °C.
Salinity: Freshwater Predominance
Based on the individual measurements presented in Table 6, salinity ranged from 0 to 0.03%, indicating predominantly freshwater conditions. For context, seawater has a salinity of approximately 3.5%, whereas brackish water begins at approximately 0.05%. Therefore:
1. All sampled pools were freshwater pools, with salinity values below 0.05%.
1. The highest recorded salinity was 0.03%, which remained low but measurable. This value could be associated with:
1. Salt‑chlorination systems.
1. Evaporative concentration of naturally occurring salts in borehole water.
1. Contamination from nearby brackish water intrusion.
Health and environmental significance: The observed freshwater salinity levels were unlikely to pose a direct concern to swimmers and did not require specialised management. However, if salinity exceeds 0.2% (2,000 ppm), corrosion of metal components may accelerate.
Public Health Implications
Poorly managed pool chemistry may increase the risk of gastrointestinal illness, skin infections, and respiratory problems, particularly when low oxidation-reduction potential (ORP) is combined with warm water that favours microbial survival. Acidic pool water may cause eye irritation, redness, and skin discomfort following repeated exposure. Elevated total dissolved solids (TDS) may reduce water clarity, impair visibility, and increase the risk of drowning or other swimming-related accidents (Hassanein et al., 2023; Gomà et al., 2017).
Swimming pools in Calabar serve both domestic and international tourists. Outbreaks of recreational water illnesses (RWIs) could adversely affect hotel reputations and the local tourism industry; therefore, preventive water-quality management is warranted.
Limitation of the Study
This study was limited to a single sampling period and therefore did not account for daily or seasonal variations in swimming-pool water quality. In addition, only physicochemical parameters were assessed; therefore, the presence of pathogenic microorganisms could not be confirmed. The relatively small number of swimming pools examined also limits the generalisation of the findings to all swimming pools in Calabar. Future studies should incorporate repeated sampling across seasons, microbiological analyses, and assessments of pool-maintenance practices to provide a more comprehensive evaluation of recreational water quality.
Recommendations for Pool Operators and Regulators
For Hotel Management:
1. Test pH, free chlorine, and ORP daily using calibrated digital meters rather than relying solely on test strips.
1. Adjust the pH to 7.2–7.6 using sodium carbonate to increase pH or sodium bisulphate to decrease it, although a decrease was rarely required in the sampled pools.
1. Maintain free chlorine at 1–3 ppm, or 2–4 ppm when a stabiliser is used. Apply shock treatment weekly or when ORP falls below 650 mV.
1. Drain and refill pools every 3–6 months to control the accumulation of TDS and cyanuric acid.
1. Train staff in basic pool chemistry and safety procedures.
For regulators:
1. Establish and enforce national swimming-pool water-quality standards.
1. Conduct unannounced inspections of pools, particularly during peak tourist seasons.
Display a visible seal or certificate confirming compliance with applicable safety and water-quality standards so that guests can readily identify compliant pools.
Conclusion
The physicochemical assessment demonstrated considerable variation in water-quality conditions among the ten swimming pools examined in Calabar. All measured pH values were below the recommended range, indicating consistently acidic water that may affect swimmer comfort, pool infrastructure, and chlorine-based disinfection. Total dissolved solids and electrical conductivity remained within the acceptable ranges applied in the study, although the differences among pools suggest variation in source water, chemical inputs, evaporation, and maintenance practices. Oxidation-reduction potential ranged widely, and several pools showed values that may indicate inadequate oxidising conditions for effective disinfection. Temperatures were consistent with tropical outdoor swimming environments, whereas the individual salinity measurements confirmed freshwater conditions. These findings emphasise the importance of routine monitoring of pH, free chlorine, oxidation-reduction potential, temperature, and dissolved solids. Pool operators should maintain accurate records, use calibrated meters, adjust water chemistry promptly, and strengthen maintenance procedures. Regulatory inspection and staff training may further support consistent compliance and safer recreational water management in Calabar.
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