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Abstract 
Water in public swimming pools within Abuja, Nigeria was investigated to de-
termine the levels of toxic metals and assess the potential ecological and human 
health risks. Composite water samples were collected by simple random sam-
pling, from thirteen (13) swimming pools located in hotels and recreational 
centres within Abuja and a control sample from the municipal water supply 
line. They were analyzed for heavy metals concentration (Cr, Pb, Hg, Mn, Ni, 
Zn, Cu, As and Cd), using Atomic Absorption Spectrophotometry (AAS) and 
Atomic Emission Spectrophotometry (AES). Analytical data obtained were 
compared with WHO/NSDWQ standards for recreational waters. Potential 
human health and ecological risks from the samples were evaluated by calcu-
lating specific indices. Results showed elevated levels of Hg in all pools except 
RVR hotel pool, which had a threshold value of 0.0010 mg/L. The highest con-
centration of Hg (0.012 mg/L) was found in SH, followed by 0.011 mg/L in S-
38-H. The level of Cd detected in SH was 0.0026 mg/L, an edge close to the 
WHO limit of 0.003 mg/L. Other levels of Cd and other toxic metals were below 

limit. Ecological risk index ( Ei
r ) for the toxic metals in the water samples was 

below 30, showing no overall risk of toxicity. The human health risk index (HI) 
was <1, indicating no overall health risk, though single toxic metal risks related 
to elevated levels of Hg and Cd slightly exist. It was recommended that the 
source of Hg in the majority of the samples should be investigated in future 
research. Most results from the swimming pools showed remarkable similarity 
in values with those from the municipal water supply line, suggesting that the 
swimming pools use water from the municipal water supply. Regular monitor-
ing checks of both the municipal water supply and the swimming pools by 
NESREA and the Federal Ministry of Environment were recommended in this 
research. 
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1. Introduction 

Water is one of the most important natural resources crucial in supporting life 
processes in both plants and animals. Notwithstanding the importance of water 
to human existence, it could pose serious threats by serving as a medium for dis-
ease transmission when contaminated (Agomuo & Amadi, 2019). The recreational 
and environmental use of water is increasing in terms of both the nature of the ac-
tivities being undertaken and the number of participants becoming involved. Rec-
reational and environmental waters include marine and fresh waters, as well as 
bathing and leisure pool waters, which are frequently indoors and which often ex-
hibit high bathing densities. 

Swimming, a popular pastime activity, creates fun and is an active and a healthy 
way to relax and beat the heat in Africa. Swimming pools are concrete tanks, large 
artificial basins, or large paved holes containing water for swimming (Ajadi et al., 
2016). Swimming pools have become one of the main side attractions in the mar-
keting of tourism in Nigeria. They are found in hotels, guest houses, restaurants, 
club houses, tertiary institutions and individual homes, among others. Pool water 
and the surfaces of objects or materials at a swimming facility are exposed to con-
tamination from body fat, toxic substances and human waste materials such as 
nasal secretions, saliva, sweat, faecal, urine and body lotions and creams (Saberi-
anpour et al., 2015). Gastrointestinal, skin, eye and neurological disease conditions 
have all been reported to be associated with recreational and environmental water 
contact (Ajadi et al., 2016). 

Swimming pools are increasingly patronized by people for leisure and recrea-
tional purposes, hence possible failures with their maintenance would be a matter 
of public health significance. According to Agomuo and Amadi (2019), the pro-
vision of quality water, amongst other benefits, enhances recreational opportu-
nities, such as in swimming pools, that flourish as a resource-generating venture 
in major cities of Nigeria. Swimming pools are recreational environments that pro-
vide both social and health benefits, and as such, should not cause harm to swim-
mers through either toxic substances or pathogenic microbes. That notwithstand-
ing, Addo et al. (2018) noted that the rate of injuries that occur, particularly in 
swimming pools, is underestimated, and greatly exceeds those in other environ-
ments. Some of these injuries include asthma, gastrointestinal issues, skin and eye 
irritation and other skin infections, thus requiring the establishment and enforce-
ment of regulatory guidelines for the safety of the recreational environments 
(Agomuo & Amadi, 2019). Some measures, such as chlorination of the pool water 
and refilling swimming pools every three days using mainly borehole water, are 
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predominantly adopted by pool owners to ensure the mitigation of health risks 
associated with poor sanitary conditions for the pools. 

Prior to this present study, no report exists in literature regarding the ecological 
and human health risk assessments for swimming pools in Abuja. Therefore, it be-
comes paramount to fill the gap in knowledge created by the paucity of information 
on the present contamination status of swimming pools, especially those situated 
in population-dense and uncontrolled activity-laden locations. It was on this fore-
going that this study was designed to determine the presence and level of water 
contaminants and risks associated with dermal contact and oral ingestion of these 
contaminants in the selected swimming pools situated in Federal Capital Territory 
(FCT), Abuja, Nigeria. 

This study seeks to assess the toxic metal attributes of swimming pool waters in 
FCT, Abuja metropolis, so as to bring into light and reduce the risks of contracting 
disease in order to stem the incidence of recreational disease outbreaks.  

The specific objectives of the study are to:  
1) Determine the level of toxic metals such as Cr, Pb, Hg, Mn, Ni, Zn, Cu, As 

and Cd in the water samples; 
2) Evaluate the potential ecological risk in the samples by calculating specific 

indices using the toxic metal concentrations obtained; 
3) Evaluate the potential human health risk in the samples by calculating specific 

indices using the toxic metal concentrations obtained. 
The assessment of the swimming pool water quality, particularly the potential 

ecological and human health risk of toxic metals, will enhance the determination 
of the potability of these waters, their suitability for swimming, and if humans 
who use the swimming pools are prone to any short-term or long-term hazard 
from contact with the pool water. This will guide stakeholders (individuals, hotels, 
government regulatory agencies like National Environmental Standards Regula-
tion Enforcement Agency (NESREA), etc.) in the FCT to make significant changes 
for the safety and health of all concerned. 

The study was carried out on water samples collected from thirteen (randomly 
selected) hotels and recreational centres in Phases I and II of Abuja, Nigeria. These 
Phases are the most developed parts of Abuja, located in the Abuja Municipal Area 
Council. The study covered the analysis of concentrations of heavy metals such as 
Cr, Pb, Hg, Mn, Ni, Zn, Cu, As and Cd. The results obtained were further evalu-
ated for ecological and human health risk indices and statistical analysis of data 
generated was carried out. 

2. Literature Review 
2.1. Benefits of Using Swimming Pools 

Water-based exercises confer specific advantages, as compared to land-based ex-
ercise. For this reason, water-based exercise prescription should be a key consid-
eration for all health care clinicians, providers and commissioners. It is also em-
phasized that having adequate opportunities to learn to swim and have positive 
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experiences in early life, particularly among those from disadvantaged backgrounds, 
may be an important step to tackle drowning as one of the causes of avoidable and 
tragic death (Cumming, 2017). 

It is estimated that those who swim for recreational or competitive purposes are 
eight times more likely to meet physical activity guidelines. Long-term swim train-
ing can improve cardiorespiratory fitness or endurance in healthy pre-pubertal 
girls and adults, women during pregnancy, children with asthma, and adults with 
osteoarthritis (a condition affecting joints, causing pain and stiffness). It is how-
ever concerning to find in many areas a profound lack of robust scientific evidence 
in swimming as a contemporary means to: increase physical activity levels, move 
the inactive into swimming as a preferred physical activity, and to use a variety of 
community swimming venues to promote health and wellbeing at population lev-
els (Bunn et al., 2016; Adsett et al., 2015). 

The global pandemic of physical inactivity is well recognised with concomitant 
implications for global health (Cumming, 2017). In a nation like the United King-
dom (UK), a significant proportion of children, adolescents and adults fail to meet 
the national recommendations for physical activity: 90% of 2 - 4 year olds, 80% of 
5 - 15 year olds, and 39% of adults. Similar patterns are seen globally (Amadi et 
al., 2010). Sedentary behaviour associated with adverse cardiometabolic adapta-
tions such as insulin resistance, altered lipid trafficking, muscle fibre type altera-
tion and ectopic fat storage was reported by Cumming (2017). Poor cardiorespir-
atory fitness/physical inactivity is a significant risk factor for the majority of Non-
Communicable Diseases (NCDs), including cardiovascular disease, dementia, cer-
tain cancers, osteoporosis, obesity and Type 2 diabetes. It is also the strongest in-
dependent risk factor for development of post-operative morbidity and mortality 
(Cumming, 2017). 

Of interest are the unique features that aquatic-based exercise offers, and how 
swimming and aquatic exercise relate to health outcomes. Swimming and other 
forms of aquatic exercise (aqua-jogging and aqua-aerobics, for example) are some 
of the most popular choices for meeting physical activity recommendations—both 
for the aerobic and strength/balance element (Wood et al., 2013). 

Cumming (2017) maintained that exercise in an aquatic environment confers 
many benefits, such as minimised weight-bearing stress, a humid environment 
and a decreased heat load. This may offer a personalised exercise opportunity for 
particular populations, especially the elderly, pregnant women, and those with ar-
thritis, type 2 diabetes, disabilities or excess adiposity (Yuan et al., 2016). The 
unique nature of swimming and aquatic exercise will be considered. The aquatic 
environment has been recognised as a place for active play and recreational exer-
cise since the nineteenth century. 

Yuan et al. (2016) compared the health aspects of swimming with alternative 
forms of aerobic exercise and sedentary behaviour. Participants included 10,518 
women and 35,185 men aged 20 - 88 years old; the majority were Caucasian and 
of middle/upper socio-economic status. Screening included a formal subjective 
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and objective history, anthropometric measurements, blood tests and a graded 
exercise test. Participants were categorised as “sedentary” (no participation in ac-
tivity over the previous three months), “walkers” (primarily engaged in run/walk/jog 
at a pace ≥ 15 min/mile), “runners” (primarily engaged in run/walk/jog at a pace ≤ 
15 min/mile), and “swimmers” (exclusively engaged in swimming activity). The 
results demonstrated that all types of physical activity produced demonstrable 
health benefits in comparison to a sedentary lifestyle. Of all the groups, swimming 
and running achieved the highest treadmill test duration/maximal metabolic 
equivalent (MET) levels, although the Body Mass Index (BMI) of swimmers was 
significantly higher than that of runners. It is worthy of note, however, that the 
“swimmers” category only formed approximately 1% of the total participant pop-
ulation, and therefore this could affect the internal validity of the study. Equally, 
the limited demographics of the population could adversely affect external valid-
ity. The authors, however, conclude that swimming constitutes a valuable lifetime 
activity that appears to produce healthy levels of cardiorespiratory fitness and, as 
such, is a viable alternative to other forms of exercise. This is further supported by 
the results of a prospective study of the health effects of physical activity and fit-
ness in men, which concluded that swimmers had lower mortality rates than those 
who were sedentary, walkers or runners even after controlling for age, body mass 
index, smoking/alcohol and family history (Cumming, 2017; de Oliveira et al., 
2014). 

Similar results have been demonstrated by Oja et al. (2015); in a cohort study 
of over 80,000 British adults, swimming participation was associated with a sig-
nificantly reduced risk of all-cause mortality of 28%, and cardiovascular disease 
mortality of 41%. 

An increasing volume of literature supports the use of swimming and aquatic 
exercise in patients with impaired Left Ventricular Ejection Fractions (LVEFs), but 
stable symptoms (Adsett et al., 2015; Neto et al., 2015). Benefits included improve-
ments in LVEF/6 Minute Walk Test/VO2 peak and increased levels of plasma ni-
trates. Becker (2009) has proposed a clinical algorithm for aquatic activity deci-
sion-making, intended to guide healthcare practitioners in advising patients safely 
and appropriately. Evidence suggests that swimming and aquatic exercise are vi-
able methods for improving cardiorespiratory fitness and may be a particularly 
attractive option for those individuals who are less tolerant of land-based exercise. 
Furthermore, swimming appears to constitute a valuable intervention for risk fac-
tor modification, especially for hypertension. Swimming and aquatic exercise ap-
pear to be safe in individuals with established cardiovascular disease, where symp-
toms are stable, and exercise prescription is directed by an appropriately qualified 
practitioner (Hallal et al., 2022; Oja et al., 2015; Prince et al., 2015). 

According to the WHO (2006), the hazards from drowning and injury are prob-
ably the most obvious hazards relating to pools and similar environments. Swim-
ming pools, however, can expose people to a variety of other health risks associ-
ated with physical, microbial and chemical hazards. Infection is a major risk in 
swimming pools (Bergamin et al., 2013; Oh et al., 2015; Kamioka et al., 2020). 
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2.2. Chemical Contaminants in Swimming Pools 
2.2.1. Source Water-Derived Chemicals 
All source waters contain chemicals, some of which may be important with respect 
to pool, hot tub and spa safety. Water from a municipal drinking-water supply 
may contain organic materials (such as humic acid, which is a precursor of disin-
fection by-products), disinfection by-products from previous treatment/disinfec-
tion processes, lime and alkalis, phosphates and, for chloraminated systems, mon-
ochloramines (Fernandez-Lao et al., 2023; Cantarero-Villanueva et al., 2012). Sea-
water contains high bromide concentrations. In some circumstances, radon may 
also be present in water that is derived from groundwater. Under such circumstances, 
adequate ventilation in indoor pools and hot tubs will be an important consider-
ation. WHO is considering radon in relation to drinking-water quality guidelines 
and other guidance (WHO 2006). 

2.2.2. Bather-Derived Chemicals 
Nitrogen compounds, particularly ammonia, that are excreted by bathers (in a 
number of ways), react with free disinfectant to produce several by-products. 
A number of nitrogen compounds can be eluted from the skin, as reported by 
the World Health Organisation. The nitrogen content in sweat is around 1 g/L, 
primarily in the form of urea, ammonia, amino acids and creatinine. Depending 
on the circumstances, the composition of sweat varies widely (Andersen et al., 
2015). Significant amounts of nitrogen compounds can also be discharged into 
pool water through urine. The urine release into swimming pools has been 
variously estimated to average between 25 and 30 mL per bather and be as high 
as 77.5 mL per bather, although this area has not been well researched (WHO 
2006). 

2.2.3. Management-Derived Chemicals 
A number of management-derived chemicals are added to pool water in order to 
achieve the required water quality. A proportion of pool water is constantly un-
dergoing treatment, which generally includes filtration (often in conjunction with 
coagulation), pH correction and disinfection (Ahlskog et al., 2021). Most pools 
are designed for recreational use and are not to be drained, cleaned and refilled 
after each individual use and may consist of elements, gotten from, but not limited 
to, hydrojet circulation, hot water, cold water, mineral baths, air induction systems, 
or any combination thereof. Many studies have been conducted on public swim-
ming pools in different areas of Nigeria (Indabawa et al., 2015; Agbagwa & Young-
Harry, 2012; Eze et al., 2015). 

2.3. Assessment of Toxicity in Swimming Pools 

The World Health Organization (WHO 2006) held that chemicals found in pool 
water can be derived from a number of sources: the source water, deliberate addi-
tions such as disinfectants and the pool users themselves, as can be seen in Figure 
1. This section describes the routes of exposure to swimming pool chemicals, the 
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chemicals typically found in pool water and their possible health effects. 
 

 
Figure 1. Possible sources of contaminants in swimming pools and similar environments 
(WHO 2006). 

 
Indabawa et al. (2015) did an assessment of microbiological and physico-chem-

ical quality of some swimming pools within Kano Metropolis, Kano, Nigeria. The 
result of the study showed that the swimming pools were aesthetically unsuitable 
for recreational purposes. The authors recommended that efforts should be put 
in, to enforce effective pool water treatment by the proprietors. 

Agbagwa and Young-Harry (2012) worked on the quality of Selected Public Swim-
ming Pools in Owerri, observed parameters that exceeded recommended bath-
ing loads in several of the pools appeared to introduce many dissolved solids in 
water, and this in turn depleted residual chlorine sanitizer applications, and so, 
encouraged the growth of coliform bacteria that were also introduced by the 
bathers.  

Eze et al. (2015) carried out a study to investigate the microbiological and phys-
icochemical characteristics of swimming pool water in Owerri. The identification 
of bacterial isolates was performed using standard microbiological techniques, 
which included Gram staining and biochemical tests. The fungal isolates were 
identified using the needle mount technique. The physicochemical parameters an-
alyzed were within WHO limit for drinking water quality, except total dissolved 
solid with mean values of 380 ± 10.0 mg/L and 275 ± 8.0 mg/L, respectively. The 
result showed that the swimming pools investigated were not contaminated with 
pathogenic microorganisms. 

2.4. Routes of Contamination 

In their report, Pasquarella et al. (2023) stated that chemical risks linked with 
the use of swimming pools are mainly associated with disinfectants, which can 

https://doi.org/10.4236/gep.2026.149008


R. A. Wuana et al. 
 

 

DOI: 10.4236/gep.2026.149008 124 Journal of Geoscience and Environment Protection 

 

react with other chemicals in the water and give rise to Disinfection By-Products 
(DBPs). 

There are three main routes of exposure to chemicals in swimming pools and 
similar environments, as reported by Hauri et al. (2015), Erdinger et al. (2004) and 
Fantuzzi et al. (2021). 

1) Direct ingestion of water; 
2) Inhalation of volatile or aerosolized solutes; and 
3) Dermal contact and absorption through the skin. 

2.4.1. Ingestion 
The amount of water ingested by swimmers and pool users will depend upon a 
range of factors, including experience, age, skill and type of activity. The duration 
of exposure will vary significantly in different circumstances, but for adults, ex-
tended exposure would be expected to be associated with greater skill (e.g., com-
petitive swimmers), and so there would be a lower rate of ingestion in a compara-
ble time than for less skilled users (WHO 2006). The situation with children is 
much less clear. There appear to be no data with which to make a more detailed 
assessment (Erdinger et al., 2004; Fantuzzi et al., 2021). 

A number of estimates have been made of possible intakes while participating 
in activities in swimming pools and similar environments, with the most convinc-
ing being a pilot study by Evans et al. (2001) and Fantuzzi et al. (2021). This used 
urine sample analysis, with 24-h urine samples taken from swimmers who had 
used a pool disinfected with dichloroisocyanurate and analysed for cyanurate con-
centrations. All the participants swam, but there is no information on the partic-
ipant swimming duration. This study found that the average water intake by chil-
dren (37 mL) was higher than the intake by adults (16 mL). In addition, the intake 
by adult men (22 mL) was higher than that by women (12 mL); the intake by boys 
(45 mL) was higher than the intake by girls (30 mL). The upper 95th percentile 
intake was for children and was approximately 90 mL. 

2.4.2. Inhalation 
Swimmers and pool users inhale from the atmosphere just above the water’s sur-
face, and the volume of air inhaled is a function of the intensity of effort and time. 
Individuals using an indoor pool also breathe air in the wider area of the building 
housing the pool. However, the concentration of pool-derived chemical in the pool 
environment will be considerably diluted in open-air pools (Strähle et al., 2000; 
Erdinger et al., 2004). 

Inhalation exposure will be largely associated with volatile substances that are 
lost from the water surface, but will also include some inhalation of aerosols, within 
a hot tub (for example) or where there is significant splashing. The normal assump-
tion is that an adult will inhale approximately 10 m3 of air during an 8-h working 
day (WHO 2006). However, this will also depend on the physical effort involved. 
There will, therefore, be significant individual variation depending upon the type 
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of activity and level of effort (Fantuzzi et al., 2021). 

2.4.3. Dermal Contact 
The skin will be extensively exposed to chemicals in pool water. Some may have a 
direct impact on the skin, eyes and mucous membranes, but chemicals present in 
pool water may also cross the skin of the pool, hot tub or spa user and be absorbed 
into the body (Pasquarella et al., 2023). Two pathways have been suggested for 
transport across the stratum corneum (outermost layer of skin): one for lipophilic 
chemicals and the other for hydrophilic chemicals (WHO 2006). The extent of 
uptake through the skin will depend on a range of factors, including the period of 
contact with the water, the temperature of the water and the concentration of the 
chemical (Leoni et al., 2020). 

Another exposure pathway of toxic metal for swimming pool water users is 
through dermal absorption caused by contact with the water while swimming in 
a contaminated water (Agbagwa & Young-Harry, 2012). Dermal absorption path-
way is significantly more important than the inhalation pathway for exposure to 
toxic metals. Studies evaluating health risks from heavy metals in water (such as 
lakes, rivers or swimming pools) often find that: the primary pathways of concern 
are ingestion and dermal contact and that inhalation typically contributes a much 
lower, often negligible amount to the overall exposure and health risk (Acarer Arat, 
2025; Chaudharı et al., 2024; Guan et al., 2025). 

2.5. Sampling in Swimming Pools (APHA, 2005) 

Guidelines on routine sampling frequencies, along with a summary of operational 
guideline values, are outlined in Table 1. In addition to routine sampling, samples 
should be taken from public and semi-public facilities: 

1) Before a pool is used for the first time; 
2) Before it is put back into use, after it has been shut down for repairs or clean-

ing; 
3) If there are difficulties with the treatment system, and as part of any investi-

gation into possible adverse effects on bathers’ health; 
4) Samples should be taken when the pool is heavily loaded; 
5) Sampling frequency should be increased if operational parameters (e.g., tur-

bidity, pH, residual disinfectant concentration) are not maintained within target 
ranges; 

6) Sample numbers should be determined on the basis of pool size and complex-
ity and should include point(s) representative of general; 

7) Water quality and likely problem areas; 
8) Operational guidelines are shown in parentheses, e.g., when health problems 

associated with the pool are suspected. 
The most appropriate site for taking a single sample is where the water velocity 

is low, away from any inlets. Depending on the size of the pool, it may be advisable 
to take samples from multiple sites. Many leisure pools will have additional features, 
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such as flumes, islands and backwaters with a complex system of water flow; rep-
resentative samples should be taken from the different sections (Agomuo & Amadi, 
2019). 

Misleading information on pool water quality could result from incorrect 
sampling procedures. Sample containers must be of a material that will not af-
fect the quality of the sample either microbially or chemically. Although a good-
quality glass container will meet these requirements, the risk of broken glass in 
the pool environment as a result of breakage has favoured the use of shatter-
proof plastic-coated glass containers. All-plastic containers can be used, pro-
vided they do not react with microorganisms or chemicals in the water; not all 
are suitable. 

2.6. Water Quality Guidelines for Swimming Pools 

The guidelines set by The Association of Pool & Spa Professionals are widely used, 
but to be certain, researchers check the health codes of the jurisdiction where they 
live. The chemicals a pool needs to maintain the required standards differ from 
pool to pool and day to day. Keeping records to “get to know” a pool can help 
researchers interpret its characteristics and perform the correct task (Association 
of Pool & Spa Professionals, 2009). Table 2 contains the limits of some handy pool 
water quality parameters as stipulated by The Association of Pool and Spa Profes-
sionals, the world’s oldest and largest association representing swimming pool, 
spa, and hot tub manufacturers, manufacturers’ agents, builders, designers, in-
stallers, who are dedicated to the growth and development of their members’ busi-
ness and to promote the enjoyment and safety pools and spas. Table 2 shows the 
WHO standard for some key parameters with respect to water in swimming pools 
and similar environments. 

 
Table 1. Chemical standards for swimming pools (APHA, 2005; Association of Pool & Spa 
Professionals, 2009). 

Parameters Limits 

Free chlorine (ppm) 2.0 - 4.0 

Combined chlorine (ppm) None 

pH 
7.2 - 7.8 

(ideal range of 7.4 - 7.6) 

Total alkalinity (ppm) 
For liquid chlorine, calcium hypochlorite, lithium 

hypochlorite 
For gas chlorine, dichlor, trichlor and bromine 

compounds 

80 - 100 
 

100 - 120 

Total dissolved solids (ppm) 
Not to exceed 1500 greater 

than at pool start-up 

Calcium hardness (ppm) 200 - 400 

Cyanuric acid (ppm) 30 - 50 
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Table 2. WHO/NSDWQ limits for recreational waters (WHO 2006). 

Parameters Maximum Allowable Limit 

Zinc 50 mg/L 

Nickel 0.07 mg/L 

Manganese 8.0 mg/L 

Lead 0.2 mg/L 

Cadmium 0.003 mg/L 

Chromium 0.05 mg/L 

Copper 2.0 mg/L 

Arsenic 0.01 mg/L 

Mercury 0.001 mg/L 

Temperature 22˚C - 26˚C 

Turbidity 6 NTU 

pH 7.0 - 7.8 

Nitrate 1 - 5 mg/L 

Phosphate 0.01 - 0.02 mg/L 

Conductivity 1000 µ/cm 

Total Hardness 150 mg/L 

Total Dissolved Solid 500 mg/L 

Dissolved Oxygen 9 - 10 mg/L 

Biological Oxygen Demand 1 - 2 

Free residual chlorine 1 - 3 mg/L 

Heterotrophic plate count ≤200 cfu/mL 

Escherichia coli ≤1/100 mL 

Staphylococcus aureus ≤100/100 mL 

2.7. Ecological Risk Indices 

Pollution indices seem to be promising and beneficial in assessing the metal en-
richment and/or contamination in the water-sediment system (Pobi et al., 2019). 
There are several methods to assess water sediment quality and describe the con-
tamination adverse effects (Ridgway & Shimmield, 2022). 

2.7.1. Ecological Risk Index (RI) 
The potential ecological risk index (RI) evaluation method proposed by Håkanson 
(1980) remains a classic method to evaluate the potential ecological risk of heavy 
metals in substances (Etuk et al., 2026; Bwede et al., 2021). 

i i
f

n

C
C

B
=                              (1) 

i i
ir r fE T C= ×                            (2) 
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1
n
i irRI E== ∑                            (3) 

where, 
i
fC  is the contamination factor for a given toxic metal; 

iC  is the measured concentration of toxic metal; 

nB  is the background/reference value of toxic metal; 

irE  is toxic metal ecological risk factor for a single toxic metal I; 
i

rT  is the toxic response factor for a single toxic metal contamination, and 
RI is the total potential ecological risk index for heavy metals. The world back-
ground/reference values for the selected toxic metals, as documented by Turekian 
and Wedepohl (1961) and used by Wuana et al. (2020), were applied. The back-
ground values are Zn, 95; Ni, 68; Mn, 850; Pb, 20; Cd, 0.3; Cr, 90; Cu, 45; As, 13; 
Hg, 0.4 mg/mL, respectively. 

When RI < 150, the risk level is low; when 150 ≤ RI < 300, the risk level is me-
dium; when 300 ≤ RI < 600, the risk level is high; and when RI ≥ 600, the risk level 
is very high (Turekian & Wedepohl, 1961). 

2.7.2. Pollution Load Index (PLI) 
The Pollution Load Index (PLI), introduced by Tomlinson et al. in 1980, is calcu-
lated as the n-th root of the product of n Contamination Factors (CFs) for various 
pollutants. 

The formula is: 

( )11 2 3 4PLI n
nCF Cf Cf Cf Cf× × × ×                   (4) 

When PLI = 0 (background concentration), 0 < PLI ≤ 1 (unpolluted), 1 < PLI ≤ 2 
(unpolluted to moderately), 2 < PLI ≤ 3 (moderately polluted), 3 < PLI ≤ 4 (mod-
erately to highly polluted), 4 < PLI ≤ 5 (highly polluted) and PLI > 5 (very highly 
polluted). 

2.8. Human Health Risk Index Evaluation 

The human health risk models, including carcinogenic and non-carcinogenic 
models raised by USEPA, (2009), have proven successful and adopted worldwide. 
The USEPA model and their threshold values to assess the potential human health 
risks posed by heavy metal pollution were employed in this present study. 

2.8.1. Chronic Daily Intake (CDI) Indices 
The CDI through water ingestion is calculated according to the modified equation: 

C DICDI
BW
×

=                           (5) 

where, 
C, DI and BW represent the concentration of toxic metal (mg/L), average daily 

intake rate (2 L/day) and body weight (70 kg), respectively (USEPA, 2009). 

2.8.2. Hazard Quotient (HQ) Indices 
The HQ for non-carcinogenic risk can be calculated by the following equation 
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(USEPA, 2009):  

CDIHQ
RfD

=                             (6) 

where, the non-cancer Hazard Quotient (HQ) is the ratio of exposure to hazardous 
substances, and RfD is the chronic reference dose of the toxicant (mg∙kg−1∙d−1).  

According to the USEPA-Database (USEPA, 2009), the oral toxicity reference 
dose values (RfD) are Cr, Zn, Ni, Cu, As, Cd, Pb and Hg are 0.0003, 0.3, 0.02, 0.04, 
0.0005, 0.001, 0.004 and 0.0005mg/kg, respectively. 

2.8.3. Chronic Hazard Index (CHI)/Non-Cancer Risk 
Mathematically, 

Chronic Hazard Index (CHI/CHQ) = 1
n
i

CDI
RfD= =∑             (7) 

where, the chronic Hazard Index (HI) is the sum of more than one hazard quotient 
for multiple substances or multiple exposure pathways, CDI is the daily intake of 
a toxic metal (k) and RfD is the chronic reference dose for the heavy metal n. 

An HQ < 1 is assumed to be safe and taken as noncarcinogenic (Singh & Hussian, 
2016), but HQ > 1 indicates a potential health risk to those exposed to the medium 
of contamination. HI > 1 shows that exposure could have a potential adverse effect 
on human health generally (Li & Zhang, 2020). 

2.8.4. Cancer Risk 
Cancer risk can be evaluated from 

Cancer risk (CR) = CDI × SF                      (8) 

where, Cancer Risk (CR) represents the probability of an individual’s lifetime health 
risk from carcinogens; 

CDI is the chronic daily intake of carcinogens (mg/kg/d); 
SF is the slope factor of hazardous substances (mg/kg/d). 
Slope factor values for the carcinogens As, Ni, Cd and Cr are given as 1.5, 0.91, 

15 and 0.5, respectively (USEPA, 2009). Cu, Zn, Hg and Pb, being non-carcinogens, 
have no assigned value for Slope Factor (SF). 

The cumulative cancer risk will be calculated from:  

Total Cancer Risk (TCR) = 1
k
i k kCDI SF= = ×∑               (9) 

where, 

kCDI  is the chronic daily intake (mg/kg/d) of a single toxic metal k; 

kSF  is the slope factor for the toxic metal k (mg/kg/d). 
The acceptable or tolerable maximum limit for TCR, for regulatory purposes, 

is within the range of 10−6 - 10−4 (USEPA, 2001). Toxic metals like Cd, As, Pb and 
Ni, which have potential cancer risks, were considered in the carcinogenic risk 
evaluation of the studied swimming pools. Risk assessment model documented in 
Chen et al. (2022), USEPA (2010), and Mohammadi et al. (2019) was used to es-
timate the cancer risk coefficient (Riskcar) associated with exposure through skin 
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contact and accidental ingestion. When the Riskcar value of any metal considered 
is lower than 1.0 × 10−6, which is equivalent to the probability of cancer occurring 
in one out of 1,000,000 people, the risk can be considered to be negligible, and 
when it is higher than 1.0 × 10−4, it is recognized that the carcinogenic risk is high 
and unacceptable. 

3. Materials and Methods 
3.1. Materials 
3.1.1. Chemicals and Reagents 
The chemicals and media used were of analytical reagent grade (99.9% purity) and 
they were obtained from reputable chemical distribution companies. The follow-
ing reagents were used for the analyses: Trioxonitrate (V) acid (analytical grade), 
hydrogen peroxide, tetraoxosulphate (VI) salts of Cr, Pb, Cu, As, Mn, Zn, Hg, Ni 
and Cd. Doubly distilled, deionized water was used in the preparation of all solu-
tions in the experiments. 

3.1.2. Equipment/Instruments and Apparatus 
An AA 6800 SHIMADZU Atomic Absorption Spectrophotometer (AAS) was 
used for Cr, Pb, Cu, Mn, Zn, Ni, and Cd determinations while an Agilent 4210 
MP-AES Atomic Emission Spectrophotometer (AES) was used for As and Hg de-
terminations. 

Other pieces of apparatus used include plastic sample bottles, weighing scale, 
thermometer, Whatman No 41-filter paper, funnels, beakers, measuring cylinders, 
stirring rod, dropping pipette, standard volumetric flasks (for preparing reagents) 
and a time piece. 

3.1.3. Study Area 

 
Figure 2. Map of Abuja, showing districts of sampling locations. 
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This study was carried out within the Abuja Municipal Area Council (AMAC) of 
the Federal Capital Territory (Figure 2). The Federal Capital Territory (FCT) Abuja 
serves as the capital of Nigeria. It is one of the wealthiest urban areas in Africa, 
playing home to some of the richest people on the continent. The presence of nu-
merous governmental institutions, foreign embassies and its strategic location in 
the heart of the nation has led to significant investment in the city. This has resulted 
in Abuja ranking among the fastest-growing cities globally. 

3.2. Methods 
3.2.1. Sampling 
A total of thirteen (13) swimming pools were selected by Simple Random Sam-
pling (SRS), based on popularity and frequency of usage, from the AMAC districts, 
for sampling in this study, as shown in Table 3. Consideration was given to the 
swimming pools that have high patronage of swimmers as discovered from visitors’ 
logs and interactions with pool managers. A composite of four (4) water samples 
was collected per location, into sterile 250 mL plastic bottles with airtight caps, la-
belled appropriately, which were washed thoroughly, rinsed with distilled water and 
rinsed with the samples thrice, before collection. In all the pools, sampling was done 
at dusk during weekends, when the pools were mostly in use. The container was 
opened and immersed bottom-side up into the pool at four different spots to ap-
proximately “elbow depth” (about 20 - 45 cm below the surface), which is far enough 
down that sunlight cannot penetrate and affect the sample. At the proper depth, 
the container was turned right-side up to fill and when completely full, the container 
was brought to the surface and the cap was immediately replaced. The sample was 
then sent to the laboratory in an ice box within 4 hours of sampling. About 0.25 mL 
of 3% sodium thiosulphate (Na2S2O3) solution was added to neutralize residual 
chlorine after sampling, following the procedure described by WHO (2006). 

One composite sample was collected at the municipal supply line as control. All 
bottles containing the water samples were immersed in ice boxes and transported 
to the laboratory for analysis. 

 
Table 3. Selected swimming pools for water sampling. 

S/No Codes for Sampling Locations 

1. D-ER 

2. C-H 

3. SITWP 

4. RVR 

5. NOSP 

6. SCWP 

7. AH 

8. S-38-H 
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9. SH 

10. N-H 

11. NPL 

12. AJH 

13. THH 

3.2.2. Sample Pre-Treatment 
Digestion of the water samples was done in triplicate using concentrated nitric 
acid (Analytical Grade) according to the method described by Anake et al. (2014). 
The concentrated acid (5 mL) was added to 50 mL of sample water in a 100 mL 
beaker, and then heated over a water bath, on a hot plate to boil until its volume 
reduced to 20 mL. Another 5 mL of concentrated HNO3 was added and then heated 
for 10 minutes and allowed to cool. About 5 mL of nitric acid was used to rinse the 
sides of the beaker and the solution filtered using Whatman 0.42 μm filter paper 
into a 50 mL volumetric flask and topped up to the mark with distilled water. A 
blank solution was similarly prepared with distilled water. This is critical in order to 
destroy the organic matrix capable of trapping the trace metals, and thus making 
them unavailable for the instrumental analysis (Anake et al., 2014). 

3.2.3. Preparation of Stock and Standard Solutions 
Stock standard solutions containing 1000 mg∙L−1 of Cu, Pb, Hg, As, Cd, Cr, Fe, 
Mn and Zn were prepared from the metal salts (Analytical Grade) using nitric acid. 
Working standards for all the metals were prepared from the stock solutions by 
serial dilutions in distilled water. 

3.2.4. Preparation of Calibration Curves 
To determine the instrument signal response to changes in concentration, calibra-
tions were done using working standard solutions of known and increasing con-
centrations for each analyte element of interest. By measuring the signals of the 
working standards, the AAS constructed a suitable calibration curve of response/ab-
sorbance versus concentration. The AAS used this suitable graph to determine 
concentrations of the unknown analytes of interest. 

3.3. Heavy Metal Analysis 

Heavy metals such as Cu, Pb, Cd, Ni, Mn, Zn, and Cr were determined using 
Atomic Absorption Spectroscopy (AAS), while Hg and As were determined using 
an Atomic Emission Detector (AED) because of its occurrences in trace amount. 
Prior to metal ion analyses, calibration solutions of the target metal ions were pre-
pared from standard stock by serial dilution and the operating conditions of the 
instruments were set according to the manufacturer’s specifications. 

3.4. Human Health Risk Assessment 
3.4.1. Non-Carcinogenic Risks 
The health risk assessment models provided by the USEPA were used in this study 
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to evaluate non-carcinogenic risk (USEPA, 2004). This model considers different 
exposure pathways and the effects of different exposure frequencies. Adults in the 
swimming pool environment are mainly affected by the following two exposure 
pathways: 1) inadvertent inhalation of heavy metals from the pool water; and 2) 
dermal absorption caused by contact with the water while swimming (Oni et al., 
2022; Chen et al., 2022). The chronic daily intake of heavy metals under the two 
exposure pathways can be calculated using Equations (10) and (11). 

metal inh
inhale

C IR ED EF
CDI

PEF BW AT
× × ×

=
× ×

                (10) 

dermal
Cmetal SA SL ABS ED EFCDI

BW AT CF
× × × × ×

=
× ×

             (11) 

where, inhaleCDI  and dermalCDI  represent the chronic daily intake of heavy met-
als under two exposure pathways of inhalation and dermal contact, respectively, 
in mg·(kg·d)−1; metalCDI  is the concentration of a single heavy metal in a single 
sample of pool water (mg·kg−1); IRinh is the weight of inhalation toxic metal intake 
(mg); other parameters used in this study are shown in Table 4. 

 
Table 4. Exposure parameters used to characterize the Chronic Daily Intake (CDI) of heavy metals (Chen et al., 2022). 

Symbol Parameter Value Unit 

IRing Ingestion rate 100 mg∙day−1 

IRing Inhalation rate 12.8 m3∙day−1 

EF Exposure frequency 

Farmland and mining land 350 

day∙a−1 Industrial and mining land 250 

Forestland and other types 40 

ED Exposure duration 
Non-carcinogenic risk 24 

a 
Carcinogenic risk 69.5 

SA Exposed skin area  5700 cm2 

Sl Skin adherence factor  0.07 mg∙(cm2∙day)−1 

ABS Dermal absorption factor  
0.03 (As), 0.001 (Cd), 0.04 (Cr),  
0.10 (Cu), 0.05 (Hg), 0.35 (Ni),  

0.006 (Pb), 0,02 (Zn) 

 
unitless 

PEF Particle emission factor  1.36 × 109 m3∙kg−1 

AT Average exposure time  ED × 365 days 

BW Average bodyweight  62 kg 

CF Conversion factor  1.0 × 10−6 unitless 

 
In this study, the HI represents the health risks of chronic diseases in humans 

caused by the two exposure pathways of the nine heavy metals, including As, Cd, 
Cr, Mn, Cu, Hg, Ni, Pb, and Zn. Chronic diseases may occur when the HI is greater 
than 1, and the risk of diseases increases with an increasing HI (USEPA, 2004). 
The HI/HQ and CHI/CHQ of the heavy metals were evaluated using Equations 
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(6) and (7) as previously explained in Section 2.7. 

3.4.2. Carcinogenic Risk Assessment 
Toxic (heavy) metal carcinogenic risk is characterized by the probability that an 
individual will experience cancer through lifelong exposure to carcinogens in the 
environment, and this value is obtained by establishing a Cancer Slope Factor (CSF) 
through the individual exposure to toxic metal carcinogens by various exposure 
pathways in the water, as shown in Table 5. The carcinogenic risk is calculated 
for the carcinogens As, Cd, Ni, Cr and Pb using: 

carRisk CDI CSF= ×                       (12) 

where, 

carRisk  is the carcinogenic risk from the exposure pathway, CDI j  is the chronic 
daily intake of a carcinogen under the exposure pathway (mg·(kg·day)−1); and CSF 
is the carcinogenic slope factor of the carcinogen under the exposure pathway. 
Commonly, when the cancer risk coefficient ( carRisk ) is lower than 1.0 × 10−6, 
which is equivalent to the probability of cancer occurring in one out of 1,000,000 
people, the risk can be considered to be negligible, and when it is higher than 1.0 × 
10−4, it is recognized that the carcinogenic risk is unacceptable (Chen et al., 2022, 
USEPA, 2010, Mohammadi et al., 2019). 

3.5. Ecological Risk Indices (RI) 

The potential ecological risk (RI) method proposed by Håkanson (1980) and re-
ported in Izah et al. (2018), Liu et al. (2020) and Wuana et al. (2020) was applied. 
Table 6 shows the grading for Ei

f  and iR  values. 
 

Table 5. Reference Dose (RfD) and Carcinogenic Slope Factor (CSF) of heavy metals (Chen et al., 2022; Huang et al., 2016). 

Heavy 
Metals 

 RfD/mg∙(kg∙d)−1   CSF/mg∙(kg∙d)−1  

RfDingest RfDinhale RfDdermal CSFingest CSFinhale CSFdermal 

As 3.00 × 10−4 1.50 × 10−5 1.23 × 10−4 1.50 × 100 1.51 × 101 1.50 × 10−0 

Cd 1.00 × 10−3 1.00 × 10−5 1.00 × 10−5 6.10 × 100 1.47 × 101 2.44 × 102 

Cr 1.50 × 100 1.50 × 100 1.50  ×  100 0.5 × 100 4.20 × 101 0.5 × 100 

Cu 4.00 × 10−2 4.00 × 10−2 1.20 × 10−2    

Hg 3.00 × 10−4 3.00 × 10−4 2.10 × 10−5    

Ni 2.00 × 10−2 9.00 × 10−5 5.40 × 10−3    

Pb 3.50 × 10−3 3.50 × 10−3 5.25 × 10−4 8.50 × 10−2 4.20 × 10−2 8.50 × 10−3 

Zn 3.00 × 10−1 3.00 × 10−1 6.00 × 10−2    

 
Table 6. Risk grade indices and grades of potential ecological risk of heavy metal pollution (Håkanson, 
1980). 

Ei
f  Risk Grade iR  Value Risk Level Risk Degree 

Ei
f  < 30 Slight iR  < 40 A Slight 
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30 ≤ Ei
f  < 60 Medium 40 ≤ iR  < 80 B Medium 

60 ≤ Ei
f  < 120 Strong 80 ≤ iR  < 160 C Strong 

120 ≤ Ei
f  < 240 Very strong 160 ≤ iR  < 320 D Very strong 

Ei
f  ≥ 240 Extremely strong iR  ≥ 320 E Extremely strong 

3.6. Statistical Treatment of Data and Test of Significance 

Descriptive statistics was conducted to determine the average, range, mean and 
standard deviations of investigated toxic metal concentrations in the water samples. 
One-sample t-test was used to compare the trace metals against the WHO/NSDWQ 
guidelines and one-way ANOVA was used to test the variations across the thirteen 
(13) sites sampled. 

4. Results 
4.1. Results of Toxic Metal Concentrations 

The toxic metal concentration results determined for the nine (9) toxic metals: 
Zn, Ni, Mn, Pb, Cd, Cr, As and Hg, in the swimming pool water samples from the 
thirteen study locations: D-ER, C-H, SITWP, RVR, NOSP, SCWP, AH, S-38-H, 
SH, N-H, NPL, AJH, THH and Municipal water supply are presented in Tables 
7-20, respectively. 

 
Table 7. D-ER swimming pool. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0241 0.0022 50 

Nickel 0.0023 0.0020 0.07 

Manganese 0.0032 0.0001 8.0 

Lead 0.0105 0.0058 0.2 

Cadmium 0.0019 0.0011 0.003 

Chromium 0.0000 0.0001 0.05 

Copper 0.0117 0.0001 2.0 

Arsenic 0.0010 0.0050 0.01 

Mercury 0.0011 0.0030 0.001 

 
Table 8. Toxic metal concentrations in C-H. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO Limit 

(mg/L) 

Zinc 0.0370 0.0011 50 
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Nickel 0.0011 0.0014 0.07 

Manganese 0.0026 0.0007 8.0 

Lead 0.0127 0.0089 0.2 

Cadmium 0.0000 0.0000 0.003 

Chromium 0.0000 0.0000 0.05 

Copper 0.0016 0.0005 2.0 

Arsenic 0.0110 0.0010 0.01 

Mercury 0.0020 0.0020 0.001 

 
Table 9. Toxic metal concentrations in SITWP. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO Limit 

(mg/L) 

Zinc 0.0187 0.0009 50 

Nickel 0.0014 0.0010 0.07 

Manganese 0.0021 0.0005 8.0 

Lead 0.0006 0.0097 0.2 

Cadmium 0.0000 0.0000 0.003 

Chromium 0.0000 0.0000 0.05 

Copper 0.0014 0.0004 2.0 

Arsenic 0.0010 0.0010 0.01 

Mercury 0.0040 0.0050 0.001 

 
Table 10. Toxic metal concentrations in RVR. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO Limit 

(mg/L) 

Zinc 0.0304 0.0006 50 

Nickel 0.0016 0.0009 0.07 

Manganese 0.0027 0.0002 8.0 

Lead 0.0020 0.0123 0.2 

Cadmium 0.0000 0.0016 0.003 

Chromium 0.0000 0.0001 0.05 

Copper 0.0019 0.0002 2.0 

Arsenic 0.0060 0.0030 0.01 

Mercury 0.0010 0.0020 0.001 
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Table 11. Toxic metal concentrations in NOSP. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0189 0.0006 50 

Nickel 0.0022 0.0013 0.07 

Manganese 0.0010 0.0004 8.0 

Lead 0.0077 0.0061 0.2 

Cadmium 0.0008 0.0005 0.003 

Chromium 0.0000 0.0000 0.05 

Copper 0.0012 0.0001 2.0 

Arsenic 0.0040 0.0030 0.01 

Mercury 0.0030 0.0010 0.001 

 
Table 12. Toxic metal concentrations in SCWP. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0278 0.0019 50 

Nickel 0.0021 0.0013 0.07 

Manganese 0.0038 0.0002 8.0 

Lead 0.0055 0.0082 0.2 

Cadmium 0.0003 0.0014 0.003 

Chromium 0.0000 0.0001 0.05 

Copper 0.0022 0.0006 2.0 

Arsenic 0.0020 0.0010 0.01 

Mercury 0.0050 0.0010 0.001 

 
Table 13. Toxic metal concentrations in AH. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0346 0.0008 50 

Nickel 0.0031 0.0010 0.07 

Manganese 0.0036 0.0002 8.0 

Lead 0.0069 0.0100 0.2 

Cadmium 0.0002 0.0018 0.003 

Chromium 0.0001 0.0001 0.05 

Copper 0.0060 0.0003 2.0 
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Arsenic 0.0020 0.0010 0.01 

Mercury 0.0020 0.0020 0.001 

 
Table 14. Toxic metal concentration S-38-H. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0187 0.0013 50 

Nickel 0.0018 0.0014 0.07 

Manganese 0.0031 0.0003 8.0 

Lead 0.0053 0.0024 0.2 

Cadmium 0.0016 0.0003 0.003 

Chromium 0.0000 0.0001 0.05 

Copper 0.0400 0.0005 2.0 

Arsenic 0.0020 0.0040 0.01 

Mercury 0.0110 0.0040 0.001 

 
Table 15. Toxic metal concentrations at SH. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0192 0.0010 50 

Nickel 0.0037 0.0013 0.07 

Manganese 0.0045 0.0004 8.0 

Lead 0.0022 0.0033 0.2 

Cadmium 0.0026 0.0005 0.003 

Chromium 0.0000 0.0000 0.05 

Copper 0.0038 0.0003 2.0 

Arsenic 0.0080 0.0010 0.01 

Mercury 0.0120 0.0040 0.001 

 
Table 16. Toxic metal concentrations at N-H. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0215 0.0008 50 

Nickel 0.0024 0.0007 0.07 

Manganese 0.0020 0.0005 8.0 
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Lead 0.0068 0.0083 0.2 

Cadmium 0.0000 0.0000 0.003 

Chromium 0.0000 0.0000 0.05 

Copper 0.0018 0.0003 2.0 

Arsenic 0.0010 0.0010 0.01 

Mercury 0.0060 0.0040 0.001 

 
Table 17. Toxic metal concentrations in NPL. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0292 0.0010 50 

Nickel 0.0033 0.0011 0.07 

Manganese 0.0045 0.0004 8.0 

Lead 0.0051 0.0153 0.2 

Cadmium 0.0015 0.0009 0.003 

Chromium 0.0003 0.0000 0.05 

Copper 0.0024 0.0003 2.0 

Arsenic 0.0010 0.0020 0.01 

Mercury 0.0050 0.0050 0.001 

 
Table 18. Toxic metal concentrations in AJH. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0310 0.0015 50 

Nickel 0.0004 0.0013 0.07 

Manganese 0.0015 0.0002 8.0 

Lead 0.0042 0.0034 0.2 

Cadmium 0.0000 0.0005 0.003 

Chromium 0.0000 0.0000 0.05 

Copper 0.0014 0.0000 2.0 

Arsenic 0.0050 0.0030 0.01 

Mercury 0.0020 0.0010 0.001 

 
Table 19. Toxic metal concentrations in THH. 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0350 0.0021 50 
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Nickel 0.0028 0.0003 0.07 

Manganese 0.0017 0.0003 8.0 

Lead 0.0043 0.0084 0.2 

Cadmium 0.0018 0.0009 0.003 

Chromium 0.0022 0.0002 0.05 

Copper 0.0017 0.0001 2.0 

Arsenic 0.0020 0.0010 0.01 

Mercury 0.0030 0.0040 0.001 

 
Table 20. Toxic metal concentrations in municipal water supply (control). 

Toxic Metals 
Mean 

Concentration 
(mg/L) 

SD 
NSDWQ/WHO 

Limit (mg/L) 

Zinc 0.0660 0.0002 50 

Nickel 0.0270 0.0005 0.07 

Manganese 0.0450 0.0009 8.0 

Lead 0.0041 0.0008 0.2 

Cadmium 0.0000 0.0000 0.003 

Chromium 0.0000 0.0000 0.05 

Copper 0.0495 0.0001 2.0 

Arsenic 0.0070 0.0009 0.01 

Mercury 0.0003 0.0001 0.001 

4.2. Non-Carcinogenic Risk Assessment 

The hazard index calculations for the non-carcinogenic risk assessment are pre-
sented for the two exposure pathways considered in this study, namely, inadvert-
ent inhalation of heavy metals from the pool water, and dermal absorption caused 
by contact with the water while swimming. 

4.2.1. Hazard Index by Inhalation 
The hazard index by inhalation evaluated for the various swimming pool water 
samples is summarized in Table 21. 

 
Table 21. Summary of human non-carcinogenic risk index by inhalation. 

S/No Pool/Hotel Hazard Inde × (HI) Interpretation 

1. D-ER 5.18683 × 10−9 No risk 

2. C-H 1.05569 × 10−8 No risk 

3. SITWP −6.5173 × 10−1 No risk 

4. RVR 6.50658 × 10−9 No risk 
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5. NOSP 6.4971 × 10−9 No risk 

6. SCWP 3.86278 × 10−9 No risk 

7. AH 3.69975 × 10−9 No risk 

8. S-38-H 6.2338 × 10−9 No risk 

9. SH 1.5095 × 10−8 No risk 

10. N-H −2.33438 × 10−9 No risk 

11. NPL 5.05328 × 10−9 No risk 

12. AJH 5.43157 × 10−9 No risk 

13. THH 6.12162 × 10−9 No risk 

Note: Chronic diseases may occur when the HI is greater than 1, and the risk of diseases 
increases with an increasing HI (USEPA, 2001). 

4.2.2. Hazard Index by Dermal Contact 
The hazard index by dermal contact evaluated for the swimming pool water sam-
ples from the study areas (D-ER, C-H, SITWP, RVR, NOSP, SCWP, AH, S-38-H, 
SH, N-H, NPL, AJH and THH) is summarized in Table 22. 

 
Table 22. Summary of human non-carcinogenic risk index by dermal contact. 

S/No Pool/Hotel Hazard Inde × (HI) Interpretation 

1. D-ER 3.22 × 10−6 No risk 

2. C-H 6.11 × 10−7 No risk 

3. SITWP 7.50 × 10−6 No risk 

4. RVR 3.60 × 10−6 No risk 

5. NOSP 6.26 × 10−6 No risk 

6. SCWP 1.01 × 10−5 No risk 

7. AH 5.05 × 10−6 No risk 

8. S-38-H 2.023 × 10−5 No risk 

9. SH 2.328 × 10−5 No risk 

10. N-H 1.084 × 10−5 No risk 

11. NPL 1.025 × 10−5 No risk 

12. AJH 4.72 × 10−6 No risk 

13. THH 6.20 × 10−6 No risk 

Note: Chronic diseases may occur when the HI is greater than 1, and the risk of diseases 
increases with an increasing HI (USEPA, 2001). 

4.3. Carcinogenic Risk Evaluation 

The results for the carcinogenic risk evaluation for the swimming pool water sam-
ples D-ER, C-H, SITWP, RVR, NOSP, SCWP, AH, S-38-H, SH, N-H, NPL, AJH and 
THH, evaluated for Ni, Pb. Cd, Cr and As, are presented in Tables 23-35. 
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Table 23. Carcinogenic risk evaluation for D-ER. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 2.84 × 10−10 0.84 2.38 × 10−10 No threat 

Lead 2.23 × 10−11 0.0085 1.90 × 10−13 No threat 

Cadmium 6.86 × 10−13 15 1.03 × 10−11 No threat 

Chromium 5.65 × 10−12 0.5 −2.82 × 10−12 No threat 

Arsenic 1.06 ×10−11 1.5 1.59 × 10−11 No threat 

 
Table 24. Carcinogenic risk evaluation for C-H. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 1.36 × 10−10 0.84 1.14 × 10−10 No threat 

Lead 2.70 × 10−11 0.0085 2.29 × 10−13 No threat 

Cadmium 5.05 × 10−13 15 7.58 × 10−12 No threat 

Chromium 8.47 × 10−12 0.5 4.23 × 10−12 No threat 

Arsenic 1.16 × 10−10 1.5 1.75 × 10−10 No threat 

 
Table 25. Carcinogenic risk evaluation for SITWP. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 1.73E−10 0.84 1.45 × 10−10 No threat 

Lead 1.27E−12 0.0085 1.08 × 10−14 No threat 

Cadmium 5.41E−13 15 8.12 × 10−12 No threat 

Chromium 8.47E−12 0.5 4.23 × 10−12 No threat 

Arsenic 1.06E−11 1.5 1.59 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 26. Carcinogenic risk evaluation for RVR. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 1.73E−10 0.84 1.45 × 10−10 No threat 

Lead 1.27E−12 0.0085 1.08 × 10−14 No threat 

Cadmium 5.41E−13 15 12 × 10−12 No threat 

Chromium 8.47E−12 0.5 4.23 × 10−12 No threat 

Arsenic 1.06E−11 1.5 1.59 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 27. Carcinogenic risk evaluation for NOSP. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 2.72E−10 0.84 2.28 × 10−10 No threat 

Lead 1.64E−11 0.0085 1.39 × 10−13 No threat 
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Cadmium 2.89E−13 15 4.33 × 10−12 No threat 

Chromium 8.47E−12 0.5 4.23 × 10−12 No threat 

Arsenic 4.23E−11 1.5 6.35 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 28. Carcinogenic risk evaluation for SCWP. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 2.59E−10 0.84 2.18 × 10−10 No threat 

Lead 1.17E−11 0.0085 9.93 × 10−14 No threat 

Cadmium 1.08E−13 15 1.62 × 10−12 No threat 

Chromium 0.00E+00 0.5 0.00 × 10+00 No threat 

Arsenic 2.12E−11 1.5 3.18 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 29. Carcinogenic risk evaluation for AHs. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 3.83E−10 0.84 3.21 × 10−10 No threat 

Lead 1.47E−11 0.0085 1.25 × 10−13 No threat 

Cadmium 7.22E−14 15 1.08 × 10−12 No threat 

Chromium 1.41E−12 0.5 7.06 × 10−13 No threat 

Arsenic 2.12E−11 1.5 3.18 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 30. Carcinogenic risk evaluation for S-38-H. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 2.22E−10 0.84 1.87 × 10−10 No threat 

Lead 1.13E−11 0.0085 9.57 × 10−14 No threat 

Cadmium 5.78E−13 15 8.66 × 10−12 No threat 

Chromium 0.00E+00 0.5 0.00 × 10+00 No threat 

Arsenic 2.12E−11 1.5 3.18 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 31. Carcinogenic risk evaluation for SH. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 4.57E−10 0.84 3.84 × 10−10 No threat 

Lead 4.67E−12 0.0085 3.97 × 10−14 No threat 

Cadmium 9.38E−13 15 1.41 × 10−11 No threat 
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Chromium 1.41E−12 0.5 7.06 × 10−13 No threat 

Arsenic 8.47E−11 1.5 1.27 × 10−10 No threat 

Note: Hint: E = Exponent (10). 

 
Table 32. Carcinogenic risk evaluation for N-H. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 2.96E−10 0.84 2.49 × 10−10 No threat 

Lead 1.44E−11 0.0085 1.23 × 10−13 No threat 

Cadmium 9.75E−13 15 1.46 × 10−11 No threat 

Chromium 7.06E−12 0.5 3.53 × 10−12 No threat 

Arsenic 1.06E−11 1.5 1.59 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 33. Carcinogenic risk evaluation for NPL. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 4.07E−10 0.84 3.42 × 10−10 No threat 

Lead 1.08E−11 0.0085 9.21 × 10−14 No threat 

Cadmium 5.41E−13 15 8.12 × 10−12 No threat 

Chromium 4.23E−12 0.5 2.12 × 10−12 No threat 

Arsenic 1.06E−11 1.5 1.59 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 34. Carcinogenic risk evaluation for AJH. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 4.94E−11 0.84 4.15 × 10−11 No threat 

Lead 8.92E−12 0.0085 7.58 × 10−14 No threat 

Cadmium 1.08E−13 15 1.62 × 10−12 No threat 

Chromium 8.47E−12 0.5 4.23 × 10−12 No threat 

Arsenic 5.29E−11 1.5 7.94 × 10−11 No threat 

Note: Hint: E = Exponent (10). 

 
Table 35. Carcinogenic risk evaluation for THH. 

Toxic Metal CDI CSF Riskcar Interpretation 

Nickel 3.46E−10 0.84 2.90 × 10−10 No threat 

Lead 9.13E−12 0.0085 7.76 × 10−14 No threat 

Cadmium 6.50E−13 15 9.75 × 10−12 No threat 

Chromium 3.10E−11 0.5 1.55 × 10−11 No threat 

Arsenic 2.12E−11 1.5 3.18 × 10−11 No threat 

Note: Hint: E = Exponent (10). 
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4.4. Ecological Risk Index Results 

The results for the ecological risk index assessment and pollution load index for 
the pool water in the study areas are summarized in Table 36. 

 
Table 36. Summary of ecological risk index and pollution load index results. 

S/No Pool/Hotel Ecological Risk Index Rating Pollution Load Index Rating 

1. D-ER 2.75 Excellent 0.000 Unpolluted 

2. C-H 0.072 Excellent 0.000 Unpolluted 

3. SITWP 0.251 Excellent 0.000 Unpolluted 

4. RVR 0.225 Excellent 0.000 Unpolluted 

5. NOSP 1.468 Excellent 0.000 Unpolluted 

6. SCWP 1.268 Excellent 0.000 Unpolluted 

7. AH 0.534 Excellent 0.000 Unpolluted 

8. S-38-H 0.653 Excellent 0.000 Unpolluted 

9. SH 0.333 Excellent 0.000 Unpolluted 

10. N-H 0.056 Excellent 0.000 Unpolluted 

11. NPL 0.386 Excellent 0.000 Unpolluted 

12. AJH 0.175 Excellent 0.000 Unpolluted 

13. THH 0.483 Excellent 0.000 Unpolluted 

4.5. Result of Statistical Analysis 

Table 37 and Table 38 show the results of descriptive statistics and t-test analysis. 
 

Table 37. Descriptive statistics of toxic metals. 

Metal N 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Mean 

(mg/L) 
Std. 

Deviation 
Skewness Kurtosis 

Zinc (Zn) 13 0.0187 0.0350 0.0266 0.0068 0.2431 −0.3184 

Nickel (Ni) 13 0.0004 0.0037 0.0022 0.0009 0.3597 −0.5262 

Manganese (Mn) 13 0.0010 0.0038 0.0027 0.0010 −0.2219 −0.3771 

Lead (Pb) 13 0.0020 0.0127 0.0057 0.0032 −0.4883 −0.8210 

Cadmium (Cd) 13 0.0000 0.0022 0.0004 0.0017 0.4205 −0.3567 

Chromium (Cr) 13 0.0000 0.0000 −0.0001 0.0008 0.1876 −0.1932 

Copper (Cu) 13 0.0012 0.0400 0.0059 0.0106 0.2342 −0.4673 

Arsenic (As) 13 0.0010 0.0080 0.0026 0.0021 0.3849 −0.6245 

Mercury (Hg) 13 0.0010 0.0060 0.0037 0.0030 0.2921 −0.4889 

Note: Source: SPSS Output, Version 28 (2025). 
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Table 38. t-test results of swimming pool waters and NSDWQ/WHO guideline. 

 t df 
Sig. (2 
Tailed) 

Mean 
Difference 

95% Confidence Interval of the Difference 
Lower → Upper 

POOLS 2.095 15 0.045 90.02056 −1.5623 → 181.6034 

NSDWQ/WHO 2.044 15 0.047 137.5563 −5.885 → 280.997 

 
t-test result of municipal water supply and NSDWQ/WHO guidelines. 

Test Value = 0 

95% Confidence Interval 

 t df Sig. (2 Tailed) 
Mean 

Difference 

95% Confidence Interval of 
the Difference 

Lower → Upper 

Municipal Waters Supply Line 3.384 15 0.004 10.062188 3.72447 → 16.39990 

NSDQW/WHO 2.055 14 0.059 145.3267 −6.313 → 296.966 

 
t-test result of municipal water supply and WHO/USEPA. 

 t df Sig. (2 Tailed) 
Mean 

Difference 

95% Confidence Interval of  
the Difference 

Lower → Upper 

Municipal Waters Supply Line 3.384 15 0.004 10.062188 3.72447 → 16.39990 

WHO/USEPA 2.059 14 0.059 146.7267 −6.139 → 299.592 

5. Discussion 
5.1. Toxic Metal Concentrations 

The results obtained for the toxic metal concentrations in the studied swimming 
pools within Abuja, Nigeria, as well as the toxic metal concentration in the munic-
ipal water supply, are presented in Tables 7-20. 

The levels of all but two toxic metals analyzed in the various swimming pool 
water were below the WHO and NSDWQ guidelines, with the exceptions being 
Hg and Cd. Notably, the levels of Hg in all the swimming pools were higher than 
the WHO limit, except the pool in RVR, which had a low value. The highest con-
centration of Hg (0.012 mg/L) was recorded for the swimming pool in SH, followed 
by 0.011 mg/L in S-38-H. 

The concentration of Hg in a specific pool can be influenced by local environ-
mental factors, such as proximity to industrial areas or dust release from rock blast-
ing and even improper handling of products containing mercury, making some 
pools more susceptible to contamination than others (Agomuo & Amadi, 2019). 

There appears to be a source of Hg getting into the pool waters from surround-
ing underground soils, substances used for constructing the pools or a chemical 
used in treating the pool water or pool maintenance. Further investigation will be 
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required in this regard. 
The level of Cd detected in SH was 0.0026 mg/L, an edge close to the WHO limit 

of 0.003 mg/L. Other levels of Cd were below limit. 
The municipal water supply gave all values of toxic metal concentration signif-

icantly lower than the regulatory limits (Table 20). Toxic metal concentrations in 
the municipal water supply showed remarkably low levels, giving evidence that the 
treatment process in the Lower Usuma Treatment Plant is being properly done in 
the period under study. Appropriate regulatory agencies need to monitor and en-
sure that this is maintained because the municipal water supply is used as the pri-
mary source of water in swimming pools within Abuja, among other users. 

5.2. Potential Human Health Risk 

An individual risk pathway as a result of human exposure to trace metals contam-
ination could be through inhalation via the nose and mouth and dermal absorp-
tion through the skin (Agbagwa & Young-Harry, 2012). The hazard index calcu-
lations for the non-carcinogenic risk assessment are presented for the two expo-
sure pathways considered in this present study: inadvertent inhalation of heavy 
metals from the pool water, and dermal absorption caused by contact with the water 
while swimming. 

5.2.1. Human Non-Carcinogenic Risk Assessment by Inhalation 
Table 21 summarized the hazard index by inhalation evaluated for the various 
swimming pool water samples. The HI results obtained for the various pool waters 
are highlighted thus; D-ER (HI = 5.18683 × 10−9), C-H (HI = 1.05569 × 10−8), 
SITWP (HI = −6.5173 × 10−1), RVR (HI = 6.50658 × 10−9), NOSP (HI = 6.4971 × 
10−9), SCWP (HI = 3.86278 × 10−9), AH (HI, = 3.69975 × 10−9), S-38-H (HI = 
6.2338 × 10 −9), SH (HI = 1.5095 × 10−8), N-H (HI = −2.33438 × 10−9), NPL (HI = 
5.05328 × 10−9), AJH (HI = 5.43157 × 10−9) and THH (HI = 6.12162 × 10−9). In 
this study, all the thirteen (13) swimming pools sampled presented values less than 
1 for the hazard index by inhalation, indicating no risk of any chronic disease by 
inhaling the pool waters. Wuana et al. (2020) reported no cancer risk for the water 
from the Abuja municipal water raw water source. They opined that even without 
further treatment, users of water from the municipal water supply are not at any 
risk of chronic diseases. The treated raw water (municipal water supply), being most 
likely the major source of water for the sampled pools, there is probably no risk of 
getting chronic diseases from inhalation by swimmers. 

5.2.2. Human Non-Carcinogenic Risk by Dermal Contact 
The hazard index by dermal contact evaluated for the various swimming pool wa-
ter samples is summarized in Table 22. The Hazard Index (HI) by USEPA (2001) 
was also used to represent the health risks of chronic diseases in humans caused 
by the considered exposure pathways of the nine (9) heavy metals, including As, 
Cd, Cr, Mn, Cu, Hg, Ni, Pb, and Zn. For HI values greater than 1, chronic diseases 
are said to occur, and the risk of diseases increases with an increasing HI (USEPA, 

https://doi.org/10.4236/gep.2026.149008


R. A. Wuana et al. 
 

 

DOI: 10.4236/gep.2026.149008 148 Journal of Geoscience and Environment Protection 

 

2001). The HI values for these heavy metals obtained for the various pool waters 
on the non-carcinogenic risk index by dermal contact include: D-ER (HI = 3.22 × 
10−6), C-H (HI = 6.11 × 10−7), SITWP (HI = 7.50 × 10−6), RVR (HI = 3.60 × 10−6), 
NOSP (HI = 6.26 × 10−6), SCWP (HI = 1.007 × 10−5), AH (HI = 5.05 × 10−6), S-38-
H (HI = 2.023 × 105), SH (HI = 2.328 × 10−5), N-H (HI = 1.084 × 10−5), NPL (HI = 
1.025 × 10−5), AJH (HI = 4.72 × 10−6) and THH (HI = 6.20 × 10−6). The thirteen 
pool water samples presented the HI values less than 1, which indicates no risk of 
the chronic disease, thus the swimming pool waters sampled are safe for use for 
recreational activities in accordance with the USEPA (2004) report. 

5.2.3. Results for Carcinogenic Risk Assessment 
The results for the carcinogenic risk evaluation for the studied swimming pools 
evaluated for Ni, Pb, Cd, Cr and As are presented in Tables 23-35. The Riskcar value 
for the various swimming pools indicates no threat. D-ER (1.90 × 10−13 - 2.38 × 
10−10), C-H (−4.23 × 1012 - 1.14 × 10−10), SITWP (−8.12 × 10−12 - 1.45 × 10−10), RVR 
(−8.12 × 10−12 - 1.45 × 10−10), NOSP (−4.23 × 1012 - 2.28 × 10−10), SCWP (0.00 × 10 + 
00 - 2.18 × 10−10), AH (7.06 × 10−13 - 3.21 × 10−10), S-38-H (0.00 × 10+00 - 1.87 × 10−10), 
SH (−7.06 × 10−13 - 1.27 × 10−10), N-H (−3.53 × 10−12 - 2.49 × 10−10), NPL (9.21 × 
10−14 - 3.42 × 10−10), AJH (−4.23 × 10−12 - 4.15 × 10−11) and THH (7.76 × 10−14 - 2.90 × 
10−10). Agomuo and Amadi (2019) also reported an Riskcar values lower than 1.0 × 
10−6, for the swimming pools in Owerri. Therefore, there is no cancer threat for the 
swimmers in the studied swimming pools in FCT, Abuja. 

5.3. Potential Ecological Risk Evaluation 

The process of computation of the Ri values for the various pool water, involved 
the determination of the Ecological Risk Assessment ( Ei

f ) values for individual 
metal and their respective contamination factors ( Ci

f ), which described their 
contamination level. The results for the potential ecological Risk Index (RI) and 
pollution load (PLI) results for the studied area are summarized in Table 36. The 
water pollution load index (PLI) was also presented to assess pollution in the var-
ious samples. 

The RI values of the sampled pool water ranged in the order: 0.056 < 0.072 < 
0.175 < 0.225 < 0.251 < 0.333 < 0.386 < 0.483 < 0.534 < 0.653 < 1.268 < 1.468 < 
2.75, respectively, for RVR, C-H, AJH, AH, SITWP, N-H, NOSP, THH, SCWP, 
NPL, S-38-H, SH and D-ER. Meanwhile, pool water samples from D-ER, C-H, 
SCWP, NPL, NOSP, AJH and THH recorded an Excellent Rating, while the rest 
pools recorded a Good Rating on Ecological Risk Index Evaluation.  

Contamination factor ( Ci
f ) was below one for all the toxic metals under study, 

in the water samples from the sampled swimming pools in FCT. This means there 
is generally low possibility of contamination from these metals through analyzed 
samples. 

Ecological risk index ( Ei
r ) values for all the toxic metals in the water samples 

were all far below 30, showing no risk of toxic metal poisoning from any ingestion 
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route of the studied waters. This indicates safety; hence, water from the various 
swimming pools studied poses no ecological hazard to aquatic life or humans that 
come in contact with them. 

Furthermore, the pollution load indices for all the studied pool water recorded 
a non-significant value of 0.000, indicating an unpolluted aquatic environment. 
This report is in agreement with Wuana et al. (2020), who reported the Ecological 
risk index ( Ei

r ) values below 30 for water and catfish from Lower Usuma Dam 
water, showing slight risk of toxic metal poisoning from ingestion of water or cat-
fish from Lower Usuma Dam Water in Abuja, the primary source of most of the 
studied swimming pool water. 

5.4. Statistical Analysis Results 

Table 36 presents the descriptive analysis results of the heavy metals concentra-
tion in the studied swimming pool water samples. The descriptive analysis re-
vealed that mean concentrations of toxic metals varied across the 13 sampling sites 
but remained within the range for all the metals, indicating a spatial consistency. 
Zn (0.0266 mg/L), Ni (0.0022 mg/L), Mn (0.0027 mg/L), Pb (0.0057 mg/L), Cd 
(0.0004 mg/L), Cr (−0.0001 mg/L), Cu (0.0059 mg/L), As (0.0026 mg/L) and Hg 
(0.0037 mg/L). These mean values obtained for the heavy metals in the study area 
are below the WHO/NSDWQ guideline limits for the various metals (Zn (3 mg/L), 
Ni (0.02 mg/L), Mn (0.2 mg/L), Pb (0.01 mg/L), Cd (0.003 mg/L), Cr (0.05 mg/L), 
Cu (1 mg/L), As (0.01 mg/L) and Hg (0.006 mg/L)). Their low variability (SD), 
ranging between 0.0009 to 0.0106, supports stable natural background concentra-
tions, consistent with essential trace-metal status rather than pollution, thereby 
indicating similarity in chemical composition across the pools. This is in affirma-
tion with the indices used for human health risk assessments (HQ and HI) for the 
various exposure pathways, which showed acceptable values of <1 and the ecolog-
ical risk assessments indices ( Ei

r ) showing acceptable values of <40 for the various 
trace metals across the sampled swimming pools. This implies no health risk on 
the users of these pool waters and no potential ecological risk. Meanwhile, the 
skewness and kurtosis near zero confirm normality, implying no outliers distorted 
the dataset. 

The ANOVA result for D-ER shows that the observed differences among the 
eight groups are not statistically significant, F(7, 1) = 3.148, p = 0.409, indicating 
that the groups essentially share the same D-ER values, and when compared with 
the WHO/NSDWQ standard, all group means fall within the acceptable limit, 
showing that the D-ER levels are safe and compliant with the recommended guide-
lines. 

The t-test results provide additional insight by comparing the results of the 
measured water parameters directly with established national and international 
standards. For the municipal water supply, the t-test revealed a statistically signif-
icant difference (p = 0.004), indicating that there is significant relationship between 
the municipal water quality parameters and the guideline values. Similarly, the t-
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tests comparing pool water samples with the same standards showed statistically 
significant difference, as reflected by p-values below 0.05 (p = 0.045 for swim-
ming pool waters versus baseline; p = 0.047 for the swimming pool waters ver-
sus NSDWQ/WHO and WHO/USEPA standards) and indicated in the measured 
parameters with values occurring below these standard limits, as such indicating 
no possible contaminations in the water serving as water source for most of the 
swimming pool water in the studied recreational centres. 

6. Conclusion and Recommendations 
6.1. Conclusion 

This study was based on assessing the levels of some water quality parameters, 
particularly toxic metal concentrations. Carcinogenic, non-carcinogenic risks, as 
well as ecological risk indices, were evaluated and interpreted. Heavy metal con-
centrations of Zn, Ni, Mn, Pb, Cd, Cr, Cu, As and Hg in the studied pool water 
samples were determined using Atomic Absorption Spectroscopy and Atomic 
Emission Spectroscopy for the metals such as arsenic and mercury because of their 
occurrences in trace amounts. Human health and ecological risk indices were eval-
uated using the toxic metal concentrations obtained and the index values were 
equally interpreted. 

The human health risk index (HI) was <1 across board, indicating no overall 
health risk, though specific risks related to elevated levels of Hg and Cd slightly 
exist in some pools. Human health and ecological risk assessments revealed that 
there is no overall non-cancer risk by the two absorption pathways and that cancer 
risk is non-existent, while the overall ecological risk showed no overall risk of toxic 
metal poisoning to aquatic life or other forms of life that come in contact with the 
waters. In addition, the pollution load indices for all the studied pool water rec-
orded a non-significant value of 0.000, indicating an unpolluted aquatic environ-
ment. 

6.2. Recommendations 

Further research needs to be carried out to examine some of the activities or sources 
of elevated Hg levels in all the study sites, particularly SH. Treatment chemicals 
and rock blasting activities around the recreation environment that raise dust that 
might contain certain elemental contaminants need careful regulations. Consid-
ering that Cd is carcinogenic, the relatively high level of Cd in the swimming pool 
at SH should be investigated and controlled. The researcher strongly recommends 
a routine regulatory monitoring of public swimming pools within Abuja in order 
to mitigate possible heavy metal contamination and resultant ecological and hu-
man health risks that may arise from poor treatment or other anthropogenic ac-
tivities. Furthermore, the need for the development of a localized guideline for rec-
reational water quality in Nigeria is emphasized.  

Further research may be carried out to:  
1) Determine the concentration of other swimming pool water pollutants such 
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as chloramines and trihalomethanes (THMs), which form when disinfectants like 
chlorine react with organic matter from swimmers, such as sweat and urine; 

2) Find out the concentration of Disinfection By-Product (DBPs) like Halo-Ace-
tic Acids (HAAs) and chemicals like cyanuric acid that are capable of polluting the 
pool waters; 

3) Investigate the source of elevated Hg in the majority of the swimming pools 
within Abuja. 

6.3. Contribution to Knowledge 

The study verified the heavy metal toxicity status of thirteen (13) swimming pools 
in some recreational centres in FCT, Nigeria. Results from the study established 
that: 

1) The potential ecological risk evaluation for the various water samples is below 
the threshold of 40, ranging in the order: 0.056 < 0.072 < 0.175 < 0.225 < 0.251 < 
0.333 < 0.386 < 0.483 < 0.534 < 0.653 < 1.268 < 1.468 < 2.75, showing no risk of toxic 
metal poisoning from any ingestion route of the studied pool water. 

2) The findings from this study will provide baseline data for toxic metals in 
these recreational centres as no such study had been done on the swimming pools 
in the past, and would stir up similar research on other swimming pools not cov-
ered in the study. 

3) The findings from the study will assist in monitoring the safety status of the 
swimming pool waters in the FCT and debunk the wrong impressions of some in-
dividuals on the safety of swimming pools in recreational centres in FCT, Abuja.  

4) The study would serve as a reference point for the regulatory bodies towards 
establishing or reviewing a national standard for swimming pool water quality in 
Nigeria. 
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