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ABSTRACT  

________________________________________________________________________________________________________________ 

A number of contaminants in public swimming pools have been recognised globally, all of which are 

detrimental to the quality of such amenities as well as to human health. Thus, swimming pool water may 

serve as a medium for the transmission of waterborne pathogens amongst swimmers unless appropriate 

preventive measures are properly implemented. Moreover, at certain times various researchers have linked 

the poor quality of swimming pool waters to pathogenic outbreaks. Despite such negative health impacts, 

studies focusing on the water quality of swimming pools are limited in South Africa. Even so, the quality of 

drinking water in most African countries is alarming, let alone the quality of public swimming pool water. 

As a result, the present study was carried out to assess the water quality of selected public swimming pools 

within the CoJ Metropolitan Municipality, in the Gauteng province in South Africa. The swimming pool 

water’s pH, electrical conductivity, temperature, free available chlorine, total chlorine, alkalinity, water 

hardness, and cyanuric acid were measured on site while the collected water samples were analysed at the 

laboratory for the presence microbiological agents (i.e.  E. coli and total faecal coliforms). The results showed 

different degrees of unsatisfactory and non-compliance across all selected public swimming pools. The 

findings also indicated the presence of waterborne pathogens largely due to inadequate disinfection. It has 

also been established that the existing recirculation-filtration systems are not always working optimally (due 

to electrical load shedding) and water chemical imbalances, thus resulting in water quality non-compliance. 

Unfortunately, surrounding communities use such facilities for recreation and leisure time, despite their 

health and hazard potential. Based on the results of this study, it is recommended that the swimming pool 

waters must be effectively treated to inactivate and kill microbes, therefore providing chemically balanced 

water. Furthermore, water quality testing kits and water quality sensors can be used to measure multiple 

physical and chemical water quality parameters simultaneously and to provide instant results.  
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CHAPTER 1  

INTRODUCTION, STUDY JUSTIFICATION, AND THE RESEARCH PROBLEM 

1.1. INTRODUCTION 

The United Nation’s (UN) Sustainable Development Goals (SDG 6) Target 6.3 aims to improve water 

quality by reducing pollution, eliminating illegal dumping of waste, and minimising the release of hazardous 

materials into the natural and human environment. The Indicators for this Target include the proportion of 

waterbodies with compliant water quality and the proportion of wastewater safely treated (United Nations 

Statistics Division (UNSD), 2020). The ideal solution for this Target is to provide sustainable access to clean 

water and improved sanitation for all humans. These imperatives highlight the importance of assessing and 

monitoring water quality to achieve the UN SDG 6 Target 6.3. However, the quality of drinking water in 

most African countries is quite concerning, let alone the quality of public swimming pool water (Abd El-

Salam, 2012; Edokpayi et al., 2018; Hope et al., 2020). This concern has led to a disproportionate increase of 

studies focusing on the quality of drinking water to the exclusion of other water uses, including the quality 

of public swimming pool water (Rivett et al., 2013; Saba and Tekpor, 2015; Delaire et al., 2017; Lapworth et 

al., 2020; Verlicchi and Grillini, 2020). Given detrimental health effects associated with poor quality of 

swimming pool waters (Centres for Disease Control and Prevention, 2001; Podewils et al., 2006; Yoder et al., 

2008; Bashiardes et al., 2011; Sanborn and Takaro, 2013), proper disinfection and assessment of such waters 

is necessary to ensure public safety. 

Swimming pool water form part of recreational waters allocated by municipal authorities for that 

purpose, thus, such water offer certain benefits to the users (WHO, 2006). The use of swimming pools for 

leisure and aquatic-based activities is increasingly popular during the summer and spring months. They are 

widely used for swimming and other recreational activities such as underwater rugby, volleyball, and sports 

diving (WHO, 2002). In addition, swimming pools are used in certain religious practices, such as water 

baptism (Ekopai et al., 2017; Nair et al., 2018). However, the same water is also susceptible to pollution, 

thereby exposing users to several health risks (Omotayo et al., 2016). In this regard, swimming pool water 

can serve as a medium for the transmission of waterborne pathogens amongst swimmers unless 

appropriate preventive measures are properly implemented (Cabral, 2010; Bahgat et al., 2018). The health 

risks associated with poor swimming pool waters (Waldron et al., 2011; Alhamlan et al., 2015; Mannocci et 

al., 2016) led to the formation and adoption of regulations aimed to protect bathers from exposure to 

harmful levels of pathogens and chemicals. These guidelines are designed to protect users from exposure 
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to harmful levels of waterborne pathogens and chemicals.  They provide an operational and management 

framework to avoid, minimise, or mitigate possible negative health impacts. 

At an international level, WHO developed guidelines for safe recreational water environments (WHO, 

2006). The WHO guidelines address possible negative health impacts of contaminated swimming pool water 

and outline operational and management options that can be implemented in such environments. In 

countries Where the guidelines for safe swimming pool environments are not yet developed or incomplete, 

the WHO (2006) guidelines for safe recreational water environments can be used as a baseline approach in 

managing swimming pool environments.  

Countries such as the United Kingdom, Australia, and China have their own guidelines for the 

management and operation of swimming pools and similar environments (Dallolio et al., 2013; Giampaoli 

and Spica, 2014). In the United Kingdom, Australia and China, swimming pools are operated and managed 

according to the guidelines promulgated in the “Pool Water Treatment Advisory Group (PWTAG) book, 

Swimming Pool Water: treatment and quality standards for pools and spas” (PWTAG, 2009), the “Standard for 

the Operation of Swimming Pools and Spa Pools in South Australia” (Government of South Australia (SA 

health), 2013), and the “Hygienic Standard for Swimming Places” (Wei et al., 2018), respectively.  In South 

Africa, swimming pools are managed and operated according to the National Health Act (NHA), 2003 (Act 

No. 61 of 2003) (Republic of South Africa (RSA), 2003). Section 9 of the NHA, 2003 (Act No. 61 of 2003) 

further recommends the use of the WHO Guidelines for recreational water environments, Volume 2, 

swimming pools and similar environments (WHO, 2006) to manage swimming pools within the country. 

While these innovative regulations provide an operational and management framework, they require 

effective implementation to ensure hygienic quality and safety of swimming pools. 

1.2. HEALTH RISKS ASSOCIATED WITH POLLUTED SWIMMING POOL WATER  

There are a number of pollutants such as DBPs, urine, sweat and other excretion products from 

swimmers that are associated with public swimming pools, all of which are detrimental to human health 

(WHO, 2006). In many cases, swimming pool water contains microorganisms and unwanted substances, 

which contaminates such water and subsequently lead to water pollution (Chapman, 2007). Contamination 

refers to the presence of unwanted substances that should not be present naturally (Sciortino and 

Ravikumar, 1999), although these substances do not have to be harmful to be considered as contaminants 

(Chapman, 2007). Pollution refers to a certain degree of contamination that is harmful to organisms or 

infrastructure (Chapman, 2007). Thus, the use of swimming pool waters pose health threats to users due to 

exposure to pathogens and harmful chemicals. Most disease outbreaks in swimming pool environments are 
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caused by poor water quality as a result of improper water treatment and the presence of foreign substances 

(Graciaa et al., 2018). Swimming pool water has been implicated as a transmission medium for some of the 

waterborne pathogens (Bonadonna and La Rosa, 2019). As such, the management and operation of 

swimming pools should eliminate or minimise any possible health hazards.  

Pathogens are organisms or micro-organisms such as bacteria and viruses that can cause diseases or 

illnesses to their hosts (Mardon and Stretch, 2004). Bonadonna and La Rosa (2019) reviewed waterborne 

viral diseases associated with swimming pools in multiple countries such as Australia, USA, Canada, and 

Greece. Their study explored the cause of several diseases in swimming pools, their transmission medium, 

issues related to swimming pool water treatment, and the relationship between the presence of 

microbiological indicators and recreational water illnesses. Majority of viral outbreaks reviewed in the study 

were reported among children and teenagers and these were ascribed to improper disinfection. Common 

pathogens included for instance, Escherichia coli O157:H7, Shigella, Giardia, Cryptosporidium spp., Legionella 

spp., Pseudomonasa aeruginosa, Staphylococcus aureus, Leptospira spp., Adenoviruses, and Salmonella 

((WHO, 2006), 2006; Sinclair et al., 2009; Sanborn and Takaro, 2013).  A study reviewing the epidemiology 

of E. coli O157:H7 over a period of 20-years (1992 to 2002) revealed a total of 350 outbreaks in the United 

States with 21 occurring in their recreational waters (Rangel et al., 2005). A third (7) of those outbreaks 

occurred in swimming pools. Lohff et al. (2001) reported a Shigella sonnei pathogen outbreak in Iowa (USA) 

due to inadequate disinfection of swimming pool water. Eleven cases of diarrhoea were reported and one 

person was hospitalised. Baldursson and Karanis (2011) investigated worldwide waterborne parasitic 

protozoan outbreaks from the year 2004 until 2010. Their study revealed that Cryptosporidium spp. Was the 

etiological agent in 60.3% of occurred outbreaks. In 2010, Cryptosporidium oocysts and Giardia cysts were 

detected in influents and effluents from four wastewater treatment plants in the Gauteng province of South 

Africa (Dungeni and Momba 2010). Moreover, between the year 2009 and 2010, the United States reported 

81 recreational water related outbreaks (Hlavsa et al., 2014). Of the 81 outbreaks, 24 (68.6%) were caused 

by Cryptosporidium in treated recreational water. Similarly, according to Dale et al. (2010), the majority of 

recreational water related outbreaks were largely attributed to the presence of Cryptosporidium in 

contaminated swimming pools. The presence of pathogens such as Escherichia coli O157:H7, Shigella, 

Giardia, and Cryptosporidium spp. Commonly led to the development of health risks such as diarrhoea, ear 

and eye infections, cough or nasal congestion, skin rash, and upper respiratory tract infections (McClain et 

al., 2005; Yeats et al., 2005). Based on these detrimental health effects associated with polluted swimming 

pool water, the assessment of the water quality in swimming pools is imperative.  
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1.3. NEED FOR CONTINUOUS WATER QUALITY ASSESSMENT  

The assessment of swimming pool water quality is an important process in protecting bathers and 

swimmers against infections caused by water-borne pathogens (Bilajac et al., 2011). Such an assessment 

process involves characterising the physical, chemical and the biological status of water resources; 

implementing appropriate measures to improve water quality; and evaluating their legal and regulatory 

compliance with existing guidelines, standards, and regulations. Also, it is imperative to determine whether 

the water quality is suitable for intended uses or not (World Meteorological Organization (WMO), 2013). 

Water quality assessment refers to the overall evaluation of the extent to which particular water bodies are 

impacted by undesirable constituent(s) (Lee, 1999). The traditional approach in assessing water quality is to 

compare the physical, chemical and/or biological parameters of the selected water with existing applicable 

water quality standards (Nedkov et al., 2019). Water quality standards are developed to (1) protect the 

designated beneficial uses, (2) enhance water quality and (3) prevent water quality deterioration (West 

Virginia Department of Environmental Protection, 2020). Given this background, it stands to reason that 

constant assessment of swimming pool water quality provides an opportunity to: (a) appraise their 

physiochemical, biological and microbiological status in relation to applicable international and national 

standards for swimming pool water; (b) detect existing health risks or possible emerging health risks; (c) 

evaluate the efficacy of water treatment measures; and (d) execute appropriate protective measures (Zhang 

and Zhang, 2006). Moreover, when an outbreak associated with swimming pools occurs, reliable data is 

needed to aid in decision making and possible mitigation (World Meteorological Organization (WMO), 

2013). 

1.4. RESEARCH PROBLEM AND STUDY OBJECTIVES  

Although there is a steady growth of literature (Abd El-Salam, 2012; Pesewu et al., 2015; Saba and 

Tekpor, 2015; Edokpayi et al., 2018; Omoni et al., 2019) focusing on the water quality of swimming pools 

among African countries, very limited research has been conducted focusing on this domain in South Africa. 

South Africa is one of many countries where studies focusing on the water quality of swimming pools are 

limited. Of the few studies conducted, Bonadonna and La Rosa. (2019) reported an outbreak involving 90 

Grade 4 learners in the Cape Peninsula (Villiersdorp district), South Africa, due to inadequate swimming 

pool water disinfection.  At least 33 children were hospitalised after inhaling toxic fumes of hydrochloric 

acid that was directly poured to the swimming pool water in 2016 at the Zoo Lake public swimming pool in 

Johannesburg (Masuabi, 2016). Constant water quality assessment provides the health status of swimming 

pool water, thereby allowing for the implementation of appropriate preventative measures and 

subsequently avoiding the occurrence of outbreaks (Roy, 2018). In the case of the outbreak in the 



5 | P a g e  
 

Villiersdorp district and in Zoo Lake swimming pools, if the quality of swimming pool water was constantly 

assessed, there is a strong possibility that the health risks suffered could have been detected early enough 

or that the outbreak could have been duly avoided. In the United States of America, as a result of regular 

data collection and reporting, the Centres for Disease Control and Protection (CDC) was able to observe an 

increase in the Cryptosporidiosis outbreaks from 2009 to 2017 (Gharpure et al., 2019). This then served as a 

decision aiding tool to ensure public safety in swimming pool environments. In view of these reasons, this 

study has assessed the water quality of selected public swimming pools within the Johannesburg area of 

the Gauteng province in South Africa. The study area was selected based on, (1) the lack of scientific study 

conducted to assess the water quality of public swimming pools within the Johannesburg area after the 

outbreak in Zoo lake public swimming pool, (2) the willingness of the swimming pool operators to allow 

the study to be conducted in the area of their jurisdiction, (3) safe and easier access to the swimming pools, 

and (4) scientific studies investigating the compliance of water quality in swimming pools with the 

established water quality guidelines are limited in South Africa and none have been conducted in the 

Johannesburg area according to best knowledge of the researcher.   

To achieve the main research aim, the following objectives were addressed.   

• Measure the physical and chemical water quality parameters of the selected swimming pools.  

• Detect present microbiological indicators (E. coli and total faecal coliforms) from collected 

swimming pool water samples.   

• Compare the measured physical and chemical water quality parameters as well as the detected 

present microbiological indicators in the swimming pool water against swimming pool water 

standard guidelines. These guidelines are obtained from the (1) the South African National Health 

Act (NHA), (Act No. 61 of 2003), (2) the WHO – guidelines for safe recreational water environments: 

Volume 2 (2006), and (3) the ANSI/APSP/ICC-11 2019 American National Standard for Water Quality 

in Public Pools and Spas. 

1.5. SCOPE OF THE RESEARCH 

This study will be conducted by measuring physical and chemical water quality parameters of seven 

selected public swimming pools within the Johannesburg area. Furthermore, the microbial water quality of 

the selected public swimming pool will be assessed by detecting present microbial indicators from the 

collected water samples. The physical and chemical water quality parameters that will be measured on-site 

are pH, temperature, conductivity, free available chlorine, total chlorine, alkalinity, water hardness, and 

cyanuric acid. The suspended solids will be measured at the laboratory. The NHA, 2003 (Act No. 61 of 2003), 
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WHO (2006), and ANSI/APSP/ICC-11 2019 water quality guidelines recommend measuring the latter 

mentioned water quality parameters, hence their selection to assess the water quality of the selected public 

swimming pools. The CoJ Metropolitan Municipality is divided in seven regions (Region A – G). As such, one 

public swimming pool will be selected from each region based on accessibility and area. The water quality 

data will be collected during two assessment periods – autumn and summer season. This is mainly due to 

the majority of the selected public swimming pools not operating during the winter season and the 

unexpected closure of all swimming pools in CoJ Metropolitan Municipality due to the COVID-19 pandemic.  

1.6. STRUCTURE OF THE DISSERTATION  

Chapter 1 highlights the importance of assessing the quality of swimming pool waters. This section 

further elaborates on the research problem, aim, objectives, and the justification of the study. Chapter 2 

summarises the required and/or recommended management and operational strategies to ensure public 

safety while participating in swimming pool waters. The brief elaboration of various water quality 

parameters and methods used to assess water quality are also included in Chapter 2. Chapter 3 outlines 

steps followed to assess the water quality of selected swimming pools and criteria on which each swimming 

pool was selected on for the collection of water quality data. The results of the study are outlined in Chapter 

4. These results consist of the measured water quality parameters and/or microbiological indicators as well 

as the comparison results between the collected water quality data and swimming pool water standard 

guidelines. The dynamics of the collected water quality data and swimming pool water standard guidelines 

are discussed in Chapter 5. Conclusion and recommendations are detailed in Chapter 5. In this dissertation, 

every chapter has its reference list to help ease the traceability of the scientific literature used and consulted 

sources.  
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CHAPTER 2  

                                             REVIEW OF LITERATURE  

2.1. INTRODUCTION  

      This chapter reviews studies conducted to assess the quality of swimming waters. Formulated and 

adopted guidelines for public swimming pools at an international (WHO) and national (South Africa) level 

were examined. The design and operation of swimming pool’s recirculation-filtration system were also 

reviewed. Multiple water filters commonly used in swimming pool’s filtration system were evaluated. The 

chapter reviewed desirable attributes the selected microbiological indicator should embody and multiple 

numeration methods used to detect their presence from the water samples. The impact and selection of 

water quality parameters for the assessment of swimming pool water quality will be explored. Thereafter, 

this chapter laid out how the researched knowledge will be applied to address the study research problem.  

2.2. WATER QUALITY GUIDELINES  

Swimming pool water form part of recreational waters. Recreational use of such water offers significant 

health benefits to users (WHO, 2006). These include providing an environment for leisure, exercise, and 

physical activities. However, the same water can potentially expose bathers to an array of health risks such 

as diarrhoea, skin rash, swimmer's ear, eye and respiratory infections (Lohff et al., 2001; WHO, 2006; Sanborn 

and Takaro, 2013; Omotayo et al., 2016). It is, therefore, necessary to address these issues by developing 

and implementing effective management strategies to prevent, minimise, or mitigate the possible health 

risks. Standard guidelines for swimming pool facilities provide a framework to manage, operate, and 

regulate activities that may adversely affect public health.  

The South African Department of Health require public swimming pool facilities to be operated and 

managed in accordance with the National Health Act (NHA), 2003 (Act No. 61 of 2003) water quality 

guidelines. Section 9 of the Act further recommends the quality of public swimming pool waters to comply 

with the requirements specified in the WHO guidelines for recreational water environments. The WHO is one 

of 15 United Nations (UN) specialised agencies. The Agency/Organisation performs a multitude of roles 

globally, such as promoting universal healthcare, establishing health guidelines, advocating for climate 

change mitigation, and promoting better sanitation and housing to provide better wellbeing (WHO, 2020a). 

The management and operation of public swimming pools to ensure that the established guidelines are 

complied with can be divided into three categories, (1) design and construction, (2), regulatory 

requirements, and (3) operation and management. The WHO guidelines for recreational water environments 
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(WHO, 2006) details all three aspects while in South Africa each category is promulgated in a specific Act or 

regulation.     

• Design and construction 

The design and construction of public swimming pool facilities must comply with the standard 

requirements promulgated in the National Building Regulations and Building Standards Act, 1977 (Act No. 

103 of 1977) (Republic of South Africa (RSA), 1977). The Act prescribes notification procedures that must be 

followed with regards to construction of any structure or building and promulgates minimum requirements 

for specific aspects of building design and construction. Part D5 of the Act requires access to the swimming 

pools to meet minimum requirements stipulated in the South African National Standards (SANS) 10400D 

(South African Bureau of Standards (SABS) 0400, 1990). The SANS 10400 “the application of the National 

Building regulations (NBR)” governs the design and construction of public swimming pools. It details correct 

application of the NBR and explanatory interpretation of the Act in order for structures (such as swimming 

pools) to meet the “deemed to satisfy” requirements. 

• Regulatory requirements 

The national legislation has a set of regulations applicable and binding to swimming pool facilities. For 

example, the water quality of public swimming pools must comply to Section 9, sub-section 3.2 of the 

National Health Act (NHA), 2003 (Act No. 61 of 2003). Furthermore, the microbial water quality analysis 

must be conducted by an analyst authorised in terms of Section 12 of the Foodstuffs, Cosmetics and 

Disinfectants Act, 1972 (Act No. 54 of 1972) in a SANS accredited laboratory (Republic of South Africa (RSA), 

1972). SANS is the accreditation body for conformity assessments, calibration, and good laboratory 

practices. It was established in terms of Section 3(1) of the Accreditation for Conformity Assessment 

Calibration and Good Laboratory Practice Act, 2006 (Act No. 19 of 2006) (Republic of South Africa (RSA), 

2006). The quality of water supplied to public swimming pools located within the CoJ Metropolitan 

Municipality has to satisfy the SANS 241 requirements as required by the CoJ Metropolitan Municipality 

(2004) by-laws. The SANS 241 details minimum microbiological, chemical, and physical characteristics for 

portable water. The remedies or disinfectants used in swimming pools must meet the registration 

requirements promulgated by the Department of agriculture, forestry and fisheries (2016). These 

regulations were all established to prevent, minimise, or mitigate the adverse health risks associated with 

swimming pool facilities.   
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• Operation and management 

Excellent operation and management of swimming pool facilities is key in minimising or preventing 

possible health risks. This includes compliance with the established guidelines – which details the 

maintenance and assessment of the water quality; emergency and evacuation plan; management of possible 

incidents; and other acceptable operating procedures (WHO, 2006). The swimming pool superintends 

(operators) are primarily responsible for ensuring swimming pool facilities comply with applicable 

management and operation regulations  

2.3. MANAGING THE QUALITY OF SWIMMING POOL WATERS  

The primary aim of managing swimming pool waters is to avoid or minimise possible health hazards. 

In a broader context, this can be achieved by following the recommended operational and management 

guidelines for swimming pools. To narrow the concept, this includes assessing water quality, maintaining 

proper water circulation, infrastructure complying to acceptable requirements, and other operational 

necessities such as trained personnel operating the swimming pools (Nova Scotia Department of Health 

and Wellness, 2014).  

2.3.1. Swimming pool water circulation system 

The recirculation-filtration systems for swimming pools are designed to manage the quality of the 

swimming pool waters. Their effective operation prevents or minimises the occurrence of recreational 

waterborne illness and physical injuries to the bathers (Wyczarska-Kokot et al., 2020). The treatment of the 

swimming pool waters can be divided into two categories, mechanical and chemical. The mechanical 

treatment focuses on filtration and circulation of the swimming pool water while the chemical treatment 

focuses on ensuring that the water is chemically balanced (Delich, 2005). The design of water circulation 

systems often vary based on the size, type, and shape of the swimming pools. However, the recirculation-

filtration systems have multiple generic components, and these include water main drains, pump, skimmer, 

filter, backwash valve, chemical feeder (not always present), pressure gauge, and heater (in heated 

swimming pools) (Department for Health and Ageing, 2013; Diniş, Popa and Iagăr, 2018). 

As shown in Figure 2.1 below, the mechanical treatment (filtration and circulation) involves water 

flowing from the swimming pool basin through main drains and the suction intake lines directs water to the 

skimmer (also known as the strainer) where floating matter such as hair and leaves are trapped (Charles, 

Ifeyinwa, and Ifeoma, 2011). The dirt trapped by the skimmer often reduces the pressure of the system 

(measured by the pressure gauge). Suspension particles such as dust that cannot be trapped by the skimmer 

due to their small particle size are filtered out by the filter (see Section 2.3.2. for the type of filters used in 
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swimming pools) (Pool Water Treatment Advisory Group (PWTAG), 2013). In heated swimming pools, the 

heater warms up water before it is sanitised while in unheated swimming pools the heater component is 

not included in their circulation system. The chemical treatment involves the addition of a disinfectant to 

the chemical feeder (chlorinator pump) or directly to the balance tank. The filtered and heated swimming 

pool water is directed through the chemical feeder where it is sanitised and then pumped back to the 

swimming pool basin. The recirculation-filtration systems for swimming pools should operate continuously, 

except during the backwash process (Diniş et la., 2018). 

 

Figure 2.1: The circulation system of the swimming pool, source: (Aqua Blue Co, 2011) 

2.3.2. Type of filters  

Water filtration is responsible for removing suspension particles that were not trapped by the skimmer 

(WHO, 2002). It is a chemical and physical process of removing contaminants in water. When a slow sand 

filter is used, water filtration also becomes a biological process (Zeman, 2012) i.e. it can effectively remove 

multiple waterborne pathogens or microbes. The ability of a filter to effectively remove contaminants from 

the swimming pool water is based on several factors and these include: 

• The type of water being filtered out (e.g. swimming pool water, drinking water, or wastewater), 

• Filtration rate of the filter, normally, the higher the filtration rate the lower the filtration efficiency, 

•  Type and extent of pre- and post-water treatment required, and 

• Ease of operation (Diniş et al., 2018) 

The type of filters often used in the recirculation-filtration systems for swimming pools include sand filters 

and diatomaceous earth (DE) filters (Delich, 2005). 
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2.3.2.1. Sand filters  

        The use of sand filters to purify water started in the 19th century (Bourke et al.,1995). Since then, the 

technique has been widely used especially in developed countries for treating large quantities of water 

(Kocamemi, 2020). There are three types of sand filters – slow sand filter, rapid sand filter, and roughing 

filter. Among these filters, the slow sand filter is considered the most effective, especially for drinking water 

supplies.  

• The slow sand filters.  

        The first slow sand filter was built by John Gibb in 1804 to treat water for his bleachery (Bourke et 

al.,1995). Since then, it has been widely preferred due to its ability to filter out microbes (bacteria, viruses, 

and protozoa) and heavy metals in contaminated water (Bauer, 2011; Clark et al.,2012; de Souza et al.,2017). 

The water is filtered through the sand grains and the microbes are absorbed by a biofilm layer containing 

slimy “zoogleal’’ organisms known as the schmutzedecke – a German word for “dirty blanket” (as displayed 

in Figure 2.2) (Manz, 2004; Clark et al.,2012; Kocamemi, 2020). The schmutzedecke is aerobic, its primary 

source of oxygen is the one dissolved in water (dissolved oxygen). As such, optimum use of the slow sand 

filter require continuous water flow. If the water flow pauses, the aerobic microorganisms in the biofilm 

layer (schmutzedecke) receive little or no oxygen, which consequently leads to the filter’s inability to 

effectively remove microbes. However, when the water flow is resumed, the microorganisms in the 

schmutzedecke recover (full recovery may take 48 hours or longer) and the filter’s ability to remove microbes 

is restored (Manz, 2004).  

 

Figure 2.2: Cross-section of a typical slow sand filter (Stackexchange, 2020). 

While slow sand filters are effective in removing microbes and heavy metals, they are ineffective in 

removing the disinfection by-products (DBPs) (Wegelin, 1996; Manz, 2004). Swimming pool waters are 
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frequently treated with chlorine-based disinfectants (Mitch et al, 2003; Bond et al., 2012). The addition of 

these disinfectants result in the formation of DBPs (Wegelin, 1996) and in waters containing high amounts 

of natural organic matter (NOMs), their addition results in the formation of halogenated trihalomethanes 

(THMs) and haloacetic acids (HAAs) (Gallard and von Gunten, 2002; Bond et al., 2012) which are known to 

be carcinogenic (Simmons et al., 2002; Westerhoff et al., 2004).  Furthermore, the inability of slow sand filters 

to treat high turbid waters has also been reported (Logsdon et al., 2002). The recommended turbidity limit 

when using a slow sand filter is 20 nephelometric turbidity units (NTU) (Manz, 2004). Turbidity levels above 

this recommended limit can clog the filter pores thereby decreasing the filter’s ability to treat water.   

• Rapid sand filters  

The use of rapid sand filters (RSF) to purify water emerged towards the end of the 19th century (Bruni 

and Spuhler, 2020). The filters are largely applied and preferred in areas experiencing a shortage of space 

(Chilingar et al., 2009). Unlike slow sand filters, RSFs use coarser graded sand, can treat high turbid waters, 

and only involves the physical process (Prasad and Grobelak, 2020). However, the technique (of using RSFs) 

is sophisticated and requires high energy input for operation (Bourke et al.,1995; Ratnayaka et al., 2017). 

Their use requires the application of pre water treatment (coagulation and flocculation) and post water 

treatment (disinfection) to effectively remove waterborne pathogens and treat high turbid waters (Bruni 

and Spuhler, 2020). Without these treatments, RSFs cannot effectively remove contaminants from water 

(Ratnayaka et al., 2017). The RSFs are classified according to (1) depth of the sand bed (it can either be 

shallow, medium, and deep bed), (2) driving force (can either be rapid gravity sand filters or rapid pressure 

filters) (Chilingar et al., 2009), and (3) filter medium used (can either be mono-, dual-, and multi-media) 

(Stewart and Arnold, 2008). The slight difference between the pressure and gravity rapid sand filters is the 

location of the filter and driving force. The pressure rapid filter is completely enclosed in a pressure vessel 

and is operated under pressure while the gravity rapid filter is operated by gravity, where water passes 

through the coarse graded sand to remove impurities (Hsu et al., 2018; Sarma, 2020). The commonly used 

filter media in both gravity and pressure rapid sand filters is the mono-filter media (sand only). The dual-

filter media is the refinement of the mono-filter media. The only difference is it has an anthracite (hard coal) 

layer over the sand-filter media which increases the void space that can take up filtered impurities (Bourke 

et al.,1995). The multi-filter media is more complex. It comprises of three layers with distinct differences in 

their densities. The anthracite layer (on top) has the lightest density, followed by the sand layer (in the 

middle) that has intermediate density and then the heaviest media made of garnet (garnet layer at the 

bottom) (Ratnayaka et al., 2017). This complex structure allows multi-filter media to trap a large quantity of 

contaminants with smaller particulates settling at the lower layers. The combination of the pre-water 
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treatment, water filtration, and post water treatment can provide safe portable water where rapid sand filters 

are used (Mirliss and Bhardwaj, 2020). 

• Roughing filters  

Roughing filters are often used to pre-treat water by removing suspended solids without the addition 

of chemicals (Nkwonta and Ochieng, 2009). They use gravel as a filter medium, are easy to operate, and do 

not require sophisticated mechanical equipment for operation and maintenance. Roughing filters are often 

used as an alternative to conventional coagulation pre-water treatment techniques. They can effectively 

remove pathogens, iron, manganese, and suspended solids (Nkwonta et al., 2010). The effectiveness to 

remove these impurities is based on the low filtration rate thereby providing the sedimentation of 

suspended solids that do not readily settle (Hasnain and Khan, 2013). However, the accumulation of these 

impurities lead to the clogging of filter pores hence periodic backwashing is vital and carried out.  

Hashimoto et al. (2019) conducted a study investigating the efficiency of the roughing filter to pre-treat 

water with high turbidity levels (1000 NTU). The study results revealed that the filter is capable of treating 

waters with high turbidity levels (unlike slow sand filters) to produce the recommended turbidity level by 

the WHO of 5 NTU. As such, the roughing filters can be used as a pre-water treatment step where slow sand 

filters are used (Nkwonta et al., 2010). The application of these filters can be particularly appropriate for 

developing countries such as South Africa due to their ability to lower turbidity levels without the use of 

coagulation and flocculation and due to their simple, efficient, and reliable technology.   

2.3.2.2. Diatomaceous earth (DE) filters 

The DE filters use diatoms or diatomaceous earth as the filter media (Lu et al., 2017). The DE originate 

from the fossilised algae containing high levels of silica (mineral made up of silicon dioxide (SiO2)) (Mirliss 

and Bhardwaj, 2020). The inert silica character (odourless, tasteless, and chemically inactive) of these 

diatoms provides an opportunity to safely use DE as the filter media. Their pore size ranges from less than 

5 micrometers to more than 100 micrometers. As such, these filters can effectively remove most organic 

impurities and bacteria (more than 95%) leading to a minimal use of disinfectants (EP Minerals Contributors, 

2017). The filtration ability of the DE filters largely depends on the micro-porosity of the diatoms. 

The application of DE filter media to purify water emerged during World War II when the Unites States 

Army needed a water filter that is able to produce portable drinking water and suitable for mobile military 

operations (Mirliss and Bhardwaj, 2020). The filtration media was developed by the U.S. Army Engineer 

Research and Development Laboratories (ERDL). The technique later was applied in swimming pools (Lu et 

al., 2017) and was found to be effective. Amburgey et al. (2011) in a study evaluating the effectiveness of 
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precoat (diatomaceous earth and perlite) filters in removing Cryptosporidium oocysts found that the filters 

have 99.4 to 99.996% ability to remove these pathogens. Over the past 20 years, numerous cases of 

cryptosporidiosis outbreaks in swimming pools have been reported in countries such as the United States, 

Australia, and United Kingdom (Lisle and Rose, 1995; Puech et al., 2001; Karanis et al., 2006; Lu et al., 2013). 

These outbreaks all led to temporary closure of affected swimming pools. Cryptosporidium is a parasite 

enclosed in a protective outer shell called oocyst and is transmitted by the faecal-oral route (Lu et al., 2017). 

The outer shell makes it extremely chlorine tolerant, consequently, posing significant health threats to the 

public (Lu et al., 2013). Conveniently, the DE filters have been reported to effectively remove Giardia cysts 

(pathogen responsible for causing giardiasis – small intestine infection) (Beer et al., 2017) and other 

protozoa which are resistant to chlorine-based disinfectants (EP Minerals Contributors, 2017). In comparison 

to sand filters, the DE filters require extensive labour, and they are selective of the type of water they can 

filter.   

2.3.3. Coagulation and flocculation 

The limitation of filters such as the slow sand filters is the inability to filter high turbid waters. High 

turbid levels do not only result in a cloudy appearance of the swimming pool water especially in cases where 

total alkalinity, pH, water hardness, and total dissolved solids are within the acceptable limit, but can also 

clog the filter pores. Coagulation refers to the addition of chemicals in the swimming pool water to 

destabilise the colloidal suspensions (WHO, 2006; Su et al., 2017) while flocculation is the process where 

these colloids stick together forming larger flocs (Okafor, 2020). The formed flocs can either settle at the 

bottom of the swimming pool floor and be easily removed by vacuuming the pool floor, or float on the top 

on the swimming pool water (creaming), or can be filtered from the swimming pool water. The coagulation 

and flocculation processes are relatively inexpensive and can be frequently used in swimming pools that 

are exposed to high levels of particulate matter. Both processes are normally used as a pre- and post-water 

treatment. Moreover, they play a vital role in removing the oocysts and cysts of Cryptosporidium and Giardia 

(WHO, 2006; Gregory, 2002) which may easily pass through certain filters such as the rapid sand filters.  

2.3.4. Dilution 

There are instances where the coagulation, flocculation, filtration, and disinfection do not effectively 

remove contaminants or result in a chemically balanced swimming pool water (WHO,2006). It is then vital 

to integrate the aspect of water dilution when constructing a swimming pool (WHO,2002). Dilution is the 

addition of fresh portable water to decrease the concentration of solutes in swimming pool water. This 

process is also used to reduce the levels of DBPs (Contra Costa Health Services, 2020). The portable water 

supplied to the swimming pool for the dilution process has to comply with acceptable drinking water quality 
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requirements (Republic of South Africa (RSA), 2003). However, such water already contains a certain level 

of chlorine (used for disinfecting purposes). This consequently lead to an increase of existing levels of 

chlorine in swimming pool water. The use of activated carbon filter has been previously used (and 

recommended) in such instances to reduce chlorine levels from the incoming portable water (DeSilva, 2000). 

This filter can also remove impurities such as fluorine, unwanted taste, and odour from water (Amirault et 

al., 2003). These are removed through the adsorption process. During the water filtration process, 

contaminants can either adhere to the exterior of the carbon granules or be trapped in the carbon pores 

(Siong et al., 2013). Therefore, the ability of activated carbon to remove contaminants from water is based 

on its adsorption capacity rather than the amount of carbon used. 

2.3.5. Backwash  

       The substances that are not trapped by the skimmer during filtration are usually trapped by the filter. 

Backwash is a process of cleaning the filter media (Mahanna, 2013). Instead of pumping water through the 

filter and thereafter into the swimming pool, the water flow is reversed through the filter to flush out the 

accumulated impurities. The backwash process is extended until the released water is clean. The process is 

undertaken with great caution to ensure that the filter media is not over washed (Hach, 2007) and the 

recommended cut-off for the process is when the turbidity measurement ranges between 4 and 5 NTU 

(Pizzi, 2001). The time required to adequately clean the filter medium depends on, (1) the amount and type 

of dirt on the filter, and (2) the type of the filter medium used (Mahanna, 2013).  

2.3.6. Turnover rate and flow rate 

      The turnover rate is the amount of time it takes for the total volume of the swimming pool water to pass 

through the circulation system (Centres for Disease Control and Prevention, 2006). This process is vital to 

control swimming pool water clarity and water balance. Static water can result in the development of algae 

blooms and cloudy water in swimming pools (Nova Scotia Department of Health and Wellness, 2014). To 

maintain acceptable water clarity and balance, the volume of swimming pool water has to be continually 

pumped from the swimming pool, filtered, treated, and pumped back to the swimming pool (as illustrated 

in Figure 2.1 above). Water clarity and balance are usually not achieved through one turnover, several 

turnovers are required. According to the Gage-Bidwell Law of Dilution, water that is recirculated (turnover) 

ten times a day will achieve 99.99 % purification or dilution of contaminants present in the swimming pool 

water when the turnover process started (Gage et al., 1926). To achieve this, the flow rate of the swimming 

pool water plays a vital role. Flow rate refers to the speed at which the swimming pool water circulates the 

system. The turnover rate and flow rate in swimming pool water circulation system are directly proportional 

(Nova Scotia Department of Health and Wellness, 2014) i.e. an increase in the flow rate results in an increase 
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in the turnover rate while a decrease in the flow rate results in a decrease in the turnover rate. Essentially, 

proper swimming pool turnover rate, flow rate, filtration, and disinfection play a vital role in removing 

impurities, sanitising the swimming pool water, and subsequently inactivating waterborne pathogens.  

2.4. INDICATOR ORGANISMS 

The presence of microbes in water was initially considered to indicate a definite presence of pathogens 

(Berg, 1978). Currently, due to multiple studies conducted focusing on microbiological indicators in water, 

various possible reasons can account for their presence and absence in water, or vice versa (Grabow et al., 

1995; Odonkor and Ampofo, 2013; Korajkic et al., 2018). Bonadonna et al. (2002) further concluded that 

there is no direct correlation between the presence of microbiological indicators and pathogens, or vice 

versa (Bonadonna et al., 2002). Harwood et al. (2005) investigated the credibility of using microbiological 

indicators to predict the presence of pathogens in water. The study results showed that there is no 

correlation between microbiological indicators and pathogens i.e. there was a high percentage of false-

negative (microbiological indicators were absent and pathogens were present) and false-positive 

(microbiological indicators were present and pathogens were absent). Contrarily, other studies have 

reported that presence of microbiological indicators in water indicate a possible presence of waterborne 

pathogens (Borrego et al. 2002; Koster et al. 2003; Thomas et al., 2007). Nevertheless, microbiological 

indicators are widely used to assess the microbial water quality. This is due to the lack of efficient and 

reliable methods to directly test for the presence of pathogens in water (Saxena et al., 2014). Furthermore, 

they provide a thorough overall health status of water bodies and can be used as an early health warning 

system (National Research Council, 2004) 

2.4.1. Criteria for microbiological indicators 

       Bonde (1966) developed the first systematic descriptive attributes for an ideal indicator for the 

assessment of a health risk. These attributes for years were taken into consideration when selecting 

microbiological indicators to assess microbial water quality. According to Bonde (1996), an ideal indicator 

should embody eight descriptive attributes, (1) be present wherever pathogens are also present, (2) be 

present only when the conditions are detrimental, (3) should always be in greater numbers than the 

pathogens, (4) be resistant to disinfectants, (5) be easily cultured in a media, (6) be randomly distributed in 

the samples, (7) be easily detectable, and (8) their growth should be independent of other present 

microorganisms in a cultured media  (National Research Council, 2004).  

      Bonde’s descriptive attribute number 1, 2, and 4 focus on the relationship between the indicators and 

pathogens, while attribute number 3,5,6,7, and 8 focus on describing desirable characteristics an ideal 



22 | P a g e  
 

indicator should embody (Schmidt, 2019). These attributes for years served as an index for selecting 

microbiological indicators for investigations. Unfortunately, there is no microbiological indicator that 

embodies all these attributes (Yates, 2019). As a result, modifications have been made.   

2.4.2. Evolution of the Bonde’s criteria for indicators  

      Over the years, Bonde’s (1966) criteria for an ideal indicator for the assessment of a health risk has been 

reviewed and modified. These modifications were stimulated by the discovery of new pathogens and their 

application; and new microbial water sampling and numeration methods were also developed (National 

Research Council, 2004). For example, Payment et al. (2003) developed a modified criteria to use when 

selecting an indicator. According to Payment et al. (2003), an ideal indicator should be associated with 

pathogens, be easily detectable, cost effective, minimal technical difficulties, and be resistant to 

disinfectants (Yates, 2007). The National Research Council. (2004) also developed a modified criteria to 

consider when selecting an indicator. This criteria however consists of desirable biological attributes for an 

ideal indicator and desirable attributes for enumeration methods used to detect indicators. The National 

Research Council. (2004) desirable biological attributes for an ideal indicator are, an ideal indicator should 

(1) be linked to a health risk, (2) have equal or greater chances of survival to pathogens, (3) have equal or 

greater transportation to pathogens, (4) should always be in greater numbers than the pathogens, and (5) 

help to identify a source of origin (faecal or non-faecal).  

        The National Research Council. (2004) biological attribute number one is imperative since it focuses 

on the relationship between the indicator concentration and the extent of health risk it poses. Hellard et al. 

(2001) and Colford et al. (2002) reported a direct correlation between an indicator concentration and the 

extent of health risk it poses. Since pathogens are rarely present or present in low concentrations in waters 

(Ohrel and Register, 2006), an ideal indicator should have greater chances of survival and be present in high 

densities so that it can be easily detected. Microbiological indicators such as E. coli O157:H7, Shigella spp., 

Giardia, Cryptosporidium, and Enteroviruses have been reported to indicate faecally derived contamination 

while microbiological indicators such as Legionella spp., Pseudomonas spp., Staphylococcus aureus, 

Adenoviruses, and Naegleria fowleri have been reported to indicate non-faecally derived source of 

contamination (WHO, 2006). Therefore, an ideal indicator should identify the contamination source of origin 

(faecal or non-faecal). Interestingly, other microbiological indicators can further be used to identify an 

animal species that faecal contamination originated from. For example, Cryptosporidium and E Coli O157:H7 

microorganisms are commonly found in cattle (Ferens and Hovde, 2011; Gong et al., 2017). 
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The National Research Council. (2004) desirable attributes for enumeration methods used to detect 

indicators are: the used detection method should have adequate sensitivity to detect the targeted indicator, 

be applied broadly, provide precise results swiftly, and be quantifiable. Regardless of the application, the 

selected indicator should be able to indicate possible health risk (Yates, 2007) and the selected method 

should be able to effectively detect the targeted indicator. The sensitivity of the selected method largely 

depend on the type of water being analysed and technology used (e.g. clogging of the filter used and the 

indicator being masked by the materials used during the analysis) (National Research Council, 2004).  

2.5.  WATER QUALITY PARAMETERS TO ASSESS 

The first and imperative step before assessing water quality is to determine the purpose of the 

assessment and available resources to carry out the task. This will ease the process of selecting water quality 

parameters to assess. The water quality parameters are classified into three categories, namely, physical, 

chemical, and biological. Physical water quality parameters include temperature, colour, and total 

suspended solids, while chemical water quality parameters include pH, conductivity, chlorine, dissolved 

oxygen (DO), water hardness, alkalinity, and cyanuric acid (Sciortino and Ravikumar, 1999). The biological 

water quality parameters (zooplankton and phytoplankton) include bacteria, viruses, and algae (Usali and 

Ismail, 2010). 

2.5.1. Physical and chemical water quality parameters 

The NHA, 2003 (Act No. 61 of 2003), WHO (2006), and ANSI/APSP/ICC-11 2019 guidelines recommend 

measuring water quality parameters such as pH, temperature, conductivity, free available chlorine, total 

chlorine, water hardness, alkalinity, cyanuric acid, and suspended solids when assessing the quality of 

swimming pool waters. Excessive amounts of constitutes such as chlorine, nitrate, and algae result in 

chemically imbalanced swimming pool water. As such, chemical water quality parameters characterises the 

water chemistry. The physical parameters are measurable physical water characteristics (such as odour and 

colour) hence they can be determined by the human senses of sight, smell, taste, and touch (Chambers, 

2019).  

• pH 

The water pH is a negative logarithm of the hydrogen ion concentration (Hemmings and Hopkins, 

2006). It is dimensionless and is determined based on the logarithmic scale ranging between 0 to 14 

(Bennett and Williamson, 2010). The water pH value is used to indicate the acidic or basic strength of the 

swimming pool water (Nova Scotia Department of Health and Wellness, 2014). Waters that have a pH value 

less than 7 are considered acidic (indicates high hydrogen ion concentrations) while those with pH value 
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greater than 7 are considered basic (indicates low hydrogen ion concentrations) (Bennett and Williamson, 

2010). The pH value of 7 indicates that the swimming pool water is neutral. The effects of acidic or basic 

water largely depends on the strength of acid or base. Increased levels of water pH decreases the 

effectiveness of the chlorine disinfectant, thereby increasing the swimming pool water chlorine demand 

(DeZuane, 1997). Contrarily, low levels of water pH corrodes the swimming pool metals such as iron, 

manganese, copper, lead, and zinc from plumbing fixtures and pipes (Summers, 2020). Furthermore, waters 

containing these ions are detrimental to human health (Nunamaker et al., 2013; Khaled et al., 2016). It is 

therefore important to maintain the swimming pool water pH levels within the acceptable range of 7.2 to 

7.8 (WHO, 2006). 

• Temperature 

Temperature influences the water solubility, viscosity, odour, and other chemical reactions 

(Buschow et al., 2001; Summers, 2020). As such, the rate of chemical and biological reactions increase with 

increasing temperature levels. For example, increased temperature levels increases the chemical reaction 

rates and decreases the solubility of dissolved water gases such as oxygen, carbon dioxide, and nitrate 

(Nova Scotia Department of Health and Wellness, 2014). Furthermore, it affects the biosorption of heavy 

metals such as lead, copper, and mercury (Wang and Chen, 2006), water salinity (Quante and Colijn, 2016), 

and the chlorine levels (Besic et al., 2017). Increased levels of temperature results in chlorine rapidly 

dissipating thereby reducing the residual disinfectant levels (WHO, 2006). These conditions subsequently 

lead to microbial growth and enhanced photosynthesis production.  

• Conductivity  

Pure water is a poor electrical conductor (Golnabi et al., 2009). However, the presence of inorganic 

solids such as chloride, nitrate, calcium, magnesium, and iron cations transforms water into a relatively good 

electrical conductor (Coury, 1999). Water conductivity is a measure of water’s ability to transmit electricity 

(Gelhaus and Lacourse, 2004). Since electrical current in water is induced by the presence of ions, water 

conductivity is directly proportional to the presence of ions (Summers, 2020). The movement of these ions 

is relatively influenced by the water temperature (Hubert and Wolkersdorfer, 2015). Water conductivity and 

TDS have a direct relationship. TDS is a measure of total ions in water and water conductivity is influenced 

by the presence of these ions.  As a result, the TDS of water can be estimated based on the measured water 

conductivity value (s). The conductivity of pure water is 0.05483µS/cm at 25°C (South African National 

Standards (SANS)7888, 2005). However, exposure to atmospheric carbon dioxide raises to >2 µS/cm (Hubert 

and Wolkersdorfer, 2015). So far, this technique has been reported to over- or underestimate the TDS results 

(Van Niekerk et al., 2014; Hubert and Wolkersdorfer, 2015).  
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Water salinity can also be estimated based on water conductivity value (s) (Fondriest Environmental, 

Inc., 2014b). Dissolved salts in water form electrolytes, each with positive and negative charge hence salinity 

is considered a strong contributor to water conductivity. Salinity measurements derived from the measured 

conductivity are known as practical salinity (Grosso et al., 2010) and are unitless. However, sometimes the 

“practical salinity units (PSU)” are conveniently incorrectly used as the units for practical salinity. The 

recommended way to express practical salinity is “Practical Salinity Scale 1978 (PSS‐78)” (Heilman, 2013). 

• Chlorine 

Chlorine (Cl2) is a gas, heavier than air, poisonous (was used as a weapon during World War I) 

(Fitzgerald, 2008), incombustible, and an economically oxidising agent that has desirable properties for 

disinfection purposes. It is routinely added and monitored in swimming pools to disinfect the water (Davis, 

2019). The chlorination process is a well-established technique (De Laat et al., 2010), it is cost-effective, has 

desirable “residual” properties, and can inactivate a wide spectrum of pathogenic organisms (Centres for 

Disease Control and Prevention, 2014). However, the process subsequently lead to the formation of DBPs 

such as trihalomethanes and chloramines (Florentin et al., 2011). The commonly used chlorine-based 

disinfectants in treating swimming pool waters include chlorine gas (Cl2), sodium hypochlorite (NaOCl), and 

lithium hypochlorite, 25richloro and dichlor, and calcium hypochlorite (Ca (Ocl)2) (Freese, 2008; Byun et al., 

2021). The addition of chlorine process results in the formation of hypochlorous acid (HOCl) and 

hypochlorite ions (Ocl-), which are the main disinfecting compounds. The addition of chlorine in swimming 

pool water proceeds through a series of reactions displayed in Figure 2.3 below. 



26 | P a g e  
 

 

Figure 2.3: A series of reactions the addition of chlorine in swimming pool water proceeds through    

Chlorine demand – Chlorine demand is the amount of chlorine required to disinfect water. When 

water is dosed with chlorine it reacts with present organic and inorganic contaminants. This reaction 

consumes the added chlorine resulting in a decreased chlorine concentration in water (WHO, 2017b). The 

remaining chlorine thereafter is referred to as total chlorine.  

Total chlorine – total chlorine is the sum of the free chlorine and combined chlorine (Centres for 

Disease Control and Prevention, 2014). The relationship between total chlorine, free chlorine, and combined 

chlorine is expressed as follows: 

𝑇𝑜𝑡𝑎𝑙 𝑐ℎ𝑙𝑜𝑟𝑖𝑛𝑒 (𝑚𝑔/𝐿) =   𝐹𝑟𝑒𝑒 𝐶ℎ𝑙𝑜𝑟𝑖𝑛𝑒 +  𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝐶ℎ𝑙𝑜𝑟𝑖𝑛𝑒  

Equation 2.1 

(Health Protection NSW, 2013; Nova Scotia Department of Health and Wellness, 2014).  

Free chlorine – is the amount of chlorine that is available to continually inactivate microbiological 

pathogens or disinfect water after the swimming pool water chlorine demand has been reached (Pool Water 

Treatment Advisory Group (PWTAG), 2013). It is highly influenced by the cyanuric acid levels (responsible 

for stabilising chlorine). 
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Combined chlorine, also known as chloramines – is the chlorine that has already been used to 

disinfect the swimming pool water. It is formed when free chlorine reacts with swimming pool water organic 

and inorganic nitrogen contaminants such as cosmetics, urine, and sweat. Since chloramines are no longer 

actively disinfecting swimming pool water, their presence can be detrimental. They are usually the source 

of bad chlorine odour in water, and they irritate the bather’s mucous membranes causing red eyes and skin 

rash (Health Protection NSW, 2013).  

• Water hardness  

The concentration of multivalent cations (positively charged ions) determines water hardness 

(Gude, 2018). Calcium (Ca2+) and magnesium (Mg2+) are predominately sources of water hardness, although 

other cations such as iron (Fe2+), aluminium (Al3+), and zinc (Zn2+) also contribute (WHO, 2011a). Therefore, 

water hardness can be defined as the measure of all dissolved minerals in water (Department for Health 

and Ageing, 2013). Water hardness does not necessarily pose a health risk in a swimming pool environment, 

but it has unpleasant effects of mineral scaling and corroding the swimming pool equipment as well as poor 

detergent performance (WHO, 2006; Oram, 2020). The theory of a correlation between hard water and 

decreased cardiovascular disease mortality remains a matter of debate (Sauvant and Pepin, 2002; Burton, 

2008; Sengupta, 2013). Some studies have reported a correlation between water hardness and decreased 

cardiovascular disease (Nerbrand et al., 2003) while such correlation was not found in some studies (Miyake 

and Iki, 2003).   

• Alkalinity 

Alkalinity measures the concentration of alkaline salts dissolved in the swimming pool water (WHO, 

2006). It acts as a buffer to neutralise acid, thereby preventing the fluctuation of pH levels (Shaw et al., 2009; 

Nova Scotia Department of Health and Wellness, 2014). Carbonates, bicarbonates, and hydroxides are 

predominantly the source of alkalinity in water, although other alkaline salts such as borate, silicates, 

ammonia, and phosphates can be the source (Ohrel and Register, 2006). Alkalinity does not have any known 

health effects but levels above 200 ppm result in water pH lock, i.e. water pH adjustment is difficult (Puetz, 

2013; Nova Scotia Department of Health and Wellness, 2014).  Furthermore, high alkalinity levels result in 

cloudy water (Ohrel and Register, 2006) and corroding or scaling on the pool equipment (Shaw et al., 2009).  

• Suspended solids  

Swimming pool water may contain a variety of solid impurities. The term used to describe these 

solid impurities in the swimming pool water is total suspended solids (Fondriest Environmental, Inc., 2014a). 

These solids are large enough (greater than 2 microns) and can not to pass through a 0.45 mm (Department 
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of Primary Industries, Parks, Water and Environment, 2019). Small particles that can pass through a 0.45 mm 

filter or are dissolved in water are referred to as the total dissolved solids. Due to the comparatively large 

size of the suspended solids, they do not dissolve and can be removed through the sedimentation process. 

high levels of suspended solids in water are aesthetically unsatisfactory for aquatic-based activities. 

Furthermore, such waters can block light penetration, consequently decreasing water clarity while increasing 

turbidity levels (Department of Water Affairs and Forestry, 1996). 

• Total dissolved solids (TDS) 

Water is a good solvent, it is colourless, odourless, and tasteless. It has the ability to dissolve an 

array of minerals or slats such as calcium, magnesium, potassium, sodium carbonates, nitrates, bicarbonates, 

chlorides, and sulphates (McNeil and Cox, 2000; Hubert and Wolkersdorfer, 2015). These minerals can either 

be positively charged (cations) or negatively charged (anions) and are smaller than 2 microns (0.0002 cm) 

(Fondriest Environmental, Inc., 2014b). TDS is an “aesthetic” water quality parameter, it indicates highly 

mineralised water (gives water bitter or salty taste), and does not necessarily indicate a health hazard 

(Meride and Ayenew, 2016). However, elevated levels of specific ions such as nitrate, arsenic, aluminium, 

copper, or lead, could pose a health risk (Jaishankar et al., 2014).  

• Turbidity  

Turbidity refers to the cloudiness of water caused by the presence of biological substances (e.g. 

plant debris and organisms) and suspended or dissolved solids (e.g. clay and silt) (Fondriest Environmental, 

Inc., 2014a). Although turbidity does not necessarily present a direct health risk, it indicates a possible 

presence of hazardous contaminants (WHO, 2017a). For example, turbid water can harbour pathogens and 

it can also indicate the ineffectiveness of the swimming pool water circulation system.   

• Odour and taste 

The water odour and taste are associated with the presence of unwanted aquatic organisms; or 

decaying organic matter such as algae; or concentration of substances (New Hampshire Department of 

Environmental Services, 2019). While these are “aesthetic” water quality parameters, they are considered to 

indicate the presence of contaminants that could possibly pose a health risk to the public.  

• Water clarity 

The clarity of water determines the depth to which light can penetrate. For this reason, poor water 

clarity is frequently associated with turbidity due to the presence of dissolved and suspended particulate 

matter in water (Nova Scotia Department of Health and Wellness, 2014). Poor water clarity can obscure the 
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view of the swimmers under the water. The simple method recommended by the Department of Water 

Affairs and Forestry. (1996) to determine the water clarity is through the use of Secchi disk visibility.  

2.5.2. Biological variables 

The risk of waterborne infections due to swimming pool waters are frequently linked to the presence 

of faecal contaminants (Nichols, 2006). Bathers are predominately the source of faecal contaminants in 

swimming pools although animals (such as birds and rodents) may also be the source especially in outdoor 

swimming pools (Papadopoulou et al., 2008). On the other hand, non-faecally derived outbreaks in 

swimming pools are frequently linked to various chemicals introduced to the pool water, either as part of 

the water treatment (Gopal et al., 2007; Teo et al., 2015) or from the bathers cosmetic products (e.g. body 

lotion, sunscreen or makeup) (Okeke and Lamikanra, 2001) or from non-faecal human shedding (e.g. from 

saliva, sweat, mucus, and vomit) (Papadopoulou et al., 2008). Well maintained and chemically balanced 

swimming pool water minimise the possible occurrence of waterborne infections (WHO, 2006). The 

maintenance is a multi-layered process and involves multiple aspects that should be noted and considered. 

Assessing microbial water quality is one of the aspects that should be noted since it reveals the overall 

health status of the water. 

The South African National Health Act (NHA), (Act No. 61 of 2003), (2) the WHO – guidelines for 

safe recreational water environments: Volume 2 (2006), and (3) the ANSI/APSP/ICC-11 2019 American 

National Standard for Water Quality in Public Pools and Spas water quality guidelines recommend assessing 

the microbial water quality of public and semi-public swimming pool waters. This assessment is commonly 

carried out by detecting the presence of microbiological indicators instead of directly testing for waterborne 

pathogens (Korajkic et al., 2018). This is largely due to the rare presence of pathogens in environmental 

waters and methods often used are expensive and formidable hence they are considered impractical (Ohrel 

and Register, 2006). Contrarily, the detection of microbiological indicators is relatively less-complicated and 

can be used as an early-warning system to signal water contamination (Al-Khatib et al., 2000; Emu Ltd., 

2006). The microbiological indicators often used to assess the microbial water quality can be classified into 

four categories: (1) bacteria (Escherichia coli (E. coli) O157:H7, Legionella spp. Pseudomonas spp., 

Mycobacterium spp., Leptospira spp., Shigella spp., and Staphylococcus aureus), (2) viruses (adenoviruses, 

hepatitis A, noroviruses, enteroviruses, molluscipoxvirus, papillomavirus, and adenoviruses), (3) protozoa 

(Giardia, Cryptosporidium, Naegleria fowleri, Acanthamoeba spp., and Plasmodium spp.), and (4) fungi 

(Aspergillus spp., Microsporum spp., Trichophyton spp., Epidermophyton spp. And Candida albicans) (WHO, 

2006). These microbiological indicators can either be faecally or non-faecally derived. 
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The microbiological indicators selected (or recommended) to assess the microbial water quality 

vary among countries and with various water uses (Korajkic et al., 2018). Equally so, in South Africa, they 

also vary among municipalities (guided by municipality by-laws). For example, the South African department 

of health (Republic of South Africa, 2013) recommends the use of microbiological indicators such as 

heterotrophic plate count (HPC), E. coli, Pseudomonas aeruqinosa, and legionella spp. When assessing the 

microbial water quality of public swimming pools while the department of water affairs and forestry 

(department of water affairs & forestry, 1996) recommends the use of Total coliform bacteria, faecal coliform 

bacteria, Escherichia coli, Enterococci (faecal streptococci), and Coliphages for assessment of the microbial 

safety of recreational water. Furthermore, the CoJ Metropolitan Municipality recommends the use of total 

viable bacteriological and Escherichia coli type 1 (CoJ Metropolitan Municipality, 2004).  

2.6. TECHNIQUES USED TO ASSESS WATER QUALITY 

The assessment of water quality reveals the health status of the targeted water body. As such, acquired 

information should be reliable and comparable for effective decision making. The traditional approach to 

assess water quality involves (1) in-situ measurements, (2) collection of water samples, and (3) laboratory 

analyses of the collected water samples (Usali and Ismail, 2010; Adu-Manu et al., 2017). Over the years, this 

approach has provided valuable and accurate information (Ritchie et al., 2003). It is a well-established and 

validated approach. However, the limitations of this approach have also been investigated and reported 

(Madrid and Zayas, 2007; Usali and Ismail, 2010; Amrita and Babiyola, 2018). The main limitation reported 

is the inability of the traditional approach to provide a full presentation of spatial and temporal variation of 

water quality in water bodies – the approach provides point measurements. The preservation of the 

collected water samples is another cautioned limitation. The initial composition of the collected samples 

should be maintained from sampling, transportation, until laboratory analyses – should not be altered. The 

preservation of collected water samples is vital since failure to do so can potentially produce inaccurate 

results. Madrid and Zayas (2007) reviewed the uncertainty brought forth by the techniques used during the 

collection of water samples. The following possible uncertainties may emerge during sampling:  

• The sampling method may not necessarily provide full representation of water quality variation 

in a waterbody and the collected water samples may be contaminated.  

• Few number of collected samples and replicates may result in the absence of complete water 

quality status.  

• The bottling of the collected water samples may also be the source of contamination – due to 

the container material and volatilisation.  
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• The quality of the samples may be degraded due to chemical reactions and settling of 

particulates.  

Studies highlighting possible limitations of using the traditional approach (Madrid and Zayas, 2007; Usali 

and Ismail, 2010; Amrita and Babiyola, 2018) led to the development and refinement of various techniques 

that were subsequently integrated to the traditional approach to overcome or minimise the above-

mentioned limitations and provide accurate results.  However, some techniques are applied separately and 

are not integrated into the traditional approach. Nonetheless, they still require data collected using the 

traditional methods for validation and verification purposes (Usali and Ismail, 2010; Wang and Yang, 2019). 

Methods developed include remote sensing and in-situ measurements using various water quality sensors 

and test kits.  

2.6.1. Water quality sensors 

       Multiple water quality parameters such as temperature, pH, and conductivity are recommended to be 

measured on site field since they are susceptible to change over time (WHO, 2006). Portable water quality 

sensors are distinctly designed for field use. Their beneficial use include (1) time efficiency, reduced time 

between sampling and measuring, providing real-time or near-real-time data; (2) unaltered measurements; 

(3) no loss of identification, labelling is not necessary since water samples are not collected; (4) safety, 

chemicals used (if any) are usually harmless; and (5) versatility, probes are designed to interact with various 

type of contaminants without being altered (Ballance, 1996; Rajeshwar and Ibanez, 1997; Vizcaíno et al., 

2018). The main objective of water quality sensors is to provide instant results of multiple water quality 

parameters (Raich, 2014).  

2.6.2. Water quality test kits  

       Assessing water quality can be a challenge where resources are limited. Water quality test kits are 

designed to assess water quality even in remote areas – where laboratory facilities do not exist or are limited. 

They are inexpensive and provide instant results (WHO, 2011). Their use does not require trained personnel 

although some level of knowledge is necessary to ensure equipment is properly used and results are 

correctly reported (Centre for Affordable Water and Sanitation Technology (CAWST), 2013). Chuang (2010) 

investigated the accuracy of water quality results obtained using the EC-Kit. The kit was used on multiple 

water sources, and the collected results were contrasted against the water quality results obtained using 

the Quanti-Tray® Test (laboratory standard method). The use of the Quanti-Tray® test is approved in over 

40 countries worldwide (including South Africa) for microbiological testing in various water types (IDEXX, 

2020). The comparison results revealed that microbiological indicators detected using the EC-Kit statistically 
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correlated to the ones measured using the Quanti-Tray® test. Naigaga et al. (2016) reported similar findings 

in a study assessing the reliability of water quality testing kits in pond aquaculture.  

2.6.3. Remote sensing in assessing water quality 

The main limitation of the conventional water testing methodologies is the inability to provide spatial 

or temporal variation of water quality parameters in a water body (Madrid and Zayas, 2007). As a result, 

technologies such as remote sensing and geographic information system (GIS) are occasionally preferred 

(Usali and Ismail, 2010). Remote sensing technology can be used to assess water quality since it can provide 

spatial and temporal variation of water quality parameters. Remote sensing is the science of collecting 

information about an object without being in physical contact with it (Lillesand et al., 2015) while GIS is a 

computer-based technology for mapping and analysing earth features and events. The application of 

remote sensing technology to monitor water quality emerged in the 1970s (Usali and Ismail, 2010). 

Thereafter, multiple studies have highlighted the beneficial use of remote sensing a as tool to assess water 

quality (Ritchie et al., 2003; Usali and Ismail, 2010; Information Resources Management Association (IRMA), 

2019). Up to date, this tool has been used to retrieve measurements of water quality parameters such as 

the concentration of chlorophyll-a and suspended sediments; biochemical oxygen demand (BOD); chemical 

oxygen demand (COD); coloured dissolved organic matter (CDOM); dissolved oxygen (DO); water 

temperature; pH; ammoniac nitrogen (NH3-N), suspended solids (SS) (Ritchie and Cooper, 1988; Ritchie et 

al., 2003; Usali and Ismail, 2010). Objects interact differently with the electromagnetic radiation thus they 

can be distinguished by their spectral reflectance signatures in the remotely sensed images (Bhattacharya 

et al., 2017). Remote sensing uses the spectral signature characteristics to acquire information about an 

object. With precise in-situ measurements for validation, remotely sensed data can be used to efficiently 

assess and monitor water quality (Wang and Yang, 2019). While this tool has immense potential to assess 

water quality, current satellite sensors have spectral and spatial resolution limitations to adequately 

characterise multiple water quality parameters (Ritchie et al., 2003). This limits the wide application of the 

tool to assess water quality. Furthermore, the application of this tool requires sophisticated computation 

techniques or models (Chawla, Karthikeyan and Mishra, 2020), accurate atmospheric correction of the 

satellite data (Sagan et al., 2020), and remotely sensed data (often costly to acquire) with high resolution to 

assess and monitor water quality.  

2.7. PRINCIPAL ANALYTICAL TECHNIQUES 

An array of methods are used to isolate and enumerate microbiological indicators (WHO, 2003). Each 

method has its own merits and limitations. It is therefore vital to select a method that will allow effective 

and accurate enumeration of the targeted indicator. The selection of the numeration method largely 
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depends on available resources and desired outcomes (Yates, 2007). Methods routinely used to analyse 

microbial water quality at the laboratory include, membrane filtration (MF) (WHO, 2001), most probable 

number (MPN) (Jagals et al., 2002), and presence-absence (P-A) (Grabow et al., 2000). A detailed procedure 

for each method is outlined in the standard methods for the examination of water and wastewater” (23rd 

edition) (Clesceri et al., 2017) as published by the American Public Health Association (APHA). 

2.7.1. Membrane-filtration method 

       The use of the membrane filter (MF) technique was initially introduced in the late 1950s as an alternative 

to the use of the most probable number (MPN) technique. The technique yields results faster, can analyse 

relatively large water sample volumes, and can distinctly isolate and enumerate discrete colonies of 

microorganisms (Karunasagar et al., 2018). However, the MF technique cannot analyse high turbid waters. 

The technique operation includes the trapping microorganisms on a relatively small pore size membrane 

filter (Gerba, 2015) and growing the trapped microorganisms in a nutrient broth medium at a specific 

temperature and required time (to allow the growth of microorganisms to form colonies) (Ohrel and 

Register, 2006). The nutrient broth medium used depends on the targeted indicator while the duration of 

the incubation depends on the nutrient medium used. Colonies grow in specific colours depending on the 

medium used and are manually counted. The number of targeted microorganisms is determined using the 

equation below.  

𝐶𝑜𝑙𝑜𝑛𝑦 𝑓𝑜𝑟𝑚𝑖𝑛𝑔 𝑢𝑛𝑖𝑡𝑠/100𝑚𝐿 ≡
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑚𝐿)
𝑥 100 

Equation 2.2 

Filters commonly used include, microfilters (0.05 – 1.0 µm), ultrafilters (0.005 – 0.5 µm), and nanofilters 

(0.0005 – 0.01 µm) (Wagner, 2001). The main difference between these filters is the pore size and the type 

of contaminants they can trap (Root, 2014). Microfilters can trap particulate material such as algae, clay, and 

bacteria while ultrafilters can remove all substances that can be removed by microfilters including multiple 

viruses (Wagner, 2001). Nanofilters can remove all substances that can be removed by microfilters and 

ultrafilters including salts and dissolved metals.  

2.7.2. Most probable number (MPN) method  

      The most probable number (MPN) method is used to statically estimate the number of viable 

microorganisms present in a test sample by replicating liquid broth in 10-fold dilutions (Karunasagar et al., 

2018). The method operates on the principle of dilution to extinction, i.e. the measured water sample is 

diluted until only one or a few viable microorganisms are present (Stewart, 2012). To conduct an analysis, a 
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measured water sample volume is diluted sequentially and inoculated in a lactose broth medium. 

Microorganisms present in the water sample uses the lactose to produce acid and gas (Rijal, 2017). The 

presence of acid is indicated by the medium change of colour while the presence of gas is indicated by gas 

bubbles – these are known as positive reactions. This test is known as the presumptive test. If the 

presumptive test yields a negative reaction, i.e. there is no colour change and gas production, then no 

further analyses are performed as the water is considered microbiologically safe. If the test yields a positive 

reaction, then a second test known as the confirmatory test is conducted (WHO, 2011b). There are instances 

where the confirmatory test yields false-positive results. As such, a third test known as the completed test 

is performed (Rijal, 2017). The present number of targeted microorganisms and 95% confidence limits are 

then determined by manually counting the number of positive tubes (in which the medium changed colour) 

(Jenkins, Endale, and Fisher, 2008) and compare their pattern to the standard statistical tables (Hach, 2020). 

While the MPN method has been widely used for years, it is time consuming, laborious, requires laboratory 

trained personnel, and frequently yield inaccurate results (Evans et al., 1981; Cullen and MacIntyre, 2017) 

Moreover, the method can only enumerate viable microorganisms. Unlike the MF technique, the MPN 

method is capable of analysing high turbid water samples (Karunasagar et al., 2018).  

2.7.3. Multiwell enzyme substrate tests 

      Coliforms produce the β-glucuronidase enzyme (Naratama and Santoso, 2020). The multiwell enzyme 

substrate tests use the chromogenic substrates such as chlorophenol red-β-D-galactopyranoside (CPRG) 

and ortho-nitrophenyl-β-D-galactopyranoside (ONPG) to detect the presence of β-glucuronidase enzyme 

produced by coliforms (Hὂrman and Hȁnninen, 2006; Mavridou et al., 2010). The test is performed by adding 

an enzyme substrate to a measured water sample volume, shaking the mixture vigorously, pouring the 

mixture into a tray (such as Colisure®, Colilert®-18), and then incubating it at a specific temperature and 

required time (Clesceri et al., 2017). The β-glucuronidase enzyme hydrolyses the substrate and a colour 

change in produced (if the targeted indicator is present). The fluorescence and yellow colour indicate a 

positive test for the presence of the coliforms (Sercu et al., 2011) (see Figure 2.4). The number of 

fluorescence and yellow wells corresponds to the MPN of coliforms in the water sample (Clesceri et al., 

2017). These changes are observed after 18 to 24 hours when ONPG is used and observed after 24 hours 

when CPRG is used.  
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Figure 2.4: IDEXX Colilert-18 Quanti-Trays: (a) unused tray (original state), (b) Yellow colour under normal 

light indicating the presence of coliforms, and (c) blue-white fluorescence under long-wavelength (365-366 

nm) ultraviolet (UV) light indicating the presence of coliforms, source (for picture A): (Gem Scientific Ltd, 2020), 

source (for picture B and C): (Tsuchioka et al., 2019) 

       Non-coliform microorganisms such as Pseudomonas pickettii have been reported to also produce the 

β-glucuronidase enzyme (Tryland and Fiksdal, 1998). However, their production for this enzyme is so low 

such that it is suppressed and does not produce a positive test reaction within the incubation period.   

2.7.4. Presence Absence Method 

      The presence-absence (P-A) test is the simplest modification of the MPN method (Clesceri et al., 2017). 

Similar to the multiwell enzyme substrate test, the P-A test detects the presence of the targeted indicator 

by observing a gas production, fluorescence, or colour change (yellow) on the analysed sample (Centres for 

Disease Control and Prevention (CDC), 2010). The test is performed by inoculating a measured water sample 

in a P-A broth and incubating the mixture at a specific temperature for the required time (Clesceri et al., 

2017) – this test is known presumptive test. If there is no colour change or fluorescence observed after the 

incubation period, the test is negative, indicating the absence of coliforms. However, if a colour change and 

fluorescence is observed, the test is positive, indicating the presence of coliforms. A second test known as 

the confirmatory test is then performed to confirm the presence of coliforms (to avoid false-positive tests). 

The confirmatory test is conducted by inoculating the culture material from the presumptive test to a 

fermentation tube containing Brilliant Green Bile Broth (BGLB) (Corry et al., 2003). If non-portable water 

samples are analysed and a colour change or fluorescence is observed after the confirmatory test, a third 

test known as the completed test is performed (Clesceri et al., 2017). The test is performed to verify the 

presence of coliforms in such waters.  
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2.7.5. H2S method  

Microorganisms such as Escherichia coli, Enterobacter, and Salmonella produce H2S (Sobsey and 

Pfaender, 2002). The H2S tests are designed to detect hydrogen sulphide (H2S) producing microorganisms. 

Similar to the multiwell enzyme substrate test and P-A test, the H2S tests detects the presence of the 

coliforms through observing a gas production or colour change on the analysed sample. The slight 

difference is that these tests use H2S produced by coliforms to detect their presence in water samples 

(Sobsey and Pfaender, 2002) while the multiwell enzyme substrate test uses the β-glucuronidase enzyme. 

However, the use of other testing techniques for faecal contamination in water is recommended instead of 

the H2S tests (Sobsey and Pfaender, 2002). This is largely due to inadequate reliable testing data in regions 

with temperate and cold climates. Nevertheless, the technique is commonly used since multiple studies 

have noted that the H2S tests are able to detect faecal contamination in water at the same rate and size as 

the traditional conventional methods (Venkobachar et al. 1994; Gawthorne et al., 1996; Genthe and Franck, 

1999; Manja et al., 2001). The test is conducted by inoculating a measured water sample volume into a 

container containing a nutrient broth medium and incubating the mixture at a specific temperature for the 

required time (presumptive test) (Mona et al., 2018). If a colour change and gas production are observed, 

then the test is positive and a second test (confirmatory test) is performed. This test is conducted by 

inoculating the culture material from the presumptive test to a fermentation tube containing the Eosin 

Methylene Blue Agar plate and then incubated.  

2.8. SUMMARY  

The health risks associated with poor swimming pool waters lead to the formation and adoption of 

regulations aimed to protect bathers from exposure to harmful levels of pathogens and chemicals. They 

provide a framework of managing and operating swimming pools to ensure public safety. The recirculation-

filtration system for swimming pools is designed to manage the quality of the swimming pool waters. The 

system operates continuously, except during the backwash process, to remove impurities and disinfect 

swimming pool water. Several filters are often used to remove impurities from swimming pool water, and 

these include sand filters and diatomaceous earth (DE) filters. There are three types of sand filters – slow 

sand filter, rapid sand filter, and roughing filter. Among these filters, the slow sand filter is considered the 

most effective. The use of rapid sand filters requires application of coagulation and flocculation to effectively 

treat high turbid swimming pool waters while roughing filters are often used to pre-treat water (remove 

impurities) without the addition of chemicals. These filters are susceptible to clogging due to accumulated 

impurities thereby decreasing the filter’s ability to treat water.  As such, periodic backwashing is vital to 

remove the accumulated impurities from the filter. While the recirculation-filtration system for swimming 
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pools is operated to provide safe water, is it important to assess the quality of the swimming pool water to 

ensure compliance with the established water quality guidelines. 

The microbial indicators are often used to assess the microbial water quality. Largely due to the lack of 

efficient and reliable methods to directly test for waterborne pathogens. On the other hand, the 

physicochemical water quality is characterised by measuring water quality parameters such as pH, 

conductivity, chlorine, dissolved oxygen (DO), water hardness, alkalinity, and cyanuric acid. Water quality 

test kits and water quality sensors are designed to measure multiple physical and chemical water quality 

parameters on site, simultaneously, and provide instant results. Studies assessing the quality of swimming 

pool water are limited in South Africa. As such, this study will characterise the water quality of selected 

public swimming pools by measuring multiple physical and chemical water quality parameters on site using 

water quality test kit and water quality sensors. The microbial water quality will be assessed by detecting 

present microbial indicators from the collected water samples. The collected water quality results will then 

be contrasted against established water quality guidelines to determine compliance.  
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CHAPTER 3  

STUDY AREA AND RESEARCH METHODOLOGY 

3.1. INTRODUCTION  

This Chapter incorporates the description of the study area and the selection criteria for the public 

swimming pools. The Chapter further includes the description of methods used (1) to measure multiple 

physical and chemical water parameters on-site, (2) to collect swimming pool water samples, and (3) to 

analyse the collected water samples at the laboratory. The statistical analysis performed to summarise, 

compare, and draw inferences about the collected water quality data are also included. The comparison 

analysis between the collected water quality results and the referenced water quality guidelines to 

determine compliance are enlisted. Lastly, the limitations experienced when undertaking the study are 

discussed. 

3.2. STUDY AREA DESCRIPTION  

The City of Johannesburg (CoJ) Metropolitan Municipality is located in the Gauteng province – one of 

the nine provinces in South Africa. The Gauteng province is divided into three metropolitan municipalities, 

namely, the City of Ekurhuleni, CoJ, and City of Tshwane as well as two district municipalities, namely, 

Sedibeng and Westrand (see Figure 3.1).  

 

Figure 3.1: Gauteng province municipalities 
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The Gauteng province has the largest population of approximately 15.5 million compared to all 

other South African provinces (Department of Statistics South Africa (StatsSA), 2020). The CoJ Metropolitan 

Municipality has a population of roughly 5.7 million (Macrotrends, 2020). In 2006, the administration of the 

municipality was centralised from eleven to seven regions (Figure 3.2). This was as a result of the regional 

approach implemented aiming to integrate and monitor service delivery (CoJ, 2006). 

 

Figure 3.2: The transformation of the CoJ Metropolitan Municipality regions 

3.3. CLIMATE  

The Gauteng province is situated in a temperate climatic region, which is characterised by a rainy, 

hot summer season (December–January–February (DJF)) and a dry, cold winter season (June–July–August 

(JJA)). The province typically receives a significant amount of rainfall during the autumn season (March–

April–May (MAM), and the occurrence of severe thunderstorms are predominant in late spring (September-

October-November (SON)) to early summer season. The mean annual rainfall of the province ranges 

between 600 to 800 mm/year.  

3.4. STUDY APPROACH  

Three objectives were formulated to adequately achieve the study aim. These objectives were 

addressed as follows: 
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Objective 1: 

The physical and chemical water quality parameters were all measured on-site, except suspended solids, 

which was measured at the laboratory. The Vansful 14-in-1 water quality testing strips were used to measure 

free available chlorine, total chlorine, alkalinity, water hardness, and cyanuric acid, while the EUTECH pH 450 

meter was used to measure pH and temperature. Furthermore, the EUTECH CON 450 meter was used to 

measure water conductivity and seven water samples (1 per swimming pool, per assessment cycle) were 

collected to measure suspended solids at the laboratory using the particulate gravimetric procedure. 

Objective 2: 

The microbial water quality was assessed by detecting the presence of E. coli and total faecal coliforms from 

the collected water samples at the laboratory. The 14 collected water samples (per assessment cycle; 2 per 

swimming pool; 1 for E. coli and 1 for total faecal coliforms analyses) were analysed using the IDEXX Colilert-

18 tray test (IDEXX-QC Coliform and E. coli or IDEXX-QC Feacal Coliform). 

Objective 3: 

The collected water quality results (comprising of physical, chemical, and biological water quality parameter 

measurements) were contrasted against acceptable swimming pool water quality guidelines. These 

guidelines were obtained from (1) the NHA, 2003 (Act No. 61 of 2003), (2) the WHO (2006), and (3) the 

ANSI/APSP/ICC-11 2019. 

The study was conducted using primary data only. This was done to ensure accuracy of the collected data, 

to adequately address the study objectives, and to provide real-time data (recent data).   

3.5. THE SELECTION OF SWIMMING POOLS  

The CoJ Metropolitan Municipality has a total of 58 swimming pools (CoJ, 2020). The majority of 

these swimming pools operate from 01 September to 31 March, while only a few operate throughout the 

year. For the collection of water samples and in-situ measurements of multiple physical and chemical water 

quality parameters, one swimming pool from each region was selected (Figure 3.3).  
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Figure 3.3: Selected public swimming pools within the CoJ Metropolitan Municipality. 

Although this study was undertaken when all the public swimming pools were supposed to be in operation, 

multiple public swimming pools were closed due to the COVID-19 pandemic and its related restrictions on 

the question of accessibility. As a result, the public swimming pools were selected based on their permitted 

accessibility during this pandemic and their area ranged between 25x11 and 25x15 m2 (see Table 3.1). 
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Table 3.1: The area of selected public swimming pools from each region within the CoJ Metropolitan 

Municipality. 

 

3.6. IN-SITU WATER QUALITY TESTING  

The vansful 14-in-1 water quality testing strips and water quality sensors (EUTECH pH 450 meter and 

EUTECH CON 450 meter) were used to measure several physical and chemical water quality parameters in 

situ. Temperature, conductivity, pH, free available chlorine, total chlorine, alkalinity, water hardness, and 

cyanuric acid were measured in-situ while suspended solids were measured at the laboratory using the 

gravimetric procedure (see Section 3.5 for the procedure followed to collect the water samples and Section 

3.6.1 for the analysis method). Equipment used in-situ to measure each physical and chemical water quality 

parameter is tabulated in Table 3.2.  

CoJ regions Selected public swimming

pools

Public swimming pool

area (m2) 

Region A Rabie Ridge Swimming Pool 25 x 15

Region B Robin Hills Swimming Pool 25 x 11

Region C Davidsonville Swimming Pool 25 x 11

Region D Meadowlands Swimming Pool 25 x 12

Region E Blairgowrie Swimming Pool 25 x 11

Region F Hofland park Swimming Pool 25 x 11

Region G Greyville Swimming Pool 25 x 15
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Table 3.2: Equipment used in-situ to measure each physical and chemical water quality parameter. 

 

Each water quality sensor was calibrated before use to ensure consistency and accuracy of the sensors 

readings. The Vansful 14-in-1 water quality testing strips are designed to measure: free available chlorine, 

pH, total alkalinity, hardness, iron, copper, lead, nitrate, nitrite, bromine, total chlorine, cyanuric acid, 

chromium/Cr, and fluoride. However, for the scope of this study, the water quality testing strips were used 

to measure free available chlorine, total chlorine, alkalinity, water hardness, and cyanuric acid. The use of 

the Vansful 14-in-1 water quality testing strips to measure physical and chemical water quality parameters 

on-site is displayed in Figure 3.4 below.  

Water quality parameters Water quality sensor and/or 

water quality test kit

pH EUTECH pH 450 meter

Temperature

Conductivity

Free available chlorine

Total chlorine

Alkalinity 

Water hardness

Cyanuric acid

EUTECH CON 450 meter 

Vansful 14-in-1 water quality 

testing strips
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Figure 3.4: The use of Vansful 14-in-1 water quality testing strips to measure physical and chemical water 

quality parameters in-situ. 

3.7. WATER SAMPLES COLLECTION  

A total of 7 water samples (1 per swimming pool) were collected for the measurements of 

suspended solids while 14 (2 per swimming pool; 1 for E. coli and 1 for total faecal coliforms analyses) were 

collected for microbial water quality analyses per assessment cycle. Different bottles were used to collect 

water samples in both cases. Water samples for microbial water quality analyses were collected using 120mL 

sterile plastic bottles containing sodium thiosulphate to neutralise free available chlorine (WHO, 2006) while 

250 mL polyethylene bottles were used to collect water samples for suspended solids measurements. The 

water samples were collected 20cm under the water surface. For the first cycle of water quality data 

collection, the water samples were collected in the morning (after the water treatment process) for only five 

selected swimming pools, namely, Robin Hills Swimming Pool, Davidsonville Swimming Pool, Meadowlands 

Swimming Pool, Blairgowrie Swimming Pool, and Greyville Swimming Pool. Unfortunately, due to the 

COVID-19 pandemic, all swimming pool facilities located within the CoJ Metropolitan Municipality were 

abruptly closed by late March 2020, thus constraining sampling framework.  As a result, water samples at 

the Hofland Park Swimming Pool and Rabie Ridge Swimming Pool were collected during the temporary 

closure period. For the second cycle of water quality data collection (January 2021), the water samples were 

collected in the morning for all selected public swimming pools. The bottles used to collect water samples 

for suspended solids analysis were filled to their full capacity while the bottles used to collect water samples 

for microbial water quality analyses were filled until a volume of 100mL was reached (leaving approximately 
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20mL gap unfilled). The purpose of leaving the 20mL gap unfilled was to ensure there is sufficient air space 

to add the testing reagents and to shake the mixture vigorously at the laboratory (in case sterile containers 

were not available for the analyses). The collected water samples were then placed inside an icebox and 

then transported to Waterlab PTY (LTD) – a SANAS accredited chemical and microbiological analysis 

laboratory in Pretoria. All analyses were performed within the 24hour of the water samples collection. 

3.8. LABORATORY ANALYSES  

The microbial water quality of collected water samples was analysed using the Colilert-18 technique 

while the particulate gravimetric procedure was used for the analysis of the suspended solids. The 

particulate gravimetric technique operates on a principle of measuring the weight of the remaining 

suspended solids after the measured water sample volume is evaporated, while the Colilert-18 technique is 

performed by mixing a measured water sample volume with contents of the IDEXX Colilert-18 test packet, 

incubating the mixture at a specific temperature for the required time, and observing the colour change.  

3.8.1. Measuring TSS 

The particulate gravimetric procedure was performed according to the standard methods for the 

examination of water and wastewater (23rd edition) (Clesceri et al., 2017) as published by the American Public 

Health Association (APHA). The procedure followed is entitled “2540D Total Suspended Solids Dried at 103-

105 OC”.  

3.8.2. Measuring Escherichia coli and total faecal coliforms  

The microbiological water quality was assessed using the IDEXX Colilert-18 test. The microbiological 

water quality was assessed using Colilert-18 test kit from IDEXX. The detection of each targeted 

microbiological indicator (E. coli and total faecal coliforms) was conducted according to the manufacturer’s 

instructions. To detect the targeted microbiological indicator (s), a measured water sample volume of 100mL 

was pipetted into a sterile bottle. Thereafter, contents (powder) of one IDEXX Colilert-18 test packet 

(designed for that specific analysis) were added. The mixture was then shaken vigorously until the powder 

was completely dissolved in the measured water sample. The mixture was then poured into the IDEXX 

Colilert-18 tray test (IDEXX-QC Coliform and E. coli or IDEXX-QC Feacal Coliform) and incubated at the 

temperature of 35OC for 22 hours to detect the presence of E. coli and at 44.5 OC to detect present total 

faecal coliforms. After the incubation period, results were interpreted as tabulated in Table 4.1 (Section 4.2 

in Chapter 4). 
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3.9. STATISTICAL ANALYSES  

The in-situ water quality results were recorded in a field book while the laboratory analysis results 

were recorded on a laboratory logbook. Both results were subsequently tabulated in a Microsoft 2016 Excel 

spreadsheet. The collected water quality data were double checked when entered into an Excel spreadsheet 

for quality purposes. The statistical analyses (both descriptive and inferential) were all performed using the 

Microsoft 2016 Excel software program.  

3.9.1. Descriptive statistical analysis 

The descriptive statistical analysis was performed to summarise and determine the distribution of the 

collected water quality data. Furthermore, they were executed to highlight the differences between the data 

collected in autumn and summer seasons. The following descriptive statistical analysis were performed: 

• measures of central tendency (mean, median, and mode) 

• measures of dispersion or variation (range, variance, standard deviation, and skewness) 

The following equations were used to calculate the above-mentioned descriptive statistical analysis: 

• Mean  

𝜇 =  
𝛴𝑥𝑖
𝑁

 

Where, µ is the mean of the water quality parameter  

 Σ is the sum of …. 

 𝑥𝑖 is the value of the water quality parameter per public swimming pool 

 N is the number of selected public swimming pools  

• Median  

 

𝑀𝑒𝑑𝑖𝑎𝑛 =  
(𝑛 + 1)

2
 

Where, n is the number of the selected public swimming pools  

• Mode  

The mode was determined by identifying the most frequently occurring value per water quality parameter.  
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• Range  

𝑅 = 𝐻 − 𝐿 

 

Where, R is the range of the water quality parameter  

 H is the highest value per water quality parameter  

 L is the lowest value per water quality parameter  

• Variance  

𝜎2 =
𝛴 (𝑋 − 𝜇)2

𝑁
 

Where, 𝜎 is the variance of the water quality parameter  

 Σ is the sum of …. 

 X is the value of the water quality parameter per public swimming pool 

 N is the number of the selected public swimming pools  

 µ is the calculated mean per water quality parameter  

• Standard deviation  

𝜎 =  √
𝛴(𝑥𝑖   −  µ)2

𝑁
 

Where, 𝜎 is the standard deviation of the water quality parameter  

 Σ is the sum of …… 

 𝑥𝑖 is the value of the water quality parameter per public swimming pool  

 µ is the calculated mean per water quality parameter  

N is the number of the selected public swimming pools 

• Adjusted Fisher-Pearson coefficient of skewness 
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𝐺1 = 
𝑛

(𝑛 − 1)(𝑛 − 2)
∑(

𝑥𝑖 − 𝑥 

𝜎
 )
3𝑛

𝑖=1

   

Where, G1 is the adjusted Fisher-Pearson coefficient of skewness 

𝜎 is the standard deviation of the water quality parameter  

 Σ is the sum of ….. 

 𝑥𝑖 is the value of the water quality parameter per public swimming pool   

n is the number of the selected public swimming pools 

 

3.9.2. Inferential statistical analysis 

The inferential statistical analysis was executed to test the null hypothesis, to measure statistical 

association (correlation), and draw inferences based on the water quality data collected in March 2020 and 

January 2021. The following inferential statistical analysis were performed: 

• Student’s t-test 

• Pearson correlation coefficient 

 

• Student’s t-test 

The student’s t-test, t was performed to determine whether there is a significant statistical difference 

between the means of the water quality data (per water quality parameter) collected in March 2020 (autumn 

season) and January 2021 (summer season) i.e. to determine whether to retain or reject the null hypothesis. 

The hypothesis testing was executed using the “t-Test: Paired Two Sample for Means” tool on Microsoft 2016 

Excel spreadsheet. The significance level, α, of 0.05 was set.  

 Since the α was set at 0.05, the p-values were interpreted as follows,  

p-value < 0.05 is statistically significant. It indicates evidence against the null hypothesis. Therefore, 

the null hypothesis was rejected, and the alternative hypothesis was accepted. 
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p-value > 0.05 is statistically nonsignificant and supports the null hypothesis. Therefore, the null 

hypothesis was accepted, and the alternative hypothesis was rejected. 

 

• Pearson correlation coefficient 

Another inferential statistical analysis performed was the Pearson correlation coefficient, r. This 

inferential statistical analysis was performed to measure the linear correlation between the water quality 

data (per water quality parameter) collected in March 2020 (autumn season) and January 2021 (summer 

season).  The following equation was used:  

𝑟 =  
𝑛(𝛴𝑥𝑎𝑦𝑠) − (𝛴𝑥𝑎)(𝛴𝑦𝑠)

√[𝑛𝛴𝑥𝑎
2 − (𝛴𝑥𝑎)

2] − [𝑛𝛴𝑦𝑠
2 − (𝛴𝑦𝑠)

2
 

Where, r is the Pearson correlation coefficient value  

n is the number of the selected public swimming pools 

 Σ is the sum of ….. 

xa is the value of the water quality parameter per public swimming pool during the autumn period 

ys is the value of the water quality parameter per public swimming pool during the summer period 

The r values range between −1 ≤ r ≤ 1. Where if,  

r = 1, indicates a positive relationship between the water quality data (per water quality parameter) 

collected in autumn and summer. 

R = 0, indicates that there was no relationship between the water quality data (per water quality 

parameter) collected in autumn and summer. 

R = -1, indicates a negative relationship between the water quality data (per water quality 

parameter) collected in autumn and summer. 
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3.9.3. Comparison analysis  

The comparison analysis between the collected water quality results and the swimming pool water 

standard guidelines were executed on the Microsoft 2016 Excel spreadsheet. The water quality guidelines 

for public swimming pools that the collected water quality results were contrasted against are tabulated in 

Table 4.4.  

3.10. DATA PRESENTATION  

The collected water quality data were divided into two – based on the season they were collected in. 

The March 2020 data were collected during the autumn season while the January 2021 data were collected 

during the summer season. The collected data as well as the descriptive and inferential statistical analysis 

outcomes were tabulated and presented in a table form. Furthermore, the results of each water quality 

parameter during both assessment seasons were presented in a histogram graph and interpreted based on 

the descriptive statistical analysis outcomes. The comparisons between the water quality data collected 

during the autumn and summer seasons were also presented in a histogram graph and interpreted based 

on the inferential statistical analysis outcomes. The comparison analysis outcomes between the collected 

water quality results (for both seasons) and the swimming pool water quality guidelines were presented in 

a histogram graph and red circles were used to highlight the water quality parameter measurement (s) that 

was non-compliant according to the referenced water quality guideline (s).  

3.11. ETHICAL CONSIDERATION  

Researchers have the fundamental principle responsibility and obligation to conduct ethically sound 

studies (Kjellstrom et al., 2010). Universities and regulatory bodies take extra caution to ensure and guard 

the dignity and safety of research participants. This study did not require or involve participants, as such, 

the ethics application was not submitted with the study proposal. However, the superintendents of the 

selected public swimming pools signed a consent letter to conduct the study in the area of their jurisdiction 

before the study was conducted.   

3.12. STUDY LIMITATIONS 

Necessary precautions were undertaken to minimise potential irregularities that may affect the accuracy 

of the results. While necessary precautions were considered, both expected and unexpected limitations 

were encountered, and these were as follows: 

• The NHA, 2003 (Act No. 61 of 2003) does not specify an acceptable limit or range for multiple water 

quality parameters (such as temperature, total chlorine, alkalinity, water hardness, cyanuric acid, and 

suspended solids) that are vital to assess in public swimming pool waters. As a result, comparison 
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analysis were not performed for these water quality parameters. This posed a limitation with regards to 

adequately fulfilling objective three of the study. 

• Due to the COVID-19 pandemic, all public swimming pool facilities within the CoJ Metropolitan 

Municipality were abruptly closed by late March 2020. As a result, the water quality results collected in 

March 2020 from the Hofland Park and Rabie Ridge public swimming pools were collected during this 

temporary closure period i.e. the swimming pool water was not disinfected when the data was collected.  

• The initial plan for the study was to collect the water quality data during the “off-season” (February to 

March) and during the “peak-season” (September to December) in the year 2020. However, due to 

lockdown restrictions as a result of the COVID-19 pandemic, the public swimming pool facilities were 

closed from late March 2020 until January 2021. As a result, the “peak-season” water quality data was 

collected in January 2021.  

• Furthermore, the study plan to collect water quality data during the four seasons (autumn, winter, 

spring, and summer) was not feasible since the selected public swimming pools only operate from 01 

September to 31 March (are closed during the winter season) and the public swimming pools were 

closed during the spring season (due to Covid-19 restrictions). Therefore, the water quality data was 

collected during the autumn and summer seasons only.  
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CHAPTER 4  

                                     DATA ANALYSES AND PRESENTATION OF RESULTS 

4.1. INTRODUCTION  

This Chapter presents all the results that emanated from this study. It provides the water quality results 

collected in March 2020 and in January 2021 from seven selected public swimming pools located within CoJ 

Metropolitan Municipality. The water quality results consist of measured physical and chemical water quality 

parameters as well as the detected microbiological water quality indicators. The data collected in March 

2020 (autumn season) represents the “off-season” water quality data since the number of bathers who were 

using the swimming pools at the time was low while the data collected in January 2021 (summer season) 

represents the “peak-season” water quality data since the number of bathers who were using the swimming 

pools within the Metropolitan Municipality was high. Furthermore, the IDEXX Colilert-18 test results 

interpretation 

4.2. IDEXX COLILERT-18 TEST RESULTS INTERPRETATION 

The IDEXX Colilert-18 test results were interpreted as tabulated in Table 4.1 after the incubation period.  

Table 4.1: IDEXX Colilert-18 test results interpretation 

 

The number of positive wells (yellow) was determined by evaluating the colour change against the 

comparator. Water samples with no colour or blue fluorescence change after the incubation period were 

Appearance Results 

Less yellow colour observed compared to the

comparator when incubated at 35°C or 44.5°C

Water samples negative for total faecal

coliforms and E. coli  presence

Yellow colour observed equal to or greater than

the comparator when incubated at 35°C
Water samples positive for E. coli  presence

Yellow colour observed equal to or greater than

the comparator when incubated at 44.5°C 
Water samples positive for faecal coliforms
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considered negative for the presence of E. coli and total faecal coliforms test. The water samples with yellow 

colour or blue fluorescence equal to or greater than the comparator when incubated at 35°C indicated 

positive E. coli presence test while those incubated at 44.5°C indicated positive total faecal coliforms 

presence test. The blue fluorescence change of the water samples was determined by using 365 nm 

ultraviolet (UV) light in a dark room environment. Positive wells for E. coli and total faecal coliforms were 

manually counted and the MPN table provided with the trays was used to obtain the Most Probable 

Number.  

4.3. COLLECTED WATER QUALITY DATA 

The water quality results (which consists of physical, chemical, and biological water quality parameter 

measurements) collected in March 2020 and January 2021 are presented in Table 4.2 and Table 4.3, 

respectively. The detailed interpretation of each water quality per season and comparisons between water 

quality parameter measurements collected during the autumn and summer season are entailed in Section 

5.4.  

Table 4.2: The water quality data collected from selected swimming pools in March 2020 
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Table 4.3: The water quality data collected from selected swimming pools in January 2021 

 

 

4.4. DESCRIPTIVE STATISTICAL ANALYSIS OUTCOMES  

The outcomes of the descriptive statistical analysis conducted to summarise and determine the 

distribution of the water quality data collected in March 2020 and January 2021 are indicated in Table 4.4 

and Table 4.5, respectively. The pH, temperature, and conductivity results collected in March 2020 as well 

as the pH and conductivity results collected in January 2021 did not have the most occurring measurement 

(mode value). The skewness value for the March 2020 free available chlorine results was invalid (#DIV/0!) 

due to an attempt to divide by zero (0).  

 

Water quality parameters Rabie Ridge Robin Hills Davidsonville Meadowlands Blairgowrie Hofland Park Greyville 

pH 6.65 6.73 6.71 6.81 6.74 6.92 4.48

Temperature (°C) 24.8 24.6 23.3 22.4 25.3 25.5 24.8

Conductivity (mS/m) 478.0 525.5 512.3 282.9 462.5 286.2 697.1

Free Chlorine (mg/L) 0.0 0.5 0.0 0.0 0.0 0.0 0.0

Total Chlorine (mg/L) 0.5 0.5 0.5 0.5 1.0 1.0 0.5

Alkalinity (mg/L) 0 0 0 80 0 80 0

Water Hardness (mg/L) 100 100 250 250 100 100 100

Cyanuric Acid (mg/L) 150 150 150 100 150 150 100

Suspended Solids (mg/L) 6.8 1.0 1.6 2.0 1.0 1.6 1.0

E. coli  (CFU/100mL) 2 0 69 0 6 0 0

Total Faecal Coliforms

(CFU/100mL)

200 0 7400 0 16 0 220
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Table 4.4: The outcomes of the descriptive statistical analysis for the data collected in March 2020 

 

#N/A = Not applicable to the data set; #DIV/0! = invalid calculation due to an attempt to divide by 0.  

Table 4.5: The outcomes of the descriptive statistical analysis for the data collected in January 2021 

 

#N/A = Not applicable to the data set 

Water quality 

parameters
Mean Median Mode Minimum Maximum Variance SD* Skewness

2020 - pH 6.78 6.78 #N/A 6.69 6.91 0.01 0.08 0.61

2020 - Temperature

(°C)

22.30 22.20 #N/A 20.90 23.80 1.05 1.02 0.27

2020 - Conductivity

(mS/m)

430.09 479.50 #N/A 256.20 649.10 25064.24 158.32 0.07

2020 - Free Available

Chlorine (mg/L)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 #DIV/0!

2020 - Total Chlorine

(mg/L)

1.50 1.00 1.00 0.50 5.00 2.42 1.55 2.56

2020 - Alkalinity

(mg/L)

5.71 0.00 0.00 0.00 40.00 228.57 15.12 2.65

2020 - Water

Hardness (mg/L)

125.00 100.00 100.00 25.00 250.00 8125.00 90.14 0.78

2020 - Cyanuric Acid

(mg/L)

161.43 150.00 150.00 100.00 240.00 3380.95 58.15 0.60

2020 - Suspended

Solids (mg/L)

2.86 1.00 1.00 1.00 7.60 6.98 2.64 1.19

2020 - E. coli

(CFU/100mL)

4 2 0 0 13 24.33 4.93 1.10

2020 - Total Faecal

Coliforms 

(CFU/100mL)

1332.71 50 0 0 7700 8027158.24 2833.22 2.55

Water quality 

parameters
Mean Median Mode Minimum Maximum Variance SD* Skewness

2021 - pH 6.43 6.73 #N/A 4.48 6.92 0.75 0.87 -2.59

2021 - Temperature

(°C)
24.39 24.80 24.80 22.40 25.50 1.26 1.12 -1.12

2021 - Conductivity

(mS/m)
463.50 478.00 #N/A 282.90 697.10 20842.88 144.37 0.13

2021 - Free Available

Chlorine (mg/L)
0.07 0.00 0.00 0.00 0.50 0.04 0.19 2.65

2021 - Total Chlorine

(mg/L)
0.64 0.50 0.50 0.50 1.00 0.06 0.24 1.23

2021 - Alkalinity

(mg/L)
22.86 0.00 0.00 0.00 80.00 1523.81 39.04 1.23

2021 - Water

Hardness (mg/L)
142.86 100.00 100.00 100.00 250.00 5357.14 73.19 1.23

2021 - Cyanuric Acid

(mg/L)
135.71 150.00 150.00 100.00 150.00 595.24 24.40 -1.23

2021 - Suspended

Solids (mg/L)
2.14 1.60 1.00 1.00 6.80 4.37 2.09 2.46

2021 - E. coli

(CFU/100mL)
11 0 0 0 69 659.00 25.67 2.61

2021 - Total Faecal

Coliforms 

(CFU/100mL)

1119.43 16 0 0 7400.00 7679468.95 2771.19 2.64
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4.5. RESULTS FROM INFERENTIAL STATISTICAL ANALYSIS  

The results of the inferential statistical analysis conducted to test the null hypothesis and draw 

inferences based on the water quality data collected in March 2020 and January 2021 are presented in Table 

4.6. The temperature p-value was considered statistically significant since it was < 0.05 while the p-value (> 

0.05) of pH, conductivity, free available chlorine, total chlorine, alkalinity, water hardness, cyanuric acid, 

suspended solids, E. coli, and total faecal coliforms were considered statistically insignificant. The Pearson's 

correlation (r) values < 0 indicated a negative linear correlation between the water quality data (per water 

quality parameter) collected in autumn and summer while the r values > 0 indicated a positive linear 

correlation. The r value for the free available chlorine was invalid (#DIV/0!) due to an attempt to divide by 

zero (0).  

Table 4.6: Inferential statistical analysis between the data collected during autumn and summer seasons. 

 

#DIV/0! = invalid calculation due to an attempt to divide by 0.  

4.6. COMPARISON ANALYSIS  

The comparison analysis between the collected water quality results and the swimming pool water 

standard guidelines were executed on the Microsoft 2016 Excel spreadsheet. The water quality guidelines 

Water quality parameters p -value Pearson Correlation

pH 0.36 -0.70

Temperature (°C) 0.00 0.80

Conductivity (mS/m) 0.55 0.59

Free Available Chlorine

(mg/L)
0.36 #DIV/0!

Total Chlorine (mg/L) 0.21 -0.22

Alkalinity (mg/L) 0.36 -0.26

Water Hardness (mg/L) 0.76 -0.66

Cyanuric Acid (mg/L) 0.34 -0.10

Suspended Solids (mg/L) 0.32 0.75

E. coli  (CFU/100mL) 0.52 -0.22

Total Faecal Coliforms

(CFU/100mL)
0.90 -0.21



75 | P a g e  
 

for public swimming pools that the collected water quality results were contrasted against are tabulated in 

Table 4.7.  

 

Table 4.7: Water quality standard guidelines for public swimming pools 

 

* = adapted from the SANS 241:2015 

The NHA, 2003 (Act No. 61 of 2003), WHO (2006), and ANSI/APSP/ICC-11 2019 water quality 

guidelines do not specify acceptable conductivity limit or range for waters in public swimming pools. 

However, since the selected public swimming pools are located within the CoJ Metropolitan Municipality, 

the CoJ Metropolitan Municipality (2004) by-laws were used. The by-laws require the quality of water 

supplied to public swimming pools to comply with the requirements stipulated in the South African National 

Standard (SANS) 241. As a result, the collected conductivity results were contrasted against the SANS 

241:2015 acceptable conductivity limit. 

 

Water quality 

parameters and/or 

indicators

National Health Act, 

2003
 WHO. (2006) ANSI/APSP/ICC-11 2019

pH 7.2 - 7.8 7.2 - 7.8 7.2 - 7.8

Temperature - 10 - 25ºC < 104 °F (40 °C)

Conductivity ≤170 mS/m* - -

Free Available chlorine 0.5 to 3 mg/L ≤ 3 mg/L 2.0 - 4.0 ppm 

Total chlorine - - -

Water hardness - - 150 - 1000  ppm as CaCo3

Alkalinity - - 60 - 180 ppm as CaCo3

Cyanuric acid - 50 to 100 mg/L 100 ppm 

Suspended solids - - -

E. coli <1 per 100 ml water <1 per 100 ml -

Total faecal coliforms <1 per 100 ml water - -

Physicochemical water parameters 

Microbiological water quality indicators
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4.7. COMPARISON OF RESULTS AND WATER QUALITY DATA INTERPRETATION  

The collected water quality data were contrasted against acceptable swimming pool water quality 

guidelines. These guidelines were obtained from (1) the NHA, 2003 (Act No. 61 of 2003), (2) the WHO (2006), 

and (3) the ANSI/APSP/ICC-11 2019. The comparisons were conducted to determine whether the collected 

water quality data complies with the established water quality guidelines. However, as mentioned in Chapter 

Three, the acceptable limit or range for multiple water quality parameters that are vital to assess in public 

swimming pool facilities are not stipulated in the referenced guidelines. As a result, there were no 

comparison analysis for those water quality parameters.  

4.7.1. pH 

• Autumn pH measurements  

Figure 4.1 shows the pH results collected during the autumn season from seven selected public 

swimming pools located within the CoJ Metropolitan Municipality. As presented in the Figure, the collected 

measurements ranged between 6.69 (minimum value) and 6.91 (maximum value) and no value frequently 

occurred. As a result, the mode value was found to be non-applicable to this data set. The pH results had 

an equal mean and median value (6.78). Based on the minimum, maximum, median, and mean values, it 

can be seen that the pH results were clustered and not widely spread out. This tendency was further 

supported by the variance value of 0.01 and the standard deviation value of 0.08. Regarding the data 

skewness, the adjusted Fisher-Pearson coefficient of skewness value was found to be 0.61, which indicated 

that the collected measurements were positively skewed and slightly symmetrical – largely due to the mean 

and median value being equal.  

 

Figure 4.1: pH measurements collected during the autumn season  
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• Summer pH measurements  

Figure 4.2 depicts the pH results that were collected during the summer season. The lowest recorded 

measurement was 4.48 while the highest was 6.92. The data set did not have any value which frequently 

occurred. As a result, the mode did not apply to the collected measurements. Regarding other measures of 

central tendency, the mean value was 6.43 while the median value was 6.73. Greyville had the lowest pH 

measurement – which was considered to be an outlier (data point differed significantly from others). Other 

public swimming pools had pH measurements that ranged between 6.65 and 6.92 while Greyville had a pH 

measurement of 4.48. The data set had a variance of 0.75 and a standard deviation of 0.87. The data 

distribution was asymmetric and positively skewed. This finding was deduced from the adjusted Fisher-

Pearson coefficient of skewness value of 0.78. 

 

Figure 4.2: pH measurements collected during the summer season  

• Comparisons between the pH measurements  

The comparison outcomes between the pH measurements collected during the autumn and summer 

season are shown in Figure 4.3. There were no instances where the selected public swimming pools had 

equal pH measurements or had a value that frequently occurred. Instead, pH measurements decreased from 

the autumn season to the summer season at Rabie Ridge, Davidsonville, Greyville public swimming pools. 

The opposite trend was observed at other public swimming pools, namely, Robin Hills, Meadowlands, 

Blairgowrie, and Hofland Park. The pH measurements of these public swimming pools increased from the 

autumn season to the summer season. The data set had a probability value (p-value) of .36, which indicated 

strong evidence against the alternative hypothesis. Since the p-value > .05, it was concluded the difference 
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among the data sets mean values were statistically nonsignificant, hence the null hypothesis was retained, 

and the alternative hypothesis was rejected. The Pearson's correlation coefficient of -0.70 indicated a strong 

negative linear correlation between the pH measurements collected during the autumn and summer 

seasons.  

 

Figure 4.3: Comparisons between the pH measurements collected during the autumn and summer season 

• Comparisons between pH measurements and standard water quality guidelines.  

The NHA, 2003 (Act No. 61 of 2003), WHO (2006), and ANSI/APSP/ICC-11 2019 water quality guidelines 

have the same acceptable pH range for waters in public swimming pools. The guidelines recommend the 

pH levels to range between 7.2 (minimum limit) and 7.8 (maximum limit) in such waters. With reference to 

the data presented in Figure 4.1. and Figure 4.2, the pH measurements that were collected during the 

autumn season ranged between 6.70 and 6.91 while the measurements collected during the summer season 

ranged between 4.48 and 6.92. During both assessment seasons, the selected public swimming pools had 

pH measurements that were below the acceptable minimum limit stipulated in the NHA, 2003 (Act No. 61 

of 2003), WHO (2006), and ANSI/APSP/ICC-11 2019 water quality guidelines. The red circles in Figure 4.4 

highlight the non-compliance of the collected pH results when contrasted against the acceptable pH range.  
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Figure 4.4: Comparisons between the pH measurements collected during the autumn and summer season and 

the standard water quality guidelines. 

4.7.2. Temperature 

• Autumn temperature measurements  

Figure 4.5 shows the temperature results collected during the autumn season. The lowest temperature 

measurement was 20.80 OC and the highest was 23.80 OC. The data set had no value which frequently 

occurred hence the mode value was found to be invalid – not applicable to the data set. The dataset had a 

mean value of 22.30 OC and a median value of 22.20 OC. The lowest, highest, mean, and median values 

indicated that the measurements were clustered and not widely spread out over a large range of values. 

They only ranged between 20.80 OC and 23.80 OC while the mean value was 22.30 OC. The variance value of 

1.05 OC2 and standard deviation value of 1.02 OC supported this observation. The adjusted Fisher-Pearson 

coefficient of skewness value of 0.27 further indicated that the measurements were positively skewed and 

fairly symmetrical, i.e. the mean and the median values were approximately equal (mean was 22.30 OC while 

the median was 22.20 OC). 
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Figure 4.5: Temperature measurements collected during the autumn season  

• Summer temperature measurements 

Figure 4.6 illustrates the temperature results collected during the summer. The results had a mean 

value of 24.39 OC and an equal median and mode value of 24.80 OC. The value that frequently occurred 

(mode) was measured in Rabie ridge and Greyville public swimming pools. Regarding the measures of 

dispersion or variation of the data set, the variance was 1.26 OC2 and the standard deviation was 1.12 

OC. Both values together with the measures of central tendency indicated that the temperature results 

were clustered, fairly close to the data set mean value, and not widely spread out over an array of 

substantial values. The temperature measurements ranged between 22.40 OC (minimum value) and 

25.50 OC (maximum value) while the mean value was 24.39 OC. The data set had the adjusted Fisher-

Pearson coefficient of skewness value of -1.12. Based on the skewness, variance, and standard deviation 

values, an inference that the temperature measurements were negatively skewed and fairly symmetrical 

was drawn. The latter inference was also based on the mean value being approximately equal to the 

median and mode value of 24.80 OC.  
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Figure 4.6: Temperature measurements collected during the summer season  

• Comparisons between the temperature measurements  

Figure 4.7 depicts the comparisons between the temperature measurements collected during the 

autumn and summer seasons from the selected public swimming pools. The observed discrepancy 

between both data sets was the temperature measurements collected during the autumn season were 

lower than the measurements collected during the summer season. This observation was also 

supported by the mean values of both data sets. As presented in Table 4.3 and Table 4.4, the autumn 

temperature measurements had a mean value of 22.30 OC while the summer measurements had a mean 

value of 24.39 OC.  The data sets had a p-value < .001 while Pearson's correlation coefficient value was 

0.80. Since the p-value< .05, the null hypothesis was rejected, and the alternative hypothesis was 

retained i.e. a statistically significant difference existed between the temperature measurements 

collected during both assessment seasons. The Pearson's correlation coefficient value gave basis to 

reason that a strong positive correlation existed between both data sets.  
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Figure 4.7: Comparisons between the temperature measurements collected during the autumn and summer 

season 

• Comparisons between temperature measurements and standard water quality guidelines. 

The NHA, 2003 (Act No. 61 of 2003) guidelines do not stipulate acceptable temperature range and/limit 

for waters in public swimming pools. The WHO (2006) and the ANSI/APSP/ICC-11 2019 guidelines stipulate 

different acceptable temperature range and/or limit for such waters. The acceptable range according to the 

WHO (2006) guidelines is 10 OC to 25OC while according to the ANSI/APSP/ICC-11 2019 is a limit of ≤ 40 

OC. Blairgowrie and Hofland Park were the only public swimming pools that had temperature measurements 

that were non-compliant according to the WHO (2006) guidelines. Noticeably so, the non-compliant 

measurements were both collected during the summer season. Blairgowrie had a temperature 

measurement of 25.3 OC while Hofland Park had a measurement of 25.5 OC. Both measurements exceeded 

the acceptable maximum limit of 25 OC stipulated in the WHO (2006) guidelines. The red circles in Figure 

4.8A highlight the non-compliance of temperature measurements from both public swimming pools. On 

the other hand, the selected public swimming pools all had temperature measurements that were within 

the limit stipulated in the ANSI/APSP/ICC-11 2019 guidelines hence there were no red circles in Figure 4.8 

B to highlight the non-compliance.  
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Figure 4.8: Comparisons between temperature measurements collected during the autumn and summer 

season and the standard water quality guidelines. A= comparisons against the WHO (2006); B= comparisons 

against the ANSI/APSP/ICC-11 2019. 

 

 

 

A 
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4.7.3. Electrical conductivity  

• Autumn conductivity results  

The conductivity results that were collected during the autumn season are presented in Figure 4.9. 

The lowest conductivity value was 256.20 mS/m and the highest value was 649.10 mS/m. Regarding 

measures of central tendency, the mean value was 430.09 mS/m while the median value was 479.50 

mS/m. The data set did not have any value which frequently occurred. The variance and standard 

deviation values were found to be 25064.24 mS/m2 and 158.32 mS/m, respectively. Both values were 

sizeable and based on them, an inference that the conductivity results were widely spread out over a 

large range of values and far from the mean value was made. The adjusted Fisher-Pearson coefficient 

of skewness value was found to be 0.07. Since the skewness value was relatively 0, a further inference 

that the conductivity results were slightly skewed was further drawn. While the skewness value of zero 

can be considered to indicate symmetrically distributed data, such inference was not made about this 

data set. Largely due to the mean, median, and mode values not being equal.  

 

  

Figure 4.9: Conductivity results collected during the autumn season  

• Summer conductivity results  

Figure 4.10 presents the conductivity results which were collected during the summer season. The 

conductivity measurements ranged between 282.90 mS/m (minimum value) and 697.10 mS/m (maximum 

value). No value frequently occurred hence the “error” outcome on the mean value in Table 4.4.  The data 

set had a variance of 2084.88 mS/m2 and a standard deviation of 144.73 mS/m. Based on these values and 
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the mean, median, minimum and maximum values, a conclusion that the conductivity results were widely 

spread out over an array of substantial values and also far from the mean value was made. The data set 

values ranged between 282.90 mS/m and 697.10 mS/m while the mean and median values were found to 

be 463.50 mS/m and 478.00 mS/m, respectively. The adjusted Fisher-Pearson coefficient of skewness value 

was found to be 0.13, which indicated that the conductivity results were positively skewed.   

 

 

Figure 4.10: Conductivity results collected during the summer season  

• Comparisons between the conductivity results   

Figure 4.11 illustrates the comparison between the conductivity results collected during the autumn 

and summer seasons. Based on these patterns, there were pronounced and minor differences. The levels of 

conductivity decreased from the autumn season to the summer season at the following three public 

swimming pools - Rabie Ridge, Robin Hills, and Blairgowrie. However, the reverse pattern was observed at 

Davidsonville, Meadowlands, Hofland Park, and Greyville. These public swimming pools had conductivity 

levels that increased from the autumn season to the summer season. Results from both assessment seasons 

fairly and/or moderately varied per selected public swimming pool. Meadowlands and Hofland Park had 

fairly varying conductivity measurements during both seasons. For instance, Meadowlands had a 

conductivity measurement of 266.8 mS/m during the autumn season and a measurement of 282.9 mS/m 

during the summer season while Hofland had a conductivity measurement of 256.2 mS/m during the 

autumn season and a measurement of 286.2 mS/m during the summer season. This fair or moderate 

variation among the data sets was supported by the relevant p-value and Pearson's correlation coefficient 
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value. The data sets had a p-value of .55 and the Pearson's correlation coefficient value of 0.59. Since the p-

value > .05, the null hypothesis was retained i.e. the difference between the two data sets was statistically 

insignificant thus the alternative hypothesis was rejected. Furthermore, based on the Pearson's correlation 

coefficient value, a moderate positive correlation existed between both conductivity results.   

 

Figure 4.11: Comparisons between the conductivity results that were collected during the autumn and summer 

season 

• Comparisons between conductivity results and CoJ Metropolitan Municipality (2004) by-laws 

As mentioned in Chapter 3, the NHA, 2003 (Act No. 61 of 2003), WHO (2006), and ANSI/APSP/ICC-11 

2019 guidelines do not specify the acceptable conductivity limit or range for waters in public swimming 

pools. However, since the selected public swimming pools are located within the CoJ Metropolitan 

Municipality, conductivity results were contrasted against the acceptable conductivity limit stipulated in the 

CoJ Metropolitan Municipality (2004) by-laws. As shown in Figure 4.12, the selected public swimming pools, 

during both assessment seasons, had conductivity measurements that were non-compliant to the 

acceptable conductivity limit stipulated in the by-laws. The acceptable limit according to the by-laws is ≤ 

170 mS/m. The autumn conductivity measurements ranged between 256.20 mS/m and 649.10 mS/m while 

the summer measurements ranged between 282.90 mS/m and 697.10 mS/m. These measurements during 

both assessment seasons exceeded the acceptable limit. The red circles in Figure 4.12 highlight the non-

compliance of the data set against the acceptable conductivity limit stipulated in the CoJ Metropolitan 

Municipality (2004) by-laws. 
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Figure 4.12: Comparisons between conductivity results collected during the autumn and summer season and 

the CoJ Metropolitan Municipality (2004) by-laws 

4.7.4. Free available chlorine 

• Autumn free available chlorine measurements   

The above Figure 4.13 presents the free available chlorine measurements collected during the autumn 

season. The selected public swimming pools all had a free available chlorine measurement of 0.0 mg/L i.e. 

there was no free chlorine available to continue disinfecting the waters and subsequently inactivating 

disease-causing organisms. As shown in Table 4.3, the mean, median, mode, minimum, maximum, variance, 

and standard deviation values of the data set were equal (0.0 mg/L, and 0.0 mg/L2 in the case of the 

variance). On the other hand, as shown in Chapter 3, a standard deviation value is required when calculating 

the skewness of a data set. The standard deviation value of this data set was 0 mg/L and any value divided 

by zero is undefined. Due to this, the adjusted Fisher-Pearson coefficient of skewness value was invalid – 

cannot divide by 0. As a result, an inference of the data skewness was not drawn.  
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Figure 4.13: Free available chlorine measurements collected during the autumn season  

• Summer free available chlorine measurements   

Figure 4.14 illustrates the free available chlorine measurements collected during the summer season. 

With the exception of Robin Hills, other selected public swimming pools had free available chlorine 

measurements of 0.0 mg/L. Robin Hills had a free available chlorine measurement of 0.5 mg/L. The data set 

had a mean value of 0.07 mg/L and an equal median, mode, and minimum value of 0.0 mg/L. The weak 

variance among the data points was supported by the variance value of 0.04 mg/L2. This value indicated 

that the free available chlorine measurements were clustered, close to the mean value, and to each other. 

The standard deviation value of 0.19 mg/L further supported the latter observation. The adjusted Fisher-

Pearson coefficient of skewness value was found to be 2.65, indicating a positively skewed data distribution.  

 

Figure 4.14: Free available chlorine measurements collected during the summer season  
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• Comparisons between the free available chlorine measurements  

Figure 4.15 illustrates comparisons between the free available chlorine levels collected during the 

autumn and summer seasons. Based on these results, Robin Hills had an outlier of free available chlorine 

level of 0.5 mg/L during the summer season. Other selected public swimming pools had free available 

chlorine levels of 0.0 mg/L during both assessment seasons. Table 4.3 and Table 4.4 shows that the data 

sets had different mean values – largely due to the outlier measurement. This then provided basis for the 

p-value being greater than .05 (p-value = .36). The calculated p-value indicated that a statistically 

insignificant difference exists between the data sets. Thus, the null hypothesis was retained, and the 

alternative hypothesis was rejected. The Pearson's correlation coefficient was invalid since any value divided 

by zero is undefined (see the Pearson's correlation coefficient formula listed in Chapter 3). As a result, a 

conclusion on the strength and direction of a linear relationship between the data sets was not drawn.  

 

Figure 4.15: Comparisons between the free available chlorine levels collected during the autumn and summer 

season 

• Comparisons between free available chlorine measurements and standard water quality 

guidelines.  

The NHA, 2003 (Act No. 61 of 2003), WHO (2006), and ANSI/APSP/ICC-11 2019 water quality guidelines 

have different acceptable free available chlorine range and/or limit for waters in public swimming pools. 

The acceptable limit according to the WHO (2006) guidelines is ≤ 3 mg/L (Figure 4.16B) while the acceptable 

range according to the NHA, 2003 (Act No. 61 of 2003) and ANSI/APSP/ICC-11 2019 is 0.5 mg/L to 3 mg/L 

(Figure 4.16A) and 2 ppm to 4 ppm (Figure 4.16 C), respectively. The selected public swimming pools all had 
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free available chlorine measurements that were non-compliant to the range stipulated in the 

ANSI/APSP/ICC-11 2019 guidelines. They had measurements that were below the minimum acceptable limit 

of 2 ppm during both assessment seasons. Similarly, except the Robin Hills public swimming pool which 

had a free available chlorine measurement of 0.5 mg/L during the summer season, the selected public 

swimming pools had free available chlorine measurements that were non-compliant to the NHA, 2003 (Act 

No. 61 of 2003) guidelines (measurements were below the recommended minimum limit of 0.5 mg/L). On 

the contrary, the same free chlorine measurements were compliant with the acceptable limit stipulated in 

the WHO (2006) guidelines. The red circles in Figure 4.16A and Figure 4.16C highlight the public swimming 

pools which had free chlorine measurements that were non-compliant to the range stipulated in the NHA, 

2003 (Act No. 61 of 2003) and ANSI/APSP/ICC-11 2019 guidelines, respectively.    
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Figure 4.16: Comparisons between the free available chlorine measurements collected during the autumn and 

summer season and the standard water quality guidelines. A= comparisons against the NHA, 2003 (Act No. 

61 of 2003); B= comparisons against the WHO (2006); C= comparisons against the ANSI/APSP/ICC-11 2019. 

B 

C 
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4.7.5. Total chlorine 

• Autumn total chlorine measurements   

The total chlorine results that were collected during the autumn season are presented in Figure 4.17. 

The total chlorine levels ranged between 0.50 mg/L (minimum value) and 5.00 mg/L (maximum value). Robin 

Hills had the highest total chlorine measurement while Greyville had the lowest. However, Rabie Ridge, 

Davidsonville, Meadowlands, Blairgowrie, and Hofland exhibited an equal total chlorine level of 1.0 mg/L. 

In terms of the calculated measures of central tendency, the mean was 1.50 mg/L whereas the median and 

mode were equal (1.00 mg/L). The value which frequently occurred (mode) was measured at Rabie Ridge, 

Davidsonville, Meadowlands, Blairgowrie, and Hofland public swimming pools. The data set had a variance 

of 2.42 mg/L2 and a standard deviation of 1.55 mg/L. Regarding the total chlorine results skewness, the 

adjusted Fisher-Pearson coefficient of skewness value was 2.56, indicating a positively skewed and 

asymmetrically distributed data set. Hence, the right-handed tailed was longer than the left-handed tail.  

 

 

Figure 4.17: Total chlorine measurements collected during the autumn season  

• Summer total chlorine measurements   

Figure 4.18 exhibits the total chlorine levels that were collected during the summer season from seven 

selected public swimming pools. As shown in the Figure, the total chlorine levels ranged between 0.50 mg/L 

(minimum value) and 1.00 mg/L (maximum value).  Blairgowrie and Hofland Park were the only public 

swimming pools that had a total chlorine level of 1.0 mg/L. Other selected public swimming pools had a 

total chlorine level of 0.5 mg/L. The median and mode values were 0.50 mg/L while the mean was 0.64 
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mg/L. The minimum, mean, median, mode, and maximum values indicated a weak variance among the data 

set. The same conclusion was further supported by the variance value of 0.06 mg/L2 and the standard 

deviation value of 0.24. mg/L. The adjusted Fisher-Pearson coefficient of skewness value was found to be 

1.23, indicating that the data set was highly positively skewed.  

 

Figure 4.18: Total chlorine measurements collected during the summer season  

• Comparisons between the total chlorine measurements  

Figure 4.19 shows the comparison between the total chlorine levels collected during the autumn and 

summer season. Robin Hills had an outlier total chlorine level - the value differed significantly from others. 

Other selected public swimming pools had total chlorine levels that were either equal of slightly varied 

during both assessment seasons. For instance, Blairgowrie and Hofland Park had a total chlorine 

measurement of 1.0 mg/L during both assessment seasons while Greyville had a measurement of 0.5 mg/L 

during both seasons. Noticeably, the Rabie Ridge, Davidsonville, and Meadowlands had a total chlorine 

measurement of 1.0 mg/L during the autumn season which decreased to 0.5 mg/L during the summer 

season. The data set had a p-value of .21 and a Pearson's correlation coefficient value of -0.22. Based on 

the p-value being greater than .05, the null hypothesis was retained, and the alternative hypothesis was 

rejected. Furthermore, Pearson’s correlation coefficient value indicated a weak negative correlation between 

the data sets. 
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Figure 4.19: Comparisons between the total chlorine results that were collected during the autumn and 

summer season 

4.7.6. Water hardness 

• Autumn water hardness results    

Figure 4.20 shows the water hardness results collected during the autumn season from seven selected 

public swimming pools. The collected results had a mean value of 125.00 mg/L while the median and mode 

values were equal (100.00 mg/L). In terms of range, the lowest water hardness value was 25.00 mg/L, and 

the highest value was 250 mg/L. This data set had a variance of 8125.00 mg/L2 and a standard deviation of 

90.14 mg/L. Since the variance and standard deviation values were sizeable, a conclusion that the water 

hardness results were widely spread out from the mean value of 125 mg/L, and from each other was made. 

The distribution of the data was asymmetric and positively skewed. This was supported by the adjusted 

Fisher-Pearson coefficient of skewness value of 0.78. 
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Figure 4.20: Water hardness results collected during the autumn season  

• Summer water hardness results    

Figure 4.21 presents the water hardness results that were collected during the summer season from 

seven selected public swimming pools. The mean value was found to be 142.86 mg/L while the value of the 

median and mode were equal (100.00 mg/L). Regarding the data set range, the lowest water hardness was 

100.00 mg/L while the highest was 250.00 mg/L. Rabie Ridge, Robin Hills, Blairgowrie, Hofland Park, and 

Greyville had an equal water hardness measurement of 100 mg/L while the Davidsonville and Meadowlands 

public swimming pools had an equal measurement of 250 mg/L. Regarding the data distribution, the value 

of the variance, standard deviation, and the adjusted Fisher-Pearson coefficient of skewness were 5357.14 

mg/L2, 73.19 mg/L, and 1.23, correspondingly. The value of the adjusted Fisher-Pearson coefficient of 

skewness indicated that the data set was positively skewed and asymmetrically distributed. 
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Figure 4.21: Water hardness results collected during the summer season  

• Comparisons between the water hardness results  

Figure 4.22 displays the comparison between the water hardness results collected during the autumn 

and summer periods. Based on these results, there were marked discrepancies for certain public swimming 

pools while others remained the same. For instance, water hardness measurements at three public 

swimming pools, namely, Blairgowrie, Hofland Park, and Greyville were equal during the autumn and 

summer seasons (i.e. 100 mg/l). On the other hand, there were pronounced variations for other swimming 

pools, especially at Davidsonville and Meadowlands. Whereas at Rabie ridge, the water hardness was 100 

mg/l in summer, in winter this value increased to 250 mg/l.  The same trend was observed at Robin Hills. 

The marked discrepancies resulted in the null hypothesis being retained, and the alternative hypothesis 

being rejected. This conclusion was based on the p-value being .76 (p-value > .05). Furthermore, Pearson's 

correlation coefficient value of -0.66 indicated a moderate negative correlation existed between the data 

sets.  
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Figure 4.22: Comparisons between the water hardness results that were collected during the autumn and 

summer season 

• Comparisons between water hardness and standard water quality guidelines.  

The acceptable water hardness range according to the ANSI/APSP/ICC-11 2019 water quality guidelines 

is 150 ppm to 1000 ppm for waters in public swimming pools. The NHA, 2003 (Act No. 61 of 2003) and the 

WHO (2006) water quality guidelines do not stipulate the acceptable range or limit. As shown in Figure 4.23, 

majority of the public swimming pools had water hardness levels that were unacceptable according to the 

ANSI/APSP/ICC-11 2019 guidelines during both assessment periods.  The Blairgowrie, Hofland Park, and 

Greyville public swimming pools had a water hardness level of 100 mg/L during both seasons. This level 

was below the minimum acceptable limit according to the ANSI/APSP/ICC-11 2019 guidelines. On the other 

hand, Rabie Ridge and Robin Hills had a water hardness level of 100 mg/L during the summer season while 

the Davidsonville and Meadowlands had a level of 50 mg/L and 25 mg/L, respectively, during the autumn 

season. These levels were unacceptable according to the guidelines. Notably, the Rabie Ridge and Robin 

Hills had satisfactory levels during the autumn season while the Davidsonville and Meadowlands had 

acceptable levels during the summer season. The red circles in Figure 4.30 high Shaw et al., 2009light public 

swimming pools that had non-compliant water hardness levels according to the ANSI/APSP/ICC-11 2019 

guidelines.  
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Figure 4.23: Comparisons between the water hardness results collected during the autumn and summer season 

and the standard water quality guidelines. 

4.7.7. Alkalinity 

• Autumn alkalinity results    

Figure 4.24 shows the alkalinity results collected in March 2020 from seven selected public swimming 

pools. The collected results ranged between 0.00 mg/L (minimum value) and 40.00 mg/L (maximum value) 

while the mean, median, and mode values were equal (0.00 mg/L). Davidsonville had an outlier alkalinity 

level of 40.00 mg/L. Other selected public swimming pools had an alkalinity level of 0.00 mg/L. The outlier 

value provided basis for the substantial variance and standard deviation values. The data set had a variance 

value of 228.57 mg/L2 and a standard deviation value of 15.12 mg/L. While the data set had equal mean, 

median, and mode values, the data was positively skewed and asymmetrically distributed. This was further 

supported by the adjusted Fisher-Pearson coefficient of skewness value of 2.65.  
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Figure 4.24: Alkalinity results collected during the autumn season  

• Summer alkalinity results    

Figure 4.25 shows the alkalinity results collected in January 2021 from seven selected public swimming 

pools. The alkalinity results ranged between 0.00 mg/L (minimum value) and 80.00 mg/L (maximum value). 

In this data set, Meadowlands and Hofland Park had an outlier alkalinity measurement of 80.00 mg/L. Other 

selected public swimming pools had alkalinity measurements of 0.00 mg/L. The mean value was 22.86 mg/L 

while the median and mode values were equal (0.00 mg/L). The frequently occurred value (mode) was 

measured at Rabie Ridge, Robin Hills, Davidsonville, Blairgowrie, and Greyville. The data set had a sizeable 

variance and standard deviation values. The calculated variance was 1523.81 mg/L2 while the standard 

deviation was 39.04 mg/L. These values indicated an asymmetric data distribution and that the collected 

results were far apart from the calculated mean. The adjusted Fisher-Pearson coefficient of skewness value 

of 1.23 indicated that the measurements were positively skewed. 
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Figure 4.25: Alkalinity results collected during the autumn season  

• Comparisons between the alkalinity results  

Figure 4.26 exhibits comparison between the alkalinity results collected during the autumn and summer 

periods. The collected results were either equal or highly varied among the selected public swimming pools. 

For instance, Rabie Ridge, Robin Hills, Blairgowrie, and Greyville had an alkalinity level of 0.00 mg/L during 

both assessment periods. Contrarily, Meadowlands and Hofland Park had an alkalinity level of 0.0 mg/L 

during the autumn season and an alkalinity level of 80.00 mg/L during the summer season. A weak 

correlation existed between the alkalinity results collected during the autumn and summer seasons. This 

was supported by the Pearson's correlation coefficient value of -0.26. The correlation between the data sets 

was negative, indicating an inversely proportion. For example, Davidsonville had an alkalinity level of 40.00 

mg/L during the autumn season and 0.00 mg/L during the summer season while Meadowlands and Hofland 

Park had an alkalinity level of 0.00 mg/L during the autumn season and 80.00 mg/L during the summer 

season. The data sets had a p-value of .36, indicating that the difference between the two data sets was 

statistically insignificant. As a result, the null hypothesis was retained, and the alternative hypothesis was 

rejected. 
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Figure 4.26: Comparisons between the alkalinity results that were collected during the autumn and summer 

season 

• Comparisons between alkalinity results and standard water quality guidelines.  

The NHA, 2003 (Act No. 61 of 2003) and the WHO (2006) water quality guidelines do not stipulate the 

acceptable alkalinity range or limit for waters in public swimming pools. The acceptable alkalinity range 

stipulated in the ANSI/APSP/ICC-11 2019 water quality guidelines for waters in public swimming pools is 

60 ppm to 180 ppm. Figure 4.27 shows that the selected public swimming pools all had alkalinity levels that 

were below the minimum limit stipulated in the ANSI/APSP/ICC-11 2019 guidelines during the autumn 

season. Meadowlands and Hofland Park were the only public swimming pools that had an alkalinity level 

within the acceptable range according to the ANSI/APSP/ICC-11 2019 guidelines during the summer 

season. Other selected public swimming pools had alkalinity levels that were unacceptable according to the 

guidelines during the assessment season. Selected public swimming pools that had unsatisfactory or non-

compliance alkalinity levels according to the ANSI/APSP/ICC-11 2019 guidelines are highlighted with red 

circles in Figure 4.27.  
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Figure 4.27: Comparisons between the alkalinity results collected during the autumn and summer season and 

the standard water quality guidelines. 

4.7.8. Cyanuric acid 

• Autumn cyanuric acid measurements     

The autumn season cyanuric acid results from seven selected public swimming are presented in Figure 

4.28. The data set had a minimum value of 100.00 mg/L and a maximum value of 240 mg/L. Rabie Ridge, 

Robin hills, and Hofland Park had an equal cyanuric acid measurement of 150 mg/L while Davidsonville and 

Greyville had an equal measurement of 100 mg/L. The cyanuric acid results had a mean value of 161.43 

mg/L and an equal median and mode value of 150.00 mg/L. The variance and standard deviation values 

were found to be 3380.95 mS/m2 and 58.15 mS/m, respectively. The adjusted Fisher-Pearson coefficient of 

skewness value 0.60 indicated that the cyanuric acid measurements were moderately distributed and 

positively skewed.  
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Figure 4.28: Cyanuric acid measurements collected during the autumn season  

• Summer cyanuric acid measurements  

Figure 4.29 presents the cyanuric acid results collected from seven selected public swimming pools. The 

collected results had a mean value of 135.71 mg/L and a median and mode value of 150.00 mg/L (were 

equal). With regards to the data set range, the lowest cyanuric acid level was 100.00 mg/L while the highest 

value was 150.00 mg/L. Rabie Ridge, Robin Hills, Davidsonville, Blairgowrie, and Hofland Park had an equal 

cyanuric acid measurement of 150 mg/L while the Meadowlands and Greyville had an equal measurement 

of 100 mg/L. Regarding the data set dispersion or variation, standard deviation value was 595.24 mg/L2 and 

variance value was 24.40 mg/L. The data set was asymmetrically distributed and negatively skewed. The 

latter conclusion was based on the adjusted Fisher-Pearson coefficient of skewness value of -1.23 mg/L.  
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Figure 4.29: Cyanuric acid measurements collected during the autumn season  

• Comparisons between the cyanuric acid measurements  

Figure 4.30 shows comparison between the cyanuric acid results collected during the autumn and 

summer seasons. There were noticeable similarities and differences among the collected data. For instance, 

Rabie Ridge, Robin Hills, and Hofland had an equal cyanuric acid level of 150.00 mg/L during the autumn 

and summer seasons. Similarly, Greyville public swimming pool had equal cyanuric acid level of 100.00 mg/L 

during both seasons. Contrarily, Meadowlands and Blairgowrie had a cyanuric acid measurement of 240 

mg/L during the autumn season which decreased during the summer season to 100 mg/L and 150 mg/L, 

respectively. The reverse trend was observed at Davidsonville. The public swimming pool had a level of 100 

mg/L during the autumn season which increased to 150 mg/L during the summer season. The compared 

results had a p-value of .34 and a Pearson's correlation coefficient value of -0.10. Since the p-value was 

greater than .05, the null hypothesis was retained, and the alternative hypothesis was rejected. Furthermore, 

Pearson's correlation coefficient value indicated a weak negative correlation existed between the cyanuric 

acid results collected during the autumn and summer seasons.  
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Figure 4.30: Comparisons between the cyanuric acid measurements collected during the autumn and summer 

season 

• Comparisons between cyanuric acid measurements and standard water quality guidelines.  

The WHO (2006) and ANSI/APSP/ICC-11 2019 water quality guidelines stipulate different acceptable 

cyanuric acid range and/limit for waters in public swimming pools. The NHA, 2003 (Act No. 61 of 2003) does 

not provide an acceptable range/or limit for such waters. The acceptable cyanuric acid range according to 

the WHO (2006) guidelines is 50 mg/L to 100 mg/L (see Figure 4.31A) while according to the 

ANSI/APSP/ICC-11 2019 is a limit of ≤ 100 ppm (see Figure 4.31B). Greyville was the only public swimming 

pool that had a cyanuric acid measurement within the acceptable maximum limit stipulated in the WHO 

(2006) and ANSI/APSP/ICC-11 2019 guidelines during both assessment seasons. Rabie Ridge, Robin Hills, 

Blairgowrie, and Hofland Park had measurements that were non-compliant to both guidelines (exceeded 

the acceptable range and/or limit) during the autumn and summer season. According to the range and/or 

limit stipulated in both guidelines, Davidsonville had a non-compliant measurement during the summer 

season while Meadowlands had a non-compliant measurement during the autumn season. The red circles 

in Figure 4.31A highlight public swimming pools that had non-compliant cyanuric acid results according to 

the WHO (2006) guidelines while the ones in Figure 4.31B highlight those non-compliant according to the 

ANSI/APSP/ICC-11 2019 guidelines.  
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Figure 4.31: Comparisons between the cyanuric acid measurements collected during the autumn and summer 

season and the standard water quality guidelines. A= comparisons against the WHO (2006); B= comparisons 

against the ANSI/APSP/ICC-11 2019.  

4.7.9. Suspended solids 

• Autumn suspended solids results    

Figure 4.32 indicates the suspended solids results collected during the autumn season from seven 

selected public swimming pools. The suspended solids results had a minimum value of 1.00 mg/L and a 

A 

B 
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maximum value of 7.60 mg/L. Robin Hills, Davidsonville, Meadowlands, and Blairgowrie had equal 

suspended solids (1.0 mg/L) while Rabie Ridge had the highest measurement on 7.6 mg/L. The suspended 

solids results had an equal median and mode value of 1.00 mg/L and a mean value of 2.86 mg/L. The 

variance value was 6.98 mg/L2 and the standard deviation value was 2.64 mg/L. The mode and median 

values of the data set were not equal to the mean value, indicating asymmetric data distribution. The 

adjusted Fisher-Pearson coefficient of skewness value of 1.19 indicated a positively skewed data set. 

 

 

Figure 4.32: Suspended solids results collected during the autumn season  

• Autumn suspended solids results    

Figure 4.33 exhibits suspended solids results that were collected during the summer season from seven 

selected public swimming pools. The results had a minimum value of 1.00 mg/L and a maximum value of 

6.80 mg/L. Rabie Ridge had the highest suspended solids measurement (6.8 mg/L) followed by 

Meadowlands (2.0 mg/L). Robin Hills, Blairgowrie, and Greyville had an equal suspended solids 

measurement of 1.00 mg/L while Davidsonville and Hofland had an equal measurement of 1.6 mg/L. 

Concerning the measures of central tendency, the data set had a mean value of 2.14mg/L, a median value 

of 1.60 mg/L, a mode value of 1.00 mg/L. The minimum, maximum, mean, median, and mode values 

indicated that the collected results were moderately to highly distributed over a range of values was made. 

The latter observed distribution was further supported by the adjusted Fisher-Pearson coefficient of 

skewness value of 2.46. The collected results were highly positively skewed i.e. right-handed tailed was 
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longer than the left-handed tail. The data set had a variance of 4.37 mg/L2 and a standard deviation of 2.09 

mg/L.  

 

 

Figure 4.33: Suspended solids results collected during the summer season  

• Comparisons between the suspended solids results  

The comparison between the suspended solids results collected during the autumn and summer 

assessment periods is depicted in Figure 4.34. With reference to these results, there were noticeable 

differences and similarities among selected public swimming pools. Robin Hills and Blairgowrie had an equal 

suspended solids measurement of 1.00 mg/L during both assessment seasons. Davidsonville and 

Meadowlands had a measurement of 1.00 mg/L during the autumn season which increased during the 

summer season to 1.6 mg/L and 2.0 mg/L, respectively. The opposite pattern was observed at Rabie Ridge, 

Hofland Park, and Greyville. These public swimming pools had suspended solids measurements during the 

autumn season which decreased during the summer season. Due to these differences and a p-value of .32 

(p-value > .05), the null hypothesis was retained, and the alternative hypothesis was rejected i.e. a 

statistically insignificant difference existed between the mean values of the results collected during the 

autumn and summer season (refer to Table 4.3 and Table 4.4).  
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Figure 4.34: Comparisons between suspended solids results that were collected during the autumn and 

summer season 

4.7.10. E. coli 

• Detected E. coli count during the autumn season  

Figure 4.35 displays the E. coli count detected during the autumn season from seven selected public 

swimming pools. The detected E. coli count ranged between 0 CFU/100mL and 13 CFU/100mL. The results 

had a mean value of 4 CFU/100mL, a median value of 2 CFU/100mL, and a mode value of 0 CFU/100mL. 

Based on the results displayed in Figure 4.35, Greyville (13 CFU/100mL) had the highest E. coli count, 

followed by Hofland Park (7 CFU/100mL), Meadowlands (6 CFU/100mL), and thereafter Davidsonville (2 

CFU/100mL). Rabie Ridge, Robin Hills, and Blairgowrie did not have any E. coli present (had 0 CFU/100mL). 

Regarding the data set dispersion or variation, the variance value was 24.33 CFU/100mL2 and the standard 

deviation value was 4.93 CFU/100mL. Both values together with the measures of central tendency indicated 

that the data set values were scattered over a range of values. The adjusted Fisher-Pearson coefficient of 

skewness value was 1.10, indicating that the detected counts were asymmetrically distributed and positively 

skewed.  
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Figure 4.35: E. coli count detected during the autumn season  

• Detected E. coli count during the summer season  

Figure 4.36 exhibits the E. coli count detected during the summer season from seven selected public 

swimming pools. The data set had a minimum value of 0 CFU/100mL and a maximum value of 69 

CFU/100mL. Davidsonville had the highest E. coli count of 69 CFU/100mL while Robin Hills, Meadowlands, 

Hofland, and Greyville had an equal lowest count (0 CFU/100mL). In terms of the measures of central 

tendency, the mean value was 11 CFU/100mL while the median and mode were equal (0 CFU/100mL). The 

E. coli results were widely distributed and far apart from the mean value. This is further supported by the 

variance value of 659 CFU/100mL2 and standard deviation of 25.67 CFU/100mL. The adjusted Fisher-Pearson 

coefficient of skewness value was found to be 2.61, indicating that the detected counts were positively 

skewed.  
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Figure 4.36: E. coli count collected during the summer season  

• Comparisons between the E. coli counts detected   

Figure 4.37 is based on a comparison between the E. coli counts detected during the autumn and 

summer seasons. Robin Hills had an equal E. coli count of 0 CFU/100mL during both assessment seasons. 

Rabie Ridge and Blairgowrie had a count of 0 CFU/100mL during the autumn season which increased to 2 

CFU/100mL and 6 CFU/100mL, respectively, during the summer season. The reverse pattern was observed 

at Meadowlands, Hofland Park, and Greyville. The counts observed during the autumn season decreased to 

0 CFU/100mL during summer season. These pronounced differences during both seasons resulted in the 

null hypothesis being retained, and the alternative hypothesis being rejected. Additionally, the latter 

inference was drawn based on the p-value being .52 (p-value > .05). The Pearson's correlation coefficient 

value was found to be -0.22, indicating a weak negative correlation between the E. coli detected during the 

autumn and summer seasons.  
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Figure 4.37: Comparisons between the E. coli count detected during the autumn and summer season 

• Comparisons between detected E. coli counts and standard water quality guidelines.  

The WHO (2006) and ANSI/APSP/ICC-11 2019 water quality guidelines do not provide acceptable E. coli 

count for waters in public swimming pools. The acceptable E. coli count limit for such waters according to 

the NHA, 2003 (Act No. 61 of 2003) guidelines is < 1 per 100mL. As shown in Figure 4.38, Robin Hills was 

the only public swimming with an E. coli count within the acceptable count limit according to the NHA, 2003 

(Act No. 61 of 2003) guidelines during both assessment seasons. The opposite was observed at 

Davidsonville. The public swimming pool had an E. coli count of 2 CFU/100mL during the autumn season 

which further increased to 69 CFU/100mL during the summer season. Both counts exceeded the maximum 

limit provided in the guidelines. Meadowlands, Hofland Park, and Greyville had a non-compliant count 

during the autumn season while Rabie Ridge and Blairgowrie had unsatisfactory results during the summer 

season. The red circles in Figure 4.38 highlight the non-compliance of selected public swimming pools to 

the acceptable limit stipulated in the NHA, 2003 (Act No. 61 of 2003). 
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Figure 4.38: Comparisons between the E. coli count detected during the autumn and summer season and the 

standard water quality guidelines. 

4.7.11. Total faecal coliforms 

• Detected total faecal coliforms count during the autumn season 

The total faecal coliforms count detected during the autumn season from seven selected public 

swimming pools are depicted in Figure 4.39. The measures of central tendency for the data set were as 

follows, the mean value was 1332.71 CFU/100mL, the median value was 50 CFU/100mL, and the mode value 

was 0 CFU/100mL. The total faecal coliforms results had a minimum value of 0 CFU/100mL and a maximum 

value of 7700 CFU/100mL. Robin Hills had the highest present total faecal coliforms (7700 CFU/100mL), 

followed by Hofland Park (1000 CFU/100mL), Greyville (550 CFU/100mL), Davidsonville (50 CFU/100mL), 

and thereafter Meadowlands (29 CFU/100mL). Rabie Ridge and Blairgowrie did not have any present total 

faecal coliforms during the assessment season. The detected counts highly varied from the mean value of 

1332.71 CFU/100mL and from each other. This observation was further supported by the variance value of 

8027158.24 CFU/100mL2 and a standard deviation value of 2833.22 CFU/100mL. The adjusted Fisher-

Pearson coefficient of skewness value of 2.55 indicated that the detected counts were asymmetrically 

distributed and highly positively skewed.  
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Figure 4.39: Detected total faecal coliforms count during the autumn season  

• Detected total faecal coliforms count during the summer season 

The above Figure 4.40 shows the total faecal coliforms count detected during the summer season. The 

total faecal coliforms count ranged between 0 CFU/100mL and 7400 CFU/100mL while the value which 

frequently occurred was 0 CFU/100mL (mode value). The mean and median values were 1119.43 CFU/100mL 

and 16 CFU/100mL, respectively. Based on the outcomes presented in Figure 4.40, Robin Hills, 

Meadowlands, and Hofland did not have any total faecal coliforms present detected during the assessment 

period (had 0 CFU/100mL). On the contrary, Davidsonville had the highest count (7400 CFU/100mL), 

followed by Greyville (220 CFU/100mL), Rabid Ridge (200 CFU/100mL), and thereafter Blairgowrie (16 

CFU/100mL). The data set had a variance of 7679468.95 CFU/100mL2 and a standard deviation of 2771.19 

CFU/100mL. These values indicated that the total faecal coliforms results were widely spread out over an 

array of values and highly varied from the mean value of 1119.43 CFU/100mL. The adjusted Fisher-Pearson 

coefficient of skewness value was found to be 2.64, indicating that the detected counts were asymmetrically 

distributed and positively skewed.  
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Figure 4.40: Detected total faecal coliforms count during the summer season  

• Comparisons between the total faecal coliform count detected   

The comparison between the total faecal coliforms count detected during the autumn and summer 

season are presented in Figure 4.41. None of the selected public swimming pools had a total faecal coliforms 

count of 0 CFU/100mL during both assessment periods. Instead, Rabie Ridge and Blairgowrie had a count 

of 0 CFU/100mL during the autumn season while Robin Hills and Hofland Park had a count of 0 CFU/100mL 

during the summer season. Noticeably, the number of total faecal coliforms counts detected during the 

autumn season from Robin Hills, Meadowlands, Hofland Park, and Greyville decreased during the summer 

season. The reversed pattern was observed at Rabie Ridge, Davidsonville, and Blairgowrie. The number of 

total faecal coliforms counts detected at these public swimming pools during the autumn season increased 

during the summer season. Based on the observed inconsistencies within the data set and the p-value of 

.90 (p-value > .05), the null hypothesis was retained, while the alternative hypothesis was rejected. The 

Pearson's correlation coefficient value of -0.21 indicated a weak negative correlation between the total 

faecal coliforms counts detected during the assessment periods.  
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Figure 4.41: Comparisons between the total faecal coliforms count detected during the autumn and summer 

seasons. 

• Comparisons between detected E. coli counts and standard water quality guidelines.  

The acceptable total faecal coliforms count limit according to the NHA, 2003 (Act No. 61 of 2003) 

guidelines is < 1 per 100mL for waters in public swimming pools. The WHO (2006) and ANSI/APSP/ICC-11 

2019 water quality guidelines do not stipulate an acceptable count for such waters. As shown in Figure 4.42, 

none of the selected public swimming pools had a total faecal coliforms count within the acceptable limit 

during both assessment seasons. Instead, Davidsonville and Greyville had counts which exceeded the 

acceptable limit stipulated in the NHA, 2003 (Act No. 61 of 2003) guidelines during both assessment 

seasons. Rabie Ridge and Blairgowrie had satisfactory total faecal coliforms count of 0 CFU/100mL during 

the autumn season while the opposite was observed at Robin Hills, Meadowlands, and Hofland Park – had 

a satisfactory count of 0 CFU/100mL during the summer season. The red circles in Figure 4.42 highlight the 

non-compliance of selected public swimming pools to the acceptable limit stipulated in the NHA, 2003 (Act 

No. 61 of 2003). 
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Figure 4.42: Comparisons between the total faecal coliforms count detected during the autumn and summer 

season and the standard water quality guidelines. 

4.8. SUMMARY  

As shown in the previous sections, some of the water quality results are relatively non-compliant 

according to the chosen water quality guidelines. However, in some cases, the water quality guidelines do 

not stipulate acceptable range or limit for multiple water quality parameters. As such, no comparisons 

analysis were conducted for such water quality parameters. Suspended solids and total chlorine were the 

only water quality parameters without comparisons. The selected public swimming pools had pH 

measurements that were below the acceptable minimum limit during both assessment seasons according 

to the referenced water quality guidelines while Blairgowrie and Hofland Park were the only public 

swimming pools that had temperature measurements that were above the acceptable maximum limit 

according to the WHO (2006) guidelines during the summer season. None of the referenced guidelines 

provided acceptable conductivity range or limit and since the study area is located in Johannesburg, the 

CoJ Metropolitan Municipality (2004) by-laws were used. The selected public swimming pools had 

conductivity levels that were above the acceptable maximum limit stipulated in the CoJ Metropolitan 

Municipality (2004) by-laws. The referenced guidelines all stipulated acceptable free available chlorine range 

or limit. Thus, the selected public swimming pools had acceptable free available chlorine levels according 

to the WHO (2006) guidelines. However, the same levels were unacceptable according to the 

ANSI/APSP/ICC-11 2019 guidelines. The Blairgowrie, Hofland Park, and Greyville public swimming pools 



118 | P a g e  
 

had water hardness levels of 100 mg/L during both seasons. The acceptable water hardness range according 

to the ANSI/APSP/ICC-11 2019 water quality guidelines is 150 ppm to 1000 ppm for waters in public 

swimming pools. These measurements were below the minimum acceptable limit according to the 

ANSI/APSP/ICC-11 2019 guidelines. The ANSI/APSP/ICC-11 2019 guidelines recommends alkalinity levels 

for waters in public swimming pools to range between 60 ppm and 180 ppm. The selected public swimming 

pools all had alkalinity levels that were below the minimum requirement stipulated in the guidelines during 

the autumn season. Greyville was the only public swimming pool that had a cyanuric acid levels within the 

acceptable range or limit stipulated in the WHO (2006) and ANSI/APSP/ICC-11 2019 guidelines during both 

assessment seasons. The cyanuric acid levels measured at Rabie Ridge, Robin Hills, Blairgowrie, and Hofland 

Park during the autumn and summer season exceeded the acceptable range or limit specified in the 

guidelines. Robin Hills was the only public swimming with an E. coli count within the acceptable count limit 

according to the NHA, 2003 (Act No. 61 of 2003) guidelines during both assessment seasons. The opposite 

was observed at Davidsonville. None of the selected public swimming pools had a total faecal coliforms 

count within the acceptable limit during both assessment seasons. Based on the collected data, the selected 

public swimming pools had poor and unacceptable water quality according to the referenced water quality 

guidelines.  
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CHAPTER 5  

DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

5.1.  DISCUSSION  

The water quality results collected in March 2020 and in January 2021 showed varying degrees of 

unsatisfactory and non-compliant water quality across all selected public swimming pools. The main 

limitation when comparing the collected water quality results was that the guidelines do not stipulate 

acceptable limit and/or range for certain water quality parameters that are vital to assess in public swimming 

pools. While this may have been the case, there was no instance where the selected public swimming pools 

had results of all water quality parameters within the acceptable limit or range as stipulated in the guidelines. 

Instead, (1) each water quality parameter results was either acceptable (or unsatisfactory) according to one 

or all water quality guidelines (NHA, 2003 (Act No. 61 of 2003), WHO (2006), or ANSI/APSP/ICC-11 2019 

guidelines); and (2) multiple water quality results were either complaint (or non-complaint) during one 

season or during both. 

The conductivity results, from both assessment periods, exceeded the acceptable limit stipulated in 

the CoJ Metropolitan Municipality (2004) by-laws. These results did not support the previously reported 

relationship between chlorinated water and conductivity measurements. Abyaneh (2005) and Alhumoud et 

al. (2010) found a strong correlation between conductivity and chloride concentration. Generally, although 

chlorine disinfects water, it also contributes to an increase of electrolytes or TDS which consequently 

increases the conductivity levels (Yawooz, et al., 2018). The selected public swimming pools all had free 

available chlorine measurements that were below the acceptable minimum limit according to the 

ANSI/APSP/ICC-11 2019 guidelines. Robin Hills was the only public swimming pool that had acceptable free 

available chlorine measurement according to the NHA, 2003 (Act No. 61 of 2003) guidelines during the 

summer season while other public swimming pools had unsatisfactory free available chlorine measurements 

as per the guidelines. On the contrary, the same measurements were acceptable according to the WHO 

(2006) guidelines. This compliance was largely due to the (WHO, 2006) guidelines specifying the maximum 

limit for free available chlorine levels and not the minimum. Therefore, except in the case of the Robin Hills, 

the conductivity and free available chlorine results did not support the strong correlation relationship that 

was previously observed between both water quality parameters.  

The non-compliance of the collected water hardness results from the selected public swimming 

pools was alarming given its importance to chemically balanced swimming pool water. Langelier (1936) 

developed the Langelier Saturation Index (LSI) which can be used to measure the swimming pool’s water 
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ability to deposit or dissolve calcium carbonate – often used as an indicator of either corrosivity or scaling 

(see Chapter 2). Water hardness is one of the five water quality parameters used in this computation. 

Blairgowrie, Hofland Park, and Greyville had water hardness measurements that were below the minimum 

acceptable limit according to the ANSI/APSP/ICC-11 2019 guidelines during the autumn season while Rabie 

Ridge, Robin Hills, Davidsonville, and Meadowlands had unsatisfactory measurements during the summer 

season. Since none of the selected public swimming pool had water hardness measurements that were 

above the acceptable maximum limit of 1000 ppm, this indicated that none of these swimming pools had 

a potential of scaling (indicated by LSI positive value) (The Association of Pool & Spa Professionals, 2019). 

Contrarily, the public swimming pools that had water hardness measurements that were below the 

acceptable minimum limit of 150 ppm had the potential to be corrosive (indicated by LSI negative value). 

The ANSI/APSP/ICC-11 2019 guidelines further caution that low levels of pH and alkalinity can contribute 

to the corrosiveness of the swimming pool waters. This then supports the Langelier Saturation Index (LSI) 

that other water quality parameters (including water hardness) need to the taken into consideration to 

determine whether the water is corrosive or scale forming. The decision cannot be made solely on the water 

hardness measurements. Other factors need to be considered before such inference is drawn. For instance, 

Ahn et al. (2018) investigated the effects of removing or reducing hardness from various water samples 

using the carbonation process. The study results revealed that temperature and pH played a key role in 

reducing the hardness levels from the water samples. Furthermore, Diggs and Parker (2011) investigated 

possible issues to consider when setting up an aquatic facility and reported that the effects of water 

hardness on plumbing materials vary with pH and temperature.  

Another water quality parameter the NHA, 2003 (Act No. 61 of 2003) guidelines does not specify 

the acceptable limit or range for is temperature. The WHO (2006) and ANSI/APSP/ICC-11 2019 guidelines 

stipulate different acceptable temperature limit for waters in public swimming pools. As noted in Chapter 

4, temperature results that were collected in January 2021 were higher than the temperature results that 

were collected in March 2020. The difference in seasons may have been liable for this discrepancy. The 

results collected in March 2020 were collected during the autumn season while the results collected in 

January 2021 were collected during the summer season. The ANSI/APSP/ICC-11 2019 guidelines stipulates 

a water temperature limit of ≤ 40 OC. While the thermoneutral of the swimming pool waters vary among 

bathers. Sharma (2021) noted that in swimming pools with water temperatures above 78 to 82 OF (~ 25.56 

to 27.78 OC) chlorine dissipates faster and algae growth becomes more prevalent. Therefore, although the 

guidelines recommends this maximum temperature limit, it is vital to maintain water temperatures at levels 
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that do not foster and enhance the growth of algae and other microbes thereby affecting the entire 

swimming pool water quality balance. 

The autumn results of multiple water quality parameters from the Hofland Park and Rabie Ridge 

public swimming pools were surprisingly compliant when contrasted against the WHO (2006) and 

ANSI/APSP/ICC-11 2019 guidelines. These results were collected during the temporary closure of all 

swimming pool facilities within the CoJ Metropolitan Municipality as a result of the COVID-19 pandemic. 

Both public swimming pools had temperature results that were acceptable according to the 

ANSI/APSP/ICC-11 2019 guidelines and Rabie Ridge had a temperature measurement that was acceptable 

according to the WHO (2006) guidelines. Furthermore, Rabie Ridge had a water hardness measurement that 

was acceptable according to the ANSI/APSP/ICC-11 2019 guidelines during the autumn season. Majority of 

the collected results were unacceptable according to the guidelines. This non-compliance was expected 

since both public swimming pools were not disinfected when the results were collected. For instance, 

Hofland Park had a total faecal coliforms and an E. coli count that was unsatisfactory according to the NHA, 

2003 (Act No. 61 of 2003) guidelines during the autumn season while Rabie Ridge had unsatisfactory counts 

during the summer season. The pH, conductivity, free available chlorine, cyanuric acid results were non-

compliant according to the guidelines or according to either the NHA, 2003 (Act No. 61 of 2003), WHO 

(2006), or ANSI/APSP/ICC-11 2019 guidelines. These results reflected the importance of effectively 

disinfecting swimming pool waters. For instance, Yoder et al. (2008) reported a Norovirus outbreak in a 

swimming pool in Wisconsin, USA due to inadequate disinfection and continued use by ill bathers; Centres 

for Disease Control and Prevention (2001) reported Cryptosporidiosis outbreaks associated with swimming 

pools in Ohio and Nebraska, USA due to the presence of accidental faecal releases; Podewils et al. (2006) 

documented an acute gastroenteritis outbreak among people who swam in a private indoor swimming pool 

in Vermont, USA, due to poor pool maintenance, inadequate water quality surveillance, and poorly trained 

operators. These outbreaks were largely due inadequate disinfection of the swimming pool water. 

The pH results collected during both assessment periods from the seven selected public swimming 

pools were unsatisfactory according to the NHA, 2003 (Act No. 61 of 2003) and WHO (2006) and 

ANSI/APSP/ICC-11 2019 guidelines. While various factors may have resulted in these acidic measurements, 

the concept of rainfall being liable for the acidic results was excluded.  The selected public swimming pools 

are located outdoors and during the days of data collection, it was not raining. Generally, rainwater is 

considered pure and distilled. The impurities present in water are evaporated by the sun. However, 

rainwater, due to the natural presence of three substances (carbon dioxide, sulphur dioxide, and nitrogen 

oxide) found in the troposphere is inherently acidic (Khayan et al., 2019). This reaction often results in acidic 
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surface water (outdoor swimming pools included) (Mareddy, 2018). A possible factor that may have 

contributed to the acidic results collected during both assessment periods is alkalinity. The selected public 

swimming all had alkalinity results that were below the minimum requirement stipulated in the 

ANSI/APSP/ICC-11 2019 guidelines during the autumn season while Meadowlands and Hofland Park were 

the only selected public swimming pools that had alkalinity levels that were acceptable according to the 

ANSI/APSP/ICC-11 2019 guidelines during the summer season. Alkalinity is a measure of the buffering 

capacity of the water (Shaw et al., 2009). Acceptable alkalinity levels (60 ppm to 180 ppm as stipulated in 

the ANSI/APSP/ICC-11 2019 guidelines) act as a buffer to neutralise acids, thereby inhibiting the fluctuation 

of pH levels (Wurts, 2002; Sharma, 2021). Since the collected pH results were below the acceptable minimum 

limit provided in the guidelines, it can be concluded that the low alkalinity levels indicated low buffering 

capacity to stabilise pH levels hence the swimming pool waters were acidic. Furthermore, a conclusion that 

these results indicated that the swimming pool waters were potentially corrosive to the pool equipment 

and surfaces (Nova Scotia Department of Health and Wellness, 2014) can be made. Interestingly, 

Meadowlands and Hofland Park had acceptable alkalinity levels during the summer season, but the pH 

levels of both swimming pools were below the acceptable minimum limit. This supported findings by Dirisu 

et al. (2016); Ernest et al. (2017) that an array of factors (such as disinfectant used, temperature, and cyanuric 

acid) also influence water pH levels.  

Free available chlorine levels are vital in swimming pool waters since they affect other water quality 

parameters. As mentioned in Chapter 2, free available chlorine is responsible for continually inactivating 

disease-causing organisms. While chlorine is considered an effective disinfectant, it does not guarantee 

complete eradication of microbial species (Shekhawat et al., 2020). Various indicator micro-organisms can 

survive the chlorination process. Microbial species such as Enterobacter spp., Enterococcus spp., Citrobacter 

spp., and Citrobacter freundii have been detected in waters post-chlorination (Cabral, 2010; Owoseni and 

Okoh, 2017; Najmuldeen, 2021). The swimming pool water samples were collected post-chlorination (except 

samples from Hofland Park and Rabie Ridge during the autumn season). The E. coli and total faecal coliforms 

results revealed that other microbial species survived the chlorination process in multiple public swimming 

pools. Furthermore, the Robin Hills during the autumn season had a total faecal coliforms count of 7700 

CFU/100mL and an E. coli count of 0 CFU/100mL. Further revealing that while the E. coli was inactivated, 

other microbial species were not.  These results supported the conclusions made by Cabral (2010); Owoseni 

and Okoh (2017); Najmuldeen (2021) that other microbes are chlorine tolerant. Davidsonville during the 

summer season had a total faecal coliforms count of 7400 CFU/100mL and E. coli count of 69 CFU/100mL, 

indicating that E. coli only made up a fraction of 0.93 % of microbial species that were present during the 
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assessment period. It is worth noting that Robin hills had free available chlorine measurement that was 

acceptable according to the NHA, 2003 (Act No. 61 of 2003) and WHO (2006) guidelines during the summer 

season. As such, the swimming pool had total faecal coliforms and an E. coli count of 0 CFU/100mL which 

indicated that the chlorination process effectively inactivated the microbial species.  

The referenced water quality guidelines do not stipulate acceptable suspended solids levels. As 

such, there were no comparison analysis performed against the collected suspended solids results. As 

shown in Chapter 4, the selected public swimming pools all had present suspended solids. Rabie ridge had 

the highest levels of suspended solids during both assessment periods. The public swimming pool had a 

suspended solids measurement of 7.6 mg/L during the autumn season and a measurement of 6.8 mg/L 

during the summer season. The presence of suspended solids results in murky, or cloudiness of the 

swimming pool waters. Furthermore, such waters can block light penetration in a water body, consequently 

decreasing water clarity and increasing water turbidity (Department of Water Affairs and Forestry, 1996). 

The swimming pool superintendents cautioned before the water quality data collected that the 

recirculation-filtration systems are not always operating due to load shedding.  

The NHA, 2003 (Act No. 61 of 2003) guidelines do not specify an acceptable cyanuric acid limit or 

range for waters in public swimming pools while the WHO (2006) and ANSI/APSP/ICC-11 2019 guidelines 

stipulate different acceptable limits for such waters. Acceptable cyanuric acid levels for waters in public 

swimming pools have been long debated. This is largely due to microbial species having different 

disinfectant inactivation dosages and the concentration of cyanuric acid that poses health risks not being 

established yet (Falk et al., 2019). This then explains the different acceptable cyanuric acid limits provided 

in the WHO (2006) and ANSI/APSP/ICC-11 2019 guidelines. Due to this debate, Falk et al. (2019) 

recommended free available chlorine and cyanuric acid concentrations in swimming pool water to be 

managed jointly as a ratio. Cyanuric acid levels that are above the acceptable limit can result in a 

phenomenon known as “chlorine lock”. This occurs when cyanuric acid overpowers free available chlorine 

thereby decreasing the disinfectant rate of chlorine against microbes. However, this phenomenon has been 

reported to occur when cyanuric acid levels are above 200 mg/L (WHO, 2006). Meadowlands and 

Blairgowrie had cyanuric acid levels of 240 mg/L during the autumn assessment season. Indicating a 

potential occurrence of the chlorine lock phenomenon at both public swimming pools. These levels could 

have contributed to the unsatisfactory microbial water quality of the Meadowlands public swimming pool 

– it had a total faecal coliforms count of 29 CFU/100mL and an E. coli count of 6 CFU/100mL. Surprisingly, 

Blairgowrie had a total faecal coliforms and E. coli count of 0 CFU/100mL. Interestingly, Greyville had 

cyanuric acid levels that were acceptable according to the WHO (2006) and ANSI/APSP/ICC-11 2019 
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guidelines during both assessment periods but its microbial water quality was unsatisfactory. The public 

swimming pool had a total faecal coliforms count of 550 CFU/100mL during the autumn season and 220 

CFU/100mL during the summer season. It is worth noting though the acceptable total faecal coliforms ad 

E. coli count limit was adapted from the NHA, 2003 (Act No. 61 of 2003) guidelines while the acceptable 

cyanuric acid limit and/or range were adapted from the WHO (2006) and ANSI/APSP/ICC-11 2019 

guidelines. Regarding the water quality results collected during the summer season, Meadowlands had 

acceptable cyanuric acid and free available chlorine levels as well as acceptable microbial water quality. 

Supporting previous reports that cyanuric acid shields free available chlorine from the photochemical 

process so that it can continue to inactivate disease-causing organisms (WHO, 2006; Askins, 2013). 

5.2 CONCLUSION 

The findings revealed that none of the selected public swimming pools had acceptable water quality 

according to the guidelines chosen for this research. The results indicated a possible existence of 

waterborne pathogens largely due to inadequate disinfection. The recirculation-filtration systems are not 

always operating (due to load shedding) and water chemical imbalance resulted in the non-compliance of 

the collected results. The water samples and on-site measurements were collected post water disinfection 

but the microbial water quality of the public swimming pools was largely non-compliant and majority of 

the free available chlorine levels were below the acceptable minimum limit. These low levels fostered 

favourable conditions for the growth of microbes. Free available chlorine levels of swimming pool water are 

correlated to microbial contamination. The chemical imbalance was further highlighted by the low levels of 

pH, alkalinity, and water hardness; and high levels of conductivity and cyanuric acid. The low levels of pH, 

alkalinity, and water hardness indicated the possible corrosivity of the swimming pool water while high 

levels of cyanuric acid (above 240 mg/L) indicated the possible occurrence of the chlorine lock 

phenomenon.  

As mentioned earlier, the outbreak cases in Villiersdorp district and in the Zoo Lake swimming pool 

were used as case studies to justify the study and to highlight possible impacts of poor water quality in 

swimming pools. From the literature reviewed, South Africa has adequate operational and management 

regulations for public swimming pool facilities. In instances where acceptable practices are not provided, 

the WHO (2006) guidelines can be used as stipulated under Section 9 of the NHA, 2003 (Act No. 61 of 2003) 

guidelines to mash shortcomings of the guidelines and complement them. 
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5.3. RECOMMENDATIONS  

The results obtained in this research highlighted the importance of assessing water quality in public 

swimming pools to ensure public safety. There are no previous studies that have been conducted to assess 

the water quality of public swimming pools in the CoJ Metropolitan Municipality according to researcher’s 

knowledge, thus necessitating the need for further monitoring studies. Constant water quality assessment 

is vital to prevent and minimise the occurrence of waterborne illness associated with poor water quality of 

swimming pools. As such, the following recommendations are made:  

• The swimming pool water must be effectively and adequately treated to inactivate microbes and 

provide chemically balanced water.  

• Water quality testing kits (such as Vansful 14-in-1) and water quality sensors should be used to 

measure multiple physical and chemical water quality parameters simultaneously and to provide 

instant results. 

• The microbial water quality must be assessed to provide a thorough view of the swimming pool 

water quality status. 

• The results from every water quality assessment must be documented. This will provide extensive 

data for long-term monitoring purposes.  
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