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ABSTRACT
Cyanobacteria produces microcystins toxin that adversely affect humans and
animals. Post water-container treatment using chlorination and ultra-violet
were proven to treat microcystins, therefore, the aim of the research was to
assess the presence of microcystins in water containers and evaluate the
health hazard quotient of exposure of individuals using water contaminated
with the toxin.
Participants’ were interviewed using designed questionnaires. Water samples,
collected from water sources and containers, were analysed for the presence
of microcystins and Escherichia coli using ELISA and Colilert test kits,
respectively, for a year. The impact of NaOCl at point-of-use water treatment
was measured and thereafter, microcystins concentrations were used to
determine the health hazard quotient.
The findings showed the mean microcystins concentration from sources used
were 2.13 µg.ℓ-1, with Rand Water Board water having the least detected
microcystins compared to the other water sources, communal tap, 1.38 µg.ℓ-1:
tank supply, 1.37 µg.ℓ-1 and groundwater, 1.22 µg.ℓ-1. Microcystins
concentration in container water samples was 1.53 µg.ℓ-1 bulk water, 0.78 µg.ℓ1

tap and 0.64 µg.ℓ-1 tanks. There were significant differences (p < 0.001) in

toxins contamination in water samples between the blooming and the decaying
seasons. Acute health problems reported during the blooming season were
diarrhoea (29%), vomiting (1%), nausea (13%) and stomach pain (87%) and
during the decaying season, diarrhoea (29%), vomiting (16%), nausea (3%)
and stomach pain (26%). The point-of-use water treatment using NaOCl
v

reduced the level of microcystins concentration to an acceptable level (mean
0.1 µg.ℓ-1, 95% confidence interval 0.00 - 0.10), while the untreated water
exhibited higher than 1 µg.ℓ-1 of microcystins (mean 1.10 µg.ℓ-1, 95%
confidence level 0.01 - 0.37). Using the hazard quotient (HQ) model, it was
observed that the HQ ratio was >1 for both adults and children; the high ratio
(>1) within the children (<5 years) was more from the untreated water group
than the water treated group. Lastly, the study found there was non-cancer
adverse health effect exposure, as the HQ ratios from the untreated water
group (>1) and treated water group (<1) for children were 1.05 and 0.43, and
for adults 0.19 and 0.11 respectively.
The use of containers to collect water from sources contaminated with toxins,
exposed community members to microcystins. The post-water treatment, such
as the use as NaOCl to treat water contaminated by microcystins, reduced the
health hazard, however, the non-treated water container samples had
microcystins concentrations above the acceptable level, which possibly
resulted in a health hazard ratio above one.
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CHAPTER 1
1 INTRODUCTION
1.1 BACKGROUND
It is estimated that more than 1 billion people worldwide do not have access to safe
and affordable drinking water, while 2.4 billion people live in conditions lacking
adequate sanitation (Gadgil, 1998; Suleymanova, 2002). In fact, water is the most
important natural resource and without it, life cannot exist (Bates, 2000; Gibson et
al. 2011). Two thirds of the total drinking water consumed worldwide is derived from
various sources that may be contaminated (Horman, 2005). According to the
Stockholm Environmental Institute, the world’s population living in countries with
significant water stress is increasing from approximately 34% in 1994 to 63% by
2025. The most affected areas include large parts of Africa, Asia and Latin America
(Suleymanova, 2002). Petlane (2011) reported that South Africa would be faced
with a critical shortage of water by the year 2020, compounded by the fact that water
sources are running dry in all corners of South Africa. Surface water is one of the
sources in high demand due to increasing world population and surface water usage
in industrial processes (Suleymanova, 2002).
Surface water, normally known as an ‘unimproved’ source of water supply (Gundry
et al. 2006) and includes rivers, dams and open ponds, is a natural habitat for some
animals and other insects. Unfortunately, these inhabitants contaminate water
through the discharge of waste products, while others use water as a breeding
ground. Apart from contamination by animals, human activities, such as the use of
poor sewage systems, defecation where there is a lack of adequate sanitation and
1

agricultural and mining activities, add to the contamination of surface water. The
World Health Organization (WHO) estimates that approximately 4 million deaths
each year are attributed to water-related diseases (World Health Organisation,
2000).
In South Africa, water is pumped from natural resources to water treatment plants
before storage in reservoirs. The main negative public health impact associated with
some reservoirs falls into the category of water-related diseases, such as
cyanobacteria-toxins (Cyanotoxins) (Burch & Thomas, 1997; Muyodi et al. 2009;
Suleymanova, 2002). In fact, some of these reservoirs are never cleaned and
therefore are a breeding place for cyanobacteria. Cyanobacteria generally produce
cyanotoxins of which the most common type is the Microcystin, which may
subsequently pose a risk to human health, especially from ingestion of
contaminated water or coming into direct contact with these genera (Dower, 2005;
Fosso-Kankeu, Jagals and Du Preez, 2008).
There are more than 700 cyanobacteria species worldwide, which produce toxins
that are grouped into three infection categories namely:
1. Hepatotoxins microcystins and nodularin - cyclic peptide.
2. Neurotoxins, anatoxin and saxitoxins – alkaloids.
3. Lipopolysaccharides (LPS).
Some of these cyanobacteria produce cyanotoxins, which cause acute and chronic
health problems to both animals and humans (Bell and Codd, 1994). The production
of the cyanotoxins is catalysed by favourable conditions such as hot temperatures,
calm wind and enough food in the water, particularly in summer (Funari and Testai,
2008). Microcystis spp is one of the cyanobacteria types found in the Hartbeespoort
2

Dam water, and is one of the leading species that produce microcystins toxin in
water. Microcystins are the most researched cyanotoxins to date (Oberholster and
Ashton, 2008), however, human health risks caused by the microcystins in the
drinking water of Hartbeespoort Dam area require further research, as most of the
research already done focused on the water sources. The few studies conducted in
this location evaluated the risks to people, of various socio-economic backgrounds,
and how water from the dam was accessed and stored.
Drinking water contaminated with cyanotoxins can cause acute gastroenteritis, hay
fever, kidney and liver damage as well as nerve damage, with symptoms including
numb lips, tingling fingers and toes, or dizziness (Ressom et al. 1994). Illnesses
from skin contact include rashes or skin irritations and skin blisters on the lips
(Bartram et al. 1999; Mehra, Dubey and Bhowmik, 2009; Morgan, 2010; Ressom et
al. 1994). Cyanotoxins can be classified into five groups, hepatotoxins, neurotoxins,
cytotoxins, dermatotoxins and irritant toxins (Mehra, Dubey and Bhowmik, 2009),
and these are more likely to be found in cyanobacteria contaminated surface water.
The vapours associated with smelly rotten cyanobacteria can cause headaches and
wearing of breathing masks while working around a contaminated dam is
recommended. Other water contaminants include, but are not limited to, endocrine
disrupting chemicals such as surfactants, plasticisers, pesticides, polychlorinated
biphenyls (PCBs), synthetic steroids, human and animal steroid hormones and
phytoestrogens (Kim et al. 2007).
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Contaminated water and inadequate supplies of water for personal hygiene and
poor sanitation contribute to diarrhoeal cases that cause 2.2 million deaths a year
to children under the age of five (Clasen and Bastable, 2003).
Tsuji et al. (1997) reported a chlorine concentration of 2.8 mg/litre in drinking water
for 30 min is effective in removing 99% of Microcystin-LR. There are different
chemicals that have been used to remove cyanotoxins in drinking water, including
sodium hypochlorite (NaOCl). This chemical is inexpensive but requires a continual
supply, which may prove expensive long term. Burch and Thomas (1997) studied
different water treatments at household level, such as slow sand filtration, solar ultra
violet lamps and boiling water systems through which microcystins in drinking water
can be removed, however most of these methods are expensive and maintenance
intensive (Burch and Thomas, 1997). If good quality water is supplied and water is
accessible, available and potable, adverse health effects can be reduced. Part of
the reason why water quality has deteriorated over the years, particularly in
developing countries, is due to the inability of water treatment plants to cope with
the increase in wastewater load, which is due to fast growing populations,
particularly in urban areas (WWDR3, 2009).

1.1.1 Water source systems
Hartbeespoort Dam is one of the most important water sources for the surrounding
communities and is used for the provision of potable water, human recreational
activities and farm irrigation. According to Roux and Oelofse (2010), surface water
pollution in the catchment area impacts on the water quality of Hartbeespoort Dam,
and such contamination results in the massive seasonal growth of cyanobacteria,
which accumulates on the dam surface and rots due to lack of sunlight (Boshoff,
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2005) and is responsible for the stench around the dam wall and affects the taste
of the water (Morgan, 2010). The cause of this cyanobacteria bloom is thought to
be caused by eutrophication in the dam (Falconer, 2005a; Oberholster and Ashton,
2008). It is believed Hartbeespoort Dam water is polluted by the cyanobacteria due
to high nitrogen and phosphorus accumulation in the water from poor sewage water
treatment and informal settlements on the southern side of the Dam (Matowanyika,
2010).
Although the piped water supplied from Hartbeespoort Dam passes through formal
water purification processes that include filtration and disinfection, there is a risk of
certain cyanobacteria related toxins, as well as cryptosporidium, passing through
the treatment works, particularly during periods of high algae growth within the main
reservoir. Furthermore, residents living close to the irrigation canals, farm workers
exposed to irrigation water and recreational users of the dam may be at risk of
contracting water-related diseases not associated with the treated water supplies.
Treated water is used by various social groups and different cultural traditions,
therefore the level of exposure to the toxins and health risks will vary, with
differences between those who drink contaminated water and those who buy water
from vendors. One study noted that primary liver cancer is one of the chronic
diseases frequently diagnosed amongst inhabitants who drink water contaminated
by cyanotoxins in China (Damjan et al. 2011). There were cases of death reported
in Caruaru, Brazil, in 1996, as reported by Jochimsen et al. (1998), due to
cyanotoxins reportedly being present in the water supply used (Höger, 2003).

5

1.1.2 Research gaps
There are different knowledge gaps regarding microcystins and human health and
these have informed the study objectives in the assessment of the Microcystins
Health Hazard Assessment Model. Hunter (1998) reported there was a link between
microcystins contamination and health related problems, however, the dose
required to cause illness should be established. Further investigation was supported
by Fleming et al. (2002), who suggested there should be further studies carried out
to assess the level of microcystins in communal tap water (TpW) after treatment.
Microcystins are produced by Microcystis spp after blooming and/or decaying of
cyanobacteria in the water dams. This study aims to compare the level of
microcystins from water sources and containers in both bloom and decay seasons.
Azevedo et al. (2008) stated, “Critical data gaps remain in predictive modelling of
cyanobacteria-associated health effects in populations.” Fleming et al. (2002)
concluded that measures should be investigated to determine the potential health
effects, for example, for exposure monitoring, health surveillance, education and
prevention of disease. Hernandez, Lopez-rodas and Costas (2009) reported that
due to the possible increase of toxins produced by cyanobacteria during blooming,
prevention and control measures for drinking water should be improved.

1.2 PROBLEM STATEMENT
Unsafe water is a global challenge that affects the majority of poor people in South
Africa. It is widely reported that Hartbeespoort Dam, in Northwest Province, South
Africa, is polluted by cyanobacteria (DWAF, 2000) which produces toxins known as
microcystins and occurs in both the blooming and decaying seasons. Furthermore,
cyanobacteria are reported to be part of the biofilm of water stored in containers

6

(Fosso-Kankue, Jagals and Du Preez, 2008). It is not known whether the
microcystins found in drinking water storage containers are present in
concentrations capable of causing acute and chronic health problems for animals
or humans. This is because drinking water storage containers are regarded as
private or individual water, and the water authorities do not assess the water quality
at that point. In order to solve this problem, the Microcystins Human Health Hazard
Assessment Model was developed. The model assesses the impact of pH, turbidity
and NaOCl in the drinking water storage containers at household level and human
health hazard. The study of microcystins as an indicator of drinking water quality in
containers at household level would give new information regarding pH and turbidity
effect, sodium hypochlorite treatment and health risks related to microcystins and
give the water authorities and users an effective measure of controlling health
hazards related to microcystins.

1.3 RESEARCH QUESTION
From the study problem and background, the research question that guides this
study is, ‘What is the human health implication of drinking and using water from
Hartbeespoort Dam that is stored in containers and may be contaminated with
cyanotoxins produced by cyanobacteria?’

1.3.1 Sub-questions


What are the health problems experienced by the community members using
water sources around Hartbeespoort Dam?



What is the quality of water sources and containers using microcystins as
indicators of cyanobacteria toxins pollution?
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What is the impact of using sodium hypochlorite (NaOCl) on microcystins at
the point of use water treatment?

1.4 AIMS AND OBJECTIVES
1.4.1 Aims
The aims of the study are firstly to investigate the presence of microcystins in
different drinking water sources and containers, and determine the health effects of
exposure to contaminated drinking water on the community residing in the area.
Secondly, to identify the possible solutions that might help to protect the community
from these health risks.

1.4.2 Objectives
The objectives of this study are to:


Application of the microcystin model as a framework to determine the quality
of samples of water drawn from households within communities around
Hartbeespoort Dam area.



Apply the microcystins model as a framework to assess the impact of sodium
hypochlorite (NaOCl) when used for water treatment at the point of use on the
quality of household water and individual’s health.



The human health problems associated with the use of water from
Hartbeespoort Dam for drinking and domestic purposes.



Develop a guideline to improve the quality of water supply for the local
communities around Hartbeespoort Dam area.
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1.5 ETHIC CONSIDERATION
The study did not intend using human or animal samples, however, the ethical
consideration of personal information and voluntary participation was considered.
More details are reported in Chapter 3, section 3.4 - Research Design and
Methodology.

1.6 LIMITATION OF THE STUDY
Most of the studies on microcystins were conducted either by characterising the
toxins in the laboratory or health problems related to animals, however the limitation
of such a study is that there are few epidemiological studies carried out where
people are exposed to microcystins (Azevedo et al. 2002).
The study population is able to represent what might be taking place in a community
as a whole, and how people with compromised immune systems could be affected;
children and the elderly might react differently to the toxins compared to healthy
adults.
In this study, microcystins were used as indicators of cyanotoxins contamination of
drinking water at the point-of-use. One limitation could be that there were other
water quality parameters, such as parasites and viral infections, which might cause
gastroenteritis illnesses similar to that caused by microcystins. These were not
assessed because the study focused on the toxins produced by cyanobacteria from
the water sources, such as the Dam to the point of use in the household.
The Microcystins Enzymes Linked Immunosorbent Assay (ELISA) test kit used in
this study is readily available, is inexpensive and quick to analyse samples and
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determine the concentration of the cyanotoxins. However, the kit is limited to one
cyanotoxins group unlike High Performance Liquid Chromatography (HPLC), which
can be used to assess different cyanotoxins concentration. However, HPLC takes
time, is expensive and labour intensive.
The effects of microcystins exposure, such as liver and kidney damage, are internal
problems that can take a long time to develop, unlike external symptoms, such as
skin rash, hives, or skin blisters, that are reported to take between 30 min to 24 hrs
to develop. This long development time is determined by the level of dose the
person is exposed to and where the microcystins make contact with the human
body. This time delay might be a limitation in the ability of this study to observe a
relationship between internal illness or problems and the toxins.
Most of the study areas were in informal settlements, which comprised migrant
labourers. Due to job hunting and people moving from place to place looking for
better jobs or shelter, this social mobility became one of the limitations encountered,
which resulted in reducing the household numbers.

1.7 DEFINITION OF TERMS
Hazard quotient: is the ratio of the potential exposure to the substance, such as
water or air or other chemicals, to the level at which no adverse effects are
expected. If the HQ is calculated to be equal to or less than one, then no adverse
health effects are expected because of exposure. If the HQ is greater than one, then
adverse health effects are possible. The HQ cannot be translated to a probability
that adverse health effects will occur and it is unlikely to be proportional to risk. It is
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especially important to note that an HQ exceeding one does not necessarily mean
that adverse effects will occur (Technology Transfer Network Air Toxics, 2005).
Exposure assessment: Identifying the ways in which chemicals might reach
individuals (e.g., by ingesting contaminated water), estimating how much of a
chemical an individual is likely to be exposed to and estimating the number of
individuals likely to be exposed.
Toxicity assessment: businessdictionary.com (2014) defines the toxicity
assessment as characterisation of the toxicological properties and effects of a
substance, specifically the dose response relationship associated with a particular
route of exposure.
Non-carcinogen: is a chemical or physical agent that is incapable of causing
cancer.
Cyanobacterial bloom: is a rapid increase or accumulation of cyanobacterial cell
population, also known as blue-green algae. This normally occurs in all types of
water during favourable conditions (enough nutrients, nitrogen and phosphate, calm
water and warm temperature).
Water container –a leather, rubber, tin or glass container for carrying or storing
water; a specially constructed vessel used for collecting water from water sources.
Most of these vessels were designed to carry food or chemicals such as paints.
Microcystins are cyclic non-ribosomal peptides produced by cyanobacteria (e.g.
Microcystis aeruginosa and Planktothrix). They are cyanotoxins and can be very
toxic for plants, animals and humans. Their hepatotoxicity may cause serious
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damage to the liver. Microcystins can strongly inhibit protein phosphatases type 1
(PP1) and 2A (PP2A), and are linked to pansteatitis (Wikipedia, 2014).

1.8 STRUCTURE OF THE THESIS
This research study is presented in the following format:
Chapter 1 - Introduction of the study topic and brief background of the study,
problems, questions and different gaps in the water quality research that might
be closed as a result of this study.
Chapter 2 - Brief literature review of sources and container water contamination by
cyanotoxins, different toxins produced, point-of-use microcystins treatment
types using NaOCl and health symptoms that have been studied in other
countries. Finally, the hazard quotient that has been included in the literature.
Chapter 3 - Description of the research design and data collection methods, which
include, data collection procedure, samples and data analyses, statistical
package used to capture, analyse and interpret data.
Chapter 4 – Application of the microcystin model as a framework to determine the
quality of samples of water drawn from households within communities around
Hartbeespoort Dam area.
Chapter 5 - Apply the microcystins model as a framework to assess the impact of
sodium hypochlorite (NaOCl) when used for water treatment at the point of
use on the quality of household water and individual’s health.
Chapter 6 - Determine the human health problems associated with the use of water
from Hartbeespoort Dam for drinking and domestic purposes.
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Chapter 7 – Develop a guideline to improve the quality of water supply for the local
communities around Hartbeespoort Dam area.
Chapter 8 - Conclusion, limitations, recommendations and suggestions.
References will provide all literature resources that were cited in this study. Finally,
for clarity, a list of appendices is also provided.
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CHAPTER 2
2 LITERATURE REVIEW
2.1 INTRODUTION
Water is a basic right for everybody throughout the world. The United Nations
Children’s Fund (UNICEF) and World Health Organization (WHO) reported that in
2010, approximately 85% of the global population (6.74 billion people) had access
to improved water, such as piped-borne water supply through house connections,
or to a potable water source through other means, such as standpipes, water kiosks,
protected springs and protected wells. They further reported that an estimated 14%
(884 million people) did not have access to a clean water source and had to use
unimproved water sources, such as unprotected wells or springs, canals, lakes or
rivers (UNICEF, WHO/UNICEF, 2010). The use of unimproved water sources
occurred mainly in developing countries.
In developing countries such as South Africa, a large number of the population
access household water from communal taps. Water is still collected from improved
and/or unimproved water sources using containers for storage in the house,
because of inadequate infrastructure to supply enough water to fast growing
populations (Oberholster and Ashton, 2008). This development puts pressure on
the available infrastructure and consequently, water supply is not always constant,
compelling people to store water in containers (Sobsey, 2002). Where communal
taps malfunction, water is obtained from surface water sources such rivers, streams,
dams or groundwater.
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Mishra and Pabbi (2004) reported that surface water provides a breeding ground
for cyanobacteria, as it contains nutrients such as phosphorus, nitrogen and other
chemicals used by the bacteria. Microcystis aeruginosa is the bloom-forming
cyanobacteria species commonly found in eutrophic dams and other surface water.
Microcystins and nodularin are the most frequently found cyanobacterial toxins from
blooms of the above and are cyclic peptide toxins, which contain seven amino acids.
Butler et al. (2009) reported that microcystins are the most abundant of the
cyanotoxins that have been investigated extensively, due to the public health risks
posed, and are one of the most studied cyanotoxin groups found in most surface
waters (WHO, 1998). Oberholster et al. (2010), reported that more than 80% of the
cyanobacterial species studied in Hartbeespoort Dam, between June 2005 and
August 2006, were Microcystis spp., the leading cyanobacterial species to produce
microcystins (Ressom et al. 1994). Microcystins are found inside the cells of
cyanobacteria and are largely cell-bound, and usually constitute more than 95% of
the toxins contained within healthy cells (ISO 20179, 2005).
There are more than 80 known microcystins toxins which include the three different
structural groups, i.e., MC-LR, -RR and -YR, where MC = microcystin(s); LR =
Leucine and Arginine, RR = Arginine and Arginine and YR = Tyrosine and Arginine,
are the amino acid substitutions at the two variable positions on the cyclic
heptapeptide chain, as shown in Figure 2.1 (Butler et al. 2009; Deore and Bansal,
2013).
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FIGURE 2.1: Chemical structure of microcystin-LR, characterised by the presence of leucine
(L) and arginine (R) as variable L-amino acids in positions 2 and 4 (Factsheets, 2014)

In summer, temperatures are high and more rain falls, thus flooding more nutrients,
such as phosphorus and nitrogen, into surface water causing the cyanobacteria,
which disappears in winter due to poor conditions, to bloom. During blooming, the
cyanobacteria cells produce toxins known as cyanotoxins that include microcystins
and others (WHO, 1998). Production of toxins depends on favourable conditions
and availability of nutrients for the host cells (WHO, 2003b). Blooming is triggered
by hot temperatures, heavy rains that bring nutrients into the water, pH changes
and calm wind conditions (European Communities, 2002). Some of the cells die due
to competition for nutrients and the cell walls burst and release toxins into the water
(Deore and Bansal, 2013). In winter, when conditions are unfavourable owing to
lack of nutrients and lower temperatures, most cyanobacteria tend to disappear or
die, resulting in cells releasing toxins into the surrounding water environment.
Toxins are also released during cell stress or decay and by water treatment
processes that cause cells to burst (USEPA, 2011).
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At all times cyanobacteria releases microcystins into the surrounding water. Death
and other related health symptoms have been reported because of microcystins
contamination (Butler et al. 2009). Not all water treatment plants can remove these
toxins from drinking water therefore traces have been reported in drinking water
stored in households (Fosso-Kankue, Jagals and Du Preez, 2008). Water
containers may also be contaminated during water collection and storage (Wright,
Gundry and Conroy, 2004).
Storing of water reportedly worsens the quality of water over time (Jagals, 2006).
Jagals (2006) further reported that water containers were easily contaminated at
household level due to poor hygiene practices and using different water sources of
poor quality (Jensen et al. 2002; Joubert, Jagals and Theron, 2003; WHO, 2003c).
Brown and Sobsey (2010) studied water quality from stored containers and the
impact of poor hygiene on children under the age of 5 years. Diarrhoeal diseases
were recorded, which increased in households that did not have access to
household water supply compared to those who had water and used ceramic water
treatment devices. Poor hygiene practices lead to, for example, faecal pollution of
water stored in containers, which increases the development of biofilm in most of
the containers used due to collect water from untreated water sources. Faecal
contamination could result in an increase in nutrients, as the cyanobacterial cells
that grow as part of biofilms are found on the inside walls of water storage
containers. Access to the water containers by children and domestic animals also
affects deterioration of water stored in containers. Fosso-Kankue, Jagals and Du
Preez (2008) studied the levels of cyanobacteria and related toxins in dark and light
coloured containers, used to store drinking water in rural areas of South Africa, and
reported that part of the biofilm was cyanobacteria.
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Microcystins exposure can also occur through contact with or ingestion of the algal
scums. Potential routes of exposure to microcystins can be distinguished by:
(1) Direct contact of exposed parts of the body including ears, eyes, mouth and
throat, and the areas exposed by a bathing suit (Pilotto et al. 1997).
(2) Accidental swallowing (Turner et al. 1990).
(3) Inhalation of water spray (Chorus and Bartram, 1999).
Fawell, James and James (1994) and Humpage and Falconer (2003), conducted
two different oral dose studies in mice and pigs respectively. It is believed
recreational and occupational contact with contaminated water are the most
common forms of exposure to cyanobacterial toxins in dams, rivers and marine
water (Azevedo et al. 2008). In the studies conducted by Hoffman (1976) and Duy
et al. (2000) it was discovered that long-term exposure to low levels of cyanotoxins
may also occur in areas that receive treated drinking water, as most of the
conventional water treatment processes are ineffective in removing cyanotoxins
(DWAF, 1996). Oberholster and Ashton (2008) reported that extracellular toxin
concentrations remained constant after flocculation and filtration in a conventional
water treatment plant.
Toxins are further grouped according to the biological effects on human systems
(Funari and Testai, 2008). However, of greater concern are three classes of toxins
that are produced: hepatotoxins, which attack the liver, neurotoxins, which attack
the nervous system and dermatotoxins, which cause skin irritation (Mur, Skulberg
and Utkilen, 1999). Oberholster and Ashton (2008) have reported on various toxins
and the biological effects on humans. Toxins are found in surface and ground water
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and in food and pharmaceutical products (Vasconcelos, 2006), however, some of
these toxins have been found to be useful for pharmaceutical purposes
(Vasconcelos, 2006). Toxins have been reported in food such as fish that have been
exposed to contaminated water (Butler et al. 2009; Adamovský, 2010) and in crops
that have been irrigated by contaminated water (Ghimire, 2007). Water containers
in rural households were also found to contain traces of cyanotoxins (FossoKankue, Jagals and Du Preez, 2008).
These toxins, of which Microcystin-LR is the most common, can cause various
health problems in humans. Microcystins can be detected in the laboratory using
one of the following methods: High Pressure Liquid Chromatography (HPLC), Mass
Spectrometry (MS), enzyme-linked immunosorbent assays (ELISA), fluorescent
probe and inhibition of protein phosphatase, and by polymerase chain reaction
(PCR) (Oberholster, Botha and Grobbelaar, 2004).
Chia, Oniye and Swanta (2013), stated that cyanobacteria and its cyanotoxins were
found in household water containers as part of the biofilm inside the walls. Some of
the health problems associated with microcystins at household level need to be
studied in more detail, including the different types of water used, water quality,
symptoms and related illnesses. In this review, microcystin types and the health
effects on animals and humans, hazard quotient and treatment processes that can
be used in water treatment plants and household water containers, are discussed.

2.2 GUIDELINES
Guidelines are information intended to advise people on how water should be used,
or what the parameter levels for various substances should be in drinking water.
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There are guidelines for safe, or acceptable, parameters of many substances found
in drinking water, however, there is no guideline value for cyanobacteria toxins other
than microcystins-LR, which is 1 µg.ℓ-1. Only a guideline value for this compound is
derived. The guideline used was based on the body mass of the animals, reported
different doses from other animal studies total daily intake (TDI) and the TDI, which
was the dose administered to the animals for up to 14 weeks. To derive the TDI, the
lowest-observed-adverse-effect level (LOAEL), or no-observed-adverse-effect level
(NOAEL) was used and divided by appropriate safety or uncertainty factors (WHO,
2006). From this procedure, the World Health Organization calculated the
acceptable guideline of microcystins in drinking water and provided the provisional
guideline of 1 µg.ℓ-1 in drinking water, released in 1998. It is documented as a
provisional guideline because it only covers the Microcystins-LR and not all
cyanotoxins, as there is limited data available about the other toxins. The WHOs
provisional guideline for microcystins-LR in drinking water has been adopted by a
number of countries, including Brazil, New Zealand, Japan and Spain (Burch, 2008).
Table 2.1 compares the International guidelines for microcystins-LR, which were
adopted from the WHO’s microcystins-LR guidelines. The guidelines were provided
to guide water authorities on how to monitor water quality for drinking purposes.
TABLE 2.1: Microcystins-LR guidelines from different countries
Country etc.
WHO
South Africa
Canada
Australia
Brazil

Microcystins-LR
guideline (µg.ℓ-1)
1.0
0.8
1.5
1.3

1.0

Sources
WHO, 2005
DWAF, 1996
Burch and Thomas, 1997
NHMRC/NRMMC, 2004
Codd, Morrison and Metcalf, 2005

South Africa uses the range of 0-0.8 µg.ℓ-1 microcystins-LR, which is below the level
recommended by the WHO of 1 µg.ℓ-1 (DWAF, 1996), while other countries, such
as Australia and Canada, developed guidelines using a range above the
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recommended level of the WHO’s 1.3 µg.ℓ-1 and 1.5 µg.ℓ-1, respectively. These
guidelines are used by the water authorities to monitor water quality in terms of
cyanotoxins during water treatment, especially in areas where raw water is sourced
from cyanobacteria contaminated water.

2.3 APPLY THE MICROCYSTINS MODEL AS A FRAMEWORK TO
ASSESS THE IMPACT OF SODIUM HYPOCHLORITE (NAOCL)
WHEN USED FOR WATER TREATMENT AT THE POINT OF
USE ON THE QUALITY OF HOUSEHOLD WATER AND
INDIVIDUAL’S HEALTH
Numerous water treatment techniques can be used to treat microcystins during
water processing, including physical treatment (activated carbon and reverse
osmosis) and chemical treatment (chlorination, ozonation, permagnate, photolysis,
hydrogen peroxide and semiconductor photocatalysis). Most of these water
treatment techniques are used on a large scale at water treatment plants.
The World Health Organization (WHO) reported most of the world’s water treatment
plants are not sufficiently equipped to treat cyanotoxins. The occurrence of the
toxins in drinking water depends on the level of raw water contamination and the
water treatment used. USEPA (2012) stated that the best treatment for microcystins
in water treatment plants is the use of Powdered Activated Carbon (PAC) and
Granular Activated Carbon (GAC). The most recently commissioned water
treatment plants, such as Auto Wash Treatment Plants for Rural Water Supply by
PCI Africa, use activated carbon and are able to remove microcystins. An example
of auxiliary treatment would be the addition of PAC to remove bad tastes and odours
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(Westrick, 2006). Manage, Edwards and Lawton (2010), reported that microcystins
are chemically stable in water, and conventional water treatment processes have
failed to remove chemicals to recommended levels required by the WHO (Ali et al.
2014). The most popular water treatment system that can remove the cyanotoxins,
including microcystins, from drinking water is reverse osmosis. During blooming,
water is highly turbid and the majority of water treatment plants are incapable of
removing all cyanotoxins. Fosso-Kankue, Jagals and Du Preez (2008) proved that
cyanotoxins, including microcystins, are present in water containers. Furthermore,
it was also reported that acute health problems occur due to exposure to high levels
of toxins over a short period, while chronic health problems could occur because of
exposure to low levels of toxins over a long period.
Few studies have investigated microcystins in household water containers and the
health effects on those who consume contaminated water. It is necessary for
drinking water, especially in stored water containers, to receive point-of-use
treatment at household level. Indicator microorganisms, such as E. coli, will be
destroyed by heating water to above 60°C, however for the treatment of
cyanotoxins, boiling water is not recommended as most toxins are chemically stable
and boiling can result in further lysing of cells and more toxins being released. Table
2.2 shows a summary of some international studies at household level, using
different point of use treatment methods for removing microcystins. Sand filtration
is one of the water treatment techniques that has proven effective in removing algal
cells and microcystins from drinking water at household level, but is labour intensive
to maintain.
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TABLE 2.2: Studies on microcystins contamination of household water containers
Country

Type
of
household water
study

Application

Remarks

Reference

South Africa

Investigated
the
occurrence
of
cyanobacteria and
the
associated
toxins in domestic
containers
and
surface
water
sources.

Cyanobacteria and
microcystins
occurred
at
low
levels in the water
from the containers
and posed a health
problem
to
the
household using it.

Three cyanobacterial genera
were found in the container
water
samples
with
Microcystis
spp.
being
dominant. Microcystins were
found in one of the 10
container samples assessed
at 0.36 µg.ℓ-1 More positive
results for microcystins were
found
in
translucent
containers than in dark,
opaque containers.

FossoKankue,
Jagals and
Du Preez,
2008

Mozambique

Microcystins
removal
in
households using
BioSand household
water filter.

Comparing
the
removal
of
microcystins
in
household drinking
water using BioSand
household
water
filter.

Samples of both raw and
filtered
water,
indicated
concentrations less than 0.10
µg.ℓ-1, which is below
detection level.

Bojcevska
and Jergil,
2004

Australia

Compared
the
water quality from
two
water
treatment
plants
from source to
household taps.

Two water treatment
plants were selected
that obtained the raw
water from surface
water
bodies
regularly
contaminated
with
toxic cyanobacteria.

Due to the low toxicity of the
M.
aeruginosa
strains
prevalent
during
the
investigation,
toxin
concentrations in communal
tap water exceeding the
guideline value of 1.3 µg.ℓ-1,
were not detected

Hoeger
al. 2004

et

Ceramic filter and reverse osmosis have been proven to be successful in the
treatment of water at the point-of-use, but are expensive and not easily available
(Potgieter, 2008).
Cheap, accessible and available forms of toxin removal methods have proved to be
effective, for example, microcystins can be removed by degradation, using sodium
hypochlorite (NaOCl) which is readily available and affordable. This treatment can
also be applied on a small scale by applying chlorination using sodium hypochlorite,
which is one cap of bleach into 25 ℓ at the point-of-use.
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2.4 THE HUMAN HEALTH PROBLEMS ASSOCIATED WITH THE
USE OF WATER FROM HARTBEESPOORT DAM FOR
DRINKING AND DOMESTIC PURPOSES
Animals are generally used in toxicity studies and the results extrapolated to
humans. Nobre et al. (1999) studied the physio-pathological effects of microcystinsLR in isolated perfused rat kidneys from five rats. Urine samples were used to
determine the presence of microcystins and perfusates were collected at 10 min
intervals to determine the levels of inulin, sodium, potassium and the osmolalities.
In summary, the study found that after 90 min, perfusate pressure increased
significantly at a glomerular filtration rate (C = 0.66 ± 0.07 and T = 1.10 ± 0.04 mℓ g1

min-1) and there was a significant reduction in fractional sodium tubular transport

at 120 min (C = 78.6 ± 0.98 and T = 73.9 ± 0.95 %). Masango et al. (2010) studied
dead animals in the Kruger National Park; two animals’ livers were analysed for the
presence of microcystins after it was believed the water sources where the animals
drank was contaminated with cyanobacteria. Water samples proved the presence
of toxic microcystins during bloom and they were able to associate the wildlife
mortality to cyanobacteria. Both studies (Nobre et al. 1999 and Masango et al. 2010)
were concerned about the effect of microcystins on animals. Nobre et al. (1999)
indicated that microcystins toxins were ingested by the animals, while Masango et
al. (2010) were able to show the relationship between the animals’ mortality and
water quality. Willen et al. (2011) studied the deaths and illnesses of both wild and
domestic animals in the Rift Valley areas in the south of Addis Ababa, and
concluded the cause of death was duct toxic cyanobacteria. Microcystins were
monitored in seven lakes, which had exceeded acceptable levels of microcystins
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concentration and were posing a serious health hazard for humans, cattle and
wildlife. The evidence of mortality that was linked with the lake water, similar to what
Masango found in the Kruger National Park, was not reported on by the researchers.
Deore and Bansal (2013) studied microcystins impact and effect on fish, humans,
animals and livestock. They found the toxicity of microcystins could cause liver
damage, which led to the death of fish, dogs, cattle and other livestock. Evidence
show that microcystins are harmful and have health effects on animals exposed to
microcystins contaminated water.

2.5 DEVELOP A GUIDELINE TO IMPROVE THE QUALITY OF
WATER SUPPLY FOR THE LOCAL COMMUNITIES AROUND
HARTBEESPOORT DAM AREA
2.5.1 Microcystins Drinking Water Containers Model
Microcystins Drinking Water Containers Model was the first framework used to
determine the relationship between microcystins and the different variables in
drinking water containers at household level. The model was developed by looking
at the relationship between the physical parameters (pH, Turbidity and Chlorine)
(Te and Gin, 2011; Campinas, Viegas, and Rosa, 2013) to evaluate the health
hazard due to microcystins found in the drinking water containers. The model
focuses on the pH level, turbidity and the NaOCl contact time with the microcystins
at the point-of-use. Quality of water stored in the container could change if any
parameter changes, however, the effect of these changes is not well understood.
Microcystins, reportedly, are degraded in drinking water treatment plants by using
chlorination (Tsuji et al. 1997; Daly, Ho and Brookes, 2007; Nicholson, Rositano
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and Burch 1994). Currently, the treatment of microcystins occurs at the water
treatment plant and not at point-of-use. Therefore, to assess the health implication,
it is important to investigate microcystins under the physiochemical conditions in the
drinking water containers. Three parameters may be considered when assessing
degradation of microcystins:
1. pH level
2. Turbidity
3. Contact time with NaOCl
Chlorine has been used as a reagent for potable water treatment since the
beginning of the 20th century and in 1976 Hoffman started using chlorination to treat
microcystins. However, some studies have proved that chlorine does not treat
microcystins (Keijola et al. 1988 and Humberg et al. 1989), although the level of pH
was not proved during treatment. Thereafter, they studied the effect of pH on
chlorine in the treatment of microcystins. Daly, Ho, and Brookes (2007) and
Nicholson, Rositano and Burch (1994) evaluated the effect of chlorine on the cell
integrity of toxic Microcystis aeruginosa using flow cytometry in water from a
reservoir. The difference was that Daly, Ho, and Brookes (2007), first lysed the cell,
while Nicholson, Rositano and Burch, (1994), degraded the toxins directly. Tsuji et
al. (1997), reported that chlorination and ozonation are effective means for the
removal of microcystins. They focused on the effect of sodium hypochlorite on
microcystins-LR and –RR and found 99% of microcystins were removed within 30
minutes using the free chlorine concentration of 2.8 mg/litres, while only 37%
destruction was achieved at a level of 0.7 mg/litres, with a contact time of 60
minutes. Nicholson, Rositano and Burch (1994) further investigated the use of the
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chlorine and chloramine for the destruction of microcystins and the pentapeptide
toxin, nodularin. The destroyed toxins provided a residual level of 0.5 mg/litres
chlorine when treatment was maintained for 30 minutes; 79% toxins were destroyed
at pH level above eight. All three studies were assessed, using chlorine to remove
or destroy the microcystins in drinking water treatment, to prove the effectiveness
of chlorine to remove microcystins at an optimum pH level where chlorination was
used as part of the water treatment process. In summer, when the water turbidity is
higher than five Nephelometric turbidity units (NTU), the cleaning of water becomes
a challenge, which may result in some particles not being treated. High doses of
chlorination were reported to burst the cyanobacteria cells during blooming (Fan,
2012). There is no study reporting the point-of-use water treatment using chlorine,
focusing on treating toxins produced by cyanobacteria in 25 ℓ household containers.
In this review, chlorination was illustrated as a water treatment process that can be
applied at household level (DWAF, 1996; IFH, 2002). Chlorine bleach is inexpensive
and is readily available in stores. All the studies demonstrated that chlorine is
effective in degrading microcystins in water and the correct concentration of bleach
to achieve the right pH has proven to reduce microcystins that affect human health
by up to 99% in drinking water (DWAF, 1996; Backer et al. 2008).

2.5.2 Human Health Hazard Assessment Model
Some toxins, such as microcystins and nodularin produced by cyanobacteria, were
predicted to be carcinogenic, based on knowledge of mechanisms of action
(NHMRC, 1994). Non-carcinogenic microcystins have been the most thoroughly
investigated toxin group. The health risks posed by exposure to cyanotoxins are
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difficult to quantify since the actual exposure and resulting effects have not been
conclusively determined, especially for humans.
Toxic cyanobacteria are recognised as a hazard to human and animal health and
assessments are carried out to determine environmental health problems (Ahmed,
Hiller and Luckes, 2008). However, very thorough investigations of human illnesses
and

deaths

following

exposure

to

microcystins

are

required.

Hazard

characterisations for humans have, to date, been extrapolated from animal studies.
The recognised route of exposure of humans to microcystins is through water
consumption. The total daily intake (TDI) equation is used to estimate doses for
drinking water quality assessment (Codd, Morrison and Metcalf, 2005). The most
reported occurrence of human intoxication by microcystins was the outbreak of
illness at a haemodialysis clinic in Caruaru, Pernambuca State, Brazil. Patients
developed visual disturbances, nausea, vomiting and muscle weakness, some even
developed acute liver failure (Jochimsen et al. 1998 and Azevedo et al. 2002). The
study’s outcome was confirmed by comparing the human symptoms with those of
animals that were studied. They found microcystins produced by cyanobacteria
were detected in water from a supply reservoir serving the dialysis centre and were
present in the serum and liver tissue of patients. These findings led the researchers
to conclude that humans were exposed specifically to microcystins LR, YR and AR.
A similar study that supports the effect of microcystins present in the human body
was conducted by Backer et al. (2008). The study aimed to measure the
microcystins level in human blood after exposure to microcystins, during blooming,
through swallowing or inhalation whilst swimming or skiing. It was found
microcystins were present (2 µg.ℓ-1 to 5 µg.ℓ-1) in the water where people played and
furthermore, low levels of microcystins were also detected in both aerosol samples
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and blood samples (0.147 µg.ℓ-1). Given the low exposure level, study participants
reported no symptom increase following recreational exposure to microcystins.
Further evidence of the microcystins as a health hazard to humans was provided
by Moreno et al. (2004). The degradation of the toxins in human gastrointestinal
tracts before absorption were studied, with the result that there was degradation,
although not completely, of microcystins during digestion. This meant some of these
toxins were absorbed into the body organs with food during digestion. Funari and
Testia (2008) reported that acute and short-term toxic effects in humans have been
associated with exposure to high levels of cyanotoxins in drinking and bathing
water.
A study conducted by Ding et al. (2006) demonstrated that microcystins could cause
stomach and intestinal inflammation, liver cancer and disease of the spleen in
humans who drink contaminated water. Microcystins have been linked to promoting
tumour development and have been clearly demonstrated to have effects on the
liver and the colon (Falconer, 2005b). However, there is no confirmation of
microcystins exhibiting carcinogenic properties. Microcystins do pose health risks
or problems to people who are using cyanobacteria contaminated water. The
USEPA (2005) reported a need to generate sufficient epidemiological data to be
able to estimate health risks associated with microcystins.
Risk characterisation is defined as an integration of the findings from the exposure
and effects. Human health risk assessment is conducted to determine whether risks
can be controlled. In the study, Falconer (2005b) reported that a preferential
procedure is the use of epidemiological data from human exposure and poisoning
of microcystins in drinking water. In this study, two doses were used, used to
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determine the highest and lowest doses that would not have any effect on animals
or humans if administered. As mentioned previously, water from containers was
contaminated with microcystins at low levels and the study by Fosso-Kankue,
Jagals and Du Preez (2008) was conducted in an area where water flows in summer
and dries up in winter. Survival of cyanobacteria was affected by seasonal changes
therefore, in order to address the health and seasonal effects of microcystins in
water from household containers, it was important to study the stored water from
containers in an area where water is contaminated by cyanobacteria, but does not
dry up in winter. In order to address the research question: “What are the human
health hazards of using water containers to collect and store water from cyanotoxins
contaminated water sources?” there is a need to determine the health hazards
related to microcystins in water containers, using the Microcystins Human Health
Hazard Assessment Model.
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CHAPTER 3
3 RESEARCH METHODS
3.1 INTRODUCTION
This chapter describes the research methods used in this study. For the purpose of
this study, the microcystins toxins produced by Microcystis spp (Microcystis
aeruginosa) were used as an indicator of eutrophication as reportedly, it is the most
abundant in drinking surface water; other types of the cyanotoxins were also
reported in the water stored in containers (Fosso-Kankue, Jagals and Du Preez,
2008).

3.2 RESEARCH DESIGN
A research design may be described as an overall or detailed working plan or
structure in place that may be used to guide the researchers from the beginning of
the project until the final document has been produced. The study comprises of both
the quantitative and qualitative data. Figure 3.1 shows the study plan layout that
connects all the building blocks, which are different variables that satisfy the study
objectives, i.e. materials used, types of data, methods and statistics used for
analysis - everything that will be used during the investigation in obtaining evidence
to answer the research questions (Welman and Kruger, 2002).
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STUDY DESIGN FLOW
HOUSEHOLD RECRUITMENT
(Systematically sampling method)

WATER TYPES
AND SAMPLING

Water sources and container sampling points:
(From September 2012 to August 2013
Households
point-of-use
water
treatment
(NaOCl)
NaOCl =
Degraded
Microcystins
and killing
microbial

Rand Water

POU water non-treated
Control groups
(Blooming and decaying
Seasons)

Groundwater

Tap Water

Tank Water

POU water non-treated
Experimental groups

POU water treated
Experimental groups

(Blooming and decaying
Seasons)

(Blooming and Decaying
Seasons)

LABORATORY WATER ANALYSIS
Physical parameters:
pH, Conductivity and Turbidity:
(Measured, µS/cm and NTU)
Microbial parameters:
Total coliform and E. coli (counts/100 mℓ)

CONSENT LETTER
(Study explained and
requested to
participate)

QUESTIONNAIRES
(Interview method used)

Cyanotoxins analysis:
Microcystins: (µg.ℓ-1)
MICROCYSTINS HUMAN HEALTH MODELLING

BASELINE DATA
COLLECTION

Microcystins Drinking Water Container Model

Human Health Hazard Assessment Model:
Non-carcinogenic
Exposure
assessment

Human health hazard:
Hazard Quotient (HQ)

Toxins
assessment

Microcystins health related
symptoms

Risk management:
If hazard quotient (HQ) is >1 there is a need for
further intervention; however, if is <1 there is nothing
to be done

FIGURE 3.1: Study design flow

POU – point-of-use
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The research design ensures the evidence obtained enables the researcher to
answer the research questions as comprehensively as possible. There are different
factors to be considered in research design, including which data is required and
what methods are to be used to collect and analyse this data, all within a specific
period. As mentioned, the research design is a study map, as per Figure 3.1, which
gives the direction and/or instruction to a researcher to gather and analyse data.

3.3 STUDY AREA AND RECRUITMENT OF THE PARTICIPANTS:
This public health study was part of a larger project already started in the
Hartbeespoort Dam area, “Research programme to identify solution to the
Hartbeespoort Dam water crisis” (Figure 3.2), which was led by Tshwane University
of Technology. The Hartbeespoort Dam area, located in Madibeng Municipality of
North West Province, in the Republic of South Africa, has a total population of
22,374 and consists of 9,012 households (STATSSA, 2011). The Hartbeespoort
Inhabitants Forum (HIF) and primary investigator were involved in recruiting
community members situated around Hartbeespoort Dam. The households were
grouped according to the main water source accessed for household use.
Community leaders were visited and the purpose of the study explained, and the
correct procedure to involve community members was requested. After consent was
obtained from the leaders, the participating households were selected by means of
a systematic sample, which is a type of probability sampling method in which sample
members from a larger population are selected according to a random starting point
and a fixed periodic interval. This was done by choosing every second household
where people were present; the households selected were marked, using a global
positioning system. The primary investigator and one of the community members,
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assigned by the community leaders to assist, made appointments with household
members to explain the study to them. Appointments for meeting with participants
who showed interest in the study were made at times convenient to them.

FIGURE 3.2: Hartbeespoort Dam water study plan

The communities included Private, Reconstruction and Development programme
(RDP) and Informal settlements. Seventy-four households were selected for the
purpose of this study. Three household groups were suggested in the study area
namely: (1) Informal settlement, (Figure 3.3: (a - d)), (2) RDP settlement, (Figure
3.4: (a - d)), and (3) Privately-owned settlement, (Figure 3.5: (a to d)).
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A

B

C

D

FIGURE 3.3: (a to d): Informal settlement setup with the water sources used (Tap, Canal/River
and Tank)
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A

B

C

D

FIGURE 3.4: (a to d): RDP settlement setup with the water sources used (Tank and
Groundwater) and the appearance of the inside of a water container
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A

B

C

D

FIGURE 3.5: (a to d): Privately owned settlement setup with the water sources used
(Groundwater and Rand Water)

The number of systematically selected households for informal settlements
consisted of 40 households, totalling 118 respondents. These respondents use
water from the river (dam), tap or tanker supply. In the RDP settlement, 20
households were selected, with 77 respondents using sources of water from
groundwater and tanker supplies. The third group, privately owned settlements,
comprised 14 selected households and included the school in the area, which gave
a total population of 322 respondents; this study group uses Rand Water Board
water and groundwater sources.
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The pilot study was used to explore the types of water used for drinking purposes
by the community members, health problems related to the microcystins in the study
area and participants’ perceptions of microcystins. The questionnaire was already
piloted in Limpopo, as it was part of the Toolkit Study (section 3.6.1, Chapter 3).
Water sample collection and laboratory analysis were also piloted before study
measure-data were collected. This was done to assess the reliability of the methods
to be used to measure the concentration of microcystins.

3.4 ETHICAL CONSIDERATION
In all studies involving either human or animal activities, the ethical considerations
become the most important factors to be considered in the study plan, and includes
the participation of specialist personnel and type of laboratory to analyse the
samples and specific materials to be used. Some of these factors can affect the
period of the study, resulting in delays or perhaps not being completed at all. In
addition, some of the relevant factors might not be available for use at the time.
During research, it is important to protect the participants and to ensure the study is
serving the interest of society as a whole, in a manner that guarantees the
confidentiality of participants is protected and the process of gaining informed
consent is followed.
In this study, although no human issues were to be used in analysis, sensitive and/or
personal information of household members was required. Consequently, all
systematically selected households in the study area were informed of the purpose
of the study and were asked to sign a consent form (Annexure A), should they agree
to participate; the household members’ involvement was voluntary in nature. The
water samples were analysed for the presence of microcystins and other water
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quality parameters. The project proposal and questionnaire were submitted to the
Tshwane University of Technology (TUT) Ethics Committee and permission was
obtained, ref: REC/2012/03/001 (Annexure C).

3.5 APPLICATION

OF

THE

MICROCYSTIN

MODEL

AS

A

FRAMEWORK TO DETERMINE THE QUALITY OF SAMPLES
OF

WATER

DRAWN

FROM

HOUSEHOLDS

WITHIN

COMMUNITIES AROUND HARTBEESPOORT DAM AREA.
3.5.1 Households’ selection
Seventy-four households were systematically selected for the purpose of this study,
from different settlements around the Hartbeespoort Dam area, in North-West
Province, South Africa. The participants consisted of every member in the selected
households, including Meerhof Primary School, which gave 517 respondents. The
study respondents were made up of both female (52%) and male (48%)
respondents. The female dominated areas were found to be the informal and RDP
settlement groups compared to the privately owned or formal settlements.
Samples were collected from all water sources used by the study households and
from the water stored in the containers. The Dam water samples were collected
next to the water treatment plant, prior to being treated. Two sterile Whirl-Pak plastic
500 ml bags were used to collect the samples from Dam water, tap, tank and ground
water. The samples were grouped according to the two seasons, blooming and
decaying. The blooming season was spring and summer, which falls between
November and April, and the decaying season was autumn and winter, falling
between May to October. The water used by all participating households was tested
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for the presence of the contaminant in the first months of recruitment, thereafter
39% (n=29) of the households treated drinking water using sodium hypochlorite
(NaOCl) (Lawton and Robertson, 1999; and Tsuji et al. 1997). This point-of-use
water treatment was followed throughout the period of the study, including
conducting of health impact assessments every third month.

3.5.2 Collection of water samples from the storage containers
In all participating households (n=74), water samples were collected from the
containers used to store drinking water (n=183) and water sources (n=34), using
500 mℓ sterile Whirl-Pak bags. Samples were placed inside cooler boxes, to prevent
light exposure, and kept at less than 4°C (Ontario Ministry of the environment, 2010)
and transported to the Rand Water laboratory for analysis. The study parameters
included Total coliform and E. coli, as well as physical parameters such as turbidity,
pH, chlorine and conductivity. For those households who did not store water,
samples were collected from the nearest tap in the yard, or from the kitchen. The
samples were collected from the water sources used by respondents, this included
(a) water treatment plant, which were collected before water was treated and after
being treated, (b) canal or river water and (c) ground water. Before sampling, the
researchers indicated on the sterile Whirl-Pak bags the name of the sampling point
and the date on which the samples were collected. The bags were filled with the
water samples, following collection procedure at the source (USEPA, 2015a).

3.5.3 Collection of water samples from sources used by community
The water samples from the taps and tanks were allowed to run for 5 to 10 seconds
at high pressure before opening and filling the bag with water to avoid
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contamination. After an acceptable volume was reached (70% full), the bag was
closed tightly and the sample was immediately stored in a cooler box with ice (less
than 4°C) and transported to the laboratory for immediate analysis.
The water samples from the Dam were collected by immersing the opening of sterile
Whirl-Pak plastic bags against the water current in order to avoid water
contamination. The bag was filled with the sample to a capacity of 70%, sealed and
stored in a cooler box at less than 4°C.
As soon as the samples arrived at the Rand Water laboratory, 2 mℓ of the water
sample was decanted into an Eppendorf tube and frozen to -80°C until further
analysis of the toxins was necessary. The method of analysing microcystins is
described in full in the following sections.

3.5.4 Physical parameters
The calibrated multi-meter (HACH) was used to measure the pH and conductivity
concentration in the water samples. Enough water samples were poured into a 250
mℓ measuring sterile beaker, probes were placed into the sample and the read
button pressed on the meter. The reading was recorded directly onto a Microsoft
Excel spreadsheet. The most important aspect to assess was whether the water
quality meets International and National guidelines (SANS-241: 2011).
A portable Turbidity meter, from (HACH), was used to measure the turbidity in the
water samples. After mixing the sample, it was poured into a measuring cell to the
marked level. A soft cloth was used to wipe the outside of the cell, aided by a drop
of oil; this was done to clean the outside of the cells so that no particles could
interfere with the measuring of the sample. The cell was then placed into the meter
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and the arrow was aligned with the point inside, the lid closed and the reading button
pressed. The reading was recorded directly onto a Microsoft Excel spreadsheet and
Statistical Package Social Sciences (SPSS) version 21.0 for Windows and STATA
version 10.0 were used to analyse the data from the spreadsheet.

3.5.5 Microbial parameters
Drinking water quality data was assessed by determining the level of Escherichia
coli (E. coli) and Total coliform, pH, turbidity and conductivity. Water samples were
poured into one of the sterile measuring cylinders, with a stopper, to the level of 100
mℓ. Dilution was done using deioniser water rather than buffered water. A Colilert18 medium snap pack (IDEXX, 2000) was separated from the strip, tapped at the
bottom to ensure the powder settled at the bottom and then opened by snapping
back the top at the score line. The reagent was added to the 100 mℓ water sample
in the mixing bottle. The cap was replaced and the bottle allowed to stand for a few
minutes (up to ten minutes) until the reagent dissolved and then mixed gently to
ensure the reagent had fully dissolved. The Quanti-Tray™ plates were labelled with
the source point, Escherichia coli per 100 mℓ and the date; this was done with the
plastic facing the palm of the hand and the top upwards. The tray was opened by
squeezing it and pulling the tab gently over the top of the tray away from the plastic.
The mixed sample (100 mℓ) was poured onto the tray before placing it in the prewarmed heat sealer to seal it according to the manufacturer’s instructions. The
Quanti-TrayTM was inverted (bottom of the wells upwards) and placed in incubators
at 37°C. The prepared samples were incubated for a minimum of 18 hours, but not
more than 22 hours (IDEXX, 2000).
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3.5.5.1 Materials required for microbial analysis
Two sterile 100 mℓ measuring cylinders/vessels with stopper
Quanti-tray plates (2000)
Medium of E. coli strain and antifoam
Quanti-tray sealer
Incubator
UV box reader
3.5.5.2 Result reading
After incubation, the results were read as follows: for Total coliform, all wells that
turned yellow, indicating positive results, in the Quanti-TraysTM were counted. For
Escherichia coli, all the Quanti-TraysTM, under long wave (366 nm) ultraviolet light
after incubation and wells that both turned yellow and fluorescent were counted and
recorded as E. coli positive, were examined.
Any well that fluoresced but was not yellow in colour was disregarded. Quanti-Trays
plates used consisted of 49 big wells and 48 small wells, whilst Colilert 51 were only
big wells. Positive counts were recorded as was, and later the most probable
number (MPN) table was applied to convert the number to a colony. Thereby, the
results were recorded or reported as a colony forming units per 100 mℓ (cfu/100 mℓ).
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3.5.6 Data analysis
Data collection is the process by which researchers collect information needed to
answer a research problem. To answer this study’s research question, the following
data was collected: a) Water quality data consisting of Microbial and Physiochemical data, and Microcystins, b) Microcystins health related problems and c)
Sodium hydrochloride data looking into degradation of microcystins and the health
cases reported after using treated water stored in containers. Figure 3.6 shows the
plan of how data was to be collected, from which sources and what analyses would
be conducted. Most water parameters used to determine the quality of water were
assessed in the laboratory, such as physical parameters, microbial parameters and
toxins parameters.

Privately
own
settlement

Tap water

Tap water

Tank

Rand
Ground
water

Microcystins
TDS
Turbidity
Total coliform
pH
E. coli

NaOCl Not treated

Informal
settlement

Tank water
Rand water
Ground
water

RDP
settlement

Ground
water
Tank water

NaOCl treated

Tap water
Tank water
Ground
water

Microcystins
TDS
Turbidity
Total
coliform
pH
E. coli

Decaying
season

Hazard quotient
Adult & children
Health symptoms
Acute & chronic
Hazard quotient

Microcystins
TDS
Turbidity
Total coliform
pH
E. coli

FIGURE 3.6: Data collection plan and variables to be analysed
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3.6 DETERMINE THE HUMAN HEALTH PROBLEMS ASSOCIATED
WITH THE USE OF WATER FROM HARTBEESPOORT DAM
FOR DRINKING AND DOMESTIC PURPOSES
3.6.1 Questionnaire
The study questionnaires comprised closed-ended questions, which were identified
by filling the codes given during one-on-one interviews between the primary
investigator and the household respondent (Leung, 2001). The questionnaire was
demarcated into sections that determined different issues in relation to human
health (Annexure B). For the purpose of this study, the demarcations were (a)
demography, (b) health information related to microcystins and (c) water types
used.
Data of the gastroenteritis, kidney, liver and cancer related symptoms that may have
been caused by microcystins in drinking water were compiled and included in the
questionnaire. The household respondent was asked if there any member in the
household had experienced either one of the listed symptoms. The health
symptoms related to microcystins, of the household members, were recorded by
interviewing the respondents every three months for a 12-month period. Health
surveys of each household member were conducted with a follow up every six
months for two different seasons (blooming and decaying seasons). The changes
in health symptoms, related to microcystins, between groups’ illustrates the effect
of NaOCl treatment on microcystins, and whether the seasonal changes had any
impact on peoples’ health. The health symptoms were compared between the
experimental and controlled groups. To verify whether microcystins toxins were the
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cause of the health symptoms, data collected from experimental groups were
compared with data collected from the control group. There were two control groups,
a) those who treated the water, using NaOCl, from the Tap and Tank and b) the
Rand Water Board group that received water from different water sources. The
control group using tap, and tank water had treated the drinking water at household
level using NaOCl.
3.6.1.1 Demographic
The demography of the participants in the study area helps researchers to
understand the demographic spread of the study area. Respondents were asked
four sections of 18 questions, from the demography, health and type of water
sources used (see Section A, questions 1-4 Annexure B).
3.6.1.2 Health problems related to microcystins
Household respondents were requested to respond on behalf of the family, (a) if
there was or were any member(s) of the family who (a) swam in the dam, (b)
whether they ate fish from the dam or river, (c) to list all symptoms that either one
member or all had experienced from skin problems, gastrointestinal problems,
inhaling problems and body parts damaged (see Question 6 - Annexure B).
Hartbeespoort clinic was visited between 2012 and 2013 to collect health data
related to microcystins gastroenteritis (vomiting, diarrhoea, nausea, stomach pain),
with permission of the nurses.
3.6.1.3 Water source types used.
In this section, there was a cluster of four questions that amounted to 35 items. The
items required information on the water source(s) used in response to the questions
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related to the water types used (see Question 8- Annexure B), treatment knowledge
and the household water treatment practice (see Question 9- Annexure B).

47

3.7 APPLY THE MICROCYSTINS MODEL AS A FRAMEWORK TO
ASSESS THE IMPACT OF SODIUM HYPOCHLORITE (NAOCL)
WHEN USED FOR WATER TREATMENT AT THE POINT OF
USE ON THE QUALITY OF HOUSEHOLD WATER AND
INDIVIDUAL’S HEALTH
Thirty-nine percent (n=29) of the selected households used sodium hypochlorite as
point-of-use water treatment. All the household respondents were trained on NaOCl
usage, every three months during the collection of water samples, and provided with
a manual, which explained all the necessary steps on how to treat water with NaOCl
for drinking purposes. One cap, or tablespoon, was used to measure the bleach,
which was then poured into a full 25 or 20 ℓ container. After pouring, participants
were advised to mix the water and wait for 30 to 60 minutes before drinking the
water. Covering or closing the lid of the containers at all times was emphasised to
protect post-treatment contamination of the water. The household member was
asked how long the water would be treated by the bleach (NaOCl) (Figure 3.7).

B

A

FIGURE 3.7: (a & b): Household respondent trained to measure and pour sodium hypochlorite
in drinking water
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FIGURE 3.7: (a & b): Household respondent trained to measure and pour sodium
hypochlorite in drinking water. The time of treatment was important in order to
assess whether water treatment, at household level using bleach, had taken place
more than 30 minutes ago, as this is the acceptable time before water could be
consumed. After sampling the water, using Whirl-Pak bags, two drops of Lugol’s
solution were added to the samples and kept in a black plastic bag to prevent
exposure to sunlight (Funari and Testai, 2008; Ontario Ministry of the environment,
2010).

3.8 DEVELOP A GUIDELINE TO IMPROVE THE QUALITY OF
WATER SUPPLY FOR THE LOCAL COMMUNITIES AROUND
HARTBEESPOORT DAM AREA
Microcystins were used as an indicator of contaminant in the results of the
Hartbeespoort Dam cyanobacteria toxins. To assess microcystins in water samples
for two seasons, blooming and decaying, two techniques could have been used,
Enzyme-Linked Immunosorbent Assay (ELISA) and High Performance Liquid
Chromatography (HPLC). For the purposes of this study, ELISA was employed and
all water samples were analysed in duplicate. Microcystins concentrations were
calculated using equations 3.1 and 3.2. It was assumed the concentration
determined from the calibration curve was y µg for the 0.5 mℓ extract (from 1 mℓ of
the supernatant) (Swanepoal et al. 2008).
Concentration in the supernatant: =

To take into account sample volume:

(ml)

/

/

[Eq.3.1]

ℓ
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[Eq.3.2]

These formulas were used to convert the counts of microcystins into the final
concentration.

3.8.1 Microcystins analysis
Analyses of microcystins were performed using the ABRAXIS Microcystins-ADDA
ELISA kit (Microtiter plate) (Inmunotec and Kit, 2011), from the Tox-Solutions kit in
South Africa, following the Abraxis procedure (PN.520011) that has five standard
solutions and one control. After mixing, washing and incubating the microcystins
solution, interpretation was done with the aid of spectrophotometer; the plate was
placed into a microreader to read the results. Once the optical density (OD) was
obtained, the results were determined by plotting %Bo against the standards (semiexponential plot) (Jin, 2011).
3.8.1.1 Materials needed for microcystins analysis
MATERIALS PROVIDED


Microtiter plate (12 X 8 strips) coated with an analogy of Microcystins
conjugated to a protein.



Standards (6) and Control (1): 0, 0.15, 0.40, 1.0, 2.0, 5.0 ppb; Control at 0.75
± 0.185 ppb.



Sample Diluent (for dilution of samples above the range of the curve).



Antibody Solution.



Anti-Sheep-HRP Conjugate Solution.



Wash Solution (5X) Concentrate - must be diluted prior to use, see Test
Preparation (Section D).



Substrate (Colour) Solution (TMB).
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Stop Solution.

ADDITIONAL MATERIALS (NOT DELIVERED WITH THE TEST KIT)
o

Micro-pipettes with disposable plastic tips (20-200 μℓ).

o

Multi-channel pipette (50-300 μℓ) or stepper pipette with plastic tips (50-300
μℓ).

o

Deionised or distilled water.

o

Paper towels or equivalent absorbent material.

o

Timer.

o

Tape or parafilm.

o

Microtiter plate reader (wavelength 450 nm).

o

Microtiter plate washer (optional).

o

Eppendorf tubes (2 mℓ).

o

Pipette tips.

o

Pipette.

o

Glass beakers (50 mℓ, 100 mℓ, 250 mℓ, 500ml and 1000 mℓ).

3.8.2 Toxins parameters
The microcystins’ analysis used an Abraxis ELISA test kit, which required duplicates
of the samples during analysis. Firstly, 50 μℓ of the antibody solution was added to
the individual wells using a multichannel pipette or a stepping pipette. The wells
were covered with parafilm or tape and the contents mixed by moving the strip
holder in a rapid circular motion, on the bench-top, for 30 seconds. Extreme care
was taken not to spill the contents. The samples were then incubated for 90 minutes
at room temperature.
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After incubation, the cover was removed and the contents of the wells vigorously
shaken into a sink. The strips were washed three times, using 1x washing buffer
solution. A volume of at least 250 μℓ of washing buffer was used for each well and
washing step. The remaining buffer in the wells was removed by patting the plate
dry on a stack of paper.
Enzyme conjugate solution 100 μℓ was added to the individual wells successively,
using a multichannel pipette or a stepping pipette. The wells were covered with
parafilm or tape and the contents mixed by moving the strip holder in a rapid circular
motion, on the bench-top, for 30 seconds. The strips were incubated for 30 min at
room temperature.
After incubation, the cover was removed and the contents of the wells were
vigorously shaken into a sink. The strips were washed three times using the 1X
washing buffer solution. At least 250 μℓ volume of washing buffer was used for each
well and each washing step. The remaining buffer in the wells was removed by
patting the plate dry on a stack of paper.
The 100 μℓ of colour solution was added to the wells, using a multi-channel pipette
or a stepping pipette. The strips, which were protected from sunlight, were incubated
for 20 to 30 minutes at room temperature followed by the addition of 50 μℓ of stop
solution to the wells in the same way as for the colour solution. Finally, the reading
was done by the absorbance at 450 nm, using a microplate ELISA photometer
(Swanepoel et al., 2008).
Two models were used in developing the Microcystins Human Health Hazard
Assessment Model: the Microcystins Drinking Water Containers Model and the
Human Health Risk Assessment Model. The Microcystins Human Health Hazard
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Assessment Model is a process that answers the following questions: is water
stored in containers contaminated by microcystins; were there any changes in the
level of microcystins after NaOCl treatment; is there an adverse health effect of
water used for drinking purposes?

3.8.3 Microcystins Drinking Water Containers Model
The Microcystins Drinking Water Containers Model was developed for the
assessment of the NaOCl effect on microcystins (MC), based on the pH and turbidity
concentration at point-of-use (Figure 3.8). The sub-model shows the complex
interactions between the physical parameters, microcystins and point-of-use
treatment by NaOCl. The drinking water in the container is collected from either the
water treatment plant source that has all water quality paramters in acceptable
levels, or other sources that do not meet water quality guidelines. Microcystins
treatment or degradation in drinking water is through exposure to NaOCl at the
point-of-use during water treatment at a certain contact time.

FIGURE 3.8: Concept of Microcystins Drinking Water Containers Model
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The scatter plot was used to assess the possible relationship of the microcystins
concentration in drinking water containers with the pH and turbidity. The model
emphasises the effect of the pH and turbidity on the microcystins in water containers
and the point-of-use treatment. This concentration of microcystins was used to
determine the human health hazard assessment of drinking water containers.
3.8.3.1 Model parameter
As the microcystins can be degraded or treated at the point-of-use by being exposed
to NaOCl, the model includes;


Contact time (30 min) of the microcystins in drinking water containers with
NaOCl (0,5 mg/l).



pH at an avarage of 6.5.



Turbidity (1 - 5 NTU).



Total microcystins concentration.

We further stratified the total concentration by the blooming and decaying seasons.
3.8.3.2 Model assumptions
Our Microcystins Drinking Water Containers Model was based on the assumption
that the correct pH concentration of between 6.5 and 8.5 (Campinas, Viegas, and
Rosa, 2013) and turbidity concentration of <5 NTU (SANS 214-2011), in a contact
time of 30 minutes of NaOCl (0,5 mg/l) (Tsuji et al., 1997), would degrade the
microcystins in drinking water containers to an acceptabel level of ≤1 µg.ℓ-1 (WHO
1998). We also assume that the level of microcystins will differ by the seasons as
well as point-of-use water treatment.
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3.8.3.3 Equations
Using the Microcystins Drinking Water Containers Model, shown in Equations 3.3
and 3.4, we computed the microcystin concentration based on the pH and Turbidity
and the contact time of the NaOCl in drinking water containers. This illustrates the
calculation of microystins in the water containers and is called estimated
microcystins concentration.

[Eq.3.3]

[Eq.3.4]

Where:
MCestimate = Microcystins calculated using formula and the reading of the pH and
Turbidity in drinking water containers.
MCactual = Microcystins measured in the drinking water from the container.
MCs = The ratio of microcystins between Estimate Microcystins and Actual
Microcystins.
Contacttime = The time spent during point-of-use water treatment using 0,5 mg/ℓ
NaOCl in water containers.
Turbidity = Turbidity measured during drinking water containers analysis.
pH = Average pH measured during drinking water containers analysis.
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3.8.4 Human Health Hazard Assessment Model
The standard Human Health Hazard Assessment Model follows the framework
developed by the United States Environmental Protection Agency (USEPA), which
was adapted in assessing health hazards and consists of two steps: risk
assessment and risk characterisation (Escher and Leusch, 2012). Risk assessment
methodology incorporates the steps as listed next.
3.8.4.1 Hazard identify
Hazard identification is a process of identifying possible situations where people
may be exposed to injury, illness or disease, the type of injury or illness that may
result from these and the way in which work is organised and managed. For the
purpose of this study, microcystins in drinking water was identified as a hazard and
the dose-response was assessed. Cases of health problems due to microcystins
have been reported worldwide and many studies have been conducted to relate
human and animal health problems to the presence of microcystins in water, which
have been analysed as indicators of contamination in drinking water. The study
assesses the quality of water used for drinking purposes during two seasons,
blooming and decaying. From studies conducted using animals, the adverse effects
of microcystins were determined using lowest-observed-adverse-effect level
(LOAEL) or no-observed-adverse-effect level (NOAEL). Hazard identification:
microcystins hazard analysis commenced with the estimation of the total daily intake
(TDI).
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3.8.4.2 Exposure assessment
It is expected household members will be exposed to microcystins via the oral route
or ingestion of contaminated container water throughout their life. The safe dose of
microcystins in drinking water was to be determined and used to estimate the daily
dose intake, and toxicological data were used to calculate a Tolerable Daily Intake.
Minnesota Department of Health (MDH) (2012) reported that for non-carcinogenic
substances, the dose could be calculated using the intake equation 3.5:

[Eq.3.5]
TDI = tolerable daily intake, MCtotal = microcystins concentration, IR = contact rate (L/day), EF = exposure
frequency (in days), ED = exposure duration (in years), BW = Body Weight (in kg) and AT = average time (in
days)

Table 3.1 lists the definition and the level of each parameter used in calculating TDI.
TABLE 3.1: Lists of symbols used in equation 1 and the study concentration used during
TDI calculation
Parameter

Definition

Resident

IR

Contact rate (in ℓ/day)

2 ℓ/day drinking water

EF

Exposure frequency (in days per
year)

350 days/year

ED

Exposure duration (in years)

Actual event duration or 30 years if chronic

BW

Body weight (in kg)

AT

Period over which
averaged (in days)

70 kg (adult), 15 kg (child)

MC

Exposure point concentration

exposure

is

Actual event duration if not carcinogenic, or 365
day/years * 70 years if carcinogenic
Average concentration of contaminant (Microcystins)
on exposure (in mg/ℓ if in water) µg.ℓ-1

3.8.4.3 Toxicity assessment
Toxicity assessment is the characterisation of the toxicological properties and
effects of a substance, specifically the dose response relationship associated with
a particular route of exposure, therefore, it is necessary to consider the
establishment of a reference dose (RfD) (equation 3.6). The RfD is a numerical

57

estimate of a daily oral exposure to the human population, including sensitive
subgroups such as children, that is not likely to cause harmful effects during a
lifetime, and/or that can be ingested during a period of 24 hours.

[Eq.3.6]

RfD = reference dose, NOAEL = no-observed-adverse-effect level, LOAEL = lowest-observed-adverse-effect
level and UF = uncertain factor

Drinking water samples were assessed for the concentration of microcystins during
blooming and decaying seasons. The concentrations of the microcystins were
relative to the exposure of people to the water in their lifetime.
3.8.4.4 Quantifying Risk and Hazard
The determination of the microcystins non-carcinogenic risk assessment in drinking
water was carried out according to the exposure pathways of contaminants
recommended by USEP (equation 3.7).

[Eq. 3.7]

HQ = hazard quotient, TDI = tolerable daily intake and RfD = reference dose

Interpreting the results of non-carcinogenic risk assessment.
When HQ is greater than one, there are further steps to be employed for adequate
risk assessment. These steps (options) include sources control, deed restrictions,
institutional controls and remediation.
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3.9 STATISTICAL ANALYSIS AND INTERPRETATION
Data collected, using the methods mentioned earlier, were analysed by capturing,
cleaning, transforming and finally modelling, to reveal the information. The water
quality data, consisting of microbial and physio-chemical data and microcystins
concentration, microcystins health related problems and Sodium hydrochloride data
looking into degradation of microcystins, were analysed using a Microsoft Excel
spreadsheet, Statistical Package Social Sciences (SPSS), version 21.0 for
Windows and STATA, version 10.0 for Windows to process raw data obtained from
questionnaires and laboratory measurements. Description, frequency analysis and
comparisons of the data were done through the Kruskal Wallis equality of population
rank sum and Mann-Whitney U test, based on probability values of p > 0.05, p >
0.01 and p > 0.10. Analysis of variance (ANOVA) was also used to test the
hypothesis against the variables. The Mann-Whitney U test, a well-known test,
works by producing one overall ranking, which is made up from both groups being
investigated. These combined rankings are then used as the basis for calculating
whether there is a statistically significant difference between the two groups.

3.10 RELIABILITY AND VALIDITY
3.10.1

Reliability

Reliability addresses issues such as whether repeated measurements provide
consistent results given the same initial circumstances (O’Leary, 2004). Kerlinger
(1986) reported that reliability aims to answer the question - If the same set of
objects are measured repeatedly with the same instrument, will we get similar
results and are measurements obtained from the instrument a true reflection of the
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measured property? In this study, there were trials that were repeated and had the
opportunity to test the reliability. The study concentrated on the blooming and
decaying seasons of the cyanobacteria cells, wherein the cells in all instances
release toxins into the surrounding water and the health impact towards the people
drinking this water.

3.10.2

Validity

Kumar (2005) defined validity as the degree to which an instrument measures what
it is intended to measure, while Cook and Campbell (1979) define it as “the best
available approximation of the truth or falsity of a given inference, proposition or
conclusion.” However, Handley (2002) reported that validity entails measurement
processes, assessments, or projects measuring what it is intended to measure.
Mofokeng (2010) reported there are five forms of validity which include: (a) Face or
Content validity, used to ascertain whether or not a questionnaire looks like it is
measuring what should be measured; (b) Concurrent or Predictive or Criterion
related validity, which is relevant when the purpose is to use an instrument to
estimate some important form of behaviour that is external to the measuring
instrument itself; (c) Incremental validity, claimed when a test correlates low with
the criterion score but zero with other tests in the battery; (d) Differential validity
occurs when a test correlates differently to parts of the criterion score; (e) Construct
validity determines patterns of relationships among variables that are expected on
the basis of theory.
A pilot study was conducted to ensure face validity. Interviews were conducted in
30 households to validate the questionnaire and to take into account the ethical
considerations. Recommendations were sought regarding the unnecessary
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questions to be excluded and the time taken to complete each interview. Criterion
validity was also piloted, as water samples from most of the water sources used in
the study area were collected and analysed to test instruments’ measurements. It
is believed no one project is able to produce findings that are 100% reliable and
valid, however, it is important to address the issues of reliability and validity, as it
will help minimise the limitations of the study. Based on the information provided, a
planned approach to gathering the required data was followed. The research
instrument was piloted tested to maximise the reliability and validity of the study,
and hence justify the decisions taken.
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CHAPTER 4
4 APPLICATION OF THE MICROCYSTIN MODEL
AS

A

FRAMEWORK

TO

DETERMINE

THE

QUALITY OF SAMPLES OF WATER DRAWN
FROM HOUSEHOLDS WITHIN COMMUNITIES
AROUND HARTBEESPOORT DAM AREA.
4.1 INTRODUCTION
Microcystins are of the greatest concern to human health as they produce potentially
harmful toxins to both humans and animals if consumed in drinking water (Codd,
Morrison and Metcalf, 2005; Golubic et al. 2010; Wiegand and Pflugmacher, 2005).
This study aimed to assess the human health implications due to the presence and
concentration levels of microcystins in water containers sourced from different water
sources.

4.2 METHODOLOGY
4.2.1 Study area and sample size
The study took place in the communities of Meerhoff, Refentse, Kosmos and
Zandfontain, which are situated around Hartbeespoort Dam, in the North West
Province of South Africa. Residents in the Meerhoff community use Rand Water
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supply, whilst Refentse residents use tank water supplied by the water treatment
plant.

4.2.2 Water sample collection
Water samples collected for the study, from the water containers of all participating
households as well as from the respective water sources (e.g. communal taps,
boreholes, tankers and Rand Water) resulting in 183 samples, were grouped
according to type. The samples were collected between 2012 and 2013, during two
seasons, which were the blooming (spring and summer) and decaying (autumn and
winter) periods of the cyanobacteria. Samples for physical and bacteriological
analyses were collected using sterile 500 mℓ Whirl-Pak sampling bags, which were
correctly marked, immediately placed in black plastic bags, stored in cooler boxes
at less than 4°C (Chorus and Bartam, 1999) and transported to the laboratory for
analysis within 24 hours of sampling.

4.2.3 Physiochemical and microbial analyses
Water samples were analysed for physiochemical parameters (pH, conductivity and
turbidity) and microbial parameters (total coliform and Escherichia coli). The HACH
multimeter and turbidity meter, supplied by Aqualytic Laboratory and Environmental
in South Africa, were used to analyse the pH, conductivity and turbidity in all the
water samples. Analyses of physiochemical parameters were necessary as they
indicate water quality. Total coliform and E. coli were assessed in the drinking water
as an indicator of faecal contamination. Analyses for total coliforms and E. coli were
performed with the Colilert® IDEXX procedure (IDEXX, 2000). A Colilert test kit was
used to enumerate these bacteria, as this technique is faster and more selective for
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the E. coli and other Total coliforms, and the results were observed using colour
changes and fluorescence. For Total coliforms, all wells that turned yellow in the
Quanti-TraysTM were counted as positive. The trays were examined under long
wave (366 nm) ultraviolet light after incubation, and the wells that turned yellow and
fluoresced were counted and recorded as E. coli positive (Anderson et al. 2002).
The number of positive wells were counted and converted to most probable number
(MPN) as colony forming unit per 100mℓ (cfu/100mℓ).

4.2.4 Microcystin analysis
One hundred and nine (109) water samples from drinking water containers and 27
from the water sources were analysed for the presence of microcystins. After
collection of the samples for microcystins analysis, two drops of Lugol’s solution
was added to each water sample, which was immediately placed in a black plastic
bag to prevent exposure to sunlight (Mackie and He, 2005) and stored at less than
4°C in a cooler box. Upon arrival at the laboratory, 2 mℓ of each water sample was
decanted into an Eppendorf tube and frozen at -80°C until further analysis of the
toxins. Analyses for microcystins were performed with the Abraxis MicrocystinsADDA ELISA kit from Toxisolutions in South Africa, following the Abraxis procedure
(PN.520011) of using six standard solutions and one control. After mixing, washing
and incubating the microcystins solutions, the microtitre plate was placed into the
microreader to determine the results.

4.2.5 E. coli and microcystin related health symptoms
A structured questionnaire, regarding microcystins health-related symptoms, acute
and chronic health problems, types of water used, sources of water and water

64

treatments, was used to collect the data required for the study. The focus of the
study was on acute health problems, specifically gastroenteritis (diarrhoea,
vomiting, nausea and stomach pain). Both qualitative and quantitative data were
collected.

4.2.6 Statistical analysis
Data were captured using Microsoft Excel Office 2010, statistical analyses were
carried out using SPSS V21, and data analysis conducted using descriptive,
probability and correlation statistics and the analysis of variance (ANOVA). .

4.3 RESULTS
4.3.1 Age and gender
Informal settlements such as Kosmos and Zandfontein were formed by people from
all over South Africa and other Southern African countries, who were looking for a
better life (Zimbabwe, Malawi, Botswana, Lesotho and Swaziland). The study areas
were also closer to working areas, mainly farms, residential areas and mining
industries. Importantly, people who were in the informal settlement did not have to
pay any municipal service and the only basic services observed during this study
was water supply, either one tap per 100 shacks, or one tank per 100
Reconstruction and Development Programme (RDP) households.
Household connection water supply and proper flushing toilets were found in the
privately owned settlement, whilst those in informal settlements used public bucket
toilets and most mentioned using the bush.
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Sixty-five percent of participants in the study area were between 5 and 40 years, as
presented in Table 4.1, and 28% of the female population were above 40 years old.
Eleven percent of the people had tertiary education, while 78% did not pass grade
12.
TABLE 4.1: Study population demography and levels of education
Gender

Percentage

Female
Male

52
48

Age
Less than 5
Between 6 & 25
25-29
30-39
40-49
50-59

11
25
10
19
10
8

60-79
Missing

11
6

Table 4.1 illustrates the differences between female and male participants’ ages in
the study; both sets of figures show similar patterns. Most of the participants in both
genders (male and female) were between the ages of 6 to 25 (25%), followed by
the age group 30 to 39 years (19%), then age groups 25 to 29 and 40 to 59 with
10% and 11% between the ages of 60 and 79.
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4.3.2 Types of water sources used
Table 4.2 shows the total number of households recruited to participate in the study,
grouped according to the respective water sources used during the study.
TABLE 4.2: Selected household participants before and after the study
Before
Study
After
Study
Water sources
households
Percentages households
Tank Water
Ground Water
Communal Tap Water
Rand
Water
Board
supply
Total households

Percentages

33
7
20

45%
9%
27%

27
6
17

46%
10%
29%

14
74

19%
100%

9
59

15%
100%

Of the types of supply, 46% of households were tank supply, 29% communal taps,
10% boreholes or ground water and Rand Water Board supply at 15%. Most of the
informal settlements depend on the tank water, while in more private and urban
settlements people depend on Rand Water Board water supply and few had their
own borehole water. Fifteen participating households were unable to complete the
study, however, the differences per water grouping spread did not differ that much
as all water-grouping types were still represented. No changes were made to the
water sources used during the study, although some households withdrew due to
migration and other reasons.

4.3.3 Physiochemical parameters of water sources and containers
Physiochemical parameter results of the water sources and containers are
presented in Table 4.3. The results were grouped according to respective water
sources and the seasons. The turbidity in the Dam water were found to be
significantly higher in the blooming season (9.5 NTU) than in the decaying seasons
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(7.4 NTU). However, there was no significant change in the blooming season (pH
8.5) to the decaying season (pH 8.4), which was expected as the Dam water
receives floodwater from the northern parts of Johannesburg in summer. During
floods, chemicals inclusive of fertilisers from agricultural industries, waste and
wastewater from informal settlements are carried into the Dam. Rand Water quality
was found to be within acceptable limits (SANS 241-2011) for all the studied
parameters: pH, turbidity and conductivity (pH 7.1, 4.1 NTU and 438.0 µS/cm).
Ground water samples, in contrast, demonstrated turbidity (7.4 NTU) above the
acceptable limits in the blooming season compared to the decaying season (0.2
NTU). Conductivity was within acceptable limits in both seasons, blooming (617
µS/cm) and decaying (600 µS/cm), when compared to 170 000 µS/cm suggested
by the WHO for drinking water guidelines (DWAF, 1996). The tap and tank water
physiochemical parameters were within acceptable limits in both seasons as
turbidity ranged from 1.7 to 1.3 and 2.6 to 0.9, pH 8.6 to 8.5 and 8.3 to 8.3, and
conductivity was below 170 000 µS/cm during the two seasonal groupings. The
water quality was also assessed after storage in the households by analysing the
water containers and comparing it with the quality of the respective water sources.
Nobody was using the water directly from Hartbeespoort Dam for domestic
purposes (drinking and food preparation). In all water containers sampled, the pH,
turbidity and conductivity of the water remained within acceptable limits (pH 6.0 to
9.0; turbidity <5 NTU; 170 000 µS/cm) (DWAF 1996, SANS 241-2011). The source
water quality was directly proportional to that of the water container quality.
However, the container water quality deteriorated after storage, irrespective of the
water source quality.
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TABLE 4.3: Physical parameters of water samples during blooming and decaying
Dam Water

Rand Water

Ground Water

Communal Tap Water

Tank Water

Sources (n=9)

Sources (n=2) Container (n=12)

Sources (n=4) Container (n=20)

Sources (n=10) Container (n=71

Sources (n=9) Container (n=48)

Turbidity
Sources
Blooming
Sources
Decaying

9.5 (9.1)

7.4 (8.5)

pH

Conductivity
(µS/cm)

Turbidity

pH

Conductivity
(µS/cm)

Turbidity

pH

Conductivity
(µS/cm)

Turbidity

pH

Conductivity
(µS/cm)

Turbidity

pH

Conductivity
(µS/cm)

9.5 (9.1

498.0 (71)

4.1 (0)

7.1 (0)

438.0 (0)

7.4
(12.2)

7.3
(0.7)

617.0 (14)

1.7 (1.5)

8.6
(0.7)

480.4 (147)

2.6 (1.8)

8.3
(0.3)

485.2 ((73)

8.4
(0.1)

456.7 (956.0)

0.2 (0)

8.7 (0)

600.0 (0)

1.4 (2.5)

8.6
(0.0)

464.0 (47.6)

0.9 (0.4)

8.3
(0.1)

460.2 ((55.1)

Container
Blooming

3.9 (2.3)

8.2
(0.2)

140.0 (105.9)

3.3 (2.7)

8.2
(0.2)

399.3 (230.0)

4.2 (7.3)

8.7
(0.4)

441.4 (131.5)

2.7 (2.4

8.3
(0.1)

481.4
(102.9)

Container
Decaying

4.9 (11)

8.4
(0.2)

223.4 (143.4)

0.7 (0.3)

8.4
(0.2)

409.4 (256.1)

1.7 (2.3)

8.3
(0.3)

506.9 (249.8)

1.2 (1.4)

8.4
(0.3)

507.5 (85.5)

Shaded spaces indicate no data
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4.3.4 Microbial parameters of water sources and the respective water
containers
Escherichia coli and microcystins are used as indicators of faecal and toxin
contamination in drinking water. There should be no E. coli present in drinking water
from sources or the stored water containers (WHO, 2006). The presence of E. coli
indicates faecal pollution and serves as an indicator for the presence of pathogens,
such as Clostridium perfringens and Salmonella, in water (Jagals et al. 2013).
Treatment of water containing E. coli and other organisms can be done by using
bleach, boiling the water and filtration techniques (Sobsey, 2002). Most of these
treatment techniques are available for use at household level. Stored water
contained more Escherichia coli than the respective water source.
Escherichia coli were also used as an indicator of other possible bacteria that can
cause similar health problems to those that may be caused by microcystins. The E.
coli counts in Rand Water Board water, used by the community members for
domestic purposes, were below the acceptable limit of zero count per 100 mℓ in
blooming season (DWAF, 1996, SANS 214-2011). However, the other water
sources had E. coli above the zero count per 100 mℓ. There was an increase in the
number of E. coli once the water was stored in containers.
The water quality of drinking water container (DWC) samples collected from Rand
Water Board (Rdw) supply tap, remained less than 0.1 colony forming units
(cfu)/100mℓ. The drinking water containers collected from ground water (Grw),
communal tap water (Tpw) and tank water (Tkw), were between 1.7 to 93 cfu/100mℓ.
Ground Water and Communal Tap water container samples showed less
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contamination in the blooming season (1.7 cfu/100mℓ and 29.2 cfu/100mℓ) than in
the decaying season (16.4 cfu/100mℓ and 90.2 cfu/100mℓ). The study findings show
different results for Tank Water container samples, as presented in Table 4.4,
revealing a decrease in the number of E. coli counts (93.1 to 3.6 cfu/100mℓ).
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TABLE 4.4: Microbial parameters of water samples during blooming and decaying
Dam Water

Rand Water

Ground Water

Communal Tap Water

Tank Water

Sources (n=9)

Source (n=2) Container (12)

Sources (n=4) Container (n=20)

Sources (n=10) Container (n=71)

Sources (n=9) Container (n=48)

Total coliforms

E. coli / 100 mℓ

Total coliforms

E. coli / 100 mℓ

0.0 (0.0)

0.0 (0.0)

Sources Blooming

125.5 (86.0)

15.8 (13.9)

Sources Decaying

1045.8 (1200.3)

2.0 (1.5)

Total coliforms

E. coli / 100 mℓ

Total coliforms

E. coli / 100 mℓ

Total coliforms

E. coli / 100 mℓ

80.4 (74.6)

0.4 (0.5)

4.6 (11.6)

0.2 (0.3)

44.1 (78.9)

0.7 (1.3)

6.3 (0)

0.1 (0)

0.1 (1.7-17_

0.1 (1.7-17)

1079.8 (1233.1)

0.3 (0.7)

Container Blooming

1.1 (1.7)

0.1 (2E-17)

553.0 (958.9)

1.7 (2.4)

1676.8 (1068.8)

29.2 (74.3)

1342.7 (1131.7)

23.1 (71.6)

Container Decaying

0.1 (1.47E-17)

0.1 (1.47E-17)

221.6 (694.4)

14.4 (49.7)

192.1 (541.0)

0.1 (2.8-17)

695.4 (1054.1)

3.6 (16.7)

Shaded spaces indicate no data
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4.3.5 Microcystins in water sources
Microcystins cells (Microcystis aeruginosa) grow well on surface water in blooming
seasons. Water sources used in the study area were linked to the Dam water
(DmW), which was contaminated by cyanobacteria that produces toxins such as
microcystins (Hunter, 1998). The major route of microcystins infection in humans is
through the oral route by ingestion of contaminated water. Figure 4.1 presents the
water sources contamination by the microcystins, which are grouped according to
respective seasons. The microcystins guideline limit, which was adapted from
Microcystins-LR in drinking water, is less than 1 µg.ℓ-1 as shown by a blue solid line
in Figure 4.1. Any microcystins above 1 µg.ℓ-1 in water is not acceptable for drinking
purposes. Hoffman (1976) and Duy et al. (2000) reported that exposure to low
concentrations of microcystins for a long period was associated with chronic health
problems that take some time to develop.
The water quality of the Dam water samples exceeded acceptable drinking water
guideline limits in both blooming and decaying seasons, with the concentrations
reaching 4.3 µg.ℓ-1 and 5.0 µg.ℓ-1 respectively (Figure 4.1), however, there was a
decrease from blooming to decaying seasons. The high level of microcystins
concentration in the Dam water samples was expected, as the water was
contaminated and harbouring the blooming cyanobacteria. The communal tap water
samples were contaminated by the microcystins after water treatment, at the
treatment plant, in both blooming and decaying seasons (2.13 µg.ℓ-1 and 0.62 µg.ℓ1

) respectively.
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Red line is the acceptable standard limit of 1 µg.ℓ-1 Microcystins (WHO 1998), between 2012-2013 (N=33)

FIGURE 4.1: Microcystins in water sources samples grouped according to the point of
collection

Microcystins concentrations, from ground water source, had a mean of 1.4 µg.ℓ-1
and 95% confidence level of 1.14 to 2.8 µg.ℓ-1 in the blooming season, whilst in the
decaying season the levels had a mean 0.38 µg.ℓ-1 and 0.00 µg.ℓ-1 at the 95%
confidence level. However, most of the ground water sources were close to the
shoreline of the dam and because water moves between the soil particles and rocks,
it was believed the ground water could be contaminated by toxins produced by
cyanobacteria on the surface of the Dam water (Adekunle et al. 2007). Therefore,
the quality of Rand Water Board water was not affected by microcystins (mean 0.00
µg.ℓ-1) from dam water, but communal tap water was contaminated (mean 1.35 µg.ℓ1

) (Table 4.5). These findings of Rand Water Board water were expected as the

water was sourced from the surrounding water treatment plants or boreholes.
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TABLE 4.5: Total microcystins concentration data of the water sources
Dam
Water
Blooming
/Decaying

Mean
95%
Conf U
95%
Conf L

Ground
Water

Rand
Water

Tank
Water

Communal Tap
Water

4.62

1.22

0.00

1.37

1.38

7.85

1.73

0.00

2.59

1.74

5.15

0.34

0.00

0.59

0.66

The microcystins level in ground water decreased between blooming and decaying
seasons (1.42 to 0.38 µg.ℓ-1) (Table 4.6).
TABLE 4.6: Microcystins concentration data of the water sources grouped by seasons
Dam
Water

Blooming

Decaying

Mean
95% Conf
U
95% Conf
L
Mean
95% Conf
U
95% Conf
L

Ground
Water

Rand
Water

Tank
Water

Communal Tap
Water

4.33

1.42

0.00

0.00

2.13

9.10

2.85

0.00

0.00

4.60

4.19

1.14

0.00

0.00

2.61

5.00

0.38

0.00

1.37

0.62

5.23

0.00

0.00

0.59

0.91

1.37

0.00

0.00

2.59

0.49

This decrease in the level of the microcystins could be attributed to the fact that
ground water contamination is caused by filtration of the toxins through soil particles,
and there is less rainfall and no filtration of the toxins compared to the blooming
season.

4.3.6 Microcystins in water containers
Figure 4.2, shows the drinking water quality, in terms of microcystins from
household containers used to store water, grouped by water source type in the
blooming and decaying seasons. The findings show there was poor correlation (R
= 0.1776; P > 0.05) of microcystins in the water sources and respective water
containers. Containers develop a biofilm inside because of poor hygiene practices,
and water can be re-contaminated by poor water storage practices in the house.
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Jagals (2006) proved that the quality of stored water in the containers deteriorates
at point-of-use.

Red line is the acceptable standard limit of 1 µg.ℓ-1 for microcystins-LR (WHO), between 2012-13 with sample size (N=107)

FIGURE 4.2: Microcystins results from water container samples grouped according to the
point of collection

Figure 4.2 shows the presence of microcystins in water containers. Ground water
and Rand Water container water samples show a mean concentration of less than
1 µg.ℓ-1 of microcystins during the blooming season (0.00 and 0.21 µg.ℓ-1), while that
of the decaying season was between 0.53 and 1.53 µg.ℓ-1. The mean and median
of most of the container water samples were within acceptable limits in all water
sources. Conversely, there were some outliers of the microcystins concentration
above 1 µg.ℓ-1, which were found mostly in water samples from Tank, Communal
Tap and Rand Water, in the decaying (maximum 3.64, 3.36 and 4.42 µg.ℓ-1) and
blooming (maximum 4.33, 4.37 and 1.26 µg.ℓ-1) seasons. Communal Tap and Tank
water were sourced from the same treatment plant, however, the difference was
communal tap water was supplied using water system infrastructure and tank water
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was supplied using trucks and poured into a tank at a central place in the
community. However, the findings of the container water from amongst the sources
was statistically significant (P < 0.01) in level of contamination. There were similar
patterns of microcystins contamination between tank and communal tap water in
water containers during the blooming seasons (mean 0.56 and 0.98 µg.ℓ-1), as was
also observed in the decaying season (mean 0.64 and 0.78 µg.ℓ-1). Ground water
and Rand Water sources were less contaminated during blooming and decaying
seasons, mean concentration was 0.00 and 0.21 µg.ℓ-1, and 0.53 and 1.53 µg.ℓ-1
respectively.

4.4 DISCUSSION
4.4.1 Physiochemical parameters of water sources and containers
Water quality improved considerably in the decaying season compared to the
blooming season, in both water sources and containers. These findings are
acceptable as the conditions in the decaying season are calmer and colder than the
blooming season when heavy rains, thunderstorms, longer daylight and hot
temperatures occur. The study also found that most of the water containers were
stored inside the houses, corrugated iron structures (shack dwellings), which
became very hot in the blooming season. Hygiene practices and the use of
contaminated scooping vessels also proved to impact on the quality of stored water
at household level (Wright, Gundry and Conroy, 2004).
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4.4.2 Microbial parameters of water sources and the respective water
containers
Containers in the households are accessible to both children and domestic animals;
of importance was poor hygiene practices of storing and cleaning these containers.
Generally, the study findings show microbial contamination occurs in water sources
however, the major contributors of water container contamination are the practices
of collection and storage. Further summarising of the water sources used in the
study area found that at the 95% confidence level, the Escherichia coli counts were
less than 1 cfu/100mℓ (Table 4.4), only tank water had E. coli counts greater than 1
cfu/100mℓ. However, there was an increase of the presence of Escherichia coli in
water containers, from 1.7 cfu/100mℓ to as high as 93.1 cfu/100mℓ at the 95%
confidence level. These findings support the fact that water containers were recontaminated at point-of-use. Jagals (2006) and Sobsey (2000) reported some of
the causes of deterioration of drinking water stored in containers at household level
were poor hygienic practices and use of scooping vessels, as well as access by
children and animals.

4.4.3 Microcystins in water sources
Reports from literature indicate that exposure to low concentrations of microcystins
in drinking water over a long period can promote the development of cancer, kidney
and liver problems (Hoffman, 1976 and Duy et al. 2000) therefore microcystins
should be completely removed from drinking water. The major problem of the
presence of microcystins in drinking water is that most of the water treatment plants
are not properly designed to remove these toxins (ISO, 2005) and during treatment,
the cells are lysed and release in-bound toxins into the water. Some scholars (Tsuji
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et al. 1997 and Nicholson, Rositano and Burch, 1994) argued that chlorination
improves water quality by degrading the toxins in drinking water during treatment.
However, the dose level of chlorination did not degrade all toxins as they can survive
in drinking water for 21 days, while chlorination was effective for only a few hours.
Condition of water storage containers have been reported to catalyse the biofilm
formation in containers and result in deterioration of container water in households
(Jagals, Jagals and Bokako, 2003).

4.4.4 Microcystins in water containers
This proved drinking water container contaminations did not result from the
respective water sources. However, the Tank water group indicated that the water
was not constantly supplied because sometimes the communities could go two to
four weeks without water and because of this, communities were compelled to use
any available water sources. Ground water from boreholes was collected from
neighbouring farms, using the same containers that were used for tank water
collection. Residents in the informal settlements also indicated they used the same
containers to collect water from the canal for other household chores, such as
laundry and bathing purposes. Although 36% of household members reportedly
treated drinking water by using bleach, and even though the bleaches were
available in retail stores, not everybody was able to buy and most importantly,
people were not trained to dose the bleach to treat the water.
Contamination of containers containing ground water was exacerbated by cross
contamination, as the same containers were used to collect water from various
contaminated sources. Types of containers used and poor hygiene practices at
household level contributed to the development of biofilm containing cyanobacteria
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(Fosso-Kankue, Jagals and Du Preez, 2008). Even if the concentration of
microcystins was low in the water containers, the fact toxins were produced within
them poses a serious health risk to the community members using them; the
collection and storage practices of water using containers proved to be incubators
of cyanobacteria cells. Microcystins were still found in the drinking water stored in
containers that were filled from treated water sources during both blooming and
decaying seasons. Ground, Rand and Tank water sources had less than acceptable
or less than detectable microcystins concentrations in water, however, almost all
water containers had higher than 1 µg.ℓ-1 of microcystins concentration, even those
in which drinking water was collected from water sources that had undetectable
microcystins. The presence of microcystins in drinking water at household level
could pose a health risk to the immune compromised, the elderly and children less
than 5 years old. Furthermore, long-term exposure, even in low concentrations of
microcystins, results in chronic health risk to all people.

4.5 CONCLUSION
Physical parameters were found within acceptable levels in both water sources and
containers. In this study, contamination of the water sources by both Escherichia
coli and microcystins were investigated. Almost all water sources used for drinking
had no contamination by E. coli. E. coli counts in all water sources were less than 1
per 100 mℓ compared to that of the Dam water, which was highly contaminated with
both E. coli and microcystins indicators. The quality of water sources did not change
quantity in terms of microcystins, as it was contaminated above the acceptable limit.
There was no statistically significant difference (P >0.05) between the E. coli and
microcystins water containers during blooming and decaying seasons. The water
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supply in the study area was not consistently available for both Tank and Rand
Water sources. Those who did not get water for two weeks used any available
sources, such as ground and canal water, resulting in cross contamination of the
water containers as the same containers were used to collect water from both
improved and non-improved water sources. The study’s findings also show there
could be a link between the health problems and microcystins in water containers.
This was shown by assessing the quality of water sources and containers in relation
to the acute illnesses reported. The chronic health problems were mostly reported
in the Rand Water group that used the communal tap water from the water treatment
plant before reaching the Rand Water. Microcystins present in the household water
containers posed a health risk, and were shown to be incubators of the toxin
producing microcystins, being present in all water containers regardless of the
source’s water quality.
The point-of-use treatment practices should be emphasised in those areas in which
water is collected and stored in containers at household level. Educational
campaigns on health risks, hygiene practices and the correct microcystins treatment
procedures should be implemented in all areas that use water sources
contaminated with cyanobacteria.
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CHAPTER 5
5 APPLY THE MICROCYSTINS MODEL AS A
FRAMEWORK TO ASSESS THE IMPACT OF
SODIUM HYPOCHLORITE (NAOCL) WHEN USED
FOR WATER TREATMENT AT THE POINT OF
USE ON THE QUALITY OF HOUSEHOLD WATER
AND INDIVIDUAL’S HEALTH
5.1 INTRODUCTION
Only the most recently commissioned water treatment plants use activated carbon
and are able to remove microcystins. The occurrence of toxins in drinking water
depends on the level of raw water contamination and the type of water treatment
used. An example of auxiliary treatment would be the addition of PAC to remove
bad tastes and odours (Westrick, 2006). This study aimed to assess the impact of
sodium hypochlorite (NaOCl) on the removal of microcystins from drinking water in
containers at the point-of-use and to relate the results to the health status changes
of respondents.
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5.2 METHODOLOGY
5.2.1 Study population
Seventy-four households were randomly selected from areas surrounding
Hartbeespoort Dam, and 39% (29) of households were chosen to receive sodium
hypochlorite (NaOCl) and trained how to treat water. They were provided with a
manual, which explained and illustrated all the necessary steps on how to treat
water for drinking purposes. Only one cap, or tablespoon, of bleach was poured into
full 25 ℓ or 20 ℓ containers and the lid closed; after mixing the contents, they had to
wait for 30 to 60 minutes before drinking the water. Covering or closing the
containers at all times was emphasised to protect the water from post-treatment
contamination.

5.2.2 Health data collection
Baseline data were collected using structured questionnaires made up of closedended questions; this was done by observation and interviewing household
members, especially those adults who normally collect the water. Data were
collected after the head of the household and the respondent had had enough time
to think about concerns and ask relevant questions. The study was completely
voluntarily and no names were used to identify either the person or household;
codes only known to the primary investigator were used. Data collected using the
questionnaire was based on demographics, water types used and acute and chronic
health problems that members of the household had previously experienced.
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5.2.3 Sample collection
Water samples from containers were collected on an established seasonal basis
(blooming and decaying seasons), over a period of one year. Duplicate samples
were collected from all participating households’ water containers in sterile 500 ml
Whirl-Pak bags. Two drops of Lugol’s solution were immediately added to all water
samples to prevent further reaction of the chlorine in the samples and they were
kept in a black plastic bag to prevent exposure to sunlight (Funari and Testai 2008).
Immediately on arrival at the laboratory, the water samples were decanted into
duplicate 2 mL Eppendorf tubes and frozen at -80°C until further analysis of the
toxins was necessary.

5.3 RESULTS:
5.3.1 Microcystins concentration in water sources:
Water source types, viz. groundwater, communal tap, tank supply and Rand Water,
are used daily by the communities for drinking water. Almost all these sources,
however, have some link to the cyanobacteria contaminated Hartbeespoort Dam
water. The microcystins producing cyanobacteria cells were reported to be above
65% in the Dam (Oberholster and Ashton, 2008). Water supplied to all the study
areas is extracted from this dam and treated before being supplied through
communal tap and tankers. It was assumed, for those who have access to
groundwater at homes, the water could have a link to dam water through the
hydrologic cycle. The control study group from Rand Water supply had good quality
water, as they were not linked to the Dam water. Figure 5.1 shows the levels of
microcystins mean concentrations during the blooming and decaying seasons. The
water samples from the dam and the tap exceeded the acceptable limit of 1 µg.ℓ-1
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of microcystins in both seasons, however, they were not observed in either ground
water or Rand Water samples. Whilst microcystins were observed in tank water
samples in the decaying seasons, concentrations were below the acceptable limits.

SBMC – water sources data in blooming seasons for microcystins,
SDMC – water sources data in decaying seasons for microcystins

FIGURE 5.1: Microcystins data from water sources grouped by the seasons.

Hartbeespoort Dam water is contaminated by cyanobacteria and most of this
bacterium produces microcystins toxins. The presence of the toxins was observed
at the mean concentration of 4.3 µg.ℓ-1 in the blooming season, and increased to
5.0 µg.ℓ -1 in the decaying season. During the blooming season, cyanobacteria cells
multiply and form scum and the cells experience stress, resulting in the release of
toxins into the surrounding area. The water quality contamination change in
communal tap water samples were analysed - in the blooming season, the
microcystins mean concentration was 3.5 µg.ℓ -1, which was reduced to 0.4 µg.ℓ -1
during decaying season. The results clearly show that the water treatment process
is not sufficiently treating the toxins to an acceptable level. Tank water also showed
the presence of microcystins after the treatment process, as it was possible to
measure microcystins although they were below the acceptable level. The quality
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of these water sources might have had an impact on the quality of water in
containers used for drinking purposes in the households.

5.3.2 Microcystins concentration in water containers
Water containers used to store drinking water were also assessed for the presence
of microcystins. Figure 5.2 shows the results of the microcystins mean
concentration measured in the blooming and the decaying seasons.

CBMCG – water containers data in bloom seasons for microcystins in general.
CDMCG – water containers data in decaying seasons for microcystins in general.

FIGURE 5.2: Microcystin data from water containers, grouped by seasons.

All water samples from containers were found to have less than 1 µg.ℓ-1 (WHO,
1998) when collected from different water sources in different seasons, however,
water container samples from Rand Water in decaying seasons were reported to
have 1.5 µg.ℓ-1 of microcystins.
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5.3.3 Microcystins concentrations in water containers during blooming
and decaying seasons
5.3.3.1 Water containers blooming season
Figure 5.3 shows the microcystins mean concentrations grouped by the point-ofuse water treatment, using sodium hypochlorite (NaOCl). It was observed that the
concentrations were 1.2 µg.ℓ-1 and 1.7 µg.ℓ-1 for the tap and tank water samples
respectively, which were above the acceptable limits of 1.0 µg.ℓ-1, however, there
was a significant reduction (r(27) = 0,04 p ≥ 0.83), 0.1 µg.ℓ-1 and 0.0 µg.ℓ-1, in the
water samples from water containers that were treated at point-of-use.

CBMCN – water containers data for microcystins in bloom season with no treatment.
CBMCY – water containers data for microcystins in bloom season with treatment.

FIGURE 5.3: Microcystins water container data, during blooming season, grouped by pointof-use water treatment.

5.3.3.2 Decaying seasons
In the decaying season, the only water source to have less than the acceptable limit
of microcystins concentration was ground water; the Rand Water, tap and tank
water sources had more than the acceptable limits, i.e. 1.5 µg.ℓ-1; 1.3 µg.ℓ-1; and 1.2
µg.ℓ-1 respectively.
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CDMCN – water containers data for microcystins in decaying season with no treatment.
CDMCY – water containers data for microcystins in decaying season with treatment.

FIGURE 5.4: Microcystins water container data, during the decaying season, grouped by
point-of-use water treatment.

5.4 DISCUSSION:
5.4.1 Microcystins concentrations in water containers during blooming
and decaying seasons
After point-of-use water treatment, using the NaOCl, the level of microcystins were
below the acceptable limits. As was mentioned earlier, microcystins were detected
in water containers in both seasons, possibly because during blooming,
cyanobacteria cells are able to pass through the water treatment process as the
water is highly contaminated and the treatment plant is unable to treat all the
substances adequately. The cells that passed through the water treatment process
were able to regenerate inside the containers, as reported by Fosso-Kankue, Jagals
and Du Preez, (2008). This process of re-growing of the cells in water containers
causes re-contamination in the storage containers. Under poor conditions, the cells
in water containers die and release toxins, which bind inside the cells. If there is no
point-of-use water treatment, the water quality changes, in terms of microcystins
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contamination, between seasons. The levels in drinking water containers are not
based on seasons, as both favourable and unfavourable conditions support the
production of microcystins toxins in the water. These microcystins are associated
with acute health problems, i.e. vomiting, nausea, diarrhoea and abdominal pain,
and chronic health problems, i.e. kidney failure, liver problems and the promotion of
cancer development.

5.5 CONCLUSION:
Microcystins were found to pose a health hazard during the decaying season
because more toxins are released as the cells die because of unfavourable
conditions. The results of this study illustrated that point-of-use water treatment,
using NaOCl, can reduce the level of microcystins to acceptable levels1 µg.ℓ-1 (WHO
1998) and 0.8 µg.ℓ-1 (DWAF 1996), which would lead to reducing the health-related
effects on humans. Education or campaigns on household water treatment focus
on the outbreaks related to microorganisms, which can be treated by boiling,
filtration systems, UV treatment and many more. However, in the areas where
cyanobacteria blooming occurs, not much has been done to educate the community
members about the associated health problems and correct treatment of water
stored in containers for household purposes.
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CHAPTER 6
6 DETERMINE THE HUMAN HEALTH PROBLEMS
ASSOCIATED WITH THE USE OF WATER FROM
HARTBEESPOORT DAM FOR DRINKING AND
DOMESTIC PURPOSES
6.1 INTRODUCTION:
Microcystins are the main course of gastroenteritis in both animals and people who
are exposed to the toxins. Deore and Bansal (2013) studied microcystins impact
and effect on fish, humans, animals and livestock. They found the toxicity of
microcystins could cause liver damage, which led to the death of fish, dogs, cattle
and other livestock. Evidence proves microcystins are harmful and have health
effects on animals exposed to contaminated water.

6.2 METHODOLOGY
6.2.1 Questionnaire:
The study questionnaires comprised closed-ended questions, which were identified
by filling the codes given during one-on-one interviews between the primary
investigator and the household respondent (Leung, 2001). The questionnaire was
demarcated into sections, which determined different issues in relation to human
health (Annexure B). For the purpose of this study, the demarcations were (a)
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demography, (b) health information related to microcystins and (c) water types
used.
6.2.1.1 Demographic
The demography of the participants in the study area helps researchers to
understand the demographic spread of the study area. Respondents were asked
four sections of 18 questions, from the demography, health and type of water
sources used (see Section A, questions 1-4 Annexure B).
6.2.1.2 Health problems related to microcystins
Household respondents were requested to respond on behalf of the family, (a) if
there was or were any member(s) of the family who swam in the dam, (b) whether
they ate fish from the dam or river, (c) to list all symptoms that either one member
or all had experienced from skin problems, gastrointestinal problems, inhaling
problems and body parts damaged (see Question 6 - Annexure B). Hartbeespoort
clinic was visited between 2012 and 2013 to collect health data related to
microcystins gastroenteritis (vomiting, diarrhoea, nausea, stomach pain), with
permission of the nurses.

6.3 RESULTS
6.3.1 Health problems
Health problems related to microcystins were assessed by interviewing all
household members in the study area using structured questions (Annexure D), with
illnesses grouped according to whether they were acute or chronic.
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6.3.2 Acute health symptoms reported related microcystins
The health problems related to microcystins were grouped according to the water
sources used by the households. Figures 6.1: a. and b. show the results of the
health problems that could be triggered by the microcystins, however, there no
human samples were analysed to confirm or disprove the findings. Respondents
reported all four health symptoms related to microcystins. The health cases present
during the blooming season, as illustrated in Table, 6.1, showed the ground water
group reported diarrhoea n=7(3%) and nausea n=7(3%).
TABLE 6.1: General acute health problems reported in blooming season
Blooming Season
Diarrhoea
Vomiting
Nausea
Stomach Pain
7
0
7
18
Ground Water
3%
0%
3%
7%
1
0
6
22
Rand Water
0%
0%
2%
9%
25
0
16
21
Tank Water
10%
0%
6%
87%
39
2
6
92
Communal Tap Water
16%
1%
2%
37%

The tap group showed four symptoms were reported by the community - diarrhoea
(39: 16%), vomiting (n=2: 1%), nausea (6: 2%) and stomach pain (n=92: 3n=0: 0%),
while Tank water group showed diarrhoea (25: 10%),nausea (n=16: 6%) and
stomach pain (n=21: 87%); Rand Water Board supplied water group had less cases
reported, i.e. only nausea n=6(6: 2%) and stomach pains (n=22: 9%).
The decaying season health cases reported were as follows, (Figure 6.1; Table 6.2):
the ground water group presented with 1% who reported diarrhoea and vomiting;
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Decaying Microcystin ‐ Acute health
problem
Cases reported

Cases reported

Blooming Microcystin ‐ Acute health
problem
100%

100%
80%

Diarrhoea
Vomiting

60%

Stomach pain

40%

Nausea

80%

Diarrhoea
Vomiting

60%

Stomach pain

40%

Nausea

20%

20%

0%

0%
Bloom GW

Bloom
TpW

Bloom
TankW

Decaying
GW

Bloom
RandW

Decaying
TpW

Decaying
TankW

Decaying
RankW

FIGURE 6.1 (a) and (b): Acute health problems reported in blooming and decaying seasons

in the tap group all four symptoms were reported by the community members,
diarrhoea (n=5: 6%), vomiting (n=3: 4%), nausea (n=1: 1%) and stomach pain (n=5:
6%); from the tank water group the findings were reported as diarrhoea (n=16:
20%), vomiting (n=6: 7%), nausea (n=0: 0%) and stomach pain (n=12: 15%);
TABLE 6.2: General acute health problems reported in decaying season
Decaying Seasons (All) Diarrhoea
Vomiting
Nausea
1
1
0
Ground Water
1%
1%
0%
2
3
2
Rand Water
2%
4%
2%
16
6
0
Tank Water
20%
7%
0%
5
3
1
Communal Tap Water
6%
4%
1%

Stomach Pain
0
0%
4
5%
12
15%
5
6%

Rand Water Board water group, which was the control group, had less cases
reported, i.e. diarrhoea (n=2: 2%), vomiting (n=3: 4%), nausea (n=2: 2%) and
stomach pain (n=4: 5%).

6.3.3 Chronic health symptoms reported related to microcystins
The findings are presented in Figures 6.1 a and b, with only two groups reporting
cancer, the Rand Water and Tank Water groups, with cancer and lung problems, in
both seasons, reported even at a lower percentage.
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Blooming Microcystins ‐ Chronic
health problem

Decaying Microcystins ‐ Chronic health
problem

3

4

2
2

1
0
Bloom Bloom
Bloom
GW
TpW TankW Bloom
RandW

Lung problem
Cancer
Liver problem

Lung problem
Cancer

0
Decaying
Decaying
Decaying
GW
Decaying
TpW
TankW
RankW

Liver problem

FIGURE 6.2 (a) and (b): Chronic health problems reported in blooming and decaying seasons

Figures 6.1 and 6.2, show the findings of acute and chronic health problems, which
were reported in the areas, where microcystins were found in high concentrations,
such as a Tap and Tank Water groups.

6.3.4 Cases reported in Hartbeespoort clinic related microcystins
Figure 6.3 shows the cases reported, in percentages, of the individuals who

COUNT OF CASES/MONTH

attended the clinic, with data grouped in months.

35
MEAN = 9,5; P‐VALUE=0,413; SD=3,3

30
25
20
15
10
5
0

Blooming
Total cases

Decaying
>5 Cases of Diarrhoea

<5 Cases of Diarrhoea

FIGURE 6.3: Clinical diarrhoea cases reported by adults and children

Clinic records had no indication of whether patients were male or female, age,
education, or the cause of the problem.
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The reported age group included less than 5 years and greater than 5 years. From
the Disease Surveillance Report, only diarrhoea was related to microcystins,
although other health problems were not excluded. It was found that 57% of
reported diarrhoea cases in the study period affected children, whilst 43% of the
cases was reported by adults. Furthermore, the study found no specific month(s)
when cases of diarrhoea cases were greater.

6.3.5 Acute health symptoms in blooming and decaying seasons, from
treated and untreated drinking water with NaOCl
Diarrhoea, vomiting, nausea and stomach pain can be triggered by many factors,
such as spoiled or contaminated food, induced diarrhoea or other forms of medical
treatments. However, for the purpose of this study, and based on the international
literature regarding gastroenteritis, these symptoms were related to microcystins as
one of the cyanotoxin water contaminants. Figure 6.4 shows the human health
symptoms, related to microcystins in drinking water, which were collected for a year
through interviews with household respondents.

FIGURE 6.4: Human health problems related to microcystins during the blooming season
grouped by the sources and point-of-use water treatment.
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Data are grouped by whether the household had, or had not treated water using
sodium hypochlorite. Sodium hypochlorite degrades the microcystins toxins in water
containers. This degradation of microcystins by NaOCl can be supported by health
symptoms, reported over time, in all people treating water; results show fewer cases
than those who did not treat the water.
Health data related to microcystins were further assessed in the decaying season
from both treated and non-treated water household groups. Figure 6.4 shows the
gastroenteritis symptoms grouped according to the treated and non-treated water
and further grouped by the water sources used.

FIGURE 6.4: Human health problems related to microcystins during decaying season
grouped by the sources and point-of-use water treatment.

6.4 DISCUSSION:
6.4.1 Acute health symptoms reported related microcystins
Microcystins cause both acute and chronic health problems through ingesting
contaminated water. Acute health symptoms reported included diarrhoea, nausea,
vomiting and stomach pain (Bartram et al. 1999; Mehra, Dubey and Bhowmik, 2009;
Morgan, 2010; and Ressom et al. 1994). It was therefore assumed that health
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problems reported might be due to microcystins contamination in drinking water,
however, it must be understood that such symptoms may be the results of other
problems, such as viral gastroenteritis, food allergies, food poisoning, Giardiasis,
Escherichia coli, Shigellosis and others. Epidemiological studies have reported on
the same acute symptoms related to microcystins that had an effect on human
health (Azevedo et al. 2002).

6.4.2 Chronic health symptoms reported related to microcystins
Long-term exposure to low microcystins concentrations have previously proven to
cause chronic health problems in other countries that have studied these toxins for
more than five years (Falconer, 2005b and WHO, 2003a). Cancer is one of the
illnesses promoted by microcystins and can occur when a person is exposed to low
concentrations for long periods. The results of the chronic health problems were
shown clearly in those groups of people who were exposed to communal tap water
sources, which presented with microcystins for a long period, even if in a low
concentration. Unfortunately, this study did not have 10 years water data related to
microcystins to help prove that the cases reported were caused by microcystins in
drinking water. A seasonal study for chronic health problems was not considered to
give the true health effects of microcystins, as this also needs a long period to prove
as well as taking human tissue samples to determine the presence of microcystins.
Figures 6.1 and 6.2, show the findings of acute health problems, which were
reported in the areas, where microcystins were found in high concentrations, such
as a Tap and Tank Water groups.
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6.4.3 Acute health symptoms in blooming and decaying seasons, from
treated and untreated drinking water with NaOCl
Diarrhoea symptoms were reported mostly from respondents using communal tap
water and more problems occurred in the not-treated water group; however, there
were some symptoms reported in the treated water group. Diarrhoea symptoms
were also observed in the tank water group in those who did not treat the water, but
with less symptoms than those who did. Four of the health symptoms (diarrhoea,
nausea, vomiting and stomach pain) were observed in the communal tap water
group, whilst three (diarrhoea, vomiting and stomach pain) were observed in the
tank water and ground water groups, but only from those people who did not use
NaOCl to treat drinking water. Furthermore, health symptoms occurred less
frequently in the households who used treated water. Rand Water did not implement
any interventions, and the water quality from Rand Water was presumed to be of
high quality. These results could be due to people becoming conscious of health
risks and taking major precautions in treating the drinking water. In the blooming
seasons, there were times when water from the tap smelled like rotten fish, and
after water settled in a glass there was a green layer at the bottom.
In general, there were less health symptoms reported in the decaying season
compared to the blooming season. The Tank Water group reported all four
symptoms (diarrhoea, nausea, vomiting and stomach pain), which were mostly
found in the treated water group rather than the non-treated group. This finding
could be because in the treated group, people were using clean treated water,
whereas in the non-treated group people were using contaminated water. It was
proven that microcystins were still found in the decaying season, or winter, however,
in fewer concentrations than in summer. There were some reports by the household
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members that some of the trained respondents had migrated, or the bleach was
finished as they had used it in other household chores. Figure 6.4 shows the Tank
water group reported more cases from the treated group than not treated. The
researcher believed the group were misled, as one of the Tank group members
reported she took her 1 ℓ bottle of bleach and poured it into the communal tank. This
could have resulted in the community members believing the water was treated and
therefore they did not treat the stored water in the containers. The Communal tap
water group showed diarrhoea, nausea, vomiting and stomach pain mostly reported
in the non-treated water group, as opposed to the treated water group. This proves
that if point-of-use water treatment were practiced properly, the acute health
problems, caused by microcystins that are in drinking water, would be reduced.
Sodium hypochlorite (NaOCl) is one of the chlorine types used in many households,
including for water treatment purposes. Apart from treating or degrading the toxins
in water, it was also proved to kill other bacteria, such as Escherichia coli and Total
coliforms. It is advisable for water contaminated by cyanobacteria to be treated with
chlorine, which is inexpensive and readily available, at household level as the pointof-use water treatment option, to enhance water quality. Communities around the
Hartbeespoort Dam use different water sources, which are likely to be contaminated
by the toxins (Microcystins) produced by the cyanobacteria. Microcystins are
produced by Microcystis aeruginosa during blooming and decaying seasons and
these microcystins can survive for at least 21 days under optional conditions, such
as warm temperatures, good nutrients and calm wind.
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6.5 CONCLUSION:
Sodium Hypochlorite was shown to treat microcystins in drinking water containers.
This was confirmed by the changes of the health problems from the group that
treated their water to the group that did not treat their water at the point-of-use.
However, the tank group shows that if water treatment is not properly done at pointof-use way, the health problems increase. Data from the clinic were not sufficient to
link them with the study participants because the records had only age and
diarrhoea problems, there were no other symptoms related to microcystins.
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CHAPTER 7
7 DEVELOP A GUIDELINE TO IMPROVE THE
QUALITY OF WATER SUPPLY FOR THE LOCAL
COMMUNITIES

AROUND

HARTBEESPOORT

DAM AREA
7.1 INTRODUCTION
The health risks posed by exposure to microcystins are difficult to quantify, since
the actual exposure and the resulting effects have not been conclusively
determined, especially in relation to humans. Microcystins exposure can also occur
through contact with or ingestion of algal scums. Human health risk characterisation
is defined as an integration of the findings from the exposure to microcystins and
the consequent effects. The present study assesses the human health hazard
model of microcystins in drinking water containers (DWC).

7.2 MATERIALS AND METHODS
7.2.1 Microcystins analysis
Analyses of microcystins were performed using the Abraxis Microcystins-ADDA
ELISA kit (Microtiter plate), from ToxSolutions kit in South Africa, following the
Abraxis procedure (PN.520011) that has six standard solutions and one control.
After the mixing, washing and incubation of the microcystins solution, the plate was
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placed into a microreader for the results to be read. Data was captured on Microsoft
Excel Office and statistical analysis was done using Stat V-10.

7.3 MICROCYSTIN HUMAN HEALTH HAZARD ASSESSMENT
MODEL
7.3.1 Microcystins Drinking Water Containers Model
More details of the model are discussed in Chapter 3. The Microcystins Drinking
Water Containers Model was computed using the microcystin concentration based
on the pH and turbidity in the contact time of the NaOCl in drinking water containers.
Equations 7.1 and 7.2 show the calculation of microystins in the water containers,
which is called estimated microcystins concentration.

[Eq.7.1]

[Eq.7.2]

7.3.2 Human Health Hazard Assessment Model
The standard Human Health Risk Assessment approach incorporates two steps:
risk assessment and risk characterisation. Risk assessment methodology
incorporates the following steps (Figure 7.1): hazard identifying, exposure
assessment, toxicity assessment and quantifying risk and hazard.
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HAZARD IDENTIFICATION
Identifying dose and MC concentration
in drinking water;

TOXICITY ASSESSMENT
(40 and 100 estimated MC concentration

EXPOSURE ASSESSMENT
Exposure through ingestion of water

QUANTIFYING HAZARD
Hazard quotient - ratio

RFD = Reference Dose, NOEAL = No Observed Adverse Effect Level, LOEAL = Lowest Observed Adverse
Effect Level, UF = Uncertain Factors, TDI = Total Daily Intake, MC = microcystins concentration, IR = Ingesting
Rate EF = Exposure Frequency, ED = Exposure Duration, BW= Body Weight, AT = Average Time

FIGURE 7.1: Microcystins Health Hazard Assessment Model.

The microcystins Health Hazard Assessment Model was adapted from the chemical
assessment model, which is a non-cancer adverse health effect. (USEPA, 2005).

7.4 RESULTS
Communities around the Hartbeespoort Dam use different water sources which are
likely to be contaminated by the toxins (Microcystins) produced by cyanobacteria.
Microcystins are produced by Microcystis aeruginosa during blooming and decaying
seasons (Pawlik-Skowronska, Pirszel, and Kornijow, 2008; Chaturvedi, KumarAgrawal, and Nath-Bagchi, 2015). These microcystins can survive for at least 21
days under specific conditions, such as warm temperature, good nutrients and calm
wind (Backer et al. 2008).
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7.4.1 Hazard identification in water sources
Hartbeespoort Dam was the main source supplying water to different water points
for drinking purposes. Microcystins were found in almost all water sources used in
the area, but especially in Hartbeespoort Dam water, (Oberholster and Ashton,
2008). Data of water samples from different water sources are shown in Table 7.1.
It was assumed there was a direct link between the surface water (Hartbeespoort
Dam) to the communal tap and communal tank water after exposure to the
treatment plant, and direct contamination of the ground water that was drilled a few
kilometres away from the dam (Hiscock and Grischek, 2002). It was further
assumed that water supplied by Rand Water would have no association with the
surface water in the study area as this water was supplied from Lesotho through the
Vaal Dam Water Treatment. The World Health Organization (WHO) suggests a
provisional microcystins guideline, derived from the study of Microcystins-LR.
Therefore, for the purpose of this study, the same microcystins guideline (1 µg.ℓ-1)
in drinking water was applied in the results discussion section.
Microcystins data showed the Dam water was contaminated more with microcystins
(P > 0.05) than the other four water sources used (ground water, Rand water, Tank
water and Tap water). Although the microcystins contamination median was below
the acceptable limits (1 µg.ℓ-1), there were still some water samples that had more
than the acceptable value of microcystins concentration given the order of
contamination shown, i.e. ground water > Rand Water > tank water > tap water.
Following the treatment of water by the treatment plant, there was a decrease, by
half, in the microcystins from 2.3 µg.ℓ-1 to 0.6 µg.ℓ-1 in communal tap water during
the blooming season (Table 7.1).
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TABLE 7.1: Mean concentration (µg.ℓ-1) of microcystins in different water points.
Blooming
Microcystins
treated

non

Decaying
Microcystins
treated

non

Microcystins guideline in
Drinking water (WHO)

Dam Water
Min-Max

(0.00010 – 8.6)

(3.5 – 6.2)

Mean±SD

4.3 ± 4.9

5.0 ± 1.4

Min-Max

ND

(0.4 – 0.4)

Mean±SD

ND

0

Min-Max

ND

ND

Mean±SD

ND

ND

Min-Max

ND

(0.00010 – 4.2)

Mean±SD

ND

1.4 ± 2.0

(0.00010 – 5.2)

(0.00010 – 1.3)

2.3 ± 1.9

0.6 ± 0.5

Groundwater

Rand Water
1.0 µg.ℓ-1

Tank Water

Communal
Tap Water
Min-Max
Mean±SD

ND = no data to be presented in that group
The removal of microcystins was not complete in the water treatment plant as toxins
were also found in communal taps connected to the plant. Hence, there was a
difference in microcystins content between the decaying and the blooming seasons.
In the decaying seasons, there was less than 1 µg.ℓ-1 of microcystins in the
communal tap water (TpW) sample compared to 5.0 µg.ℓ-1 in the Dam water sample.
The high level of microcystins in tap and tank waters during blooming season could
be because the treatment was unable to remove all the toxins produced (DWAF,
1996). In summer, the cyanobacteria cells from scums or mats resulted from the
blooming of the cells in the surface water. The blooming of cyanobacteria is a result
of sufficient nutrients, calm wind, heavy rain and warm temperatures. Toxins are
produced by the cells due to stress and overcrowding (Neilan et al. 2013), therefore,
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water becomes highly turbid and it is a challenge for water treatment to remove all
unwanted particles, including cells and toxins, completely.
During the decaying seasons, the microcystins level was significantly reduced (P <
0.001) in the Dam water and communal tap water, from 5.0 to 0.6 µg.ℓ-1. This could
be due to the effect of the reduction in the turbidity levels from 9.5 NTU in the
blooming seasons to 7.4 NTU in the decaying seasons, thus enabling the water
treatment plant to treat the cyanobacterial cells and toxins at the lower turbidity level.
A decrease in the levels of microcystins was observed in the communal tap water
samples between blooming (2.3 µg.ℓ-1) and decaying seasons (0.6 µg.ℓ-1). The dam
and communal tap water data confirmed that many water treatment plants are
unable to treat microcystins completely, especially during the blooming season
(Daly, Ho, and Brookes, 2007). In both seasons, Groundwater and Rand Water
samples did not contain microcystins. There was no statistically significant
difference (P >0.05) in the water sources’ quality between the blooming and
decaying seasons.

7.4.2 Hazard identification in water containers
Water from different sources was collected and stored by communities using plastic
containers (Sobsey, 2002). Container sizes differed depending on the needs of the
household members and settlement types. In a private area such as Meerhof, most
people used 10 ℓ light penetrating plastic containers to store drinking water, with
only a few using 2000 ℓ tanks; in the informal settlements, such as Kosmos and
Zandfontein, more than 95% of households used 20 ℓ or 25 ℓ light penetrating and
opaque plastic containers; people in the RDP area of Refense also used 20 ℓ or 25
ℓ light penetrating containers, but mostly 200 ℓ opaque plastic containers, because
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they obtain water from the tanker supplied by a truck. Data of the water samples
from these containers is shown in Table 7.2, which was grouped according to the
water sources (where the water was collected).
TABLE 7.2: Mean concentration (µg.ℓ-1) of microcystins in water containers at household
level.
Blooming
season
(Microcystins)
Household water
treatment

Blooming
season–
(Microcystins)
Household non
water treatment

Decaying season
– (Microcystins)
Household water
treatment

Decaying
season–
(Microcystins)
Household non
water treatment

Min-Max

ND

ND

ND

(0.00010 – 1.91)

Mean±SD

ND

ND

ND

0.5 ± 0.81

Min-Max

ND

(0.00010 – 1.26)

ND

(0.00010 – 4.42)

Mean±SD

ND

0.21 ± 0.51

ND

1.5 ± 2.09

Min-Max

(0.00010 – 1.18)

(0.00010 – 4.33)

(0.00010 – 1.80)

(0.00010 – 3.26)

Mean±SD

0.08±0.28

1.16 ± 1.56

0.14 ± 0.47

1.26 ± 1.28

(0.00010 – 0.22)

(0.00001 – 4.37)

(0.00010 – 1.89)

(0.00010 –3.36)

0.032 ± 0.083

1.75 ± 1.98

0.27 ± 0.71

1.23 ± 1.50

Groundwater

Rand Water

Tank Water

Communal
Tap Water
Min-Max
Mean±SD

ND = there were no data presented in that group
The data were further grouped according to the seasons. As no group of people
used the Dam water directly for domestic purposes, there was no result to be
discussed.
Point-of-use water treatment was practiced in n=29 (39%) of the households that
participated in the study and these were strategically selected. In the water
container group, no significant difference (P >0.05) was found in the levels of
microcystins in either treated or non-treated water (P >0.05), in the blooming or
decaying seasons (P >0.05). Microcystins had a 95% confidence level (0.034 to
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0.187) and (0.0536 to 0.4058) for treated water samples of the blooming seasons
and decaying seasons respectively (P >0.05) and (0.4595 to 1.6662) and (0.6402
to 1.6755) for non-treated water respectively (P >0.05). There was a statistically
significant decrease (P <0.01) of the microcystins concentration in bleach treated
water (0.02842 to 0.1588) and non-treated water (0.4807 to 1.7237) in the blooming
season. The same patterns were also observed in the decaying season, where
there was a significant decrease (P <0.01) of the microcystins concentration from
water in containers containing water treated (-0.05364 to 0.4058) with bleach than
the water in containers containing non-treated water (0.7847 to 1.9712).
7.4.2.1 Blooming season container water quality
Quality of drinking water from containers used at household level were compared
using microcystins as an indicator of water contamination and the effect of bleach
in its treatment. The mean level of microcystins in drinking water from non-treated
Rand Water containers was 0.21 µg.ℓ-1 less than the acceptable limit (1 µg.ℓ-1)
(WHO, 1998). Water from the Rand Water source did not contain microcystins,
however, the containers used to store the water did. This could be due to using the
same containers to collect water from other water sources at a time when water was
not available at the settlement, therefore cross-contamination.
Residents also reported they stored water for long periods, as they were not sure
when the water would be turned off. Other households reported they lived in a low
water pressure area therefore often only receiving water in the evening when
demands were not too high, forcing members to store water in the containers.
Microcystins in containers with treated water from tanks were observed as high as
1.18 µg.ℓ-1, which is higher than the acceptable limit (1 µg.ℓ-1), but a mean
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concentration of 0.08 µg.ℓ-1, which is below the acceptable level, was observed.
However, microcystins levels in containers containing non-treated water collected
from the tank water were above the acceptable limits of 4.33 µg.ℓ-1 and 1.16 µg.ℓ-1
for maximum and mean concentration levels, respectively. The microcystins
concentration from water in containers filled with non-treated water was four times
higher than that of water stored in containers containing bleach treated water. This
shows the NaOCl was effective in treating drinking water in containers to an
acceptable level. Microcystins in the containers containing treated drinking water
from taps were observed at the concentration level of (maximum, 0.22 µg.ℓ-1 and
mean 0.032 µg.ℓ-1, which is within the acceptable limit. However, microcystins levels
in containers containing non-treated water collected from the same tank were above
the acceptable limit, 4.37 µg.ℓ-1 and 1.75 µg.ℓ-1 for maximum and mean
concentration levels, respectively. The same pattern was observed in the containers
containing water from the tap as those from the tank. The point-of-use water
treatment practices had a significant decrease (P <0.01) of microcystins in water
containers when compared to those of untreated water.
7.4.2.2 Decaying season water quality in containers
The decrease of microcystins in containers filled with drinking water was also
observed during the decaying season. The findings show that microcystins (0.14
µg.ℓ-1) were below the acceptable limit of 1 µg.ℓ-1, when water was treated with
bleach, at a maximum concentration of 1.80 µg.ℓ-1 in the tank water. However, from
the non-treated tank water, the minimum microcystins concentrations was 1.26 µg.ℓ1

and the maximum was 3.26 µg.ℓ-1. The level of microcystins in treated containers

containing water decreased more than three times compared to the non-treated
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water. The microcystins concentrations in the containers containing treated water
were observed to average at 0.27 µg.ℓ-1, with a maximum concentration of 1.89 µg.ℓ1

(Table 7.2). Households using untreated water in containers were exposed to

microcystins, with a mean concentration of 1.23 µg.ℓ-1 and a maximum
concentration of 3.36 µg.ℓ-1. Groundwater was used in the study area as an alternate
water source, since most of the available wells were privately owned, and a few
people stored groundwater in containers for domestic use. Data were collected
during decaying seasons and not all participants treated the groundwater with
bleach. Data presented in Table 7.2 shows the mean microcystins concentration of
groundwater ranged from 0.5 µg.ℓ-1 to a maximum of 1.91 µg.ℓ-1. Microcystins
concentration was also observed in water containers using Rand Water, as findings
showed microcystins were detected from water containers at a mean concentration
of 0.5 µg.ℓ-1, which was less than the acceptable level. However, the results also
revealed a maximum concentration of 1.91 µg.ℓ-1, which could have been due to the
use of the containers to collect water from different sources and which could have
been contaminated. Improper hygiene practices could also contribute to major water
deterioration.

7.5 DISCUSSION
7.5.1 Discussion of water quality in containers during seasons
Water in containers from all sources grouped together, had no statistically
significant difference (P >0.05) between blooming and decaying seasons. Tap and
tank water microcystins concentrations were further compared during these
seasons and there was no significant difference (P >0.05) in water contamination in
non-treated water from tap or tank. The microcystins concentrations exposure in
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containers containing treated tap and tank water were similar, with microcystins
levels of 1.16 and 1.26, 1.75 and 1.23 respectively. This finding shows that
contamination of water containers and the level of microcystins in storage
containers were not determined by external factors, such as favourable conditions,
rainfall, low or high temperatures. Therefore, it can be concluded that the types of
containers used, such as light penetrating containers as reported by Fosso-Kankeu,
Jagals and Du Preez, (2008), contribute to water quality deterioration. Jagals (2006)
and Gundry, Wright and Conroy, 2004 (2004) also reported further deterioration of
water containers occurs due to the access to water by children and domestic
animals, use of scooping vessels and the duration of storing water. However,
microcystins were significantly reduced (P <0.01) in all water treated with bleach at
point-of-use when compared to non-treated water containers.

7.5.2 Microcystins Drinking Water Containers Model
The microcystins drinking water containers model is the first one to be developed
for the microcystins at household level. Microcystins were detected in all water
samples from the containers except the groundwater containers (Table 7.3).
However, all the positive microcystins concentrations were not above the
acceptable level of 1 µg.ℓ-1, except the drinking water in containers from untreated
tap water, which presented as 2.23 µg.ℓ-1.
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TABLE 7.3: Microcystins Drinking Water Containers Model in the blooming season
Variable

Ground
Water (No
treatment)

Rand Water
(No
treatment)

Tank Water
(Treatment)

Tank
Water
(Not
treated)

Communal
Tap Water
(Treated)

Communal
Tap Water
(Not Treated)

Counts

7

3

12

16

8

13

pH

8,2

8,3

8,3

8,3

8,9

8,5

Turbidity

3,7

6,5

3,2

2,4

2,7

4,9

NaOCL contact time

0

0

30

0

30

0

MC-estimate

0

0

0,9

0,0

0,8

0

MC-actual

0

0,41

0,06

0,91

0,13

2,23

MC-total

0

0,41

0,8

0,91

0,7

2,23

Water in the containers is of different water quality, such as high turbidity, due to
poor hygiene practices, changes in temperature and the long periods of standing in
the household. The model proved that the high amount of turbidity in drinking water
supplied from tap water and stored in drinking water containers was 4.9 NTU and
the level of microcystins were 2.23 µg.ℓ-1. Figure 7.2 shows the relationship of
microcystins in blooming season in drinking water with the pH and turbidity. The
blue dots with a polynomial strandline are microcystins versus turbidity in drinking
water. In these diagrams there is moderate positive correlation (r = 0.5148) between
microcystins and turbidity. This indicates the higher the turbidity in drinking water
containers, the higher the microcystins concentration.

112

Blooming MC vs Physiochemical parameter
10
y = 9E-05x2 - 0,006x + 8,454
R² = 0,0173

Microcystin cincentration (ug/L)
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y = 0,0017x2 - 0,0191x + 2,2201
R² = 0,5148
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FIGURE 7.2: Blooming microcystins concentration versus physiochemical in drinking water
model

The purple dots with blue strandline are a correlation between microcystins and pH.
The strandline shows zero correlation (r = 0.0173) between the microcystins and
pH. The pH between 8 and 8.9 was proven the right pH for chlorination to degrade
microcystins (Tsuji et al. 1997).
In the decaying season, the microcystins from cyanobacteria in containers dies from
the effects of poor conditions, such low temperatures, less food and/or stress. Table
7.4 illustrates the microcystins concentration using the developed model. The
results show the increase of the turbidity in tank water without treatment resulted in
an increase of microcystins, from 0.24 µg.ℓ-1 to 1.9 µg.ℓ-1.
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TABLE 7.4: Microcystins Drinking Water Containers Model in the decaying season
Ground
Water (No
treatment)

Variable

Rand Water
(No
treatment)

Tank Water
(Treatment)

Tank
Water
(Not
treated)

Communal
Tap Water
(Treated)

Communal
Tap Water
(Not Treated)

Counts

7

3

22

16

16

13

pH

8,36

8,02

8,45

8,49

8,3

8,48

Turbidity

0,65

1,28

1,7

3,57

1,1

0,72

NaOCL contact time

0

0

30

0

30

0

MC-estimate

0,0

0,0

0,48

0,0

0,30

0,0

MC-actual

0,56

2,89

0,24

1,9

0,53

1,46

MC-total

0,6

2,9

0,24

1,9

-0,23

1,5

The model shows the direct relationship of the different variables (pH, turbidity, and
contact time of NaOCl) with the microcystins concentration in drinking water
containers. The relationship between microcystins and turbidity was also moderate
positive correlation (r = 0.4397) in blooming seasons. However, the relationship of
pH and microcystins was weak negative correlation (r = 0.0165).

Decaying MC vs Physiochemical parameter

Microcystin concentration (ug/L)

70,0
60,0
50,0
40,0
30,0

y = 4.4501x + 0.849
R² = 0.4397

y = -5.5966x + 53.419
R² = 0.0165

20,0
10,0
0,0
0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

9,0

10,0

Physiochemical (pH and Turbidity)

FIGURE 7.3: Decaying microcystin concentration versus physiochemical in drinking water
model

If the turbidity concentration is less, there will be less microcystins concentration in
the water. This is because the NaOCl in less turbid water is able to reach all the
microcystins in the water and degrade them. However, if there is high concentration

114

of turbidity, from 3 NTU to 5 NTU, there is also high concentration of microcystins,
more than 1 µg.ℓ-1. The findings here confirm the effect of the turbidity in
microcystins degradation and as turbidity changes the amount of microcystins also
changes. The total concentration of microcystins were used to determine the health
hazard using the Human Health Risk Model.

7.5.3 Human Health Hazard Assessment Model
There were 504 participants in the study, of which 55 (11%) were children less than
5 years of age. The Human Health Hazard Assessment Model of non-carcinogenic
adverse health effects was the first to be used that focused on microcystins from
drinking water stored in the containers. The hazard quotient (HQ) was applied to
determine the microcystins Human Health Hazard Assessment Model. If the HQ
between the two becomes greater than one, people or animals would be at high
risk; this means that 50% of the population using the substance with the
contamination of the toxins will experience sub-lethal effects (Sanchez-Bayo, Van
Den Brink and Mann, 2011). The hazard quotient (HQ) for children and adults
through exposure to microcystins from contaminated drinking water stored in
containers (DWC) is shown in Figures 7.4 and 7.5, which present the HQs of adults
and children during the blooming and decaying seasons, respectively. The figures
further grouped the HQ results of DWC of water treated, or non-treated, with bleach.
The HQs from treated DWC of microcystins concentration of both children and
adults in the blooming season, were less than the ratio of 1.0 for all DWC collected
from tap and tank sources. There were no data collected for water treated with
bleach for the groundwater and Rand Water groups, as the treatment was only done
by the Tap and Tank groups. HQs from non-treated DWC of microcystins
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concentration of both children and adults in the blooming season, were greater than
the ratio of 1.0 for all DWC from tap and tank sources. The groundwater and Rand
Water’s HQs from drinking water containers containing non-treated water were less
than the ratio of 1.0 for both children and adults (Figure 7.4). The HQs from DWCs
containing non-treated water of the children in the study area had the maximum of
1.76 and 0.72 at the communal tap and tank water, respectively. DWCs containing
non-treated water for the adults’ HQs were 1.05 and 0.43 for communal tap and
tank water, respectively.

FIGURE 7.4: Hazard quotient (HQ) from exposure to microcystins by resident children and
adults via water containers

Generally, the HQs of microcystins from DWC containing treated water for the
children and adults in the study area were less than 1.0 for all water sources (tap
and tank) treated at point-of-use, while the HQs of microcystins from DWC
containing non-treated water were above 1.0; this shows non-treated water poses
adverse health effects. It is reported by the USEPA risk assessment guidelines, that
with a hazard quotient greater than 1.0, the probability of adverse health effects
associated with exposure to such toxins is high. Only non-treated water containers
produced hazard quotients of greater than 1.0 for adults and children, which
illustrates that adverse health effects due to people drinking water from containers
can be experienced from collected and stored non-treated drinking water. The toxin
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hazard can however be reduced to acceptable levels, if water is treated adequately
using bleach at point-of-use.
Figure 7.5, shows the HQs during decaying season grouped by the water sources
used in the household for adults and children. All water container data was further
grouped into treated using bleach or non-treated.

FIGURE 7.5: Hazard quotient (HQ) from exposure to microcystins by resident children and
adults via water containers

The HQs of microcystins from DWC containing treated water for adults in the
decaying season were less than 1.0 for the tank sources (-0.11) and tap sources
(0.11). However, the HQs of microcystins from DWC containing treated water for
children in decaying seasons were all less than the ratio 1.0 for both tap and tank
water sources (Figure 7.5). A close look at the non-treated water HQs of the
microcystins from DWC for adults in decaying seasons shows the HQs were less
than the ratio of 1.0 for tap (0.69), tank (0.99) and groundwater (0.26), and greater
than 1.0 in Rand Water (1.36). However, the HQs from DWC for children were
greater than 1.0, tap 1.15, tank 1.50, Rand Water 2.28, and less than 1.0 in
groundwater (0.44).
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Hypothetically speaking, the decaying season should produce no toxins, as it was
believed all cyanobacteria cells were removed during water treatment and, as there
was lower turbidity, chlorination contact time with microcystins should be sufficient
for its degradation (Zong et al. 2015). However, recontamination and poor hygiene
practices, related to stored water containers, resulted in the growth of biofilm inside
the containers (Fosso-Kankeu, Jagals and Du Preez, 2008). During dying and
decaying, cells release toxins (Gélinas et al. 2014), which is supported by the data
(Figure 7.5) on the level of HQs of non-treated water from containers in decaying
season - the HQs ratio were greater than 1.0 in all sources used except the ground
water. Furthermore, container water treatment using bleach was shown to be
effective in treating microcystins during the blooming and decaying seasons.
Figures 7.4 and 7.5 illustrate that in treated DWC, HQs data were all below 1.0, in
all water sources illustrating the effectiveness of the chlorine in treating microcystins
(Zong et al. 2015). This could indicate that the hazard level of microcystins, in
treated drinking water people are exposed to, may have no adverse effect on health,
whilst all HQs data of non-treated DWC above 1.0 could have possible adverse
health effects.
The continuous ingestion of water from non-treated DWCs collected and stored by
adults and children in the study area makes them susceptible to health hazards
associated with exposure to microcystins. Such health symptoms manifest in two
ways: exposure to low levels of microcystins for a long period could result in tumour
promotion and kidney and liver problems, while exposure to a high concentration of
microcystins for a short period could result in gastroenteritis disorders, respiratory
tract infection, diarrhoea, vomiting and nausea.
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The Microcystins Human Health Hazard Model can be summarised in Table 7.5,
where the Microcystins Drinking Water Containers Model and Human Health
Hazard Assessment Model are shown.
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TABLE 7.5: Microcystins Drinking Water Containers Model and Human Health Hazard Assessment Model.
MICROCYSTINS DRINKING WATER CONTAINERS MODEL
SEASONS

SOURCES
SAMPLES

MICROCYST
IN CONC.
(95% CL U)

Communal
Tap Water
BLOOMING
SEASON

Tank
Water

Communal
Tap Water
2.96

Rand
Water

0

Communal
Tap Water
DECAYING
SEASON

Tank
Water

Rand
Water

pH

Turbidity

NaOCl
contact
time

MC
estimate

MC
actual

HAZARD
IDENTIFICATION
(MC total)

EXPOSURE
(INTAKE)
(MG/KGDAY)

TOXINS
ASSESSMENT
(MG/KG-DAY)

RISK
CHARACTERISATION
(HQ = <1.0 OR >1.0)

RISK
INTERPRETATION

T (n=8)

8.9

2.7

30

0.8

0.13

0.67

-1.59E-03

3.00E-03

0.0

Acceptable

NT (n=13)

8.5

4.9

0

0

2.23

1.76

5.29E-03

3.00E-03

1.76

Not-acceptable

T (n=12)

8.3

3.2

30

0.9

0.06

0.84

-1.99E-03

3.00E-03

0.0

Acceptable

NT (n=16)

8.3

2.4

0

0

0.91

0.91

1.28E-06

3.00E-03

0.4

Acceptable

Ground
Water

NT (n=7)

8.2

3.7

0

0

0

0.00

0.00

3.00E-03

0.0

Acceptable

Rand Water

NT (n=3)

8.3

6.5

0

0

0.41

0.41

5.80E-07

3.00E-03

0.2

Acceptable

T (n=13)

8.5

0.72

0

0

1.46

1.46

7.45E-07

3.00E-03

0.2

Acceptable

NT (n=16)

8.3

1.1

30

0.3

0.53

0.23

5.45E-04

3.00E-03

0.2

Acceptable

T (n=22)

8.5

1.7

30

0.48

0.24

0.24

3.32E-07

3.00E-03

0.1

Acceptable

Communal
Tap Water
2.06
Tank Water

Ground
Water
CONTROL
GROUP
(DECAYING)

CONTAINER
- POU
TREATMENT

Tank Water

Ground
Water
CONTROL
GROUP
(BLOOMING)

CONTAINER
SAMPLES

HUMAN HEALTH HAZARD ASSESSMENT MODEL

0

NT (n=16)

8.5

3.6

0

0

1.9

1.90

2.68E-06

3.00E-03

1.0

Not-acceptable

Ground
Water

NT (n=7)

8.4

0.7

0

0

0.56

0.56

7.95E-07

3.00E-03

0.3

Acceptable

Rand Water

NT (n=3)

8.02

1.3

0

0

2.89

2.89

4.08E-06

3.00E-03

1.4

Not-acceptable
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Microcystins concentrations from samples from both treated and non-treated water
in containers were used to determine the hazard quotient. The hazard quotient of
tap and tank water that have direct links with the Dam water were less than or equal
to the ratio of 1, if treated at point-of-use, however, non-treated water samples were
above the ratio of 1 in the communal tap water (1.76) in the blooming season.
Observing different seasons, hazard quotient significantly increased in the decaying
season and decreased in the blooming season. The hazard quotient of the ground
water samples were below 1 in both seasons, this means using ground water and
storing it in containers has non-cancer adverse health effects. All other water
samples, which were not treated at the point-of-use, were equal or higher than the
hazard quotient ratio of 1. The continuous ingestion of non-treated water from
DWCs collected and stored by adults and children in the study area makes them
susceptible to health hazards associated with exposure to microcystins.

7.6 CONCLUSION:
The presence of microcystins was shown in different water sources used by
residents in the area, where such water was collected for drinking purposes. There
was a direct link with the Hartbeespoort Dam water, irrespective of the treatment
process used, and included tap and tank water that were pre-treated before being
supplied through communal taps or tankers and the groundwater, which had an
aquifer as the treatment process against most pathogen microorganisms. The
presence of microcystins in water from containers was proven to be above the
acceptable limits of 1 µg.ℓ-1. Human exposure to any amount of toxins in drinking
water has both short and long-term effects if there is continued use. The exposure
to high concentrations of microcystins results in gastroenteritis health problems
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(diarrhoea, vomiting, nausea and stomach pain) (Brookes, et al. 2008) and low
concentrations reportedly promoted tumour development and kidney problems (De
Figueiredo et al. 2004). Water treatment at the point-of-use should always be
practiced, as it was observed that the adverse health effect level was reached for
all the non-treated water groups in both seasons. Furthermore, proper water
treatment using bleach and educational campaigns by the DWA and the
Department of Health is a requirement in all areas exposed to cyanobacteria
contaminated water. Further studies are needed on trihalomethanes and dissolved
organic compounds due to the fact chlorine reacts with microcystins to form
trihalomethanes.

122

CHAPTER 8
8 CONCLUSIONS AND RECOMMENDATIONS
8.1 INTRODUCTION
The current study investigated the microcystins produced by the cyanobacteria and
related human health issues, at the point-of-use, from water containers after
collection and storage. In 1996, the South African Department of Water Affairs and
Forestry introduced the microcystins-LR water quality level (0.8 µg.ℓ-1) (DWAF,
1996). This was adopted from the WHO microcystins-LR provisional water guideline
level of 1 µg.ℓ-1 (WHO, 1998). The main objective of the guideline was to manage
human cyanotoxins exposure through either recreational or drinking water (WHO,
2003a). South Africa joined other countries to meet the Millennium Development
Goal (MDG), as one of the priorities was to achieve improved access to drinking
water services for all citizens by 2015 (MDG, 2013). In the 2015 MDG target, the
quantity and quality of the water was also addressed; it is not enough to supply more
water if the water is of poor quality (Asia Water Watch, 2015) Quantity and quality
in a South African context focuses on water from the point-of-source to the point of
supply, not including the point of consumption or use at the household level.

8.2 IMPORTANCE OF WATER CONTAINERS
Water treatment plants and other forms of water supply may be supplying good
quality water, however, if the water supply is interrupted or not continuously
supplied, post-supply water storage is applied in both rural and urban areas. Postsupply water storage involves water containers, mostly 20 ℓ or 25 ℓ, or even 200 ℓ.
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This water storage is for the individual family to use until finished or replenished.
Having water in containers allows household members to have their own point of
water for use whenever necessary if the water system is not connected inside the
house or a tap is not in the yard. Water containers could be used for various
purposes for the household members, for example to act as a storage point (this is
in a small scale household), or collection point for general use or drinking purposes,
or point-of-use water treatment before consumption if a water source is of poor
water quality. However, point-of-use water treatment was mainly practiced during
the outbreak of certain water related health problems (Imanishi et al. 2014). Apart
from the outbreak of health issues, water container storage conditions, either inside
or outside the house, have proven to re-contaminate the stored water in the
containers (Moabi, 2009:20), including scooping vessels (CDC, 2003) and the
access to storage containers by either children or animals (Water, Natora and
Stokes, 2009). Most of the health threats, such as bacteria (Total coliform and
Escherichia coli), are treated by simple and inexpensive methods such as boiling or
filtration (CDC, 2009). The lack of resources hinders the use of post-water
treatment, which should be practiced more often at household level, thus exposing
people to toxins such as microcystins and other contaminants. Microcystins are
produced by cyanobacteria cells when they are under stress or dying and could take
place in water sources or as part of a biofilm formed inside container walls. The
author has pointed out that, (a) water containers are mostly contaminated by Total
coliform and E. coli, as an indicator of faecal pollution and cyanobacteria toxins
(microcystins) irrespective of types of water sources used; (b) acute and chronic
human health problems related to microcystins were also observed in community
members during the study; (c) post-water treatment using NaOCl to treat
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microcystins was successfully used and measured by calculating the hazard
quotient (HQ). The main findings are in Chapters 4 to 6 specifically, which
summarised all experimental findings. This section synchronises the empirical
findings to answer the study’s research question: What is the human health
implication of drinking and using Hartbeespoort Dam water that is contaminated by
cyanotoxins producing cyanobacteria?

8.2.1 Empirical findings of water sources in different seasons
The water quality of almost all water sources used by different communities around
Hartbeespoort Dam were within International and National water quality guidelines
for all parameters studied (pH, conductivity, turbidity, Escherichia coli and Total
coliform). However, there were mixed findings regarding the level of microcystins.
The acceptable level of microcystins is 1 µg.ℓ-1, which was adopted from
microcystins-LR (WHO, 1998). The water sources such as tap and tank, which had
a direct link to the Dam water, were found to have higher than 1 µg.ℓ-1 of microcystins
concentration than the ones without a link to the Dam, such as water from Rand
Water Board. The presence of microcystins concentration at a median of more than
1 µg.ℓ-1 was also observed in the blooming and decaying seasons, indicating the
water sources are contributing to the poor water quality of the water in containers
stored in households.

8.2.2 Empirical findings of water containers
The majority of water container samples were of poor quality, irrespective of the
quality of water sources. The results show that E. coli and microcystins were found
to be more than the acceptable limits of zero count/100mℓ and 1 µg.ℓ-1 respectively.
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Levels of E. coli and microcystins contamination were affected by the seasons, as
there were significant decreases between the blooming and decaying seasons.
NaOCl was used in 39% of the study households to treat water at point-of-use and
almost all the water samples in these households were below the acceptable level
in the blooming and decaying seasons.

8.2.3 Point-of-use treatment
People practice post-water supply treatment at household level, by using either
boiled water or by adding chlorine. Studies found that microcystins levels in NaOCl
treated water were significantly less than in non-treated water samples. This proves
that water quality can be improved at household level, as there were significant
reductions of microcystins in the container water samples. It can therefore be
concluded that the impact of microcystins on peoples’ health can be managed.

8.2.4 Empirical findings of the health effects related to microcystins
Information regarding microcystins health related problems was collected through
interviews with household members, as no human tissue samples were used to
confirm causes. For the purpose of this study, it was assumed that such health
problems could be the result of toxins in drinking water. Gastroenteritis health
problems (diarrhoea, vomiting, nausea and stomach pain) were used as indicators
of acute health problems from exposure to high microcystins concentration in the
short term, however chronic health problems (cancer, kidney, lung and liver
problems) were assessed and used as indicators of exposure to low concentrations
over long term. In the findings of this study, acute health problems were reported in
communities that used tap and tank water in the blooming season more than in the
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decaying season. Chronic health problems were found mostly in the group that used
treated Hartbeespoort Dam water, which was from the tap group that is now using
Rand Water Board water, and there were more cases reported in the decaying
season than in the blooming season.

8.2.5 Hazard alert of the community members
Microcystins are reported to promote cancer, but there is no evidence of this, as
well as causing gastroenteritis and skin problems. Assessment of the human health
effects of microcystins in water containers was therefore done by using the
Microcystins Drinking Water Containers Model and the Human Health Hazard
Assessment Model at household level. This is the first time the two models have
been used to determine the health hazards in drinking water containers. In this
instance, the model used the hazard quotient (HQ) to determine the effects of
chemicals in drinking water on humans. It was found that the HQ of water samples,
from members using NaOCl at household level, was below the ratio of 1 and greater
than 1 for those who did not treat water. The adverse health effects of less than 1
means using that water would not result in human health problems during an
individual’s life time, however, a HQ of ratio greater than 1 means there may be the
potential of having cancer health effects. The differences in HQ changes were also
observed between the adults and children. This study’s findings illustrate how
adverse health effects from water in containers could be achieved by treating water
with NaOCl.
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8.3 CONCLUSIONS
In conclusion, this study has contributed to the following knowledge regarding
drinking water in containers used by household members:Firstly, this is the first study to investigate microcystins in drinking water containers.
Secondly, it is the first study to treat microcystins in drinking water using NaOCL at
point-of-use.
Thirdly, this is the first study to investigate the presence of microcystins, in both the
blooming and decaying seasons, in drinking water containers.
Finally, the study calculated the human health hazard of exposure to microcystins
in drinking water containers.
The quality of water sources and containers pose different levels of exposure
depending on where the water was sourced by the household members. The
groundwater and Rand Water Board water were less contaminated and complied
with the guidelines in terms of microcystins levels. The quality of the collected and
stored water in the containers were deteriorating. The level of microcystins in water
containers did not significantly change between the blooming and decaying
seasons, however there was a significant increase in the water quality from
containers containing treated water with NaOCl at point-of-use, compared to the
water quality from containers containing non-treated water. Finally, the adverse
health effects were observed to be more from the non-treated water group than the
treated water group. In conclusion, the cyanobacteria and/or toxins from the
Hartbeespoort Dam make their way through water treatment to water containers
during collection and multiply during storage. The level of toxins can, however, be
controlled by using NaOCl, resulting in no adverse health impact, which implies that
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if no point-of-use treatment is used, there may be a risk of promoting development
of cancer health effects.

8.4 RECOMMENDATIONS
The study firstly explores the different water sources used by community members
in the study areas, and assesses the water quality using microcystins as an indicator
of cyanobacteria toxins contamination. This was of importance because the
Hartbeespoort Dam water is reportedly contaminated by cyanobacteria and the
same water is used by community members living in close proximity to the dam,
through the consumption of communal tap water, tank water and directly from the
Dam during recreational activities. Though some of the water supply passes through
a proper water treatment plant, the fact that water was stored in households raises
the question regarding the relationship between human health and microcystins in
water stored at household level. Based on the findings of this study, there are
different approaches that need to be explored and examined in determining human
health issues that are related to microcystins in water sources and containers:
(i)

Water sources in different seasons that are linked to Hartbeespoort Dam
water.

(ii)

Water treatment practices of water sources before water is supplied and/or
as point-of-use water-supply-treatment at household level.

(iii)

Educating the community on the appropriate type of treatment system for
microcystins and on proper measurement of NaOCL during point-of-use
water treatment.

(iv)

Health hazards resulting from microcystins in water from containers.
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The development of the Microcystins Drinking Water Containers Model and Human
Health Hazard Assessment Model was to guide the water sector and policy makers
about the health risks related to water from containers. Information gained in this
study should guide water management authorities, environmental health
practitioners, water providers and other stakeholders about the hazardous level of
water from containers in a high-risk area such as Hartbeespoort Dam, so that the
appropriate use of post-water treatment in households and water container
education can be developed.

8.5 CONTRIBUTION MADE BY THIS STUDY
The following are the main contributions of this study:


Hartbeespoort Dam water contaminates primary water sources. The water
quality of both sources and in containers was reported. The presence of
microcystins were found in the Dam water that passes through a water
treatment plant into taps and tanks and finally stored in water containers. While
it was assumed that groundwater was also contaminated by toxins, the study
proved there were no toxins found in the ground water sources. The
assumption was that Rand Water Board water would not contain toxins as it
was not linked to the Hartbeespoort Dam water and it was proved, by the water
quality samples, to be free from microcystins.



Water container qualities. There were toxins in water from containers, which
were observed in collected and stored water from the blooming and decaying
seasons.
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Point-of-use water treatment. Post-water treatment was carried out using
sodium hypochlorite (NaOCl) (Section 3.4) to treat microcystins. This was a
new introduction at household level to treat water in containers, focusing on
microcystins. There was a significant difference in microcystins concentration
between the households using water treated with NaOCl and those with
untreated water.



Container water health hazard development of the Microcystins Health Hazard
Assessment Model consisted of two models - Microcystins Drinking Water
Containers Model and Human Health Hazards Assessment Model. This model
shows that water from containers could be contaminated by microcystins to
the point where potential non-cancer effects were possible (USEPA 2015b).
This study concludes that there could be potential non-cancer health effects
from water in containers used at the household level without point of use water
treatment compared to the lack of adverse health effects from (NaOCl) treated
water samples.

8.6 FURTHER RESEARCH
Based on the findings reported here, the researcher poses a number of suggestions
for further research that could be useful in studying the impact of cyanotoxins in
South Africa. Research on cyanotoxins still needs to be done which will close the
knowledge gap in areas such as safe dosage levels of different toxins in water and
human samples. In addition to the findings of this study, further work is required,
which includes research that will focus on the biofilm that is reported to occur on the
bottom surface of the wide-mouth and screw-mouth storage containers. There is a
need to determine the types of the cyanobacteria genera that form biofilm and what
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types of cyanotoxins might be produced by the different strains. However, Momba
and Kaleni, (2002) found that faecal bacteria, such as Escherichia coli and other
Total coliforms, are part of biofilm development due the fact that most of these
storage containers were kept in a poor hygienic state providing a good environment
for bacteria to survive. Further investigation related to cyanobacteria producing
toxins in water containers at household level is needed and assessment of the best
conditions under which cyanobacteria in the containers can survive or not. The
growth factors will be coupled with the level of toxins that can be produced by the
cells and the measurement of the level of dose exposure to an individual. Dose
exposure and the level of impact can be triggered by drinking contaminated water
therefore further research needs to be conducted to determine the level of toxins of
cyanobacteria in human samples that include blood, urine and other tissue after
exposure to contaminated water. Lastly, there is a need to develop DNA data banks
of toxins producing cyanobacteria in water containers. The researcher is of the view
that such an investigation should inform policy makers in order to avoid supplying
and monitoring water only up to point of collection, without considering post-water
supply point storage.
One of the objectives of the research was to show that post-water treatment using
NaOCl is effective. The researcher is of the view that research, policy and regulation
should follow with educational campaigns, teaching people how to use containers
to collect and store water with point-of-use water treatment, especially in areas
where the main water source is contaminated by cyanobacteria that blooms in the
summer season. Finally, the post-water treatment study should be accompanied by
good hygiene practices, as well as determining different point-of-use water
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treatments types that are low cost, easy to use and that can be accessed in rural
areas.

8.7 SUMMARY
The present study investigated microcystins contamination from water sources to
water containers, and related health problems. The findings suggest that water
sources that have a direct link to dam water possess microcystins that exceed the
WHO guideline for Microcystins-LR for drinking water, while those sources that do
not have a direct link to dam water had either no or undetected microcystins. The
results also suggest that almost all water containers have microcystins, which
exceed the WHO guideline irrespective of the quality of water at the water source.
Microcystins health related problems were also reported during the blooming and
decaying seasons. The findings further suggest that point-of-use water treatment,
using NaOCl, has an impact on treating microcystins, as it was found there was a
significant difference in amounts of microcystins in non-treated and treated water
container samples. The importance of this study was to develop the Microcystins
Human Health Hazard Assessment Model, which will inform the water authority and
policy makers about the possible health hazards of using water containers, which
would be helpful to the relevant communities, which store water in containers. At
this stage, the HQ results of this study have revealed that non-treated water at pointof-use has potentially non-cancerous health effects. Finally, further research is
recommended to clarify the different strains of cyanotoxins in water containers and
to assess the dose in human tissue as a possible cause of human health problems.
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ANNEXURES
ANNEXURE A – PROVISIONAL INFORMED CONSENT FORM
Provisional informed consent form
HH Number: ________________________________
HH Name: _________________________________

Faculty of Science
Department of Environmental Health

Project Information for informed consent
Project leader: Dr Stanley Mukhola (Environmental Health) and Prof Jonathan Okonkwo
(Environmental, Water and Earth) - Tshwane University of Technology
Team leader:

___________________________________
___________________________________

Workers:

FW 1_____________________________FW 2_______________

We are researchers from the Tshwane University of Technology, conducting a research
project on the health effects of water usage from Hartbeespoort Dam.
The project has been approved by the Ethics Committee of the Tshwane University of
Technology, as well as the North-West Department of Health.
We will explain the project and then request your participation.

The project
156



The project name is: Microcystins model of the health impact on water usage by the
local communities around Hartbeespoort Dam



The purpose of the study is to investigate and determine the effect of exposure to
water contaminated by cyanotoxins on the community residing in the area of
Hartbeespoort Dam

What is expected of you?


Between one and three interviews will be conducted on your premises over the next
three months. Each interview will take approximately 60 minutes;



These interviews will be of a sensitive nature and will include aspects of:
o

The health of you and your family, in particular, on illnesses you might
experience that are related to water sanitation and hygiene.

o

The feelings you have about the water sanitation and hygiene situation in your
area.

o

Economic issues including the family income and other economic activities
related to water sanitation and hygiene.



We request that you and your family allow observations to be done and help us keep
records, over the next twelve months, of the health symptoms or illnesses related to
cyanotoxins.



Allow us to take water samples from your household.



Help us understand the disease profile in your family, of illnesses and other issues
relating to your water, sanitation and hygiene situation.



Your name and address (these will be used for your household identification with a
GPS-marking).



Photos of your house, as well as the water, sanitation and hygiene infrastructure will
be used for record and recall purposes.

What are your rights and assurances?


This study is voluntary, and you or your family are under no obligation to participate.



If at any time you feel you no longer want to be part of the study, you are free to
withdraw even if you have signed this consent form. You will not be required to give
reasons for withdrawing and your information will not be included in the results of the
study.



Compensation of R100.00 will be offered to your family, who have participated, until
the end of the study and you will not be expected to pay anything.



The project activity will not pose any significant risk for you and your family members
or sensitive questions that might make you feel uncomfortable.



You and your family’s details will be kept strictly confidential at all times.
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There was no particular reason for choosing your household; your house was
randomly selected.



You have up to 24 hours to decide whether you should consent – please indicate if
you need this time.



You are free to ask any questions, at any time, about the study.



After the project is completed and all the data analysed, we will come back to your
community and give feedback on what we have found during the study. This will be
done in such a way that you, your family and your premises will not be identified.



The results might be published in National and International scientific journals. This
will be done in such a way that you, your family and your premises will not be
identified.



The primary investigator, Mr Michael Mokoena, can be contacted during office hours
on Tel: (012) 382 3544, or on his cell phone: 0780 155 153. The study leader, Dr
Mukhola, can be contacted during office hours on Tel: (012) 382-9240. Should you
have any questions regarding the ethical aspects of the study, you can contact the
chairperson of the TUT Research Ethics Committee, Dr Braam Hoffmann, during
office hours on Tel: (012) 382-6246, email hoffmannwa@tut.ac.za. Alternatively, you
can report any serious unethical behaviour on the University Toll-Free Hotline 0800
21 2341.

What will happen if you or your family members test positive for any of the
tests?


Should water samples test positive for cyanotoxins, communication with the
community leader and relevant water providers will be done as soon as possible and
suggestions provided to them.

We now request you to participate in this study.

Respondent:


I understand the proposed activities of the project. The activities are clear to me.



I understand that there will be no harm to my family or myself.



I was given adequate time to think about the issue before I consented.



I was provided the opportunity to ask questions. I have not been pressurised to
participate in any way.



I understand that participation in this research project is voluntary.



I understand that I may receive monetary compensation for my participation and that
participation will not cost me anything.



I understand that water samples will be taken from my household, which will be used
only to assess the presence of cyanotoxins.
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I understand that there will be continuous assessment of the health problems from
every member of my family for a period of 12 months;



I understand that I, or my family, may withdraw from the study at any time without
supplying reasons and without prejudice.



I confirm that I may speak on behalf of my family.



I consent to supply personal details of my family and myself. The condition is that
while the details will be involved in the analysis of the results, it will not be used in any
way to breach confidentiality.



I understand that this research project has been approved by the Research Ethics
Committee of the Tshwane University of Technology.



I am fully aware that the results of these projects will be used for scientific purposes
and may be published. I agree to this, provided my privacy is guaranteed.

I hereby consent to participate in this project and can sign for this consent.

________________________
Head of household or respondent signature

____________
Place

___________
Date

I hereby consent to participate in this project but cannot sign because of illiteracy. I
requested the interviewer to confirm on my behalf

__________________________

___________________________

Mark of respondent

Date

Statement by Interviewer
The respondent indicated that the content and activities on this form were understood and
requested that I confirm and sign consent on her/his behalf.

________________

__________

__________

_________

Name of interviewer

Signature

Place

Date

I hereby consent on behalf of all minors in my household that their health reports or
illnesses related to cyanotoxins may be assessed for period of 12 months.
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__________________________

__________________________

Signature of volunteer

Date

_______________

________________ ____________

Name of interviewer

Signature

Place

___________
Date

Statement by Interviewer
I have provided the respondent with verbal information regarding this Research Project.
The respondent indicated that the content and activities on this form is understood. I have
left a signed copy of this form, translated into _________________, with the respondent.

_______________

_______________

Name of interviewer Signature

______________

_________

Place

Date
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ANNEXURE B – QUESTIONNAIRE

Faculty of Science
Department of Environmental Health

Microcystins model of the health impact on water usage by the local communities
around Hartbeespoort Dam
Date of survey: _________________________________________________
Study area: ____________________________________________________
Household Number (HHN): ________________________________________
NB:
If this household is not on our system please GPS-mark and note the waypoint and
coordinates at the space provided at the bottom of this page
Head of Household:
Father

Mother

Child headed

Other

Only to be filled in if the household is not on our system
Waypoint:

______________________________

Date marked (way pointed): ______________________________
Coordinates:

S_____________________________
E_____________________________

Team member:

________________________________________________

Quality control: Checked by (Print name): _________________________________

Signature: _________________________Date: ___________________________
This questionnaire was adopted from questionnaire used in the Toolkits Project led by P. Jagals of Department
of Environmental Health project Ref 2008/10/032.
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HH No:

SECTION A: DEMOGRAPHY
Question 1 - Household members
1.1.
1.2.
1.3.
1.4.
1.5.

What is each member’s relationship to the HH starting with you as
respondent? (Use legend provided)
What is the marital status of each member? (Use legend provided)
What is the gender of each member? (Use legend provided)
How old is each member?
What is the highest level of education for each member? (Use legend
provided)

1.1. Relationship to HH
Head of household
Spouse
Son
Daughter
Brother-in-law
Sister-in-law
Sister
Brother
Mother of head
Father of head
Mother of wife
Father of wife
Don’t know
Other (other relatives,
partners etc.)

1.2. Marital status (MS)
Code
ID

Code
1
2
3
4
5
6
7
8
9
10
11
12
13
live-in

Single
1

14

Married
2

1.1 Relationship to HHH

1.5. Highest qualification level
Pre-primary
Grade R
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6
Grade 7
Grade 8
Grade 9
Grade 10
Grade 11
Grade 12
Tertiary Certificate/Diploma/Degree
(specify)
ABET (Adult school)
Don’t know
Divorced/ Separated
3
1.2 MS

1.3 Gender

Respondent

M

F

2
3
4
5

M
M
M

F
F
F

M

F

6
7
8
9
10
11

M
M
M
M
M
M

F
F
F
F
F
F
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Widowed
4
1.4 Age

Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Live in Partner
5
1.5 Education

Question 2 - Household income
2.1.
2.2.
2.3.
2.4.
2.5.

What are your means of income for the household (HI)? (Use legend
provided)
In what type of employment are the HH members involved? (Use legend
provided)
If the HH members are receiving an income other than government grants,
in which sector are they involved. (Use legend provided)
If the HH members receive government grants, what kind of grant do they
receive? (Use legend provided)
How much money does each contributor in the household receive every
month? (Use legend provided) This includes all the household income.
Members
formally
employed
1

2.1.
Household
income (HI)
Code

2.2. Type of
employment
(TE)
Code

HH No:

Members
informally
employed
2

Formally
Employed/Selfemployed: If person
works for a salary or
shares in profits of a
registered firm.
1

2.3. Which sector of employment (ES)
Agriculture
Mining, quarrying
Manufacturing
Electricity, water, gas
Construction
Government
Wholesale, retail, trade, catering
Transport, storage, communication
Financing, insurance, real estate
Community, social or personal services
Informal activity
Other (specify)
2.4. Type of grant (TG)
Code
2.5. Approx.
monthly income
(MI) HH member
Legend

Members
self
employed
3

> R 500
≤ R 1,000

1

2

Pension

None

4

5

6

Informal
activity:
Person involved in
informal activities for 3
days
or
more/food/accommoda
tion.
2

Unemployed:
Those who can
work, want to
work, but cannot
find work.

Don’t know

3

4

Code
1
2
3
4
5
6
7
8
9
10
11

Old age pension grant
1

R 0<
R 500

Government
grant

Disability grant
2

> R 1,000
≤ R 2,000
3

2.1 Earning income
2.2 Type of employment
2.3 Sector of employment
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Child support grant
3

Other
4

> R 2,000
≤ R 3,000

> R 3,000
≤ R 4,000

> R 4,000
≤ R 5,000

>R
5,000

4

5

6

7

2.4 Type of grant
2.5 Monthly HH member income
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SECTION B: HEALTH

Question 3 – Diseases information
3.1. Did you or any member of your family ever swim in the dam, or in stream
around the dam?
Yes
No
3.2. Have you ever eaten fish from the dam and river in last few years?
Yes
No
3.3. Did you or any member of your family ever swim in or come in contact with
the water from the dam when there were blooms of cyanobacteria in the last
few years?
Yes
No
3.4. If “6.3.” is yes, did you or any member of your family experience any ill effects
after contacting it?
_________________________________________________________________
_
3.5. Tick the symptoms you or any member of your family have experienced
during the time you have had problems:
A).

Skin problem

Rash
Hives
Skin blisters (lips and under swimsuits)

B).

Gastrointestinal problem

Stomach pain
Nausea
Vomiting
Diarrhoea
Severe headache
Fever

C).

Inhaling problem

Runny eye and nose
Cough
Sore throat
Chest pain
Asthma-like symptoms
Allergic reactions

D).

Body part damaged

Liver damaged

E).

What did you do to treat the problems mentioned above?

_________________________________________________________________
__
F).

What do you think is the cause and possible solution of the existing problem?
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HH No:
G).

What did the local municipality and government do about the problem?

_________________________________________________________________
__
H).

What do you think the government should do with this problem?

_________________________________________________________________
__
3.6.

What are the health problems in the family; did anyone have treatment for
these in the past 12 months? (You can tick more than one)

Peoples’
number

Type of diseases
Cancer (specify type):
Skin rashes/eczema
Cholera or typhoid
Breathing problem
Stomach upset
Neck pain
Back pain
Chronic bowel conditions (Diarrhoea,
constipation)
Bilharzia or other bladder infection
Malaria
Trachoma or other eye infection
Fever
Heart disease (specify:
Worms infection
Other (specify)
Lung conditions (asthma, etc.)
Liver conditions (specify)
Other (specify)

colitis

3.7.
3.8.

Number
treated

Number
not treated

or

Did anyone in the household have diarrhoea in the past week? (Use legend)
If yes, how many were affected and the ages of those household members?
(Use legend)
3.9. What was the duration of diarrhoea condition?
3.10. What triggered the diarrhoea?
3.11. Did you treat the diarrhoea and where did you go? (Clinic, doctor, hospital,
traditional healer, private facility).
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3.7 Diarrhoea in the past week
3.8 Nr affected by
diarrhoea and their age
Less than 5yrs
3.9 Duration of Half day 1 day
diarrhoea
3.10
Condition
triggered
diarrhoea
Place
Treatment

of

Public
Health
facility

Private
facility

2 days

Yes

No

Greater than 5 but less Greater than 60
than60
3 -4 days 5-7
Non stop
Don’t know
days

No
3.11 Treatment of diarrhoea Yes
health Traditional pharmacy
Other specify:
healer
_____________
__

3.12. Other Health Concerns
List any other health concerns the family may have
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SECTION C: WATER

HH No:

Question 4 - Water sources
4.1.

What are your primary and secondary sources of water (use code provided)?

4.1
Water
sources

Municipal
supply
from HBP
Dam

Municipal
supply –
not from
HBP dam

Municipal
supply, but
with own
filtration
unit

1

2

3

Code

Borehole

Package
plant –
water
from dam

Rain
water

4

5

6

4.1. Water sources

Buy
bottled
water

Other

7

8

Code

Drinking water
Bathing/personal hygiene
Washing dishes and clothes
Flushing toilet
Garden/swimming pool
Other

4.2.
4.3.
4.4.
4.5.

Is your water connected inside the house?
If the answer of 7.3 is “No,” do you store water in a container in the house?
Do you have a “point-of-use” treatment system in the house?
If the answer to 7.5 is “yes”, what type of treatment system (tick)?

4.2.

Yes

No

4.3.

Yes

No

4.4.

Yes

No

if yes, is container covered? Yes

Treatment of untreated
water supply

Treatment of piped water supply
Cartridge
filter

Carbon
filter

Combination
filter

UV

4.5
Treatment
system
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No

Reverse
osmosis

Filter

Add
chlorine

boil

Or name of
treatment
system

Question 5 – Access to water sources
5.1.

What do you use your water for? (Mark from the list)

5.2.

What volume of water do you use for the various uses? (Use legend
provided)
What source do you use for your various water uses? (Primary or secondary)
Do you treat the water used for the particular purpose? (Tick)
If you do treat the water, how do you treat it?
Do you use any other water for drinking other than the primary source? (Tick)
Yes
No
If answer to 8.6 is “Yes,” indicate from where you .obtain water for drinking?
Why do you use a different water source for drinking water?

5.3.
5.4.
5.5.
5.6.
5.7.
5.8.

5.4 Treatment
5.1 Water use

5.2 Volumes

5.3 Source

Yes

No

Drinking
Cooking
Hand washing
Food prep
Dish washing
Body washing
Nappy washing
Baby-milk prep
Laundry
Animal drinking
Garden water
House cleaning
Swimming pool
Other
5.5 Treatment
As indicated in 7.5
Household bleach
Boil
Filter
Other

5.6. Yes

Tick

No

5.7.
________________________________________________________________
5.8.
________________________________________________________________
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Question 6 - Availability of water in sources
6.1.

Is water sometimes not available at your regular (primary) source?

6.2. If yes, how often is water not available? (Tick)
6.3
If yes, for how long is the supply generally not available?
6.4. If water is unavailable daily, what time of day is it unavailable?
6.5. When was the last time water was unavailable at source?
6.6. How long did it take to get fixed?
6.7. If the water is not a house or yard connection:
6.7.1 How far do you think the source is from your house (in paces)?
6.7.2 Measure distances (Estimate)
6.7.3 How do you carry water in containers from source to home (tick)?
6.1 Water Availability
Yes

No

6.2 How often not
available

Daily

Weekly

Every 2
months

Monthly

Every 6
months

Annually

Other

Tick
6.3 period of
supply
interruptions

< 1hour

1–4
hours

4–8
hours

8 – 24
hours

1–5
days

More than 5
days

Random

Tick
6.3
Time
of day

Early
morning

Midmorning

Late
morning

<
Week
ago

1-2
Weeks
ago

Late
afternoon/early
evening

Afternoon

Whole
day

Randomℓy

Tick

6.4 Last time
unavailable

Month
ago

3 months
ago

6 months
ago

Annually

Other

Year

Other

Tick
6.5 Fixing
time

Same
day

Week

Month

>
Month

>3
Months

>6
Months

Tick
6.7 Distance in Paces
Code

0-10m

>10≤50m

>50≤100m

>100≤200m

>200m

1

2

3

4

5
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Treated water supply
Communal
standpipe

Government
Tanks

Untreated water supply
Borehole

RWH

Natural
resource

Buy bottled
water

6.6
Estimated
distance (in paces)
6.7
Measured
distance

6.8
Transport

Carry
by
hand

Carry on head

Wheelbarrow

Rolling
drum on
ground

Carry on
back of
LDV or
in car

Animaldrawn
cart

Other

Tick

Question 7 - Potability and treatment
7.1.

If you store water in a container that is reused, do you wash the vessel before
each filling?
7.2. What type of container do you use?
7.3. Describe the container hygiene inside. (Use legend provided)
7.4. Describe the container hygiene outside. (Use legend provided)
7.5. How do you clean your containers if you reuse them for water? (Use legend
provided)
7.6. What was the prior use of the container (if not purchased as bottled water)?
(Use legend provided)
7.7
Do you purchase large containers of purified water from local stores (5 litres
or more)?
7.8. Are the storage containers stored inside or outside the dwelling? (Tick)
7.9. Describe the areas where the water is stored. (Use legend provided)
7.10. How do you dispense water from the water container?
7.11. How long do you store water?
7.12. What do you do to keep insects (flies, cockroaches) away from the water
containers?
7.3 Hygiene-related aspects
(inside)
Biofilm
Loose particles
Clean

Code
1
2
3

7.4 Hygiene-related aspects (outside)
Very dirty (sticky pigmentation)
Excessive scratches
Clean
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Code
1
2
3

HH No:

7.5
Cleaning
methods

Rinse
outside
only

Rinse
insideout

Wash with
disinfectan
t soap

Wash with
soap
inside-out

1

2

3

4

Code

7.6 Prior use
Newly bought (from shelf)
Used for foodstuff storage
Used for chemicals
Other
7.1

Wash with
soap and
sand insideout
5

Wash with
sand only
inside-out

Other

6

7

Code
1
2
3
4

Yes

No
7.3 Container
hygiene
inside

7.2

7.4 Container
Hygiene outside

7.5 Cleaning
method

7.6 Prior
use

Plastic screw top (open)
Plastic screw top (closed)
Plastic wide mouth (open)
Plastic
wide
mouth
(closed)
7.7 Purchase of bottled water?
Yes

No

7.8
Inside

Outside

7.9 Storing conditions
Cool and dark/shady
Hot/warm and light
Dusty
Dirty floor
Dung floor
Clean
Insects visible
Animals access to water
Children access to water
Other

Tick

7.10 Water dispensing
Scooping vessel
Other container
Tip container/pour into jugs, etc.
Other
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7.11 (storage time) ___________________________________________
7.12 Insects
Cover containers with cloth
Lids/caps on containers
Insect repellent
Insect swatter
No method
Other

Tick
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ANNEXURE C – ETHICAL LETTER
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ANNEXURE D – STRUCTURED QUESTIONS
APPENDIX E
Faculty of Science
Department of Environmental Health

Microcystins model on the health impact of water usage by the local communities
around Hartbeespoort Dam

Detail of the household member:
Household number
Village/Town name
Gender
Age
Education level

Team details:
Team member:

________________________________________________

Quality control: Checked by (Print name): _________________________________

Signature: _________________________Date: ___________________________
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SECTION A: HEALTH
Question 1 – Diseases information
1.1.
1.2.
1.3.
1.4.

Did you ever swim in the dam or in stream around the dam in the last three
months?
Yes
No
Have you ever eaten fish from the dam and river in last two months?
Yes
No
Have you ever been in contact with water from the dam when there were
blooms of cyanobacteria present?
Yes
No
If “1.3.” is yes, did you experience any ill effects after contacting it?

_________________________________________________________________
_
1.5.
A).

Tick or tell the symptoms you have experienced during the time you have
problem:
Skin problem

Rash
Hives
Skin blisters (lips and under swimsuits)

B).

Gastrointestinal problem

Stomach pain
Nausea
Vomiting
Diarrhoea
Fever

C).

Inhaling problem

Runny eye and nose
Cough
Sore throat
Chest pain
Asthma-like symptoms
Allergic reactions

D).

Body part damaged

Liver damaged
Severe headache

E).

What did you do to treat the problems mentioned above?

_________________________________________________________________
__
F).

What do you think is the cause and possible solution of the existing problem?
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G).

What did the local municipality and government do about the problem?

_________________________________________________________________
__
H).

What do you think the government should do with this problem?

_________________________________________________________________
__
1.6.

What health problems did you have? (You can tick more than one)

Type of diseases
Cancer (specify type):
Skin rashes/eczema
Cholera or typhoid
Breathing problem
Stomach upset
Neck pain
Back pain
Chronic bowel conditions (Diarrhoea, colitis or constipation)
Bilharzia or other bladder infection
Malaria
Trachoma or other eye infection
Fever
Heart disease (specify:
Worms infection
Other (specify)
Lung conditions (asthma, …)
Liver conditions (specify:
Other (specify:

1.7.
1.8.

Yes

No

Did anyone in the household have diarrhoea in the past week? (Use legend)
If yes, how many were affected and the ages of those household members?
(Use legend)
1.9. What was the duration of diarrhoea condition?
1.10. What triggered the diarrhoea?
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1.11. Did you treat the diarrhoea and where did you go? (Clinic, doctor, hospital,
traditional healer, private facility)
1.7 Diarrhoea in the past week
1.8 Nr affected by
diarrhoea and their age
Less than 5yrs
1.9 Duration of Half day 1 day
diarrhoea
1.10
Condition
triggered
diarrhoea
Place
Treatment

of

Public
Health
facility

Private
facility

2 days

Yes

No

Greater than 5 but less Greater than 60
than60
3 -4 days 5-7
Non stop
Don’t know
days

No
1.11 Treatment of diarrhoea Yes
health Traditional pharmacy
Other specify:
healer
_____________
__

1.12. Other Health Concerns
List any other health concerns the member may have

Thank the respondent.

179

APPENDICES
APPENDIX A
MICROCYSTINS

RELATED

HEALTH

PROBLEMS

GROUPED

ACCORDING TO SEASONS
TABLE A.1:
Decaying season acute health results from treating water houses
Decaying Seasons (Yes) Diarrhoea
Vomiting
Nausea
Stomach Pain
0
0
0
0
Ground Water
0%
0%
0%
0%
0
0
0
0
Rand Water
0%
0%
0%
0%
10
5
0
8
Tank Water
24%
12%
0%
20%
1
1
1
1
Communal Tap Water
2%
2%
2%
2%

TABLE A.2:
Decaying season acute health results from non-treating water houses
Decaying Seasons (No) Diarrhoea
Vomiting
Nausea
Stomach Pain
1
1
0
1
Ground Water
2%
2%
0%
2%
2
3
2
4
Rand Water
5%
7%
5%
9%
6
1
0
4
Tank Water
14%
2%
0%
9%
4
2
0
4
Communal Tap Water
9%
5%
0%
9%
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TABLE A.3:
General acute health problems reported in decaying season
Decaying Seasons (All) Diarrhoea
Vomiting
Nausea
Stomach Pain
1
1
0
0
Ground Water
1%
1%
0%
0%
2
3
2
4
Rand Water
2%
4%
2%
5%
16
6
0
12
Tank Water
20%
7%
0%
15%
5
3
1
5
Communal Tap Water
6%
4%
1%
6%

TABLE A.4:

Blooming season acute health results from treating water houses

Blooming Yes
Ground Water
Rand Water
Tank Water
Communal Tap Water

Diarrhoea

Vomiting
3
6%
0
0%
2
4%
9
17%

Nausea
0
0%
0
0%
1
2%
1
2%

Stomach Pain
0
0%
0
0%
0
0%
0
0%

5
9%
3
6%
3
6%
2
4%

TABLE A.5:
Blooming season acute health results from non-treating water houses
Blooming No
Diarrhoea
Vomiting
Nausea
Stomach Pain
4
0
0
2
Ground Water
7%
0%
0%
4%
0
1
0
3
Rand Water
0%
2%
0%
6%
18
4
0
13
Tank Water
33%
7%
0%
24%
25
4
2
4
Communal Tap Water
46%
7%
4%
7%

TABLE A.6:
General acute health problems reported in blooming season
Blooming Season
Diarrhoea
Vomiting
Nausea
Stomach Pain
7
0
7
Ground Water
3%
0%
3%
1
0
6
Rand Water
0%
0%
2%
25
0
16
Tank Water
10%
0%
6%
39
2
6
Communal Tap Water
16%
1%
2%
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18
7%
22
9%
218
87%
92
37%

APPENDIX B
MICROCYSTINS WATER QUALITY DATA

4
2
-2

0

MCConc(ug/l)

6

8

MC data from water sources

Blooming

Decaying

FIGURE B.1:

Microcystins concentration comparison by the seasons

TABLE B.1:

Water container microcystins data

Decaying

Blooming

Ground
Water

Rand Water
board

Tank
Water

Communal Tap
Water

Mean

0.53

1.53

0.64

0.78

95% Conf (lowupper)

-0.02 – 0.56

0.78 – 2.89

-0.01 –
0.40

-0.02 – 0.64

Mean

0.00

0.21

0.56

0.89

95% (Conf (lowupper)

-0.13 – 4.16

-0.01 – 0.14

-0.01 –
0.38

-0.03 – 0.84

Conf: = confidence level
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TABLE B.2: Microcystins concentration data of the water sources grouped by seasons
Dam
Water

Ground
Water

Rand
Water

Tank
Water

Communal Tap
Water

Mean
95% Conf
U
95% Conf
L

4.33

1.42

0.00

0.00

2.13

Bloomin
g

9.10

2.85

0.00

0.00

4.60

4.19

1.14

0.00

0.00

2.61

5.00

0.38

0.00

1.37

0.62

Decayin
g

Mean
95% Conf
U
95% Conf
L

5.23

0.00

0.00

0.59

0.91

1.37

0.00

0.00

2.59

0.49

TABLE B.3: Total microcystins concentration data of the water sources
Dam
Water
Blooming
/Decaying

Mean
95%
Conf U
95%
Conf L

Ground
Water

Rand
Water

Tank
Water

Communal Tap
Water

4.62

1.22

0.00

1.37

1.38

7.85

1.73

0.00

2.59

1.74

5.15

0.34

0.00

0.59

0.66

TABLE B.4: Microcystins concentration data of the water container group by the treated and
non-treated
MC Not Treated

MC Treated
59

50

Mean

1.10

0.10

95% Conf U

0.37

0.10

95% Conf L

0.01

0.00

Count

TABLE B.5: Microcystins concentration data grouped by point-of-use treatment
95% Conf. Levels
Counts
Mean
Lower limit
Upper limit
23
0.18
0.000
0.41
Decaying Treated
31
1.34
0.65
1.63
Decaying Non-treated
27
0.07
0.000
0.16
Blooming Treated
28
1.06
0.46
1.67
Blooming Non-treated
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APPENDIX C
HEALTH HAZARD DATA
TABLE C.1: HQ ratio grouped by the point-of-use of water treatment and non-treatment
BLOOMING

Adult HQ (>5)

0.29

Treated
group
0.04

Children HQ (<5)

0.49

0.07

General

DECAYING

Non-treated
group
0.17
0.70

0.6

Treated
group
0.18

Non-treated
group
0.8

1.0

0.30

1.3

General

TABLE C.2: Average HQ ratio grouped by the adult and children after water treatment and
non-treatment
Treated Adult Non-Treated Adult Treated Children Non-Treated Children
0.43
0.19
1.05
Mean HQ 0.11
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