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Summary

Many people in the Vhembe district (Limpopo Province-South Africa) are compelled to use

untreated water sources such as river water for drinking and otherdomestic purposes. Living

at some distances to the source, they have to collect, transport and store their water in

containers for later use. The consumption of untreated water exposed the population to

pathogenic microorganisms including cyanobacteria.

Cyanobacteria are photo-autotrophic bacteria, which naturally occur in water and have the

ability to attach to surface and form biolilm. Their occurrence in water is controlled by

environmental factors such as temperature, light intensity, nutrients (phosphate and nitrate)

availability and water stability. Cyanobacteria arc potential producers ofmicrocystins toxins

and their cell walls contain lipopolysaccharide endotoxin. Their presence in water therefore

represents a threat forthe health of consumers.

Cyanobacteria have been found to occur in surface waters world-wide and many cases of

outbreaks have been associated to them and their toxins in recreational and drinking water,

studies done in South Africa revealed the presence of cyanobacterial blooms in water sources

with adominance of Mtcrocystis genus.

The present study carried out in the above area, investigated the occurrence of cyanobacteria

and their toxins (microcystins and endotoxin) in water-storage containers from twenty

households and in water sources.

Water samples from water-storage containers and their respective water sources were

analysed at the Analytical Services of Rand Water (Vereeniging-South Africa) for the

identification and enumeration of phytoplankton. The results revealed the presence of five

algal classes, Bacillariophyceae, Chlorophyceae, Dinophyceae, Euglenophyceae and

Cyanophyceae. Seven genera of cyanobacteria (Microc)'sti.'1 spp, Oscillatoria .'11'1', Anabaena

.'11'1', Pseudanabaena ofPI'. AplumoCClI'.m .'11'1'. Radlocystls .'11'1' and Spirulina .'11'1') were

identified with Micmcy.ui.'1 SI'P being the most frequent and abundant genus.

A comparative analysis between the level of contaminants in free volume of water and in

water containing dislodged biolilm showed that there were particles (later considered as

biofilm) attached at the container inner surfaces. The significantly higher numbers of

cyanobacteria in water stored in light containers as compared to dark containers showed that

light availability influenced the accumulation of cyanobacteria in containers. Enteric bacteria

(E. coli and total coliform) co-occurred with cyanobacteria in containers' biofilm and together
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contributed to the occurrence of endotoxin in drinking water. However. there was a poor

correlation between bacterial count and the concentration of endotoxin in water-storage

containers.

The temporal variability of the occurrence of cyanobacteria in water sources and the use of

untreated alternative sources by the population brought about the uncertainty of the original

source ofcontainers' cyanobacteria.

Of the four surface water sources (Savhani River. Luphephe River. Nwanedi River I and

Canal) used by the population. the Nwanedi River I and the Canal were particularly of poor

health related quality as they contain unacceptable level of microcystins and endotoxin (I Ilg I

( and 3 Ilg I (respectively). The Nwanedi and Luphephe impoundments with highest

concentrations of cyanobacteria and their toxins contributed to the increase load of

microcystins and endotoxin in water sources downstream.

The nitrate and phosphate concentration being sufficient in the entire water samples. the

limiting factors for the occurrence of cyanobacteria were found to be the water stability

(calm) at the water sources and light in drinking water containers.

Regarding the guidelines, consumers of water at the point of use and at the source arc exposed

to health problems associated to cyanobacterial toxins. A treatment process should then be

implemented before water storage and the population should consider a hygienic maintenance

of containers.
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Chapter 1:Introduction and Ulerature Review

1.1 BACKGROUND

Pathogenic cyanobacteria are recognised by the World Health Organization (WHO, 2004,

1999) as pathogenic agents that should be monitored for in drinking water.

Cyanobacteria, or photo-autotrophic blue-green algae, may form blooms in water under

suitable circumstances and become potentially toxics. They produce cyanotoxins that may be

harmful to humans andanimals (WHO, 1999; Codd et al, 1997; Sivonen, 1996; Carmichael,

1992). They occur in eutrophic waters, such as nutrients rich surface water (e.g, rivers), that

is often used by a substantial number of people in rural areas, for drinking and other domestic

purposes. Depending on the type of cyanotoxins (endotoxins, neurotoxins and hepatotoxins),

and the dose, thc impact on human health may range from gastroenteritis to dermal irritation,

livercancer and paralysis (Prescott ct ul, 2002; Yu, 1995; Tcixcraetal, 1993). There arc

guidelines available locally and intcrnationally recommending a maximum acccptabic level of

cyanobacteria, microcystins and endotoxin present in drinking water.

Inadequate water supply serviees compel many people in poor and rural areas to use untreated

surface water for theirdomestic needs, In areaswhere these waters are subjected to

eutrophication, these people might already be exposed to pathogenic cyanobacteria and their

cyanotoxins. Households fetch water from these sources in a variety ofcontainers and store it

at horne.often for days, while being used (Jagals etal, 2(03). Thisstorage processof water

promotes the formation ofbiofilm on the inner sidewalls of the containers. Considered as a

reservoir of microorganisms and mineral compounds (Lechevallicr, 1999), biofilms playa

role inthe deteriorationof the microbiological quality of water stored ina container (Nala et

al, 2003; Jagalset al, 2003; Momba and Kalcni,2(02).

The occurrence of cyanobacteria in water is of a great concern in South Africa as many

studies have been donesince the first reported cases ofcyanobacterial poisoning in 1927 by n

Dr Steyn from the Ondcrstcpoort Veterinary Institute. Several cases ofcyanobacterial

toxicosis have been associated with animal or stock deaths in South Africa (Van Ginkcl,

2004). In South Africa, assessments of cyanobacteria and their toxins in water are done by

drinking waterutilities (e.g. Rand Water) and researchers at Universities and Institutes (c.g.

North-west University).

Studies on cyanobacteria focus mostlyon the relationships between light, temperature.

nutrients and their occurrence and the production oftoxins in theenvironmental water sources

(Garnett et al, 2003; Rapala et al, 1998; Sivonen, 1990). Literaturesearches were not
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Chapt" 1: Introduction and Uterature Review

surface water sources, such as rivers and streams, for their potable water (Mama Africa,

2(03). This contributes to negative impacts on health in Africa's continuing cycle of poverty

(Enterprise Works, 2(00).

InSouth Africa particularly there is relatively good access to potable water in urban areas

where water utility companies such as Rand Water aswell as local authorities as service

providers ensure a permanent supplyof good quality water fordomestic purposes including

drinking. Howevertherural areas are under-serviced and the majority of the population still

lack access to running clean water (Nduru, 2(05). According to a recent demographic and

health survey, the infant mortality rate in households without treated water was twice than of

infants from households with tapped water (Hcmson, 2004). Mortality rates such as these

may be caused by pathogens present in untreatedwater - amongst these are the cyanobacteria

(WHO, 2004). Little iscurrently known about the occurrence and potential effect of these

pathogens in the water used by rural households.

1.3 WATER SUPPLY, WATER USEAND WATER QUALITY

1.3.1 Rural areas

In rural areas in South Africa, people typically rely on a variety water sources, from surface to

ground water with significant variation in the quality and quantityofavailable water (Mornba

and Kaleni, 2(02). Many of these sources are also used for multiple purposes varying from

drinking waterto laundry, bathing and gardening. Often people have nochoice than using a

certain water source regardless of the quality (Mokgope and Butterworth, 200 I). When small

streams, open ponds, lakes oropen reservoirs must be used as sources of water, thc danger of

contamination and of the consequent spread of enteric diseases such as typhoid fever and

dysentery is increased (Tulchinsky ct al, 2(00).

In the study area (Figure I), the villages also used a variety of sources. People from the major

village (Ha-Folovhodwc), used tap water (sourced from untreated ground water), whilc in the

other villages of Musunda, Tshitanzhc, Gumcla, Tshikotoni andTshitandani, used untreated

riverwater (Jagals, 2005, personal communication).

Rivers in especially rural areas become polluted due toupstreamactivities such as washing

clothes, bathing, animal activities and lack of sanitation (Ncvondoand Cloetc, 1999). The

source-rivers in the study area were of this nature. Furthermore surface water quality is often

unreliable becauseof now, and is likely to be more contaminated byfaecal micro organisms

and cyanobacteria than ground waterthat has undergone a natural process ofphysical.
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Chaptllf1: Introellctlon and Uteratu,. Review

chemical and biological filtration through thesoil and substrata (Conservation Technology

Information Centre, 2(05).

Although limited inquantity, ground waters are preferred to surface water as a source for

drinking water in the areas where people rely onraw water (Taylor. 2(03). However.

untreated it sometimes contain unacceptable level ofmicroorganisms and chemical compound

(e.g. Dense Non-aqueous Phase Liquids). and isalso associated with many drinking water

disease outbreaks (Hunter, 2006). However, cyanobacteria occurrences are seldom associated

with groundwater quality.

Whether people use ground orsurface water, being supplied in taps orcollected at the source

(rivers and boreholes), these water sources arealmost always some distance from the

households. This forces the population to collect. transport andstore water in containers for

in-house use (Jugals et al, 2003; 1999; 1997).

1.3.2 Watcr containers

Despite the availability ofcleaner water from tap, tank and borehole, problems arc often

experienced with accessibility toand availability ofthe supply water (Jagals, 2(06). This

leads to the inevitable practice of using containersto collect andstore water from whatever

source.

Developing areas may sometimes even be supplied with tap water but thedistribution system

docs not follow the normal regulation of the taps being in-house, but rather communal taps,

which often arc some distances from the house (Jagals, 2006; Mokgopc and Butterworth,

2001; Pollard and Walker, 2(00). The distance from theclosest tapto the house is often far

enough tonecessitate the use ofcontainers.

Another problem is maintenance. which influences sustainability of such services. If the

supply breaks down, people use alternative often polluted sources (Mokgope and Butterworth,

2(01).

In both scenarios. containers are used and the source waters vary in microbiological quality,

all leading to the water at the point of use beingof inferior microbiological qualityby the time

people get to drink it (Jagals et al, 2003; Momha and Kalcni, 2(02). Even when water is

collected lit a tap that supplies agood quality of water, the qualitydeteriorates during storage

process.

Domestic use of water implies drinking. food preparation. washing and gardening. It is
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Chapt., 1:Introduction and Utetature Review

maybe not the more important use in terms of volume required butit is the priority as it

covers all the basic needs and can impact seriously on health and well being of humans

(WRC, 1998). In thecontext of health. it is theingestion of water that was considered above

theother uses during this study.

In the study area people collect, carry and storewater for drinkingand food preparation in a

variety ofcontainers mostly plastic ones. of between 20-25 lures capacity each. These are

filled at the source andstored in the household, where the handling (such as pouring out etc.),

contribute to the deteriorating microbiological quality of water (Moabl, 2006; Nala et ul,

2(03). Pets, children and insects are also reported tobe risk factors that can contaminate

these waters in uncovered containers (Joubert et al,2(03). Jagalsetal (2003; 1999; 1997)

alsodemonstrated that storage of water in households contribute to the deterioration of the

microbial water quality, with causes ranging from poor container hygiene and open containers

subjected to environmental pollution, to the manner of handling of water by individuals in

households.

The main factor that has been associated with the breakdown in thewater quality was reported

to be the formation of biofilm inside these containers. These are reported to be harbouring

excessive numbersof microbes that is the causeofcontainer watercontamination and

subsequent health risk tothe water user (Jagals ct al, 2003; Nalaet al, 2003; Mornba and

Kaleni,2(02).

1.4 WATER QUALITY IN CONTAINERS
While container biofilm isreported to be a major cause of water quality deterioration. this was

assessed bycomparing what was essentially the free undisturbed volume ofwater in the

container, to samples of the same water with biofilm from the containers somehow suspended

in the free volume (Moabl, 2006; Ntshcrwa, 2004; Jagals et al, 2003; Nala etal, 2(03). In the

context of this study it is important to review these concepts as these have a major

significance for the study.

1.4.1 Free Volume of Water in Containers

This refers to the water body in a container which is directly accessible by the consumer. The

microbiological qualityofthis water depends of the source and the hygienic conditions

associated with the handling of the containers. While improved access to potable water has

beenshown to enhance the microbiological quality ofwater in containers (Jagals et al, 1999).

poorcontainer hygiene practices contributed to the contamination of the free volume (FV) of
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water with micro-organisms. However it was also demonstrated that if the water in container

is well protected, there will (after overnight storage) be an improvement inthe

microbiological quality of the FV compared to the source(Moabi, 2006, Egwari and Aboaba,

2(02). In fact, the low nutrient environment as well as the absence ofsuitable growth

temperature promotebacterial die-off in container (Wright et al, 2~). However. Jagals et al

(2003) aswell us Momba and Kuleni (2002) have shown thut excessive numbers of micro

organisms may still occur in the free volume of water even after prolonged storage. These

were demonstrated to have been released from biofilm attached to the container inner surface.

1.4.2 Blofllm in Containers

Biolilms arc defined by llall-Stoodley and Steedley (2002) as complex communities of

microorganisms that develop on surfaces in a diversity of environments - especially where

waterand other surfaces form interfaces. Thesecan also be the result of the accumulation of

organic and inorganic materials attaching to thestrata Initiated by microorganisms and vice

versa (Lechcvallier, 1999). During sourcing and storage. particles and microorganisms in the

source water attach to the inner surfaces of water containers. eventually forming or adding to

biofilm (Jagals ct al, 2(03). Under suitable conditions such as nutrient availability. nature of

the support and stability (calmness) of water. micro-organisms in biofilm develop and

colonise the surface. The interaction between cells and the auachrnent of cells to the surface

is consolidated by the presence of a polysaccharidematrix which is generally contained in the

cell-walls of Gram-negative bacteria and cyanobacteria (Sutherland, 1999). The biofilm

becomes dislodged in pieces from the container sidewalls because of increased turbulence of

the water incontainers during handling and sourcing. These pieces ofthebiofilm

contaminate the container water with potential pathogens, which canhave a negative effect on

the consumer's health when consumed (Mornba and Kalcni, 2002).

1.S CYANOBACTERIA IN DRINKING WATER
Identified in impoundments and rivers in South Africa (Van Ginkel,20(4), cyanobacteria

may affect consumers' health (e.g. after consumption or skin contact), especially in rural and

poor areas where people rely onraw water for their drinking needs. Cyanobacteria numbers

in water vary seasonallyand also depend on nutrients load in water(Du Preez and Vnn

Baalcn, 2006; Van Ginkcl, 20(4). TIley nrc potent producers of toxins andhave been

associated with water-borne disease outbreaks world-wide, For this reason, water utilitics

make special efforts. using many techniques to reduce their occurrence indrinking water.
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1.5.1 Characteristics ofCyanobacteria

Cyanobacteria are often referred to a." "blue-green algae" because they appear similar to the

green algae in morphology, habitat and photosynthetic ability (Taylor, 2(03). They are

however classified a" prokaryotes (true bacteria) because they do not have intracellular

membrane-bound organelles such as a true nucleus or mitochondrion, and they possess a cell

wall composed of peptidoglycan and lipopolysaccharide layers instead of the cellulose of

green algae.

Morphological diversity ranges from single cells to small coloniesofcells tosimple branched

filnmentous (Whitton and POllS, 2(00). The cytoplasm contains many ribosomes and appears

granular. In the filamentous forms, fine plasmodesmata connect adjacent cells. There are a

series ofparallel membranes within the cytoplasmthat are separated from the plasmalemma.

The process of photosynthesis occurs on these membranes, which contain chlorophyll-a and

otheraccessories called Phycobilisomes attached to the outside of the membranes (Weier

cited in Obcrholster ct al, 20(4).

Cellcolours vary from blue-green to violet-red. Carotcnoids andaccessory pigments such as

phycocyanin, ullophycocyanin and phycoerythrin (phycobiliproteins) usually mask the green

of chlorophyll-a (Chorus and Bartram, 1999; Du Prcez and van Baalen, 2(06). These

pigments capture light ofwavelengths 550 to 650 nm and pass theirlight energy on to

chlorophyll-a (Obcrholster et al, 2004). Most of the cyanobacteria are photosynthetic and

grow well in shallow eutrophic water with lillie turbulence, warm sunny weather. lower

nitrogen tophosphorus ratios and elevated pH (DWAF, 1996). To synthesise their own

organic material theyrequire inorganic nutrients such a"C02, phosphate and nitrogen found

in eutrophic water withslow flow.

Cyanobacteria can also survive extremely high and low temperatures and can occur in various

environment such as volcanic ash. desert sand and rocks (Dor and Danin, 1996; Jaag, 1945).

hot springs (Chorus andBartram. 1999; Castcnholz, 1973). mountain streams (Kann, 1988).

arcticand antarctic lakes (Skulberg. 1996a) and snow and ice (Laamanen, 1996; Kol, 1968).

Mnny species are capable of living in the soil and terrestrial habitats (Whillon. 1992) but the

prominent habitats of cyanobacteria are limnic and marine environments.

Cyanobacteria multiplyexclusively by means of asexual reproduction: while unicellular

forms multiply by binary fission: filamentous forms reproduce by trichome fragmentation. or

by formation of special hormogonia (Chorus and Bartram. 1999).
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Cyanobacteria can be a nuisance in water. They release compounds such asgeosmin (trans-I,

lO·dimethyl-trans-9·decalol); MI8 (2-methylisobomeo1); P-cyc1ocitral, IPMP (2

lsopropylmethoxypyrazine) and I8MP (2-isobutylmethoxypyrazine). If released in large

enough amounts, these substances cause taste and odour problems in water (Rae et ul, 1999).

Most importantly, in the context of this study, they produce toxins that may harm the health of

people (Chorus and Bartram, 1999). These toxins are reviewed in more detail in Section 1.8.

1.5.2 Factors affecting the Occurrence ofCyanobacteria

The occurrence of a particular genus and speciesofcyanobacterium in a particular part of the

world is influenced by regional differences in water chemistry andclimatic conditions

(Whitton and Potts, 2000; Chorus and Bartram, 1999).

Cyanobacteria occur naturally in environmental water but the formations ofmassive blooms

are generally promoted by several factors. The enrichment of water by nutrients such as

phosphate and nitrate(eutrophication), playa major role in the proliferation of cyanobacteria

in anaquatic system (Chorus and Bartram, 1999).

Agriculture is one of the major contributors of eutrophication, as itsactivities include thc

devastation of forests and the use of fertilizer, The clearanceof forests increases thc runoff of

materials and mineralelements to the water bodies during rain. Thefertilizer component

contains elements such asnitrogen and phosphate (Chorus and Bartram, 1999).

The main driving force tothe eutrophication problem is human population growth and

associated economic activities with the urbanisation, high concentration of people in specific

areas inevitably Icad to an increase of urban waste (Chorus and Bartram, 1999). The run-off

from roofs, storm anddomestic sewer systems, industrial waste anddetergents end in surface

waters, contributing to the enrichment in nutrients. Human activities make usc of numerous

products and resourcescontaining bound Nand P,ultimately converting them into available

Nand Pthat are released into the aquatic environment through various pathways (Du Preez

and Van Baalcn, 2006; Whiuon and Potts. 2000;Chorus and Bartram, 1999).

Edmonson (1991) reported that about twenty clements have been identified in nature to be

essential for algal growth. The major inorganic ions such as calcium, magnesium, sodium,

potassium, chloride and sulphate are present in much higherconcentrations (milligram per

litre) than needed forgrowth, while clements such as nitrogen and phosphorus are present in

muchsmaller concentrations (microgram/l) and therefore may not always beavailable for

algal uptake.
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For this study.phosphorus and nitrogen. being the most common elements that limit growth.

(Rusin etal, 2000; Ryding and Rust, 1989; Brown. 1973). have been selected for

investigation. Physical factors tested for that may determine growth, were light and

temperature (Chorus and Bartram, 1999).

1.5,2,1 Light

Cyanobacteria are photo-autotrophs. which means that one of theircharacteristic features is

their ability to photosynthesise with the uid of chlorophyll and accessory pigments.

Photosynthesis being their principal mode of energy metabolism (Cohen-Bazire and Bryant.

1982), they require light for this process.

In the environment, sunlight isnot always directly received by cyanobacteria in the water as

dissolved organic compounds absorb light energy and factors suchas domestic and industrial

discharge. sediment load (turbidity) and water chemistry influence the amount of light

entering the water (Wetzel, 1983). But cyanobacteria have adapted toa variety of different

light intensity regimes. Some require light of only a few urnolm-Zs-I, and some tolerate

direct sunlight (Tandcau de Marsac and Houmard, 1993). For instance, some species of

cyanobacteria such as Cylindrospermopsis raciborskii have the ability to grow at various

intensity of light (Garnett ct al,2(03) while Microcystis aeruginosa has a narrower tolerance

limits for light (64.8 to 324 umolm-Zs-L) (Abelovich and Shilo, 1972) and Oscillatoria

redekei isadapted to use low light intensities (12to 18umolm-Zs-I) (Whitton and Potts.

2(00).

A comparative study with Microcystis aeruginosa showed near zerogrowth at low light

intensities as well as reduction at higher light intensities, having narrower tolerance limits for

light(Van der Westhuizen and Eloff, 1985). The longer exposure ofcyanobacteria to light

conditions especially in summer. generally promotes the formation ofblooms (Nicklish, 1998;

Foyand Gibson, 1993).

Lightalso influences theproduction of toxins bycyanobacteria. Light intensity can have an

impact on the production of microcystin by Mirrocy.'iti.'i aeruglnosa strain (Kacbcrnick ct al,

2(00). Suitable light condition for growth docs not always favour the production of the toxin

by a certain species, as these secondary mctebolitc toxins arc also maximally produced during

stressconditions (Rapala etal, 1997; Utkilen and Gjolme, 1995; Kotak et al, 1995; Van dcr

Westhuizcn et al, 1986 and 1985, Watanabe and Oishi, 1985).

In thecontext of this study, it was assumed that the light available in the plastic water
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containers will vary from thedark to light containers. enabling a crude assessment of the role

of dark versus light (translucent) containers in the occurrenceof cyanobacteria in the drinking

water.

1.5.2.2 Temperature

Water temperature is an important environmental variable becausespecific organisms have

definite ranges of temperature at which maximum growth and reproduction occurs (Pieterse

and Janse van Vuuren, 1997). The variation of temperature has a significant impact on

cyanobacteria growth, they are limited at extreme temperature but proliferate and

subsequently form blooms ut temperuturc around25°C if the other factors arc optimal

(Chorus and Bartram, 1999).

Work done by Garnett et al (2003) and Van dcr Westhuizen and Eloff (1985) showed that

toxins production can also be affected by the variation of temperature. In fact. they found that

highest concentrations of toxins were produced at temperature around 200ebut decreased at

temperature above 28°C.

This implies that if the temperature in sub-tropical climates may assist cyanobacteria to

maintain and even increase in numbers. the potential for cyanobacteria toxin in water would

also increase.

1.5.2.3 Nitrate

Nitrogen isa very important clement in the ecosystem as it is used in the metabolism process

by animals. plants andmicroorganisms including cyanobacteria (Herrero et al, 2(01). Run

off carries anthropogenic products such as containing nitrogen rich sources (agricultural

fertiliser and sewage) to the surface water (Global Environment Outlook. 2000). Nitrogen

occurs in surface water inseveral forms (c.g. ammonium. nitrite. nitrate. urea and nitrogen

gas). All freshwater algae are able to assimilate the first four forms. but nitrogen gas can only

be utilized bycertain species ofcyanobacteria such asAnabaena spp (Walmsley. 2(00).

Nitrogen plays a secondary role to phosphate in terms of sustaining cyanobacteria. but can

become important at a high level of eutrophication, when N·fixing cyanobacteria such as

Oscilkuoria spp can cause nuisances much more significant than othertypes of algae

(Korsclman and Mculcman, 1996). Nitrogen concentration in waterabove 100 J.1g1f will

favour the growth of cyanobacteria (Rusin et al, 2000; WHO. 1999).

1.5.2.4 Phosphorus

Phosphorus has been implicated more widely than nitrogen as a limiting nutrient of
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phytoplankton including cyanobacteria in freshwater systems (Hurl et al, 1993). Phosphorus

may be present in organic or inorganic form and in both categories; the individual phosphorus

species may be present in either dissolved. precipitated or adsorbed phases. Interchange

between the various categories is possible as a result of physical. chemical and biological

action (Pillay and Buckley. 2001). Dissolved phosphate is the major source of phosphorus

directly available to phytoplankton (Wetzel. 1983). Much phosphorus may be unavailable.

because it is absorbed onto bonded particles in the water (Addiscott etal, 1991). Municipal

sewage effluentscontribute at least half of the total phosphorus inputs to rivers and lakes

(Chorus lind Bartram. 1999). Othersources of phosphorus are agricultural fertilizers run off

after intensive ruinfall and erosion. which release phosphate from the sediment.

The occurrence of cyanobacteria is controlled byphosphate availability in water. According

to Rusin et al (2000). cyanobacteria may multiply rapidly to form blooms in eutrophic waters

with levels of phosphorus greater than 10 Ilg/( and levels of ammonia or nitrate-nitrogen

greater than 100 J..lg/L Ifthe other factors cited above are optimal and thephosphate

concentration is below 10 J..lg/(' the occurrence ofcyanobacteria blooms will be limited

(Chorus and Bartram. 1999).

Considered to be the limiting factor for the occurrence of cyanobacteria in water. it was then

important forour studytomeasure the level of phosphate in source and container waters as

this would be an indication of whethercyanobacteria could be sustained in the test waters,

According to WHO (1999). the limited concentration of phosphate for the occurrence of

cyanobacteria is 10J..lg/L

1.5.3 Cyanotoxin

1.5.3.1 Production of eyanotoxln

Cyanotoxin is a collective name for the various toxins produced by cyanobacteria and can be

influenced byenvironmental conditions such ali pll, intensity of light. temperature, nitrate,

phosphate. dissolve oxigen and C02 availability (Grobbelaar et al, 2004; Rapala and Sivonen,

1998). Within speciesof cyanobacteria, there arc non-toxic strains aswell as strains that can

produce a particulartoxin orseveral toxins (Grobbclaar ct al, 2004; Chorus and Bartram,

1999). There are divergent opinions whether cyanotoxins are produced undcr stress

conditions or not. According tostudy conducted by Sivoncn (1990). high concentrations of

toxins arc produced under conditions which arc favourable for cyanobacteria growth. while

previous study by Van derWcsthuizcn and Eloff (1985) showed that optimum conditions for
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growth did not coincide with those for toxin production by the Microcystls aeruginosa culture

theystudied. The primary metabolite cyanotoxin, lipopolysaccharide endotoxin is always

produced by all cyanobacteria as it constitutes part of the cell walls (Metcalf and Codd, 2004).

1.5.3.2 Types of cyanotoxln

These can be divided according to their effect on human body. Techniques are available to

identify three neurotoxins (anatoxin-a, anatoxin-a(s) and saxitoxins), one general cytotoxin

which inhibits protein synthesis (cylindrospermopsin), and the much popular group of toxins

termed hepatotoxins (microcystins and nodularins), which inhibit protein phosphatases.

Finally there arc cyanotoxins referred to as dcrmatotoxins - they have a particular effect on

skin. In this group are included aplysiatoxin and LPS endotoxin which is poorly studied and

less known; Endotoxin is also found in Gram-negative bacteria and isaconstituent of the cell

wall ofalmost all thecyanobacteria (Rupala ct al., 2002; Metcalf and COOd, 2004).

1.5.3.3 Health effecls ofcyanotoxin

The effects of cyanotoxins on human health is classified according toregion of the body

affected and generally target the liver (hcpatotoxins), nervous system (neurotoxins), human

cells (cytotoxins) or theskin. The health effects, the toxins and their associated cyanobacteria

arc summarised in Table I:

Table I: Summaryof cyanotoxin and the cyanobacteria thai produce them as wcll assomc of the recorded

mammalian clinical symptoms of cyanotoxin exposure (adapted from DuPrecz and Van Baalen, 2006;

Falconer. 2005;NHMRC. 2004; Chorus. 200t; Chorus and Bartram. 1999; Sivoncn and Jones. 1999)

TOXIN CYANOBACTERIA GENERA

Cyclic ptplldrs

CI.INICAI. SYMPTOMS

Microcystins

Nodularin

Microcyslis. Anabaena. Osctllatoria, Gaslm-enterilis. fever,pains inmuscles nnd joints,
I'lnnktolhrix. Nostoc nausea.vomiting. blistering around mouth. diarrhoea.

swollen liver, deathbvhverfailure
Nodularia Gastro-entenus, fever, pains In muscles and joints.

nausea. vomiting. diarrhoea, swollen liver, death by
liver failure

Alkaloids

Cylindrospcrmopsin Cylindrospcrmopsis. Aphanil0mcnon. Abdominal pains. \'omitinll. swollen Ih'cr. liver
Anahaena. Raphidiupsis. Umcl~kia. failure. pnlhlliollicni darnajlC 10 lhe kidneys. spleen.

lhymu\ lind heart
Analluin·a Anahaena. I'lanklothrb. Ckcillaloria. Muscle wClikness. rc~pjnllor dhlrcss.eUIJlcratcd

Aphanilllmcnon abdominal brcalhinll. hYJlCr1ICll~ity. hypcnalivation.
numbne\\ lImund theli"l. Ilmlni\

Analodn·a(S) Anllhaena. AphanilOmcnon Muscle ""CliloneS\. respiralor distress. eUIJlcratcd
lIbdomlnal brclilhinil. hYJlCfllC1hily. h)'(lCRo1Iivlltion.
numbnc\\ nboullhc lill'.llaralYlb

Sadlodns Anahaena. Aphanl/orncnon. I.ynllbya. Numhncs!ll lIround lheIipl. complete paral)~i!ll. dealh
Cylindml\lCf1llOllsl!ll from rellliratofY failurc

fJpopol)"lIIIctharfdrs

U popol)'1:lCCharidc!ll All Allcrltic reactionl. Innamrnalory. irritauon, gastro
cnlcritl!ll
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1.5.3.4 Hepatotoxln (I\IJcroc:ystln)

Microcystin are monocyclic heptapeptide hepatotoxins (liver toxins) composed of seven

amino acids with the molecular weight about 1,000 Dalton. These are the most frequently

encountered group of cyanobacterial toxins (Carmichael cited in Mc Elhiney et al, 2002;

Sivonen and Jones, 1999; COOd, 1995), and are produced by a number of cyanobacterial

genera, the most notable ofwhich is the widespread Microcystis from which the toxins take

their name (New Zealand Ministry of Health [NZMII), 2(00).

Microcystin consist of a seven-membered peptide ring, which is made upoffive non-protein

amino acids and two protein amino acids. The two protein amino acids (Lurnlno acids) at

position 2 and 4, and mcthylation/dcmcthylution on MeAspand Mdha (An and Carmichael

cited in Oberholstcr et al, 2004; Grobbcluar ct al, 2004; Mc Elhineyetal, 2(02), distinguish

the various microcystins from one another, while the other amino acids aremore or less

constant between variant microcystins. Using amino acid single-letter code nomenclature,

each microcystin is designated a name depending on the variable amino acids which complete

their structure. About 70structural analogues of microcystins havebeen identified (Sivonen

and Jones, 1999; Rinehart et al, 1994).

1.5.3.4.1 Health effects

Microcystins are potent hepato-toxins of animals and humans (Puiseux-Dao et al, 2005;

Huynh-Dclerme and Puiseux Dao, 1998; Ohtani et al, 1992). After ingestion of contaminated

water,microcystins arc absorbed in the intestines (Kuiper-Goodman etal, cited in Welker,

2004; Kotak et al, 1993; Falconer, 1991) and transported to liver viaacarrier-mediated

transport system. In the liver, serinclthreonine protein phosphatase I and 2A (Rornanowska

Dudaet al, 2002; Honkanen et al, 1996; Eriksson etal, I990a, b; Mackintosh et al, 1990) nrc

inhibited. These enzymes in mammalian cells (Dondjin ct ul, 2(03) are responsible for the

dephosphorylation of amino acids serine and threonine. They control the function of hepatic

cells. Microcystins arc specific to hcpatocytcs and have difficulty to penetrate into the

epithelial cells (Matsushlma et al., 1990).

Studieson the mechanism ofcell toxicity showed that microcystin interferes with cell

structure and mitosis (Kaja, 1995; Falconer and Yeung, 1992). This action may explain the

effect ofmicrocystins as cancer promoters (Nishiwaki-Mntsuchima etal., 1992; Falconer.

1991), especially livercancer inhumans exposed tolong-term low doses of microcystins

through drinking water (Bouaicha et al, 1998; Mel etal, 1997; Itoet al, 1997; Van Haldcren

ct al, 1995; Carmichael, 1994).
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In the same train of thought. Fitzgeorge et al (1994) demonstrated that theeffect of

microcystins on the liver can be cumulative. Theconsequence of an acute poisoning of these

compounds is a rapiddisorganisation of the hepatic architecture (Eriksson etal, 1990b;

Falconer et al, 1981). leading tointrahepatic haemorrhage. haemodynamic shock. heart failure

and death (Bhattacharya etal., 1997; Carmichael, 1992). Other organs affected are the

kidneys and lungs (Hooser et al, 1990)and the intestines (Falconer and Humpage, 1996;

Falconer. 1994).

To postulate the health impact of microcystin-LR onhumans. studies have been done on

mice. This determineda lethal dose level of microcystins. The LD50 by intraperitoneal (l.p.)

route ranges from 25 to 150 J.lg/ kg body weight (bw) in mice. The oral LD50 (administered

by gavage. i.e. dosing directly into the stomach through the mouth) is 5.000 J.1g/kg bw in one

strainofmice (Yoshidaetal, 1997) and higher in rats (fawell ct al, 1994). Toconfirm the

side ofaction of microcystins, sub-lethal doses of variously radio-labelled microcystins were

administered through intravenous (i. v.) or intra-peritoneal injection in mice. immediately after

which70percent of the toxins were localized in liver (Lin and Chu, 1994a; Nishiwaki et al,

1992; Robinson ct al, 1989. 1991; Meriluoto et al, 1990; Brooks andCOOd. 1987; Falconer et

al, 1986; Runnegarand falconer. 1986).

On the basis of human life time exposure, the WHO (2004. 1999)recommended a maximum

acceptable level (I J.lg/£) for the most toxic variant ofmicrocystins (microcystin-LR) in

drinking water.

The provisional guideline for microcystin-LR was derived using the following equation (Du

Preez and Van Baalcn, 2006; NZMH. 2(00):

Guideline value (Ilg/[) =(TOI xBw x PI)/DI

Where:

TDI = An estimation of the amount of a substance in the drinking water expressed on a

body mass basis (Ilglkg). that can be ingested over a lifetime without significant

health risks. The TOI (Ilglkglday) is calculated as (No Observable Adverse Effect

Level [NOAELJ or Low Observable Adverse Effect Level (LOAEL)) I Uncertainty

factors. The NOAEL isthe highest doseorconcentration of a substance that causes

no detectable adverse health effect. The LOAEL is the lowest observed dose or

concentration ofa substance at which there isa detectable adverse health effect. TIle

source of uncertainty is from intcrspccics variation. intraspecics variation, adequacy
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of studies or databases and the nature and severity of theeffect. The uncertainty

values (factor of 10) thus ranges from 10 to .ooסס1

Bw = Theaverage body weight of an adult (60kg) or child (10 kg) or infant (5 kg).

PI = The portion of intake due to drinking water. This value is usually 10%. However.

cyanotoxins intake is mainly via drinking water and is thustaken as 80 to 90%.

OJ= The average drinking water consumption per day of an adult (2 I) orchild (I C) or

infant (0.5 f).

Therefore:

Guideline value (microcystin-LR as f.lg/C) = [(40/1000) x 60 x 0.8»)/2

=0.96 Jlg/(

=I Ilgl( microcystin-LR

where:

TDI =

Bw =

NOAEL is40 f.lg/kglday and the uncertainty factor is 1000.

The average body weight of an adult is 60 kg.

PI =Thc portionofintake due to drinking water is 80%.

DI = The average drinking water consumption per day ofan adult is 2 L

No guideline was established bythe WHO for theshort-term exposure. buttoaddress that

issue. Fitzgerald et al (1999) proposed an increase of IO-fold of thc previous one (Du Preez

and Van Baalcn, 2(06).

1.5.3.5 Lipopolysaccharide Endotoxin

Lipopolysaccharides (LPS) areheat- and pH-stablccndotoxins that are harmful to humans

and animals. They can cause endotoxemia and gastrointestinal track disorders to human

especially naive individual (Rylander et al, 1978). Thc few studies carried out on

cyanobacterial LPS indicate that they arc less toxic than the LPS of other bacteria such as

Salmonella (Razindin et al, 1983; Keleti and Sykora, 1982). Lackof axenic cyanobacterial

strains has previously hindered detailed studies on structures and toxicities ofcyanobacterial

LPS (Chorus and Bartram, 1999).

LPS arc amphiphilic macromolecules. forming the lipid matrix of theouter membrane cell
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wall ofall the cyanobacteria (Metcalfand Codd, 2(04). LPS participate inthe physiological

membrane functions and are, therefore. essential for bacterial growth andviability. They

contribute to the low membrane permeability and increase the resistance towards hydrophobic

agents (Wiese et al, 1999).

The LPS derived from cyanobacteria and from gram-negative bacteria differ in both chemical

and biological characteristics but are basically similar, (Keleti and Sykora, 1982). LPS

endotoxin complexes are macromolecules composed of three regions: lipid-A, core

polysaccharide, and "0" antigens (Braude. 1982). The lipid-A component iscritical for all

biological responses to endotoxin (Prescott et al, 2(02). LPS isolated from cyanobacteria and

cntcrobacteriaceac can be detected using the Iimulus amoebocyte lysate (LAL) assay

(Mwauru et ul, 2004, Rapala etal, 2002. Kcleti and Sykora. 1982).

1.5.3.5. I Health effects

The lipopolysaccharide (LPS) ofcyanobacteria isquite similar to the one ofGram-negative

bacteria, but studies carried outon cyanobacterial LPS indicate that they are less toxic than

the LPS ofother bacteria such as E. coli and Salmonella (Rapala et al, 2002, WHO, 1999;

Razindin et al, 1983; Kelcti and Sykora. 1982). LPS is released both by live and from dead

bacteria where after it acts by binding to the LPS-binding protein (LBP) (Wright ct al, 1990).

Both LBP and BPI (bactericidal/permeability increasing protein) play an important role in the

host response to endotoxin. The LBP-LPS complex binds to the CDI4receptor on the cell

surface leading to activation of the cell (Grandics, 2(02).

The main reactive target cells arc the circulating mononuclear cells, which produce pro

inflammatory cytokincs,such as IL-I and TNF-alpha. The pro-inflammatory cytokines are

involved inacute and chronic inllammation (Hallman et al, 1996). By inducing a variety of

immune reactions. including the induction of inflammatory enzymes such asthe inducible

nitric oxide (NO) synthase (NOS II) or the inducible cyclooxygenase (Raetl et al, 1991). LPS

provokes an intestinal hyper-secretion leading to diarrhoea (Closs et al, 1998).

Cyanobacteria LPS (CLPS) has been reported to be involved in many cases ofgastroenteritis

after ingestion of contaminated water (Rapala et al,2(02). CLPS endotoxin may reinforce the

adverseeffects of cyanobacterial hcpatotoxins, microcyst ins, by inhibiting the activity of

glutathione S-trnnsferasc which arc the key enzymes inthe detoxification of microcystins

(Pflurnachcr ct al, 1998; Pflumaeher ct al, 2000; both cited in Rapala etal, 2(02). TIle only

available guideline is proposed bythe New Zealand Ministry of Health (NZMfl. 2(00).
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These recommend a maximum level of 3Jlg/( ofendotoxin in drinking water.

Although the WHO (1999) has little consideration for cyanobacteria LPS in drinking water,

thecontext of this study isdifferent. Done in the areas where water used for drinking does

not receive any treatment and the water is stored in containers, bacteria producing LPS

endotoxin are allowed to accumulate in container biofilm, increasing the risk of water

contamination with endotoxin. Having the ability toconstitute the first step in biofilm

formation (De PhiJippis et al, 2(05), cyanobacteriacould favour theattachment of other

bacteria including cnterobacterlaceac such as E. coli and total coliforms, which have been

reponed tocontribute tothe occurrence of endotoxin in water (Rapala et al,2(02). It was

then important in thecontext ofthis study to link endotoxin to bothcyanobacteria as well as

cnterobacteriuccac.

1.5.4 Some outbreaks associated with cyanobacteria

1.5.4.1 Illness attributed to cyanotoxlns In recreational water

1995· Australia

The study of adverse health effects after recreational water (contaminated with cyanobacteria

blooms) contact involving 852 participants in Australia in 1995 showed anelevated incidence

of diarrhoea, vomiting, flu symptoms, skin rashes, mouth ulcers, fevers, eyeor ear irritations

within seven days following exposure (Pilotte et al, 1997).

1989· England

Afterswimming andcanoe-training in water with a heavy bloom of Microcyslis spp., ten of

twenty soldiers became ill, and twodeveloped severe pneumoniaattributed to the inhalation

of a Microcystis toxins and needed hospitalisation and intensive care (Turner et al, 1990).

The degree of illness appears tobe related to theswimming skills and the volume of water

ingested.

1959· Canada

Whileswimming in a lake excessively contaminated by cyanobacteria, thirteen people

become ill (headache, nausea. muscular pains, and painful diarrhoea). Mtcrocyst!s .tpp. and

some trichomes of Anabaena circinalis were identified in the excreta ofonepatient, a medical

doctor who had accidentally ingested water (Dillcnberg and Dchncl, 1960).

1.5.4.2 Illness attributed to cyanotoxlns In drlnkln" water

1996· Drazll

Caruaru dialysis incident in Brazil: In 1996 an outbreak of severe hepatitis occurred at a
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Brazilian haemodialysis centre in Caruaru, Brazil. One hundred patients developed acute

liverfailure, of whom 52 people died after receiving routine haemodialysis treatment. The

clinical symptomsincluded visual disturbances, nausea, vomiting, muscle weakness and

painful hepatomegaly. Microcystins were found in the source water, the water in the water

delivery tanker, and in the dialysis unit's holding tank as well as in the iron and carbon filters

from the dialysis centre's in-house treatment system. Microcystins were also detected in the

blood sera and liver tissue of both live and deceased patients (Du Preez HII and van Bualen,

2006: Chorus and Bartram, 1999).

1994· Sweden

An accidental cross connection of the drinking-water supply of a sugar factory with a river

water contaminated with blooms of Planktothrix agardhii producing microcystins lead to

intoxication of 121 of 304 inhabitants of the village (as well as some dogs and cats).

Symptoms range from vomiting, diarrhoea, muscular cramps to nausea (Annadottcr et al,

2(01).

1993· China

A study done by Yu(1995) showed that populations using cyanobacteria-infected surface

waters were more affected by liver cancer than those drinking groundwater.

1988· Brazil

One ofthe most serious cases ofoutbreak attributed tocyanobacteria toxins in drinking water

occurred in the BahiaState, when the newly flooded ltaparica Dam developed an immense

cyanobacterial bloom. Approximately 2.000 gastroenteritis cases, 88of which resulted in

death were reponed overa 42·day periods (Tcixera et al, 1993).

1985· USA

Aftercontact with mass developments of cyanobacteria in water, Carmichael (1994) compiled

case studies on nausea, vomiting, diarrhoea, fever and eye, ear and throat infections among

the population.

1981- China

Afterexposure to surface water polluted by MirroCY.ffi.f .fpp.: certain peoples of the city of

Armidale (in Eastern China) were found to haveelevated level of liver enzyme activities (a

sign ofexposure to toxic agents) in their blood (falconer ct al, 1981).

1979·Australla

The usc ofcopper sulfate toeliminate a bloom ofcylindrospermopsis raciborskii in a
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drinking-water reservoir onPalm Island led to release of toxins from the cells into the water,

141 people using this water became seriously ill and hospitalized (Falconer, 1993, 1994).

1968- USA

Schwimmer and Schwimmer (1968) reported numerous cases of gastrointestinal illness after

exposure to mass developments of cyanobacteria in their drinking water.

1931- USA

5,000-8,000 people became ill after they drank water from the Ohioand Potomac rivers

contaminated with a massive Microcystis bloom. Intensive treatment ofdrinking-water by

precipitation, filtration and chlorination was enough toremove all the toxins (Tisdale. 1931).

1.5.5 Monitoring ofcyanobacteria in water

The occurrence of cyanobacteria in water always brings a concern about water quality. In fact

the formation of bloom constitutes a serious hazard to the health of consumers and could also

posea problem of clogging in the treatment plant (Du Preez and Van Baalen, 2(06). The best

way toavoid these problems is to practice prevention, which will mean to reduce

eutrophication by restricting the excessive enrichment of water resources. thereby controlling

the occurrence of potentially toxic cyanobacteria (Du Preezand Van Baalcn, 2(06). To

manage acyanobacterial toxin risk in water. studies have been done in order to propose a

maximum valueof cyanobacterial cells in water. Amaximum level of20,000 cellslm ( in

recreational water was recommended by Falconer (1994). but thatvalue was considered as too

high regarding the works done by Pilotte et al (1997), who proposed amaximum value of

5.000cells/m! -a value later used by Chorus and Bartram (1999) to derive aguideline for

non-cumulative health effects.

Chorusand Bartram(1999) proposed several alert levels. Alert-level I (Exceeding 2.000

cellslm£ can lead to offensive odour or taste), level 2 (potentially toxic cells 2,000-15.000

cellslm£ for 2-3 consecutive samples or confirmed toxic bloom, persistent odour/taste. and

obvious bloom) and level 3(persistent high numbers widespread, toxic, cells>15,000 cclls/mf

for toxic species, persistent bloom, and only partial success of control measures).

Water authorities in South Africa also refer to standards from the South African Bureau of

Standard (SABS. 200S) to produce water of acceptable quality. However the issue of

cyanobacterial toxins risk israrely considered in these standardsand the dispositions in many

water utilities are not appropriate for the control ofcyanobacteria and associated toxins (Du

Preez and Van Baalcn, 2006). Some water utilities such as Rand Water have internal
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operational specifications forcyanotoxins (Du Preez and Van Baalen, 2(06). When

cyanobacteria occur in water at a critical level. public education and awareness should be

increased by the waterauthorities and treatment implemented (Du Preez and Van Baalen,

2006; Chorus and Bartram, 1999).

1.6 ENTEROBACTERIACEAE IN WATER USED FOR DRINKING

Assessment of enterobacterlaceae in water was not the main focus ofthis study but was

nevertheless included to estimate their contributionto the occurrence of LPS endotoxin in

Willer. All enterobacteriaceae produce endotoxin. For this study E. coli and total coli forms

were considered because these arc commonly used to indicate enteric bacteria in water

(Jugals, 2000). Furthermore findings of the pilot investigation showed that theyoccurred the

mostamong cntcrobacteriaceae found in containers.

Enterobacteriaceae is a large family of bacteria, including the more familiar bacterial

pathogen species such as Salmonella and Escherichia coli (E. coli). Bacteria of this family

are generally rod-shaped, Gram-negative and are facultative anaerobes, fermenting sugars to

produce lactic acid and various other end products (Holt et al, 2000; Clescerl et al, 1999).

1,6.1 E, coli

E. coligenerally inhabits the intestines of warm-blooded animals and is regarded as the best

indicator of faecal contamination of water (Griesel and Jagals, 2002; Grabow, 1996). Steyn et

al (2004) reponed that the presence of E. coli in water also represents useful indication of risk

of infection to users. The pathogenicity of E. coli is not only related to their enterotoxins, but

also tothe endotoxins contain in their cell walls, which have been reponed to cause diarrhoea

(Clossetal, 1998).

1.6.2 Total coliforms

These nrc the primary indicators of the potability and suitability forconsumption of drinking

water. Belonging to the family ofcntcrobactcriaccae.thcy also contain endotoxin in their cell

walls (IIolt et al, 2(00). Their presence in water sampled from containers indicates improper

handling during watercollection and storage or seeding from the contaminated water sources

(Jagals et al,2(03).

The South African Bureau ofStandard (SABS, 200S) requires the non-detection (0 cfu I

100m£)ofE. coli and a maximum of 10cfull 00 ml of total coliform bacteria in drinking

water.
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1.7 DETECTION TECHNIQUES

1.7.1 Detection of cyanobacteria

Cyanobacteria cells can be detected under a light microscope. This is oneofthe frequently

used techniques to detect algae. This method. while labour intensive. provide an accurate

measure of the number ofbacteria present. as well asprovidean indication of the species

(OWAF. 1996). More popular methods are the membrane filter technique and the

sedimentation chamber technique (Van Baulen, 2(05). The majority ofcyanobacteria have a

distinctive colour. which isblue-green. different to the other algae which appear green. It is

important forcyanobacteria identification to sample atadequate depth considering

stratification of organisms and nutrients using depth-differentiating ordepth-integrating

sampling techniques (Chorus and Bartram, 1999). The method to use for the identification

and enumeration of cells depend mainly of the type ofmicroscope available and the purpose

of the data. The membrane filter technique employs a compound light microscope, while the

sedimentation chambertechnique employs an inverted light microscope (Van Baalen, 2(05).

Cell counts are generally done with the help of a wipple grid (counting chamber), the results

are always expressed ascell/mL

The postulation of potential health risk related tocyanobacteria numbers inwater will be

based on the WHO (1999) Guideline. Du Preezand Van Baalen (2006) also use this

guideline for monitoring water for cyanobacteria contamination.

1.7.2 Detection of E. coli and total coliforms

A selective medium(Selective E. coli/Coliform Chromogenic medium, Oxide SA) is used to

identify Ecoliand total coli forms. This medium contains Salmon-GAL forthe detection of

total coliforms by the production of [l-galactosidasc and X-glucuronide for the detection of

E. coliby the production ofp-glucuronidase. Gram-positive organisms and some non-enteric

bacteria arc inhibited byTcrgitol-? (Finney ct al, 2(03).

The colour of bacteria in the media varies according tothe chromogen that they cleave. The

coliforms in general will cleave the pink Rose-Galchromogen, producing pink colonies while

the E. coli will cleave theX-Glu chromogen and then produce purple orblue colonies (Oxold,

2006).
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1.7.3 Detection of toxins

1.7.3.1 Mlerocystlns

Several techniques are available for the detection ofmicrocystins. For this study, the

Enzyme-Linked Irnmuno-Sorbent Assay (ELISA) technique wasused. This method was

preferred because of itsreported sensitivity, specificity and ease of operation (Chorus and

Bartram, 1999). The principle of this assay is to raise polyclonal antisera in rabbits against

bovine serum albumin conjugated to microcystin. These antisera showed good cross

reactivity with mlcrocystins-Lk, -RR. -YR and nodularln, but less with -LY and -LA (Chorus

and Bartram, 1999). This technique has been shown to be suitable for normal water quality

testing and was used toquantify cyanobacteria hcpatotoxins in domestic water supplies and

biomass extracts. Its detection limit is under theguideline concentration of I J.1g1[

microcystin in drinking water. as established by the World Health Organisation (Chu ct al,

1990). Awide rangeof kits are commercially available for the quantitative detection of

microcystins in water.

1.7.3.2 I.PS endotoxin

Weise etal (1970) was the first to isolate LPS from the cyanobacterium Anacystis nidulans,

since then LPS endotoxins have been found in many cyanobacteria species.

The LPS endotoxinconcentration can be measured by using the Limulus Amoebocyte Lysate

(LAL)assay. the lysate being prepared from amoebocytcs of the horseshoe crab. Limulus

polyphemus. The chromogenic LAL assay used in this study has been modified many times

(Obayashi et al, 1985; Piotrowicz ct aI, 1985; Bussey and Tsuji. 1984; Tsuji et al, 1984;

Urbaschek et al, 1984) since its first application in 1977 (Nakamuraetal, 1977), and it is now

an effective technique for the detection of LPS endotoxin (Andersonetal, 2(02).

It is based on the principle that the enzymes contained by LAL are activated in a series of

reactions in the presence ofendotoxin. The lastenzyme activated in the cascade splits the

chromophore, parunitro aniline (pNA), from the chromogenic substrate, producing a yellow

colour in the test tube (CAPE COD, 2005). TIle amount of pNA released and measured

photometrically at 405 nm, is proportional to theamount of the endotoxin in the system

(CAPECOD, 2(05). This technique has been recently used by Rapala et 01 (2002) and

Mwaura etal (2004), to measure the concentration ofcndotoxinsassociated with

cyanobacteria in drinking and environmental water samples.
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1.8 THE STUDY

1.8.1 Research Problem

The occurrence of cyanobacteria and their related toxins in waterused fordomestic purposes

by the population of the lower Nwanedi area in the Vhembe district is unknown.

1.8.2 Hypotheses

By identifying and quantifying cyanobacteria incontainer waters as well as in the source

where the containerwaters are collected. will allow determining whether the water is suitable

for human consumption in terms of the World Health Organisation (1999) guidelines;

Determining the levels ofmicrocystin and endotoxin in these waters, will allow estimation of

the potential for intoxication in termsof the WHO (2004) and New Zealand Ministryof

Health (2000) guidelines.

1.8.3 Aim

The aim of this study was to identify and quantifythe numbers of pathogenic cyanobacteria as

well asquantify their related toxins (microcystin and endotoxin) in untreated water from

water-storage containers and link these to surfacesources from which these waters are

collected.

1.8.4 Scope of the study

The scope was to form an impression of whether the potential occurrence ofcyanobacteria

and their toxins in container water posed a risk to the health of the consumer. This study did

not conduct a full quantitative risk assessment as described by Ashbolt et al (2006) and Steyn

et al (2004). Instead it compared the levels of cyanobacteria found inthe various waters to

alert- and other limit levels described in WHO (1999; 2004). Department of Water Affairs

Forestry (1996) and NZMIf (2000) guidelines and from there postulated on the probable risk

posed tohuman health.

A pilot study prior to this study was conducted in April lind July. which ware essentially in

the autumn and winter seasons. Watertemperatures in thecontainers and environmental

sourceswere shown to beslightly below the optimum temperature for cyanobacterial activity

which is25°C. Because ofresource constraints. it was decided toconduct the main study

during the summermonths only toensure that waters sampled. would be at least at the

optimum temperature and slightly above. The mean ambient day temperature during the very
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hot summer months in the area is around 32°C. It is therefore assumed. for the purposes of

this study. that the activities for cyanobacteria in the container waters as well as the

environmental waters would be optimum.

1.8.5 Objectives

• Assess the occurrence ofcyanobacteria in water-storage containers ofhouseholds that

collect their water from surface water sources;

• Assess the numbers of cyanobacteria in these surface watersources;

• Determine factors that could sustain cyanobacteria in container waters as well as in

source waters;

• Determine theconcentration of cyanobacteria-related toxins (microcystin and

endotoxin) in container as well as surface waters;

• Assess the potential contribution of cnterobuctcriaccac (E. coliand total coli forms) to

possible endotoxin levels in container water;

• Assess the probable health risk associated with the numbers of cyanobacteria. their

related toxins as well as the co-occurrence ofenterobacteriaceae in the various waters

according to the World Health Organisation (1999; 2004). Department of Water Affairs

and Forestry (1996) and New Zealand Ministry of Health (2000) guidelines.

25



CHAPTER 2

METHODOLOGY

26

Chapter2: Methodology



.... 1 ST I Y J>ESIC '
Pilnt shill) i ll

shllh I f

Figure 2,1 • chcmatic d 'si 'II of I h ' project

I

Cyanobacteria
Idenlif)' and enumerllle

T"', fur

M lcn H"plln

2.2 T D AREA A D PI L T ST DY

This stud was conducted in the lower lwancdi area (H zurc 2.2) in the h .ml istrict

{unicipality. situated in the Limp 1p Provin c, outh Africa (H rur 1.1 ). 'I he data

ollcction I ok pia " from .iobcr J until April _< l . This area is also the SIU I s ite of a

- 'car res 'a r .h pro rrammc on water and sanitation int .rv .III ion studies c( ndu . t • I h the

\ mer and II .alth R ''0 .nr .h Unit o f lit • niv irsi ty of J( hann .shur '. The nil sa ml 1''0 the

wat 'r of man hous 'hold.. as w ' II a.. lit ....ourcc war ' r... in the ar 'a.

h r 111 - pur] ...... of thi.. stud a ... hort 1 i lot ..tudv was lind rnak .n (limi: I I April

and Jul _ ). ) 10 a" 'S'o the ( .curr .n ' • of .vanoha ' I 'ria in wat r-su ra" '( main 'r. and in

\ 'at 'r sour ' .... Thi.. was to .. ' - \ -h 'Ih i r . -anohactcria Ii I ( .cur in rh -..- 'o ur - -'.

27



Ba '0 on the • indrn I" (hi, study w a f l ' U cd on I' ' I 0 h u 'hold, and rh 'ir \ 'II r

sour 'C' In 'I villa 'c' 01 th I )", r wancdi namel v luvunda, 'Ishitanzh " lumcla,

'I'shikotoni. 'I sh itund ihni an l Folovhc Iwe (H ure _.1 ),

'-. ,'

.,- "f'.
r •

Tahll

/

-......

I
I

Mu und

nzh :l

I ,.;

Fi ' tin' 2,2 , tud v ar 'a with the lar ' ' I villi "

'I h ' study .ommuniti s collc .tiv ,( r hay ' a( pr ), imatcl ' 7 ,( X) inhabitants (Ja ral: , _

( irsonal communi .ation) and can I'd '~ 'ril xl a, low-in xun ' rural cornmuniti '~ , 'I h •

villa 'C' ( ' 0 • ' p i or h lovho lwc) had no ( ituhlc water ~U ( pi . and 11I0'11 ' II" I untr xu c I

wat 'r, from riv 'r or frnm hand pump-, if Ih'" worked (whi .h wax 111 11 0 ten) (Ja 'III" _( )'

11 ahi, _D( r),

1I( u .holdv in Iuxun la. Of vhitanzhc and iumcln sourc I \val ' r from the av hnm f 1\ or lor

Ih .ir potable Will 'r nc '(I\. Of he LUI h ph' I ivcr wa' Ih onlv vour c of water for ( .( pl 111

Tshi .otoni and shitandahni. Folovlu lw h II lap water from a di,lnoullon 'y 1'111 1I phcd

28



by water from a groundwater source (a borehole 80 - Figure 2.2). However. the system at the

timeofstudy was prone tobreakdowns during which times the people then resorted to the

Nwanedi River as well as a nearby canal feeding from the Nwanedi River.

2.3 SAMPLING

Two categories of samples were taken to represent the quality of water potentially containing

cyanobacteria. enteric bacteria. rnicrocystin andendotoxin. These were 0 from water-storage

containers and 6 at the sources where the container-waters were collected.

2.3.1 Sampling water from water-storage containers

2.3.1.1 Selection of households

During the pilot study. households were identified that had visually excessive biofilm

formation in their containers. Selected households also had to be using both "light" (light

penetrating) and "dark"(no light penetrating) containers. Twenty households were selected in

this fashion from the villages Musunda (four households). Tshitanzhe (two households).

Gumcla (four households). Tshikotoni (one household). Tshitandahni (two households) and

Folovhodwe (seven households); (The numbers according to the size of the village).

2.3.1.2 Selection of the typeofcontainers

Initial observations during the pilot study revealed that biofilm (Section 1.4.2, Chaptcr l) in

light containers were mostly green tainted (Section 02. Appendix G). Dark containers

contained brown-coloured biofilm judging from particles in the relevant water samples (no

photographic evidence ofsidewall biofilm - these could not be photographed since we could

not get a light into the dark container). Results (Section 03. Appendix G). from the

preliminary samples taken during the pilot study and analysed by the laboratories of Rand

Water. showed phytoplankton (including cyanobacteria). present in the green-tainted biofilm,

but not in the brown biofilm.

This implied that the intensity of light reaching the insides of the two types of containers was

an important factor in the occurrence of cyanobacteria in biofilms inside the containers. One

light and one dark container were then selected from each of the study households for

sampling the water during four research trips undertaken to the area. This was intended to

establish whether cyanobacteria did occur in containers. and to what extent this occurrence

differed fmm light to dark containers as well as whether biofilm could be associated with their

occurrence if any.
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2.3.1.3 Sampling blolllm-centamlnated water from containers

To sample water from containers that may contain biofilrn, samples were collected before and

afterdislodging biofilm from the inner sidewalls ofcontainers according tothe work of Jagals

et al (2003):

• Water was first sampled from the container content before dislodging biofilm from the

sidewalls of containers. This is referred to as the Free Volume (FV) of water;

• Biolilm was then dislodged from the same containers' inner sidewalls. using a sterile long

handled hrush for each container to scrub the sidewalls and release biolilm into the

container water. A second sample was then taken from the same containers directly after

hiofllm was dislodged. This sample was referred to as the dislodged biofilm (DB) sample.

2.3.2 Sampling at the environmental water sources

The source waters were sampled in those parts of the Savhani River, Luphephe River. and the

Nwanedi River where the population wash dishes and clothes. bath. swim. fish and collect

water in containers for domestic purposes including drinking. The following sampling points

wereselected (Figure 2.2);

• In the Savhani River at point SR; the Luphephe River (LR), Nwancdi River upstream

from Folovhodwe (N I). Nwanedi River downstream from Folovhodwe (N2);

• At the canal water was collected at point Ca. Water in the canal comes from the

Nwancdi Riverjustupstream from Folovhodwe;

• At a borehole in Folovhodwe, water was collected at Point 80 directly from the pipe

where the water flows from the groundwater.

Water was also sampled from dams in the Luphephe and Nwanedi Rivers just before the two

rivers confluence and continues as the Nwanedi River. Water from these dams thus

collectively which fed points NI. N2 and Ca downstream:

• Luphephe Dam (LDl. Nwanedi Dam (NO).

2.3.3 Sampling techniques

Water was sampled 10 Col below the surface of the source waters (WilD, 1999). This was

because some cyanobacteria species arc more likely tooccur ncar the surface of a water body

than others dependingonthe intensity of light they require.

To ensure that later (in the laboratory) cyanobacteria would be identified. as they were in situ

duringsampling. watersamples were preservcd with 2% fomlaldehyde. For all other analyses
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water samples were kept at 4·gUC during transportation to the laboratory. The physical water

quality analyses were done in situ and as the enteric bacteria occurrence-analyses were done

within 24 hours in a field laboratory set up close tothe villages.

At each point. four types of water samples werecollected:

• For cyanobacteria analyses (Section 2.4). in loo-m( sterile brown (to limit the

penetration of light) plastic hottles containing 2 rnf of formaldehyde (for preservation);

• For the microcystin analyses. in loo·m( sterile brown glass bottles. The brown glass

boules were used to limit the potential adherence of toxins to the bottle inner side as

well as limit degradation by light (WHO. 1999);

• For the nitrate and phosphate assessment as wel1 as endotoxin and enteric bacteria

analyses. water was sampled in 1-( sterile plastic hottles, and kept cold (4-8°C)

(Appendix B);

• Samples for general chemical analyses were taken in two 1-( sterile plastic bottles.

2.4 CYANOBACTERIA IDENTIFICATION AND ENUMERATION

The identification and quantification of cyanobacteria was done for three reasons; 0 to

determine their occurrence in containers - especially the container biofilm and in water

sources; f) to determine their occurrence in the source waters and C) to assess their

association with the levels of toxin in the water.

Cells in samples were stabilised (after sampling) with 2% formaldehyde before being

transported to the laboratory of Rand Water Analytical Services. The sample was poured into

a steel container. covered with a plastic lid which was then hammered with a mass

(mechanical1y handled) several times to burst the gas vacuole inside the cyanobacterium cell

as well as to homogenize thecell-distribution throughout the sample. Volumes of 3-m( were

pipcucd into sedimentation chambers and centrifuged at 3.500 rpm for 10 minutes. The

centrifuged solution in each sedimentation chamber was then examined under an inverted

light microscope. with a camera linked to a computer (Du Prcez and Van Baalcn, 2006).

Cyanobacteria were identified as blue-green colonies or filaments (Section 03. Appendix 0).

2.5 CYANOTOXIN ANALYSES

2.5.1 Microcystin detection by ELISA

In this test. microcystin toxin in the sample competes with an enzyme-labelled (horseradish

peroxidase) microcystin for a limited number of antibody-binding sites (Section 1.7.3.1.
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Chapter I) on the inside surfaces of test wells on96-well micro-titre plates. Reactions were

characterised by colour development. The lighter the colour. the higher the concentration of

microcystin and vice versa.

To Iyophilise (break the cells) algal cells (to release microcystins) in a water sample. and

aliquot of sample was transferred from a glass bottle into a 50-m( polypropylene tubes

(Merck. SA) and frozen in liquid nitrogen before thawing in a water bath (Section Fl.

Appendix F). Microcystin was purified by filtration (0.45 J.1m syringe filter) and all the

reagents pipctted into the microtiter plate (Quantyplate Microcystin Kit. Envirologix InccP).

The sample. the negative control and the calibrator were added to microcystin assay diluent in

their respective well in duplicate. Prior to start the reaction, microcystin enzyme conjugate

and the substrate were lidded to each well. Adding a stop solution to each well then stopped

the reaction. The optical density (00) was read using u microtiter plate reader (Envirologix

Inc) set at450-nm. The readings were converted from the 00 to ~g1r using u standard curve

equation (y=ux+b) (Du Precz and Van Baalcn, 2(06). This assay docs not distinguish

between microcystin variants. but detects total microcystin. For this test the minimum limit

of microcyst in detection was 0.18 J.1g1(.

2.5.2 Endotoxin detection by LAL chromogenic assay

LAL contains enzymes that arc activated in a series of reactions in the presence of endotoxin.

The activated enzymes split the chrornophorc, para-nitro aniline (pNA). from the

chromogenic substrate. producing a yellow colour. The concentration of endotoxin increases

proportional to the intensity ofthe colour.

An aliquot (I mt) from the water sampled in a 500-011 plastic bollle, was transferred to an

Eppendorf tube to lyophilise (break the cells) by freeze-thawing technique and release

endotoxin from the cell walls of all gram-negative bacteria and cyanobacteria (Section

1.5.3.5. Chapter I) in the aliquot (Section F2. Appendix F).

The endotoxin level was then measured using Lymulus Amoebocyte Lysate chromogenic

assay (LAL chromogenic QCL 1000 120T SL. from Adcock Ingram, SA). The LAL reagent,

containing a chromogenic substrate, was processed in n pyrogen-free glass tube kept at 37"C

in a water bath. The reaction wus stopped after 16 minutes with 25% acetic acid. Each

sample and standard was done in duplicate and the absorbance of each reaction tube read at

405 nm using the microplate spectro-photometer (Benchmark Plus from Bio Rad). TIle

optical densities of the four serial dilutions of standard were used todraw the standard curve
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and the endotoxin concentration was determined from the equation (y=ax+b) of the standard

curveand represented by the value x [x=(y-b)/a) (Rapala et al, 2002).

2.6 ASSESSMENT OF NUTRIENT LEVELS IN WATER

Nitrates and phosphates were measured (Appendix B) using a Dr Lange Xion 500

Spectrophotometer andtest tube kits for nitrate (LCK 339. CA Mitsch SA) and for phosphate

(LCK 349, CA Mitsch SA). The general chemical analyses of samples from the water sources

wereperformed at the Analytical Services of Rand Water,

2.7 PHYSICAL ANALYSES OF WATER

2.7.1 General analyses

The I'll, conductivity and the temperature were determined in situ at each sampling point.

The temperature was measured in degrees Celcius, using a digital thermometer made by

Grcisinger Electronic (GTII 175/pt. Germany). The pH and conductivity (in mS/m) were

measured using a portable Ilanna pHIECffOS (HI 99130 I) instrument made in Romania. The

Dr Bruno Lange turbidity meter, Naphla (Gmbll-Bcrlin, Germany) was used to measure the

turbidity levels and values were recorded as Nephelometric Turbidity Units (NTUs).

2.7.1 Measuring biofilms in containers

These measurements were a function of turbidity in the container water, The idea of

measuring this value was first 10 determine how "dirty" the inner sidewalls of the containers

were, but more importantly toestablish the density of biofilrn particles release into the FV of

water (Section 2.3.1.3, Chapter 2). The turbidity was then measured before and after

dislodging contaminant build-up from the container's sidewalls (Ntsherwa, 2004). An

increase of turbidity was then assumed an indication of the increase in biofilm particles in the

water.

2.8 ENTERIC BACTERIA IDENTIFICATION AND ENUMERATION

Escherichia coli and total coliforms were tested for in the same test using the membrane

filtration technique (Appendix A) with four dilutions (10'2, 10,1. 1 and 10m£) and sterile 0.45

J.1m fillers (Milliporc,SA) plated on Selective H. co/ilColifonn Chromogenic medium (Oxide,

SA) and incubated at 37°C for twenty-four hours prior to counting. Blue or purple colonies

were identified to be E. coli and pink colonies to he total colifonns. Colonies were counted

per filler, the average estimated per plate and the total count expressed as colony forming unit
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hypothesis within sub-sections of Chapter 3. based onwhether the hypotheses were accepted

or rejected. The approaches that follow are summarised in tables for each sub-section.

The rationale for eachspecific statistical test is discussed in Appendix D.

2.10.1 Statistical comparison of parameters in drinking water containers

2.10.1.1 Bacterla and toxins concentration -IIKht and dark containers free volume

(before scrubbing) versus dislodged blonJm (after scrubbing) (Tables 2.2 • 2.5)

These analyses would reflect the occurrence of cyanobacteria. enrerobacteriaceae. endotoxin

and microcystins inassociation with container biofilm. The following approaches were

followed:

• Light-permissible (light) containers before dislodging biofilm byscrubbing (minimum

numbers expected) and after scrubbing (higher numbers expected);

• No light-permissible (dark) containers beforescrubbing (minimum numbers expected) and

aftcr scrubbing (higher numbers expected).

The following hypotheses were developed:

2.10.1.1.1 Paired container dala - all the frce volumc crV) versus dislodgcd biofilm (DB)

data sets

The Wilcoxon Signed Rank tcst was used because the data sets were paired.

Null hypothesis (110)

There would be no significant difference in the number of bacteria (cyanobacteria. and

emcrobactcriaccac), theconcentration of toxins (endotoxin and rnicrocystins) before and after

dislodging biofilm in neither the water of the "light" containers nor that of the "Dark"

containers.

Interpretation of results

• It was postulatedthat an increase in the levels ofcyanobacteria and enterobactcriaccae

in the container water (after scrubbing) would indicate that they are aggregating in the

hiofilm, therefore a significant increase was expected in "DB" samples.

• Cyanobacteria and cntcrobactcriaccac produce endotoxin. therefore a significant

increase of endotoxin level was expected in"DB" samples.

• Asignificant increase of the concentration ofmicrocystins was expected in dislodged

biofilm samples us they are potentially produced by cyanobacteria which arc supposed

toaccumulate in the biofilrn.
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Rejection of the Howould imply that there was a significant increase in the bacteria numbers

and. the microcystins and endotoxin concentrations after scrubbing. This would indicate that

the brushing activity and subsequent biofilm release brought about the significant changes.

Thiseffect was then discussed in the relevant section in Chapter 3.

2.10.1.1.2 Unpaired container data - all the light versus dark data sets

The data were not paired in the sets. The Mann Whitney Rank Sum Test was therefore used.

Null hypothesis (110)

There would be no significant difference in thecyanobacteria numbers in water from the light

containers and water from thedark containers for both treatments (scrubbing).

Interpretation of results

• Asignificant increase of the numbers of cyanobacteria wasexpected in the dislodged

biofilm samples from the light containers because of the light limiting factor assumed

for the dark containers.

• The possible interaction between cnterobactcriaccae and cyanobacteria in biofilm,

brought us to expect a significant increase ofcntcrobactcriaceac in dislodged biofilm

samples.

• A significant increase of toxins (endotoxin and microcystins) was expected in dislodged

biofilm samplesasbacteria accumulate in biofilm.

Acceptance of the Howould simply imply no significant difference between light and dark

containers. However, rejection of the Ho would imply that there hasbeen asignificant change

in the numbers of bacteria and toxins. This would indicate that light affects the subsistence of

cyanobacteria in biofilm. This effect was then discussed in the relevant section in Chapter 3.

Table 2.2' ANOVA forcyanobacterie numbers of water sampled from light and dark container types before

and aner dislodging hiolilm particles hy scruhhing

Contalnen
Free "olume (fV) Dlslodged blofilm Palmi data

of \ulrr (011) into waIn Wilcoxon Signed RankTest
Slgniflcan;increasc in cyanobacteria

I.IRht ffo-+LfV=I.DII flo-+I.FV=I.D11 numbersexpected-therefore reject Ha
ifLFV<I.DII

Signilicantincrease in cyanobacteria
Dark ffo-+I>FV=DDII flo-+DFV =D1>1l numberscxpectcd-tbcrefore reject flo

ifI>FV<lmU
No increase of

Significam increase of
Mann·Whilney

cyanohacleria
cyanobacteria numhcn nUT ellptt't increase I.FV<I.I>U ii!:

Rank Sum Test
numbers expected

expected lWV<OI>1l
Acceptlfo:
I.FV=I>FV Reject flo: 1.1>11>01>11

.:lIplaln dlrre~ncn
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Table 2.3 ANDYA for enterobacteriaceae numbers of water sampled fromlightand dark container

types before andafterdislodging biofilm panicles by scrubbing

Conlalners
Free volulI1t (FV) or ()lslodgtd blorum Palrtd data

water (UB) Inlowater WilcoUln Signed Rank Test
Signilicant increase in

I.Ight 1~)-+I.FV=l.DB Ho-+LFV=I.DB
enterohactenaceee numbers

expected-therefore reject Ho if
LFV<1.Dll

Signilicant increase in

Uark Ifo-+DFV=DDU Ho-+DFV=DDB
emerobacteriaceae numbers

expected-therefore reject Ho if
DFV<DDU

No increase of Signilicanl increase of
Mann-Whitney enterobacreriaceae emerobacteriaceae UUTtxpect
Rank Sum Tes: numbers expected numbersexpected increase I.FV<U>B ~ DFV<ODB

Accent 110: LFV=DI>U Rc:ieci lin: l.D1bDDB

Explain dlrre~nc"

Table 2.4 ANDYA for endotoxin concentrations of wilier sampled from light anddark container

types before and afterdislodging biofilm panicles by scrubbing

Conlalnen
Free volume (",V) or Dislodged blonlm Poind data

waler (DB) Inlo water Wilcoxon Signed Rank Test
Significant increase in endotoxin

I.IKhl Ifo-+I.FV=LDB Ho-+LFV=U>B concentrations expected-therefore
reiccllfn ifLFV<LDB

Significant increase in endotoxin
Dark Uo-+DFV=DDO Ho-+DFV=DDO concentrations expected-therefore

reject n, ifDFV<DDB
No increase of

Mann-Whuncy endotoxin Significanl increase of

Rank Sum
concentrations endotoxin DUTupect

Tesl
expected concentrations expected Increase LFV<LDB ~ DFV<OOB

Accept Uo: Reject Ho: LDO>DDB
LFV=DFV

Explain dlrre~nc"

Table 2.5 ANDVA for microcystins concentrations of water sampled from light and dark container

types before and after dislodging biofilm panicles by scrubbing

Conlalners
Free volulI1t (.'V) or Dl~lodgtd blonlm Palrtd data

water (nil) Inlowaler Wilcoxon Signed Rank Test
Signilicanl increase in

I.Ight Ifo-+I.FV=IJ}B Ho-+I.FV=I.DO
rnicrocystins concentrations

expected-therefore reject Ho if
I.FV<I.J>B

Signilicant increase in

Uark 11o-+I>FV=DDIJ Ilo-+DFV=DDU
microcyslins concemrauons

expccred-thercfore reject It-. if
I>FV<lmB

Mann.Whilney Nu increase nf Significanl increllse of

Rank Sum
micrncY~lin\ ",icmcy~tin, IltITnp«t

Tesl
concentrations expected cnncenlralinn\ expected Increase I.FV<1.1>1I ~ DFV<I)DU
AcceJll lin: LFV=I>FV Reject tin: tnnsnnn

Explain dlrrr~nc"
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2.10.1.2 Turbidity: Light and dark containers free volume versus dislodged biofilm

(Table 2.2)

Thissection will discuss the contribution of panicles release at the container inner sidewall on

the increase of turbidity. The presence of biofilm was determined by analyses of water

samples from:

• Light-permissible (Light) containers before scrubbing (high turbidity) and after scrubbing

(higher turbidity) the container inner surface;

• No-light permissible (Dark) containers before scrubbing (high turbidity) and after

scrubbing (higher turbidity) the container inner surface;

The following hypothesis was developed:

2.10.1.2.1 Paired container data -the free volume data versus dislodged biofilm data for each

set of light ,md each set of dark containers

The Wilcoxon Signed Rank test was used because each of the respective data sets were paired

(the method is defined in Appendix D).

Null hypothesis (110)

There would be no significant difference in the turbidity of water sampled from containers

before and after scrubbing.

Expected outcomes

The Howould be rejected because of a significant increase in turbidity after brushing the inner

sidewalls of the containers. because biofilm panicles would be released into the containers'

water content.

Interpreting the findings

Rejection of the Ho would imply that there was significant increasein turbidity of the

container water from the before to the after results. This indicated that thebrushing activity

and subsequent release ofbiolilm brought about the significant changes. This effect was then

discussed in the relevant section in chapter 3.

2.10.1,2.2 lJnpi'ircd conljliner dilli' - all the !jght versus sh,rk conwincr dil!a

The data were not paired in the sets. The Mann Whitney Rank SumTest was therefore used

(the method is defined in Appendix D).
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Null hypothesls (110 )

There would be no significant difference between the turbidity in water from the Light

containers and water from the Dark containers for both scrubbing treatments.

Expected outcomes

A significant increase was expected in the dislodged biofilrn results from the Light containers

because more light was assumed causing higheractivity in biofilm formation on the sidewall

of these containers.

Interpreting the flndlngs

Acceptance of the HI) would imply no significant difference between the turbidity in light and

darkcontainers. However. rejection of the Ho would imply that there has been a significant

change in the turbidity. This would indicate increased biofilms activity on the containers'

inner surfaces. This effect was then discussed in the relevant section in Chapter 3.

Table 2.6 ANDVA for turbidity of water sampled from light and dark container types~ and

~ dislodging biofilm particles by scrubbing

Free volume I>l'llodRed Paired data
Container type (f'V) or water

blofilm (DU)
Wilcoxon Signed Rank Test

Into water

URht Ho-+LFV=LDB Ho-+LFV=LDB
Significant increase inturbidity expected-

therefore reject Hoif LFV<LDB

I>ark Ho-+DFV=DDB Ho-+DFV=DDB
Significant increase inturbidity expected-

therefore reject Hoif DFV<DDB

No increase of
Significant

turbidity increase of
Mann-Whitney turbidity UUTupect
Rank Sum Test

expected
expected increase LFV<LDB ~ DFV<DDUAccept Ho:
Reject Ho:LFV=DFV LDB>DDB

Explaindifferences

2.10.2 Statistical comparison of the parameters in the watersources

2.10.2.1 Cyanobacteria numbers· River water versus Impoundment (dam) water

(Table 2.7)

This section will reflect the effect of water stability (cairn) on the pmlifcration of

cyanobacteria,

The following approaches were followed:

• River waters have a fast now then not stable:

• Impoundment's waters arestable;

The following hypothesis was developed:
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Null hypothesis (110)

Therewould be no significant difference between the turbidity in water from the Light

containers and water from the Dark containers for both scrubbing treatments.

Expected outcomes

A significant increase was expected in the dislodged biofilm results from the Light containers

because more light was assumed causing higher activity in biofilm formation on the sidewall

of these containers.

Interpreting the Ilndlngs

Acceptance of the Huwould imply no significant difference between the turbidity in light and

darkcontainers. However. rejection of the Howould imply that there has been a significant

change in the turbidity. This would indicate increased biofilms activity on the containers'

inner surfaces. This effect was then discussed in the relevant section in Chapter 3.

Tobie 2.6 ANDVA for turbidity of water sampled from light and dark container types~ and

~ dislodging biofilm particles by scrubbing

Free volume I>l'ilod.:ed Palmi data
Container type (Io'V) or water hlonJm (DII)

Wilcoxon Signed Rank Test
Into water

Ullht Ho-+LFV=LDB Ho-+LFV=LDB
Significant increase inturbidity expected-

therefore rejectHoif LFV<LDB

I>ark Ho-+DFV=DDB Ho-+DFV=DDB
Significant increase in turbidity expected-

therefore reject Hoif DFV<DDB

No increase of
Significant

turbidity
increase of

Mann-Whitney turbidity DUTexpcct
Rank Sum Test

expected expected increase LFV<LDB ~ DFV<DDB
Accept Uo:
LFV=DFV Reject Ho:

LDB>DDB

Explaindirrerences

2.10.2 Statistical comparison of the parameters in the watersources

2.10.2.1 Cyanobacteria numbera- River water versus Impoundment (dam) water

(Table 2.7)

This section will reflect the effect of water stability (calm) on the proliferation of

cyanobacteria.

The following approaches were followed:

• River waters have a fast flow then not stable:

• Impoundment's waters nrc stable:

The following hypothesis was developed:
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Chaplet' 2: Methodology

Null hypothesis (lie)

Therewould be no significant difference between the numbers of cyanobacteria in water from

the rivers and the impoundments.

Interpretation of results

A significant increase was expected in the watersamples from the impoundment because

previous studies referenced in section one showed that stagnant waters aresuitable for the

proliferation of cyanobacteria.

Acceptance of the Ho would imply no significant difference between the river waters and

impoundment waters. However. rejection of the lin would imply that there has been a

significant change in the numbers of cyanobacteria. This would indicate the importance of

"waterstability" in the growth ofcyanobacteria. This effect was then discussed in the

relevant section in Chapter 3.

Table 2.7 ANOVA forcyanobacteria number for water sampled from surface waters and

impoundments (D,,01s)

Water sources Approaches Null hypothesis
Unpaired data

Mann-Whitney Rank Sum Test

River waters Llnstable water Significant increase in cyanobacteria
(RW)

Impoundments
Ho-+RW=IW numbers expected therefore reject Ho

waters(lW) Stable water irRW<lW

Explain dlrrerences

2.10.2.2 Cyanobacteria numbers - Upstream versus downstream water sources

(Table 2.8)

This section will determine if the impoundment contributes to a significant increase of
cyanobacteria number in downstream water sources.

The following approaches were followed:

• The Luphephe River islocated upstream. flows into the impoundment;

• The Nwanedi I downstream water source is fed by the impoundments;

The following hypothesis was developed:

Null hypothesis (110)

There would he no significant difference between the numbers of cyanobacteria in water from

the Nwanedi I and the Luphephe River
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Interpretatlon of results

A significant increase was expected in the watersamples from the Nwanedi I, because the

impoundment is a suitable environment for thedevelopment of cyanobacteria blooms

(WIIO, 1999), which are expected to flow into the Nwanedi I downstream,

Acceptance of the lin would imply no significant difference between the Nwanedi I and the

Luphephe River. However, rejection of the lin would imply that there hasbeen a significant

change inthe numbersofcyanobacteria. This would indicate that untreated Nwunedi I

located downstream is fed bycyanobacteria from impoundments. This effect was then

discussed in the relevant section in Chapter 3.

Table 2.8 ANOVA forcyanobacteria number for water sampled from upstream (LR) and

downstream (N I) water sources

Walrr IOIU'CrlI Approarhrll Null hypolhl'lll~
Unpalmldata

ANOVA on rank." (Kru~kal.wnlll'l)

Nwanrdll Downstream
(Nil impoundmcnts

Luphephe Upsream Significantincrease in cyanobacteria
Rlm(I.RI impoundmcms 1f1l-+lmp=NI=I.R numbersexpected therefore reject 110

Impoundments Inbetween if I.R<NI<lrnp
(cyanllhactcria(lmpl blooms)

Ellplaln dlrrt~nccjl
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Chaptet 3:Resuttsand Disc:uuion

CHAPTER 3

RESULTS AND DISCUSSION
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Chapter 3:Resultsand DiSCUSlion

The presentation of the results inthischapter is based on the Objectives (Chapter I Section

1.8.5), as well as the statistical parameters proposed in Section 2.10of Chapter 2: Methodology.

The potential health risk associated with the occurrence of cyanobacteria and their toxins in the

sampled waters (water from storage containers as well as water from sources) is finally described

by comparing the results to the guidelines proposed in Table 2.1 (Section 2.9ofChapter 2).

This chapter starts with anoverview of the occurrence of total cyanobacteria in containers as

well as the sources from which the container waterswere collected.

The health-related qualityofwater at the point of use (container water) was the main concern of

the study. The results of this panof the study are therefore presented directly after the overview.

For logical reportingand discussion of results. the container waters were divided into two

categoriesof samples i.c. the free volume(FV) of water in the containers and waters from the

same containers containing dislodged biofilm (DB)(Section 2.3.1.3.Chapter 2). These

categoriesare subdivided as: FVand DB in "light" containers as well FV and DB in "dark"

containers(Section 2.3.1.2, Chapter 2).

The results of the analysesofwater from the sourcesfollow after thecontainer water results.

3.1 TOTAL CYANOBACTERIA OCCURRENCE

This study identified and enumerated seven cyanobacteria genera. described as potentially toxic

by Jayatissa ct al (2006) as well as Chorus and Bartram (1999). in the source and container

waters. Microscope investigation revealed the occurrence of 0 Microcystls spp, 8 Oscillatoria

.'PI'. 0 Anabaena .'11'1'. 0 Pseudanabaena spp. e Aphanocapsa .'11'1', 0 Radiocystis .'II'I' and 8

Spirulina spp (Tables Cia and C2a-d; Appendix C). These are collectively referred to as total

cyanobacteria during the reponing in this chapter.

Other non-toxic phytoplankton genera identified in the same waters were from the classes

Bacillariophyccac. Chlorophyceae, Dinophyceae and Euglenophyceae.

Figure 3.1 shows an overview of the total cyanobacteria occurrence in three water categories i.e,

source. free volume (Fv) and dislodged biofilm (DB). For the purposes ofthis overview, the

data from the light and dark containers were grouped for the FV and 08 samples respectively.

The source waters include pan (Savhani River, Luphephe River. Nwanedi I and Canal) of the

environmental water where the population (dependingof the area) wash dishes and clothes,

bathe, swim and collect water in containers for domestic purposes including drinking.

The water from the sources as well as storage containers (the free volume "rv" and dislodged
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ill ' Il l ificd in the .ontain 'r sample».
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' I hc-, were Micror vstis .\1'1', tlsrillatoria ,\1'1), Anal 11"1111 .\1'1' and p ,\( 'W/t/ll l/ h llt' II11 .\1'1'.

1\1 ; ('m l')'.\ l i.\ ,\1'1' w 'I" the 11l0'1 nhundunt in numl 'I', and alvo ( .currcd mo'l rcqucntl ' in

xamplcv, 'Sl x iall r in the water samples film Ii ilu .ontuincr .ontuinine dish Ig ' I I ill 11m

n all' Ih. ApI .n li: l.

H zurc .._ also she \ ., Ihal of all the , 'ano t a ' I 'ria v, il

wa-, M icrorysti ,\1'1' ( .currins in numl 'I' Ihal ' . reeded rh ' a l irt I ' \' 'I of rh ' WII ( I(



I re 'Ie I ill rh'all 'onlain ' I' water sampl 01

hou-, 'hllid' havine .ontaincrvcontaminate I wi th cyanoha I .ria wh 'I' "II 'rally still I ss l inn

I I I I " ' rCCIII, e. ' " I in water rom Ii ' Ill conrain ' rs into whi 'h sid '-wall hiofilm ha I I .u

li,lod cd (L1 B),

T o postulate on th e probable h 'alth risk , the I ' I" 'IHag" or the ( . .urr inuc 'all lha

\ I ere cal .ulatcd IWill ':lIl1 ple... where al I .ast on' Ill' the 'en ' ra ( " UIT '<I (a " , ositiv ," sam pl ' -

the It rht l and I B samples \ il h 'a .h oth ' I and th ' II the dark J. and DB samples \ ith ' ;I -h

(1111 'f. F i glll"l~ J. I do ', not r ' 11 " 1a .om par ison h '1\ ccn th ' Ii 'hi xintain ' I', to the dark

xuuuincr» for this . Fi iure J,J should I ' .o nsult 'd.
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f the four' 'n ira I c /auoha ' I ' ria dct "1 1 in .ontaincr war 'I'. M ir /'()('y,lfi.1,11'1'. in Ii ' Ill

.o ntain '1", ( currcd in ( r of the sam] I " in rhc 1'1''' velum () water (I'V) and in 7. in Ill '

vam water sampl " on " Ih ' hiofilm \ 'a' dish lucd (I B). In dark .onuun ' rs, Mir ror )',\ f i.1 ,' I'll

Pscudanaba«I/C/ IIlIl ( .cu fi I in

th ' J- 0 wat I' in Ii 'hI onuun'I' hUI \ 'a' III I J' I " I 'd in the J B 0 Ii 'hi c( ntuin 'I' an 1 in th '

, in ' the four anoha 'I ' ria g .n .ra id .nu fic 1 in wat 1'-\101'.1' x mtarncrv all have the ()( t mual

10 pn luc 'anc 10. in', di .uwion from here ( n will I' 'fer 10 the , a 111
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which probable It .a lth risk was discuss I.

'onta in -r types and .yanoba ' t ' r ia occurr me •

Th ' effect of contain 'I' I '1)(; on the 0 • .urr .n . , of C -anoba ·t ' ria was ass 'ss -d b .omparing their

numb 'I' in the 1'1' - - velum 'of water to tit -ir numbers in the sam' wut 'I' samplesaft 'I' th ' side

wall biofihns w .rc d islod red and susp .n I -d into the Ire volume of water for -ach sampl '

.onuuncr (. c .tion _.10, ' hapler 2: M .tho lo lo ' I ).

s reviewed in S' .tion I. ,t (Chapter I: lntrt lu .tion and l.it .raturc R -view) and h I ithcsiz d in

S . .t ion 2.10 ( 'hapter z: I lcthodolou '), cha n ' ' S brought abo ut h ' the dislod iin ' a .tivit arc

c hura .rcriscd h incr 'a ses of turhid it in sam ples afte r the dislod iin I process.

3 ........ . 1 Turbidi ty as indicator of cn n tu in -r-b iofl lm

Tu rb idity is thomeasurement of the tota l purt ic l 's in wat 'r(S A B• . _0( 5), I'or lhis stud , th is

parameter also rc fl .c tcd hiofi lm partie! 's dixl od ' .d trom rhc inn ' I' sid 'walls of the conta in ' rs

( "haptcr 2; .ction _. ).

F igure 3.5 shows that th - turbidity of war ' 1' sam pled fromco nta iners incrcas 'd si mi I .ant! 1

(I _ 0 .0( 1) afterdisk d 'in' olbiofi lm partic l ' S Irom rhc inn 'r sid » walls for light and dark

.o nraincrs rcspc .tiv -I '. totally cxcecdin ' th e I -I ''I' standard of the
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II I \' I lo,l 1.'0(" · ' 1m' ."luII'" ...lrr . IlIlII I . , 1.111(" ·' let "WlLtm,n <1..1, I I h",(,lm

Fi ' tire .l.5 Turhi Iii ' of contain 'r water . prcw c I i ll I -phclon nri 'Jurhidit nil ' (I ~J )

. all' • ._ summarises the data a' well a, the I' ',ull, of the turhidit AI ' VA I .twc en the

II' ca trncnts (dix lo I ' ' I bin dill in .ontain 'I' wa t . r ) for .ach .onta incr 'roup (I an I I B).

t8



I ' II Ir r ' LI lli mv IlUII

LI ll i

I I I '\'

111 1"

(umpar ,I
UIII

1Il!,1

LI ' \' I" I

L1. \, 'n • " 1111' a ll l

111 · ' c1. .... " ,!11ft', II ·...

et' ) ( )11 Ill ' I I' ) --
II , . ' I~ 11, 1I0I r " I~

1111 11 m-v LIlli 1)1>1\
SI 'Ill IC, III 1.1I" '0 ,. "1111 ' III

III . , ..... , ' \\ d.II" ."
et' ) ()()I ) 1)1111 I' O . (,

II " , ' J' 'Icd 11,, 1I0I " J ' ·Icd

I I \ I I ·111 ".'1' "1<""' " " ,,,1,, ,,1<" .. Irl. I flll 1, '111 '·'>lII.'"k·' · "" ,Ir , " . 11" "111 ' ,It I,." .. 1"",,lm, I II \' 1I.,l l'l.'1 111<" '" \t IUIl k"

.1c, Ili lil 1I.lll "., lalll"" "aI ' " . ,la'"I1' ,I" h . ·.... 1,,",,1111

, h ire were howc v .r, no si mif .am dif f er in " s (p =O, __ and P=O" (1, ) in th turbidi t ' 11\ waters

vam plcd frum the 1'1' " volume in both Ii rlu and dark contain .rs. The saIII , appli .d 10 th ' wat irs

couruiningdislod red hiofil III . " his impl i 'S rh .u if .ontaincrs a r not k .pr cl 'all , biofi lm \ ill

form on their inn ir-s id 'walls 1" iardl 'ss o f th ' prop 'nics of th ' particular contain 'I'I 'P ' ,

.' . _ .2._ The rill ' of liJ:ht and th e occ u r r ' 11 ' - of cyunoh ret or in in contain 'r wa t -r

Fi rurc 3,6 shows that for all the I I ' o f sump l ' S, rhe numb ' I''' of total ' anobuctcriu at th ' ( . Ih

I . rccnrilc (the upp 'I' black dol of ca .h box in the 1'101 , h rurc I : ApI

\V II )( I(l)l) ) iuid 'I inc al .rt lev '101' _,( ) ( ... - K) cells I ' I' I m I'.
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Chapter3 Results and OIscuwon

consumers, should the cyanobacteria produce cyanotoxins in the waters. Therisk is highest for

the water in light containers containing dislodged biofilm, where cyanobacteria numbers, at the

751h percentile (upper boundary of the box is the 751h percentile - Figure 0; Appendix D),

exceeded the guideline alert level.

The increase of cyanobacteria number in light containers with the dislodged biolilm suspension

was statistically significant (Table 3.3). In fact the number of cyanobacteria in LDB was also

significantly higher (P=O,OO·l) than in DDB. These results imply that light plays a role in the

occurrence of cyanobacteria in biofilm that forms onthe inner-sidewalls of light-permitting

... torugc containers.

Tuble .1..1 Comparing cyanubacteria numbers (Il1~ cellvml) inwater from light and dark containers

l'ilrllnlt'lrn U'V 1.1)11 IW" nun ('ompured !Ollnliliu Kru.,kut·Wulll!!

1\ u ,1-1 ,1-1 .1-1

\kall olthc 1111: Oil') 111 o,~:! (),:!~

:\k,h;1I\ ND 1,116 NJ> NJ> l.lJII Si~l1in~:lIltly hj~her

.\1111 ND ND NJ> NJ> I.FV ,\ 1.1 >B vs IWV vs J>1>1l
than DJ>B; I.FV; I>FV

M;I\ -IJI) ~Il-l -Ill.. :'i.e. I (l'",o.IKl-l )

SI;ll1d,ud D",i;llillll :!.I-I 1~1 101 2.10 II" rejected

'I'i";n 1l.~7 1.1111 ll,~" CUIX
.,~Ih l'erccntilc -1.10 ~.-lll .Ull OS.XX

I.FY. Ij~ht <,nolalOcr', ..~C '"lumc walcr, 1.011 lJj:hl ,·onlalncr·, wllier "IIol"i"IO~ "l\lo<l~'C" biofitm, 1lI'V: O.u~ <'milliner', free ,nlume
.... "I cr: olin lIal~ "onllliner', walrr (IJOI3mm~ III\hlj:r<l brofilm

3.2.2.3 Nutrients and cyanobacterla In water sampled from storage containers

The occurrence of cyanobacteria in water is also influenced by nutrients (Section 1.5.2; Chapter

1). Phosphate and nitrateare the main nutrients that control the growth ofcyanobacteria in the

water, Chemical analysesof the water from the containers revealed (Table 3.4) that the

concentrations of phosphate and nitrntc were above the maximum limit value (10 J.1g/( and 100

Jlg/( respectively) established byWHO (1999), as some of the limiting factors for the occurrence

of cyanobacteria.

Table 3.4 Nutrients (nitrateand phosphntc) concentration inwater-storage containers

Paramtltn
Nitrate msUI I'hll'iphalt n12I1

I.rv I,UII IWV UUII U'V I.IlII U...V nun
11 ~.. 1-1 ~.. 1-1 .... 1~ -I" :!oa
~kan .. t. t, II ~') tl t, 01 II'I 0..\ 0.6
~k&m :!-I 1,,/ .1:! -I I 01 IItl 0.1 0,.\

Gentllca" :!1 -II ,I I -II 01 u ,~ O:! Cloa

~'111 O:! 011 o \ II II n 0 CI. I
~1;" ~O') ~ I." ~~ X ~-I 7 :!7 ~ 7 1.7 2.~

SJ> Il~ 101 II IO~ II~ I O~ o t,
9~'h l'crccnulc 7.~ 10t, 7.7 1111 II~ I.') 0') 1..\

IJ'V IJ~ht "11Il1~lncr', f~ \"Iume IUIl'f,lJlIl IJ~hl ,,,nl.t,ner', \",Ier "onUl"IO' Itl\I... I~.1 ",,,film, IlI'V Il.u~ "I,"Ulncr', f~ ,,>Iumt
"·atcr, \)1111 I).u~ ",nla,ncr', .. ater ,.,"I~lnlnlll1l\hlJ:C11 "",rilm

50



' I It ' level, 0 nitra te in water rom lit ' vari us .onruin rs n••ble , API .ndi: ) w re n

, i mificant l ' dilf 'r ' nl (P=O.. ). At the 9. Itt I 'r .cmilc. all I -v ' Is w r' abc ve th' \ II

zuid ' lin' valu ' of I00 ~1 g1( as indica t -d I the tr en linc in Fi iurc • .7.
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1.1' IJ h' " " " ,1111 , , ' II c \lI hllll<' ".,C'. U l l! IJ 'hi container' "'lIlcr (lKIUlInlll rh Iud red h", hh n
Il I'V 1l.lIl '"111. 111 ' ' ' Irce \11111 111<' "'. 'cr. 1l1l1! Ilml ,',"", Iller' \ wnrcr conuum n tI. Iu d cd hilllillll

FigUrl' .'-7 one mmuion of nitrate in wiu 'I' rom storage contai n .rs

itratc app 'ar .d not 10 have I icn a sl .ciul fa ' lor in the hi rh .r 0 .currencc of c anoba ' I 'ria (as

s hown in H iurc 3.6) in the wat 'I' from Ii ' Ill .ontaincrs contuinin ' dislodg .d contain er-xid 'wall

iofi lm, as the I ' I of nitrate was quit ' sim ilar in all the sa mp le Iyp 'S .

R rsults in H zurc .8 show that the I ' ' Is f phosphate in all th ' samples w ire OIl , the \ II

( I«( ( ) uid 'lin ' limit value of 10 ~ gI ( (T ab le 6, Appcndi: ). This initiallysue zest ' 1 that

I h I' was enou ' It phosphate for the 0 urr in ' , of c anoba ' I 'ria in water fromsrora ' '

ntaincrs. " w rv 'I', si mif antly hi zh 'I' . pha tc

' I his suu esls that I hosphatcs a 'umulal ' lin th bio 11m al Hl ' with the olh ' I' C utam inants . or

I .c n I' ' I 'a, .d from ' ' lis durin' disk I in' , W hi le ihe I' ',ul(\, shm - IIh '1I rh

\ ' ' I" xuf ici nu I ' Is c f phosphat 's I< sus tai n ' , moha I ' ria, Ih

-h .th ' I' rh ' S' nut ri 'nls (a, with nitrru ' ) play , 1a role in rh varian ' ' S of the , 'ancI 11 ' 1 rio

n uml 'rs in samples rom the various xinta in rx.
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FigUrl' .t ll 'om: mtration of pho\phal . in WII -r from ' lora" conta in 'r,

J._...... Physical quality of cuntain -r -s tu r '<I waters

The physical parum '1 irs such as temp cratur . and pi I were found 10 he within ace .prabl ' ran ees

(around 25° and 6-9 rcspcctiv .ly) 10 susta in rh ' growth of ' -anobactcria in contain 'r-SI red

water (WII , I( ( l ) . In I inns of II ialth risk s r .lut .d 10 the ph s ical fa .tors. the A B (_ . )

h as establish .d th ' pl l range within - lO an 1 turbidity at 1-10 1 'T in drinking wat ir. Turbidit

w as air .ady dis ' uss id in eelion 3.• .•. I. The oth 'I' two param .tcrs were also 111 .asur '<.1 in

.o ntaincrs-storcd water. The results (T al I ' S : ApI .ndi: ), show 'd thut the pH o f Ih ' water

was within rh ' a ' C iptabl ' rang' of Ih ' s tand a rd.

.2.3 Toxin: r lat ed to cyanobact ria in contain r water

_ ._.J. I ~ li cr() ')'s l in

nl water conrainin ' dislodg .d bio 11m sarn pl d from Ii '111 '( ntaincr: wire anal s <.1 . h

r su lts arc shown in 'I able 4a (Appcndi : ).

I I \ a!'> reason d iluu if rni 'n ' srin was 10 ( rur in an <contain r war ' f. this \ ould 1 i lik I in

samples wh rrc rh ' hi rh 'si nurnl ' r!'> () . nne ha 'I ' ria occurrc I - h in . , the I Bsamp l '!'> r III

I i hi ntaincrs. R 's ulls show 'd Ihal mi ' n sti n x uld not l

pi for on

I Ilgll propose 11 the \ II (. I).

'on' .ntration I( W 'f Ih 111 the iuid lin I v I
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- insiderablc I -v ' Is of endoro: in w .re d ' I " I d in rhc Ire i v lum s sampled wat r as w ' II as

the same waters .oruaining dislod red biofi 1m from dark and Ii rlu .ontaincrs. 'Ih ' resu lt ire

shown in H iure ..( . The iua: imum a ' , .p tuhl ' limit( ~lg/ ( =. O I~ /ml ), 'slabl ish ' I' r a 'Ul '

risk by the N w Z .aland linistryof II -alrh (_ ()( » is repr 's .nt d b I Ihe horizont rl r 'U I in ' .
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Ill· 1l.1Il conuu n r ' II ",hnnc water. IlUII U.lIl ~1 'II,llncr ' waler CIInlalllHl ,h Iud 'c d biofilm

Fi ' II I' ' J,CJ Lev ' I of mdotoxin in wut -r-stora " .ontuiners

Th ' r 'suits shm tluu more than lift p 'I" in t o f all the sampl 's could he consid 'I' xl as n

xu itablc for drink in ' b 'cause the lev ' Is of mdoto: in h -ing above the maximum ace iptab l limit

o f 3 pgl(. The le v ' 101' indore in was abo e thc max imum lim it in b th I I 'S of .ontain rs , in

the water contain in ' dislodged biofilm as w ' II as in the free vo lume of water.

Irr espc live of rh I I ' of container. Ih ' I" w as a si mificant in -r 'as ' ( P~O.O I)of Ih '

o ne .ntration f ' nUOIO, in in water c nta inin u dislodg '0 hio JIm omparcd 10 the Ire v lumc

sam ples (Table • . ). -I h wat ' I' sampl I r rn I i rht ontain ers w ith biofilm .ontain 'U

I) more indoto: in than the water with I B from the dark contain 'r. . 'I he

l si rnificant (P=O. I ) I nwccn thc con .ntration of'cndr 10, in in I-V \ al r

sa mples.

'I his in it i III im ] Ii l nuu hio Jim in li rht '( nta incrs were more .ndoto: ic b 'aus ' < the

si mi I .antl I ' ria in water .onta ininu I II sampled Ir nn Ih '

( ntain 'rs nai l' •. ). I lowiv .r, th ' r ar III I' microor 'a nis llls Ihal .ould ontrihutc I rh

'n loto: icit ,



Tuble 3.5

Chaptllf3: Results and DiscusSlOll

Comparing endotoxin concentration (log EU111\() in FV and 1>B samples ofIh~ different I)'~ of

containers a.. "~II as from the same 1)'11( of container
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Endotoxin found in drinking water can he from a wide variety of microorganisms (Rapala et al,

20(2). Lipopolysaccharide endotoxin is a component of the outer membrane ofcyunobactcria

(Metcalf and Codd, 2004; Kclcti and Sykora, 19R2) as well as cntcrobactcriuccac (Wiese ct al,

1991)).

The pilot investigation conducted prior to this study indicated that cyanobacteria as well as

cntcrobactcriaccac occurred in most waters sampled from containers. The abundant occurrence

of cntcrobactcriaccac (as indicated by E. coli and total coliforms), in water containers and their

potential health effects is also a subject currently intensively studied by the Water and Health

Research Unit (UJ).

For this study. the co-occurrence of these two microorganism groups were therefore studied in

conjunction with the occurrence ofendotoxin levels in the container water samples. The results

arc presented in the next section.

3.3 ENTERIC BACTERIA AND CYANOBACTERIA CO-OCCURRING

IN WATER-STORAGE CONTAINERS

Section 3.2.2.2 had shown lhat cyanobacteria occurredincontainers water containing dislodged

hiofilm, This section will show Eo coli and total coliforms also occurred more in water

containing dislodged hiolilrn. This implied that enteric bacteria (indicated hy E. coli and total

coli forms) co-occurred with cyanobacteria in water containing dislodged biofilm.

3.3.1 Escherichia coli in water-storage containers

Figure 3.10 shows the significantly increased numbersof 1:'. coli in waters from containers that
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quality of thecontainer waters were not good.

The numbers of total coliforms (Table 3.7) were significantly higher (PSO.OO1) in water

containing dislodged biofilm from both types of containers indicating the accumulation of these

bacteria in the biofilms.

Tuhlr.17 Total coliform.. (logCFU fm() in FV and DB samples from the ...une as well a~ alternative type of

container

Compared
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1'lIrulllt'lrn r.rv um nrv DIm Klink '1'"1 on (Munn-Whltnty)

Sumpt"
IIl1lnd dutu Iillmpltll

1"1
1\ 41 -I~ .1K -11 t./'V=Il/'V
~k.lll otihe It,/: .1.7 -II .1.(, 4 I.FV Slglllfi"1II11I1K'''4't' HV Nil ••g,"li"lUIl,. II,S/IOOI)

" dill ..,enee
~kdl;lll 4 4.~ 4 4.1 1./>11 um-i.rv mv /'~O :'It•.,

1I,'I\"Iec•cd II" nol 11:'cc1c,1~llll U NI> U 1.6

~la, td 7 11,1 (,.1
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')'i',{ Confidence
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I.I'V IJgIll'''nIAiner', f,..e vulumc "41",,1.1>11 Ugh. ,on'4111"", WlIlcr ,onl3inlflg "i,I,,,lg c<I h,,,film;1l1·V: I>A,l ,"lIl'lIinc:,', free volume
wilier, 1>I>II1l,IIL '''"'lIina', watc conla'ning Jl\hlge<l h'ofihn

JIowcvcr the differences (Figure 111 ) were not significant between the LFV and DFV (P=O.563)

<IS well as the increase of total coliforms in LDB compare to DDB (P=O.05H). It is likely

therefore, that dark containers do not enhance the occurrence of total coliforms,

It is also likely that the same argument about the cyanobacteria and Eo coli (Section 3.3.1 above)

is valid here.

The implication is that enteric bacteriacan co-occur with cyanobacteria,at approximately the

same variance in waters containing biofilm, sampled from light containers. Since enteric

bacteria are not light dependent. it is plausible to reason that cyanobacteria playa role in their

levels of occurrence in biofilm,

More importantly. the cndotoxicity reponed in Section 3.2.3.2 can he ascribed to cyanobacteria

as well asenteric bacteria. The next section illustrates this.

3.3.3 Linking endotoxin levels to numbers ofcyanobacteria, total coliforms

and E. coli in the same wntcr samples

The contaminants discussed in theabove sections arc presented here differently, This is to

illustrate relationships between the endotoxin concentration and the numbers ol bactcria.

Figure 3.12 broadly shows that tile levels of contaminants (toxin and bacteria) increase from the
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Chapter 3 Results and DIscussion

Table J.lI Comparing qanohach:ria(log) number.. in nversandimpoundments

I)MRI "al"n Rhtr "lIttn Rllnk ,urn (Mllnn-
.'lInRltl,," Whltnt)') tnlNt> J.I) S~ l.~ NI N' COl..

II -I -I .. -I .\ -I -I

~kdl;1I\ tl.~fl .jIlO ND i.oo lH ~t>O 070

\ tean IIIlh~ 1"1: td)O ao ND 1.7f. 212 I.II~ 1.00

\till .UO lll~ ND Nt> NI> Nt> 1"1>
Signilkanl difference
I'=002<J II" rejected

~Ia\ 7.7h f,OIl ND ".2-1 .j2-1 l20 ltH

SI> 2()~ om ND 21~ 271 I.lJII 2..17

l)~lh I'l'rl' 7.7-1 no NI> .U~ lll.\ l20 l~t>

Nt> N~~Il<'''IIl~III.I.I) 1.ll1'1l<'l'hc 1l~11I. SIt S4\ll.1ni J{IH'r. N I N~~Il<'.h I, N! N"~II('11l 2

lA.2.2.2 Waler sourcesupslream and downslremn of Ihe impoundnwnls

II was expected that the impoundments. being suitable for the proliferation of cyanobacteria

(Chorus and Bartram, 19(9). will contribute to an increase of cyanobacteria numbers in the

Nwuncdi River downstream, However snuisrical analyses showed that there was no significant

difference (P=O.06X) in thecollutcd data of the Luphcphc River upstream andthe Nwancdi River

downstream from the two impoundments.

Tuble .\,9 Comp:lringcyanobacteria (log) numbers in water sources upstream anddownstream the
impoundments

I'ararntlrn I.R Imp NI Compared !UIRlplrl
ANOVA on runk..
(Kruskal·Wallis)

n .. .. .1_... _.---_ ....__ ..•_-_.
~1l'dian I ,')() (',00 .'AO-_.._---_.
''''an Oflhclo£_. __ 1.110 f),OO 2.10 No signiflcan: difference
~'1I1 NI> lllO Nt> L~ \'\ Imp vs NI

. _._----_.-_._-- I'=O,06K II.. not rejected
Mall. ol.20 ("lJ~ ...(X)

SI> 2.10 uo :uo_.
l}~';; CI .1611 (,,70 :UO

LR' l.llphcphc River: 11111' Irlll'"undrncnl\, NI' N"ancdi I

3.4.2.3 Nutrients In watersources

3.4.2.3.1 Nilrate

Figure 116 shows the concentration of nitrate in the water sources above the horizontal green

Iine representing the 100J.1g I I, established hy the WHO (1999) ,IS a minimum requirement for

the occurrence of cyanobacteria in water. Nitrate concentrations were ahove the guideline.

showing that there was sufflcicnt nitratc to sustain the growth of cyanobacteria in till sources.
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Chaplet 3: Results and Discussion

population and in the water-storage containers (Figure 3.1), certainly informs about the seeding

in containers of pathogens from the sources even though some of the genera found in the

containers wen: nOI found inwaters sampled from the sources.

This is possibly due 10 the temporal variahility on the occurrence of cyanobacteria at the source

in response 10changes inenvironmental factors such as season changes and with it for instance

daylight lengths and temperatures. Several authors reported that the longevity and timing of a

population of cyanobacteria in water can he affected byclimatic and meteorological changes as

well as nutrients availability (Chorus and Bartram. 1991); Whitton and POliS, 20<X»). Downing

and Van Ginkel (2004). in a study of the major South African impoundments, also reported a

temporal variability in thedistribution of cyanobacteria in impoundments, 11 is therefore

possible that cyunobuctcria could he present at the study sources 10 seed container waters and

biofilm hUI ceased 10 occur at the lime of sampling.

Another explanation is that the human populations in the study area were randomly using several

streams assources - other than Ihe ones studied. Thesample points selected could not

comprehensivelycover all areas where people sourced water, These alternative waters could

have been contaminated wiih thegenera of cyanobactcriu "missing" from the sample points hUI

found in the containers.

There was a considerable diversity in the phytoplankton occurring in Ihe water-storage

containers with five algal classes and four genera of cyanobacteria identified. Nevertheless, as

was reported from work done on environmental waters elsewhere in theworld (Carmichael,

1992: Galvao et al, 2001),as well as in South Africa(van Ginkcl, 2004; Du Prccz and Van

Baalcn, 2(05), Microcystis was the dominant genus ofcyanobacteria inthe source water and this

was also the case of waterstored in containers.

3.5.1.2 Role of Ilght on the occurrence of cyanobacteria in container blofilm

The results showed that the number of cyanobacteria inwater sampled from light-pcrmitring

containers were significantlyhigher to those found inthe waters from the dark (not permitting

light) containers. The nutrients level being similar inboth types of containers. il was then likely

th.at the occurrence of cyanobacteria in containers was conirolled hy the presence of light. Most

cyanobacteriaarc autotrophic. requiring light to produce the compounds needed for their

sustenance (Chorus and Banrum. 1999). 11 then makes sense thou cyanobacteria will hardly

survive inanenvironment where light is limited such asa dark container.

It is plausible that cyanobacteria can accumulate andeven grow in light-pcmurting containers

especially if Iheir uhility to form orcontrihutc to hiolilrll forming on container inner-surfaces is
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Chaplet 3 Resul1s and Discussion

considered. Water from light containers containing hiofilm dislodged from the sidewalls

containedsignificantly higher nUI1111crs of cyanobacteria than the waterin samples taken from

the same containers just before dislodging the biofilm. Cyanobacteria numbers in similar waters

with dislodged biofilm hut from dark containers had significantly lower numbers.

3.5.1.3 Survival and lor accumulation of cyanobacterla In contalnerblonJm

Why were the numbers of cyanobacteria so high in the container biofilm? Results show that

while these could he seeded from the environmental waters (no difference in numbers between

environmental and container waters except for theiroccurrence in waters from light containers

containingdislodged biofilm), their numbers certainly did not reduce in any significant way.

Furthermore, the numbers in thewater samples containing dislodged biofilm from light

containers were significantly higher than in the sources - except for thedarns, where nobody

sourced container water. This implied that cyanobacteria could survive and accumulate in

hiolilm. No evidence could be found of increased seeding of container water through sourcing 

therefore it could he argued that cyanobacteria not only survived in container biofilm, hut could

also accumulate to the high levels detected, This could happen because there were sufficient

nutrients in container water and the temperatures and pH were optimal tosupport growth.

Judging by the findings of the waters from the lightcontainers. there was sufficient light. Why

would they be more in hiofilm than in the free volume of the waters sampled from the light

containers'! It could he argued that cyanobacteria actually playa strongrole in the formation of

hiofilm.

De Philippis cr al (2005) found that cyanobacteria could form biofilm on solid surfaces that

interfaces with environmental water. De Philippis and Vincenzini (1998) as well as Sutherland

( 1999) also reported that cxo-polysaccharidcs, present in the cyanobacteria cell wall. promote the

attachment of the cell to solid surfaces and the formation of biofilm.

In contrast to heterotrophic bacteria that die-off during water-storage (Piriou etal, 1997; Egwari

and Aboaha, 2002; Moabi, 20(6), cyanobactcriu, because the presence ofgas vacuole in genera

such as Microcystis, have the uhility to float in water(Chorus lind Bartram, 1999; Whitton and

POllS. 2CXlO). This reduces the chances to he injured or to precipitate to the bottom of containers

and therefore favour their adhesion to already existingbiofilm und accumulate there-in or even

initiate biofilm formation. Furthermore. cyanobacteria have the abilitytosynthesise their own

organic nutrients using onlycarbon dioxide and lighr.thcn do not depend on environmental

carbon-derived nutrients (Chorus and Bartram, 1999).
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3.5.1.4 Health-related water quality u.·...soclated wilh the levels of cyanobacterial toxin"

The occurrence of potentially toxic cyanobacteria inwater stored in containers constitutes an

aesthetic nuisance and a potential hazard for the health of consumers (Chorus and Bartram.

1(99). The number of cyanobacteria in samples taken from both typesofcontainersexceeded at

the 95111 percentile. the WilD (1999) alert level for potential health risk. implying that the water

is not suitable for ingestion. But how actuul was this risk? The postulation onhealth risk does

only become more plausible if the increused occurrences of cyanobacteria could actually be

associated with their toxins in the various waters,

~.5.1.4.1 Microcystin

Althoughcyanobacteria genera with the potential to produce microcystin were identified in

many containers, microcystin was detected only in one sample. in one container in a low

concentration. It is likely that microcyst in did occurinother containers in very low

concentrations hut were below the detection level of the technique used (range of detection:

O. IXJlg/( • 2.5 Ilg/f).

Another question may he whether cyanobacteria may grow in containersbecause of sufficient

growth conditions. hut that these same conditions may not he optimum for them producing

microcystin? Such conditions may be different to the conditions required for survival of

cyanobacteria (Van dcr Wcsthuizcn et al, 1985; 1986). It is reported that environmental factors

could affect the variation ofthe toxicityof cyanobacteria(Chorus and Bartram. 1999). Work by

Sivoncn (1990); Sivonen ctal (1992) and Rapala and Sivonen (1998). showed the loss of

toxigenicityby genera of Microcystis and Anabaena under variable light and nutrient conditions.

It is therefore possible that thecyanobacteria that occurred in the containers. while having

sufficient conditions to survive/accumulate. may not have found these same conditions as

conducive to microcystin production.

Another factor that could have influenced the results.were the low number of container-water

samples tested for microcystin. These numbers were 100 low (Clcscerl etal, 1(99) to be

representative of the entire range of container samples collected during this study.

~.5.1.4,2 Endotoxin

In contrast to microcystin. which is not always produced hy cyanobacteria, lipopolysaccharide

endotoxin is part of the cyanobacterium. This implied that high levels ofcyanobacteria mean

high levels of endotoxin. An Australian study (Stewart et al, 2(06) reponed that cyanobacterial

endotoxin on its own should not be conclusively considered :1-'; harmful tohumans until proven

so. Therefore. in the context of this study. health risk associated to cyanobacterial endotoxin.
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simply constitutes an equivocal postulation based on the guidelines.

Endotoxin was detected inalmost all the water stored incontainers at concentrations exceeding

the available guideline (3 ~g/1) of the New Zealand Ministry of Health (2000). This implied that

consumerscoming in contact with or ingesting water from containers in the area could be

exposed toskin irritation ordiarrhoea (Closs et al, 1998; WHO. 1999. Rapalaet ul, 2(02).

While the work of the Water and Health Research Unit focuses on the incidences of diarrhoea

associated with poor microbial waterquality in the area. this study did not go into the diarrhoea

incidences or skin irritation in the households investigated during this study.

It was therefore not possible to postulate on the effect that the endotoxin would have had on the

consumers- in particular whether such diarrhoea incidences would beassociated with the

occurrenceof cyanobacteria.

3.5.1.5 Relationship between endotoxin concentratlons and the numbers of bacterfa

The co-occurrence of cyanobacteria and enteric bacteria (E. coli and total coliforms)contributed

to highconccntrution of endotoxin in water stored incontainers. particularly in biofilm where the

potential interaction between the two groups of bacteria promote theiraccumulation at the

container inner surfaces (Sutherland. 1999). Duringprevious studies (Momha and Kalcni, 2002;

J agals et al,2(03) pathogenic as well as heterotrophic bacteria were also found to co-occur in

biofilm on the sidewalls of water-storage container.

Although the results showed an increase of endotoxin concentration coinciding with an increase

of bacteria numbers in biofilrn, regression analyses showed the correlation between the

concentrationsof endotoxinand bacteria numbers was poor. The tendency was nevertheless

there - especially in DB water from light containers. At best this implied that the water could

cause aneffect in consumershut the source of the toxin or whether such levels would actually

affect a consumer remain inconclusive.

Another possible explanation can be that some other waterborne Grnm-ncgativc pathogenic

bacteria such as Salmonella spp. which havc strongly active endotoxin (Rapala ct al, 2(02).

could have been present in the samples waters and contributed to the occurrence of endotoxin.

This is a plausible explanation when considering the fact that E. coli. which life considered

indicators ofother enteric pathogens (WilD. 2004h), also occurred in the waters,

Furthermore. LAL Chromogenic assay also detects endotoxin from non-viable and I or dead

bacteria (Jorgensen ct al. 1979). This means that the test could have been picking up remnants of

dead bacteria or signals from viable hut not culturahle pathogenic bacteria.
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3.5.2 Cyanobacteria and related toxins in water sources

This section discusses the variability and the distribution of cyanobacteria in water sources as

well as the quality of water related to cyanobacteria and their toxins.

3.5.2.1 Cyanobacteria distribution in water sources

Findingsof this study indicated the variable distribution of cyanobacteria in some surface waters

of the studied area as also found elsewhere around South Africa (V,1n Ginkel, 20(4). The results

from different points on the Nwanedi River system showed a distinct variation in the nature of

phytoplankton. the generaofcyanobacteria and the numbers in which they occurred. A higher

degree ofphytoplankton biodiversity was observed particularly in waters sampled at Nwanedi 2

and in the canal. Cyanobacteria (75% occurrence) and Bacilluriophyccac (I()()%) appeared to be

the dominant classes of phytoplankton in all the water sampled at the various points,

As withwork done elsewhere byJayutissu ct al (2006). this study found that diatoms were the

predominant genera of Bucillariophyccac with a dominance of the group Pennate diatom.

Already considered in previous studies by Du Prccz and Van Bualcn (2CX>6), as well as Van

Ginkel ct al (2004) as the dominant cyanobacterial genus locally. Microcystis ,\'1'1' occurred in

almost all the water bodies studied and often at the highest concentration. Thehigh frequency of

occurrenceofA1Iabm'1Ia .\'1'1' second to Microcystis "'PI' in water sources alsosupports the work

of Downing and Van Ginkcl (2003) who found it to occur commonly in South Africa.

The Nwancdi River sampling points N I and N2 were free of Dinophyccac and Euglcnophyccae,

six potentially toxic genera of cyanobacteria: Microcvstis spp. Oscillutoria .'11'1'. Anabaena .'11'1'.

Aphanocapsa ."1'1'. Radiocystis .'11'1' and Spirulina 05/'1' were identified in these points. The

occurrence in water sources of cyanobacteria genera such as Aphanocapsa .'11'1', Radiocystis .'11'1'

and Spirulina .'11'1' not often identified in South African surface waters (Van Ginkel and Conradic,

2(01) highlights the diversity of cyanobacteria populations in the water sources of the studied

Cyanobacteria were identified in the Luphephe and Nwanedi Rivers; in fact water from the

Nwancdi and Luphcphc impoundments (which contained cyanobacteria blooms) merge down

stream tocontinue .IS the Nwancdi River flowing past the sampling points (NI. N2) as well &IS

feeding the canal (C&I). Thesignificantly higher numbers of cyanobacteria in the impoundments

as compared to the rivers can he ascribed to the calmconditions with turbulence lower than what

it appeared to he in the rivers. This stability of surface water could promote the development of

cyanobacterial blooms when the other factors (Chapter I. section 1.5.2) arc optimal (Whitton and

POlis, 2000).
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It wasexpected that the impoundments would contribute to an increase of cyanobacteria

numbers in water sources downstream compared to those upstream. but the statistical analysis

showed that there was nodifference between the numbers of cyanobacteria upstream and

downstream the impoundments. This implied that there was not significant release of

cyanobacteria from the impoundments flowing downstream.

In contrast 10 the impoundments, the fast-flowing water in Savhani River was not suitable for the

development of cyanobacteria.

The absence of microorganisms in water sampled from the borehole was expected. Groundwater

is a result of surface waters that naturally infiltrates the soil. leaving behind in the topsoil many

of the constituents it collects during the process of precipitation and infiltrution including

cyanobacteria (Taylor. 2(03). In addition there is no light underground, which would have been

part of the reasons for thezero occurrences of cyanobacteria in these borehole samples (Mur ct

411. 1<)<)<)).

3.5.2.2 Health-related quality ofsource water assoclated with the levels ofcyanobacteria

lind their toxins

J.5.2.2.1 Microcystin

The occurrence of microcystin in water sources almost reflected the presence ofcyanobacteria.

as no microcystins occurred in Savhani River and borehole not containing cyanobacteria. Maybe

the concentration of microcystin produced was very small and not detectable by our technique or

the strains of cyanobacteria in the Luphephe River were not toxic since not allcyanobacteria

strains arc toxic (Sivonen ct al, 1992; Sivonen and Jones, 1999; Utkilcn and Gjolrnc, 1995;

Rapala and Sivoncn, 1998).

Regarding the WHO (2004) guideline (I ug/I') for lifetime exposure to rnicrocystin in drinking

water, the levels of microcystin in Ca. NI. N2. Nwancdi Dam and Luphephe Dam was

unacceptable and thus Iiahle to affect the health of consumers. This finding issupported by the

report of Van Ginkcl (2004) on the potential nuisance posed by microcysiins in other South

African water sources.

3.5.2.2.2 Endotoxin

Endotoxinwas detected in all thc water sources except the borehole, which was free of

cyanobacteria and enteric bacteria reported to produce endotoxin inenvironmental water (Rapala

et al, 2002). The concentration ofendotoxin was above Ihe available guideline (3 ug I r) in

Nwancdi I and canal (main sources of domestic water) exposing theconsumers to health
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problems sud. us skin irritation and diarrhoea (Closs et 411. 1998; Rapala et 411,2002). This

implies that the quality of water at those sources was not suitable for domestic use (drinking.

bathing and washing).

3.5.3 Comparison between the health-related water quality inwater-storage

containers and in water sources

In general there was nOI a significant difference (P=O.150) between thenumbers of

cyanobacteria in the water-storage containers and in the water sources. However the occurrence

of microcystin in water-storage containers did not reflect the number ofcyanobacteria present, as

il wus the case in water sources.

The assessment of the compliance of the water used for domestic purposes in ihe study arcus to

the available guidelines of cyanobacteria related lox ins revealed a different risk exposure at the

source compared to the point of usc. The findings elaborated on aboveallow postulating the

health risks related to the levels ofcyanobacteria and their toxins in water. These showed that

consumers were most exposed to risks if ingesting the water at source where the concentrations

of microcystin as well as endotoxin were unacceptable in terms of the respective guidelines

(I J.1g1C and 3 J.1g1f respectively) by the WHO (1999,2004) and the New Zealand Ministry of

Ilcalth (NZMII. 20(0).

On the other hand. a health risk at the point of use (water-storage container) also existed. not of

microcystin but because of unacceptable levels of endotoxin in free volumes ofwater as well as

WOlter containing dislodgedbiofilrn. Furthermore the accumulationof pathogenic bacteria in

biofilrn constituted a microbial infection risk as these can be released into the free volume of

container water during handling ofthe containers (Momba and Kaleni, 2002; Ntsherwa, 2(04).

Beside the risk related to cyanobacteria and their tox ins. it was also found that in the water

storage containers us well ,IS in the environmental water sources. the levels of E. coli and total

col iforms were often above the South African Bureau ofStandard (2005). exposing the

consumers to risk of infections, especially of those leading to enteric disease.

Despite the fact that this study focused essentially on microcyst ins and endoroxin as sources of

warcr-bornc intoxication associated with cyanobacteria, it was nOI excluded thaI other

cyanotoxins (not tested for) such as neurotoxins produced by An;lhacnil could have been present

in the water exposing consumers 10 nerves inhibiuon (paralyvis).
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CONCLUSION AND RECOMMENDATIONS
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4.1 CONCLUSION

The aim of this study W.IS to identify and quantify the numbers of pathogenic cyanobacteria as

well asquantify their related toxins (microcystins lind endotoxin) in untreated water from water

storage containers and their surface sources.

This was within the scope ofdetermining whether the potential occurrence ofcyanohacteriu lind

their toxins in container water posed a risk to the health of the consumer.

The resuhs of this study showed that seven potentially toxic genera of cyanobacteria

(MicrtJcy.lti.\· .\'1'1'. Oscillatoria .\'/'/'. Anabaena .\'1'1'. Pseudanubaena sp/,. Al'hlllloctll'.WI .\'1'1'.

Radiocy.\ti.l· .\1'1' and Spirulina s/,/,) occurred in waters used hy the population for various needs

including drinking. Microcystis .\'/'1' occurred the most frequently lind could indirectly constitute

a health problem as its numbers exceeded alert levels proposed by the WlIO(1999) guidelines.

Contaminated water from environmental sources, transported in water-storage containers for

later lise, did not constantly reflect the quality of stored water in termofcyanobacteria

occurrence or genus variability, The incoherence W.IS considered in Section 3.5.1 (Chapter 3) to

he possibly due to the temporal variation in cyanobacteria occurrence at the water sources as

well as the random usc of altcmativc untreated sources hy the population.

The numbers of cyanobacteria inwater-storage containers varied from light todark containers as

genera such as Microcystis .\'/'1' and Oscillatoria .\1'/' that accumulated in biofilm at the inner

surface of light containers. did not appear to survive indark containers. Light was thus the

limiting factor for the occurrence of cyanobacteria inwater-storage containers.

Judging the health-relatedquality of the water, based on the occurrence and concentrations of

cyanobacterial toxins in the water, the potential risk for consumers to he affected was higher at

the source compared to the point of usc.

Althoughoccurring .11 unacceptably high (~I Jlg!£) concentrations in the Nwancdi River and the

canal (main sources of domestic water). microcystin was detected in only onecontainer hut in .1

very low concentration. Since thc production of microcystins hy cyanobacteria is being

controlled hyenvironmental factors (WilD. 1999: Garncu ct 1I1. :!CX>3), it is possible that the

containers' environment were not suitable for its production hy cyanobacteria

Lipopolysaccharide-endotoxin occurred in unacceptablyhigh levels both at the sources as well

as in water-storage containers. In addition to cyanobacteria. enteric bacteria (indicarcd hy 1::. coli

and total coliforms) werealso likely to contribute to the occurrence of endotoxin in containers.

Consideringthe numbers ofcyanobacteria and the concentration of endotoxin.the quality of
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water at the point of usc (water-storage containers) did not comply with relevant health-related

water quality guidelines at the 95th percentile. This implied a health risk. either from water

ingestion or direct contact (intoxication and irritution). The extent to which cyanobacteria on

their own could affect consumers' health remained uncertain in the context of this study as

microcystin did not occurmeaningfully in water-storage containers while high endotoxin

concentrations coincided. although not significantly. with high numbers of enteric bacteria in

waters sampled from containers,

-1.2 RECO/\'II\IENI>ATIONS

-1.2.1 Further research

Further suulies for improved understanding of health effects link to theconsumption of water

comaminatcd with cyanobacteria need to he done and should include:

• The detection of more cyanotoxins such as neurotoxins using Iligh Performance Liquid

Chromatography (1IPLe);

• The toxic effect of cyanotoxins using cytotoxicity methods based on human cell cultures;

• The structure of hiofilm, the stcps of its formation and the interaction ofmicroorganisms

during this process:

• The impactof container's material (plastic polyvinyl chloride etc)on biofilm formal ion,

4.2.2 Wnter service authorities

• Programmes for regular monitoring of the health-related quality ofwater are strongly

recommended;

• The installation of a reliable water supply system that can deliverpotable water 10 the

population in a general or specific way;

• Until such time that this happens, a continuous education and assistance programme for the

population in hygienic handling and storage of water should be implemented. These

should include:

o Improving 'Itorage conditions: hy relying on river water contaminated with abnormal

concentrationsofcyanobacteria, microcystins and endotoxinfor their drinking needs,

villagers arc exposed 10 intoxication. To improve the quality of their water using

affordable methods they should:

o Filler lhe w;lIer from the river 10 reduce the load of cyanohactcria;

o Sani!i..c the inner side of their containers (asodium hypochlorite solution typically

found in household bleach or a detergent) regularly 10 prevent hinfilm formal ion.
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APPENI>IXA

INDICATOR ANALYSES

ENTEROHACTERIACEAE CULTURE MEI>IUM

The medium used for the culture of cnterobacteriaccac is the Selective f. coli/coliform

chromogenic medium CM 1046 from Oxoid SA. It is a selective, chromogenic medium for

the detection and enumeration of Eschrrirhia coli and other coliforms from water samples.

Al Cumpositlon of the medium

Formula

Peptone

Di-sodium hydrogen phosphate

Sodium chloride

Potassium di-hydrogcn phosphate

Sodium lauryl sulphate

Chromogenic mix

Agar

1'116.7 ±0.2

J,tmllltre

8.0

2.2

S.O

1.8

0.1

0,35

10.6

A2 Preparation of the medium

Suspend 28.1 g of Selective E. col;/Colifonn Chromogenic Medium in I litre of distilled

water. Bring the medium gently to thc boil, todissolve completely. Either pour thc medium

into sterile Petri dishes orkeep ~11 45"C for pour plate technique.

A3 Principle

The recovery and enumeration of Escherichia coli and coliforms arc important indicators of

environmental hygiene. Detection of fl·glucuronid<lsc activity is widely used to differentiate

Eschrrichia coli bacteria. as the enzyme, which is encoded by the uidA gene. is present in

Escherichi« coli. hut not other members of the coliform group. As coliforms arc IlIcto,e

positive, [i-galactosldasc activity. encoded hy the Inez gene, is then used to differentiate this

group from the other organisms able to grow on the selective medium,

Selective E. coli/Coliform Chromogenic Medium contains twochromogenic agent ..:-Ro\C.

Gal-which detects p·galactosid<lsc activity; X·Glu·which detects p.glucuronida,c activity.

The medium also contains sodium lauryl sulphale which acts asa selective agent, inhibitim:
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the growth of Gram-positive organisms. Most organisms in the coliform group are able 10

ferment lactose, so will cleave the pink Rose-Gal chromogen. producing pink colonies.

Escherichia coli strains can he differentiated from the other coliforms as they also possess the

enzyme r~·glucuronidase (which has been shown to be highly specific 10 Escherichia coli).

The X·Glu chromogen is targeted by this enzyme. The abilityofEscherichia coli species 10

cleave both chromogens means uuu typical colonies will he purple.

A4 Technique

Heavily contaminated water samples should first he diluted so thauhenumber of colonies10

he counted is of a readable number e.g, 20·I(X) colonies.
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APPENDIX n
NUTRIENTS ASSESSMENT

HI NITRATE (NITRATE-NITROGEN)

H1.1 Principle

Nitrate ions in solutions containing sulfuric acids react with 2,6·dimelhylphcnol to form 4·

nitro-2.6-dimcthylphenol,

H1.2 Reaction

I Pipette I ml ofsample in the Nitrate kit (LCK 339. from CA Milsch. SA);

2 Add 0.2 mlsolution LCK 339 A to the mixture;

3 Close cuvette and invert a few times until no more streaks can he seen:

4 After 15 min thoroughly clean the outside of the cuvette and evaluate with the Dr Lange

Xion 500 spectrophotometer (Gmbll &co.kg. Berlin. Germany).

H2 PHOSPHATE (TOTAL PHOSPHATE)

H2.1 Principle

Phosphate ions react with molybdate and antimony ions in an acidic solution to form an

antimonyl phosphornolybdate complex. which is reduced by ascorbic acid to

phosphornolybdcnum blue.

H2.2 Reaction

Carefully remove the foil from the screwed-on DosiCap Zip

2 Unscrew the DosiCap Zip

3 Pipette 2 mlsample into the cuvette

4 Screw the DosiCap Zip back; fluting at the top

5 Shake firmly

6 Heat at high temperature (> ISO"C) for 15 min or at 100"C for ()() min

7 Cooled the cuvette (IH-20"C) and add0,2 ml reagent B (LCK 341V3491350 B)

8 Screw a grey l)osiCap C (LCK 34H/349/J50 C) onto the CU\'CIlC

I) Invert a few times. After 10 min invert a few times more, thoroughly clean the out..ide

of the cuvette andevaluate with the DrL4IIlge Xion 5CK) spectrophotometer (Gmbl] &

co.kg. Berlin, Germany).

I) - 8) Total phosphate: I), 7) - H) Phosphate

99



DATA
Tables ror CI Occurrence Ilfcyanobacteria and other phytoplankton in water from ~toragc container

Table: C III Composition ofcyanobacteria and llthl:r phytoplankton in water from ~turugc containers
---'--,- -_._,._-~--_..~-~ .-

~.- - -,'-----"- ~-_._-----~
_....

~ -~-- -- ..._--

Parameter..
MimlCy~ti~ ( hcillatoria Anabaena Pseudanabaena

I.FV WII t>FV DDB J.FV l.DB DFV DDB I.FV I.DII I>FV Illlll J.FV I.llB DJ·'V DI>Il
n .'X _'K .'K .'X .'X .'X .'K .'X JX .'K .1X .1K .'x .'x .'K .1K
(i~'lllllean 0.12 1.07 (1.0~ .(1.1 X ·0.77 ·0..'1 ·OKO ·O.K.' ·0.X9 ·0.9I ·O.X9 ·O,KK ·0.7ll Nl> Nt> ND
Median ND NI> ND ND Nl> ND ND ND ND ND Nt> Nt> ND Nl> Nt> Nt>
Mill Nt> NI> ND ND Nl> ND NI> ND ND Nt> Nt> Nt> ND Nl> ND ND
Ma\ 4.W ~.X-l -l.!!-l ~.IX .'.J2 :'1.11 2.97 ~.tlI .'.12 1..'2 l07 ltl1 .l79 Nl> Nt> ND
Silk\' I.K7 2.~K I.X2 1.71 0.97 I.ll7 O.KK 1.07 0.ll7 0.:'1-1 O,M O.7~ 1.0·' 0 0 0
l)~" Perc 4.IK ~.-lO .'-".1 2.9.1 ·0 ..'6 .1.46 .OA.1 ND ND ND Nt> ND ·0 ..1.1 Nl> Nt> ND

.

Paramelers
AllhanllCaps" Rudiocvstis Snirulin«

J.FV I.J)Il DFV DDB I.FV WB DFV I>DII I.FV I.t>B DFV 1>1>11
II .'K .'X JX JK .'K .'X .'X .lK .1X .'x JX .1K
Gcorncan ND Nt> ND ND Nt> ND Nt> NI> ND ND Nt> ND
Mcdian ND Nt> ND ND ND NI> ND ND ND ND NI> ND
Mill ND ND ND ND ND NI> ND ND ND ND ND NI>
Max ND ND ND ND ND ND ND ND ND ND Nil ND
Silk\' 0 0 0 0 0 0 0 0 0 0 0 0

195'" Perc._._ ND Nil ND ND ND Nil Nil ND ND ND Nil ND__ •. ,_._. ,_••••__ ..... _______ • __ • 1.._:.•. : .... .......• ,.. ...... _.
~-- - .,.' --_.----- -~----_._,_._---,---_.__._----,,-------_._-

Parameters
Otherphytoplankton

I.FV WB DFV DDU
n .lX .1M JM .1K
Gcomcan 0.42 0.76 0..16 O.lX)
Median Nil 1.5.11479 Nil ND
Min Nil ND ND ND
Max 2.M2 lKI 2.77 l.10
SIlk" I..S.j 1.75 1.~6 1.5.1
9's' Perc 2.5.1 2.99 2.7.1 2.7.1
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T.blr Clb_ .._.__ ..._._---_._~_.-
_._._~._----_..,---~,-_._-_._- .- ---"'------------ --------_."-_ .. .--,. -"._-",'--'-_._~'_..-""- '~"-""~-_._-'-----._---~._.-

Percentage of general Percentage in sample:
Sample types Cyanobacteria gcne:ra Iypes containingoccurrence

cyanohaclcria

Microcvsris 29 lllJ

( hcilhlloria 2 I.l
Anabaena ., II

LFV Pseudoanu s I.l
Anhanocansa () ()

Radiocv..lis () ()

Spirulina () ()

Microcysris 42 n
(hcillaloria U 2.'
Anabaena :1 :li

LDB P\CUl!1 ).111a () ()

Anhanocansu () ()

Radiocystis () ()

Snirulina () ()

Microcystis 26 77
Oscillaloria 5 l:li
Anabaena :1 N

DFV Pscudoana () ()

Aphanocapsa () ()

Radiocvstis () 0

Spirulina () 0

Microcystis 21 NO

Oscillatoria :1 10

Anabaena 1 10
DOD Pseudoana 0 0

Aphanocapsa 0 0

Radiocystis 0 0

Spirulina () 0

[JOY (j~hl fnx \ olume: LIlli (j~hl dnlodged biofilm: nt·V: Dad (Itt \lllulIIe,UUIIDar" d,,""lgcJ htllfllm

101



Tables ror C2 Total cyanobacteria and other phytoplankton (cell/rnf ) in the water sources

Table C2a October (::!OOS)

Other !'b\1(H:roUp\ !

5.unplc ID
C~~~\.'CX

8,lCII1.lnoplmc3C Chloroph\CC3C (),/)(,{,llV't"3C I'..u elmoI'll VCC3C I

S~"" :"un*a Spa:.C' I :"un>hcr S~", I :"umbcr Srecses I :"umbcr S!"CCtC' "un>hcr

I :"iO "...:rr.:"'''\Il~ 'I' .u.Ulh.11 :"i0 :"0 :"0 :"l> i
~ l.7~I..sM

I Ul 'I...:n--='......~ 4.1' ~ ..... '" l~cdUl~ :!AKI SIl SIl SIl

I SR :"l> "nunc d....o<m ~ :"l> :"l> :"l> i
Prnn.»c d....o<m D8 I

I I.R ",~'t' 17.1h, ..-cnrurc:dU.llWT'K ~.77~ SIl SIl SI>

I Cenrnc d....oms 1.1~ S<.-etlClbmus 7.~~
,

SI S[) SO S[) !
I PrnIUlCd.... oms 1.14< i

JoKI11J1ocu sp .w r'rnlnc d.... oms :l-l Sccnc:tIomus :l-l~

s~
l'cnlUlc d....Ofm 207 sD SO

R~}""l~'{l 10.
<;"uuluu '" 10

I C. \t..nx)...... 'p 1.11 Irnunc d ....orm. 8% ChLuntd0m0n3.s 176 :"l> T~ I 101

ITnrutc d....''"" ~ Sc~mu, ~~I

K.. ...Il ITnrufc d ....o<m ~ SIl SI> SI>

:"i[~ :"i.. ;anab [:Qm. U~~ [)am. SR ~.tuna R"u. NJ. N"'ancdI R"u I. N1: :"i...ancdI R"u 1. Ca: Canal; 80: 8ordtoIc

Tabl~ C2b December (:!OO5)
- Oil",. Ph vto- 21OUp' Ph.,o problnn

C~~~l:c.
,

s..ampc u> tb..,lw"'f'I!,,,c~ Chlon'f'l!'ccx I),no{lh ,.:ex I'.udc.,,'f'I!'.:e~ t;hcr Orpme
Ta.ac odoor loue

1<;~..,.. "'unhr S""''''' 'Sunhr S"",,,, • :"umbcr S"""'''' I :"unhr SfllXl<'" I Sunhr e~ J'oUutton

Ul " ... n ....''t.Ju. "C" I ~I ~_,,'t ... Il SI> SIl SI> 1.:'I~.<'to:\ 1.:'1:'.<'Jon

:"0 i'l ..nx~ .._,i'- <'7.ll.v,,,1. 'et1lOC dUll""" I !I.ton Sc~mu\ 11.~~
:"1> :"l> 80.6~' 14.8HJ ~7.9111.6<,(, ~7.918b<;t,

---b~il~'
.----------

h.::!i11! -\Jubaom.> \C' l'cnJuIc dUlOl1l\ Tctrxdmn b.10~

C.. ...U ~tnlnc dUll"","", "n Sccnc:dnmu\ DS :"il> :"il> to\. ~7 i~dUlOl1l\ ffl

S' "f'l.--':-"f"'-&,,~ ~~ f>crwuIc dulOim 276 Sccnc:tIomus b9 SO SO ~S USI I.SSI
~I",r,,~ ....u \P I~"

<;R :\1> 'rnJulc dUl ('111\ 1>'1 :"1> :"1> :"1> (,'-1

'm", duI:>fll\ 2it> Cosmanum \OJ_._,,-,--,.-~--

! ~. S(>
il'mrutc duI.-.rm 2.11~ Ch1.urldomorw W SO SO 171> 2.9% ~.al

\'~um b9

S<.--rnab""" b9

:"in S ..;onnfa 1-. u>~ [-. SIt ~..... R"u. N1 N",'mcdI R"u 1. Ca: CM>aI.
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Table C2c February (:!006)

C)~)\X".x
O.her 1'1",<>-""",,,, I't",o ,'rnl'kmI S;unpk ID IbClIl111np \CC3C Chloeoohvceae [>tnOf-.h vceae I:u £ kn<'f'h\CCX

nllacl~
Orp'''c T_codour Toue

I sJ'C\:1C\ :"uml\cr spec.", :"umha S[lCCI'" :"umha SJ'C\:ln :"umha Spec.", I :"um."c1 1'011U1ICCl

I u> ANhxtu\p 1.71 Cenrnc dL1lOlm oW P3Ildori1l3 -45G Dtnoph>tc ~" ~() 1.11." 5Ji b~.4t( b~.944!
\I"n",,,'\l'\ ,p bl.~~1 Pc1uuIc dL1lOlm 5 morum ;

I SIl \hl.:f\~"'U:li. "'f' t.9.1 "'~ Pnuulc d ....""" 41 Scencdcvmus 41' l>tnopt",c ~J( ~I> I<~~ t.9.4hlo- tl~.I"1<-'
i Col ~() Ccntnc dL1lOfm :l-I s..·cncdctmu. M :"0 ~[) :l4 (:,4

i S' ~U
C C"nInc dUllOfTK :u s...:-~mu~ p

:-00 so :u bIN
Pnuulc d ....""" 'i'il 'I.lononnh.dJum 1m

I SR :"I> PcntuIc dusomt 51 'I.lOllOf:l{lhuhum III
Dtnoph>'c 10. :"0 1.861 IOl

Cocmarium I.:u.s

I Actrnastrum
368

Iuntrehii

i LR \I"roq~1\ \1' 9 Pc1uuIc duloms 151
Ii""osmanum .u ~O ~O 15b~ 9' 9~

\IOfIODl'hidJum -U1
. "0 ~I) ~D ~D ~D ~I)

~I Sptruhn.a I ~_t>."-l I~c dL1lonl\ I h' iChLumdollXlIl.1:'. I ~ ~O ~D 6'-1 .'':

:"1> :"",;anah lhm. U> Lu~ lhm. SR ~\twu Rita'. ~1: :".. ancd, Riter I. :"~: ~.. ancdl Ri\er 1. Col: C3n3I: 80: Borehole.

Table cza "pnll::!O(6)

C)~)"C:>OC
o.her Ph,,<>-nout>t Ph\,O rnt-km i

S;unpk m IbClIl111,'f'I ,=x Chloroph,,-cx 1>t1lO(lh,cese I:u £Icn<'f'h \"C"C.lIC'
MltadOU

Orpmc
T&>tC odour Toue i

I ~uml\cr I ~umtta p:>I1U1'0ll I

S""'IC\ :"umkt Sr«1C\ ~uml\cr S[lCC1C\ ~umha SpecKS SpecKS I

xn ~~!~~~ ~.t>."" Cmnc dulocm ~07 \IononplUdJum bG ~() ~O ~p -4.89 l -4.89~ :
! ANNauw ;:fJ, :"11l:"'hu \p ;:f17

LU 'I..:n-"':"''\I:lt. 'p 7.11. ..enlnc dUd (lfll' K SI> SO ~I> lil 7.11 : 7.11:1

SR ~1>
PcntuIe dUlorm .'--l SD SO SO :l4 j
~ ••r.""hu. 'f"t :u

I.K , • ...:1'\~''\ht. 'ft ffl C""'n<: duI<-.mt :u SI> SI> SI> :u ffl ,...
~1.",n~~~~L :\.il'" ~dulocm :4~ oceomon.u \p K

SI An.aNoc-ru '9 ~-' C""'n<: dulom- 74-4
St.our.utrum

8. SO SO 1..977 -4% 7.q~.. 7.q~q
C1ra.:''C1'Um

R.o.!k~"h\ 'C' M. Sc~mu'\[) It>.

S~ _.~I .. ,,:~~....~_'L ~I.
Cmnc duloms D~ ~() ~O SO b~ 15!\~ 15!\~1! ..\NNnu 'C' U.

_~l.. n-.;~~,-._\l'._ 1......, f'mNlc dulocm :u Sccnctbmu\ sp 107
__.:~'r_ ~!'J, fcntnc dulocm b~. hwtrumsp :\-l

t , _.!l_~~~:'.Il'.'L M' ~"\lC1"" 'J' :u oceomorw sp :u
~() ~() 1.14( 276 l.bS; ~.M"Tetrxdron or :u

Ch""">domon.u J.l !
'1\

fI,., - --~ --_.-,I> SI> SI> SI> ,I>
,I> '_-.!I 1-. U~~1-. SR s..._ Rl\u. S I S.ancdo Rl\u I. S~. s.1U>C\b R'\t:r ~ C", C~. 80 ~.
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TableCJ

Group n Mean of the lugs 5" percentile 95'" percentile Anova on ranks (Krusliti-Willli..)

Sources II) 1I.B Nt> :\.7 Nosignilkanl dillcrcl\\:c
FV In 1I.1Il) Nt> 4.1I P=().tll)o

DB III liAS Nt> 5.2 II.. nul rejcctcd

Tables for c.a Miml\:yslin in water

TableC.au Microcystin in water-storage containers
~-- •..__ .". ---- .. , .....,,- .- 'T._~ __ ·,,· ____.,· ___o·~,__·_.,_.~_,_.'_~__ ',"_,_,_' .... _

'-" -'-,". .._.....~.

S"mple names II.DB)
MlIlH Mil 17 Mil 115 Cil10-l1 ouo -12 TOil ()l) DAII 12 DAII 1l H17t1

Microcysrins II~:'/( ND ND ND ND IU6 ND NI> NI> ND
. -....~.- 1 .. --._.. - '-" - . . . -.- ... - .

TableC.ab Microcystin inenvironmental water sources
..-" -'-~-----'-

_._-_ ...__ ._---~-----._~ ..._---
-"~ticnll:vsl;nsIlW(

-~-~_._.__ ., ,-,.,.---_._._'-.- .• .... ,.,._..__•._._ ..•.""
" . .. .....

Parameters
ND 1.1> SR I.R NI N2 ea 1\"

n -I 4 2 2 2 1 4 .,
----_ ..,-._,._-" ----_._, _.. _' ..-

.~--,-----
..__._--- --_..-".-..__.- -"---'-' '''--.- ~ --~---~..~ - -.__ . .. . --

Mean 2.15 2.:n O.IH 11.1 H 1.2fl O.SS l.:\() 11.1 II_.. _~ ._..__.~----- .._----- _._----- ---- -"~--"--'
• +-- ._-_.- .,_.,,_. ,- .~_._,., ..._--~,_.-

_. , ...

Median 2.511 2AO 0.1H 11.1 K 1.26 O.IK 1.19 11.1 II.. ~..__._--, -_..--.._-~~_. ---_...__ .~ --------- --_._--,.---- -_.._.. ---- , ....._-------- _..._..__ ....... _-_.- -_. _.-
Gcomcan 2.(1-1 2.:\2 O.IK 11.1 II O.H.' OJS 0.94 11.1 II-_.._-_._----- ----_._--- ._---- ---- -_.._- ---_........_,---- -_._._..._._.. -._-- '-~.._--- .~-_.•-..--_._.._--
Min 1.10 z.oo O.IH Cl.I II 0.11 0.1 K O.IH --..!!:.!!----_. --.._-
Max 2.511 2.50 O.IH 11.1 H 2.20 IJO 2.50 11.1 II_....~_._---- --._.--- ---"- --,,_._-- "'_._-------,- -_.'--- ._---------._.- -
SD 11.70 0.24 0.00 11.00 1..'-1 O.M 1.01 0.110
9Slft'Perc

------- -_._- ------ ----_.._~ ~-_.. _--- _._--,._- .._..- --_.._...._..._ .. -_..... --
2.511 2.50 O.IH Cl.IH 2.01 I.IIK 2.29 1I.111

'-'-'--- ------ --_._.-
ND: Nwanc<l. Dam. Ill: l.uphcphc Dam. SR: Sa\h3ni River, Nl: N,.ancdi Ris," I. N2 N"'ancdl Ri,,-r2.(". C.:II\.1I. no norchole:.

Tables for C5 Endotoxin inwater

Table C50 Endoloxin incontainer water

Parameters I.FV LIm I>FV 1>1>1\

n 44 44 44 44

Mean or lhc IOJ: UO 207 UI IJl.I

Median 1..1.1 207 1.14 JIlII

Min OJ.l 1.111 1'01> II tri,

Ma\ 2.111 2.W 22K 2JO

Standard 1>C\ialion U7 1.72 I.t.I Uri,

'/VlConfidcn{"c Inlcnal 11/ 2 211 I.K7 214
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I
1:l1<lollI\ln HI/ml :

Parallk'h:r~
1\1> 1.(> SI{ 1.1{ NI N' Co! 11,1.. I

I" -I .. .. -I , -I .. , I

l
Mea" ~K1l7 l7.tH 10.-1-1 ".M ~1" , H~I I·UI NI> j
Median 1109 17.~\ K\l ".o~ 7.~1 12H ~02 000 I
,(ielllllc;1/l Ill.ln I.. M K.7.\ ".I~ 111-1') IHI Kill NI>
Mill Ho ~.IO -1.00 1.1\ 1Kl -I.N \N NI>
~f;l\ K271 .\(1-11 21.1~ lUll HIt 71.~1 .. IN II 00
SI> .lh IK IIItH 7"" 20\ .11l~K lUI I K\l) o IIII
,)~IL Pen: 01.1).1 17.-1K 17..1K 7.12 H.~K ~~.I ~ \ 1.2\ II 00 I

'hhltC6

l'.lfOllllell'f'
Nunuc IIIVJ( I'hll\llh;\l~' JII~/(

IJV I.I>B l>FV I>UII I.FV 1.1>11 I>I;V Ul>B

" -1-1 2·1 4·' ~-I .... ~-I "" 2·'
I~ka" -1.67 6.1<0 ~.I<I) tl~t IUt, ( 1)(1 0.2M Ot,2
MedlOl" 2..l·1 .\.I<~ .'\.22 -1.1·1 110M O.~t. 11111 tU·I

I( lcome.m 2..\2 ·1..1.1 .\.11 -I.~') 0.11 O.~~ 11.1 ~ (l.1I
Mill 0.2K 11.1<\ lUll 1.1·1 0112 lUll 1101 0.11
MOl' ~O.l)( ~ 1.l)1 ~~.I<O ~-l.7( 1.71 n·1 1.7t. 2.~2

SI> KJI) 111.1.1 11.11l 1O.~2 o.s: IC~I 0.-11 061
l)~'L l'crc 7..ltl 1O.~7 7.117 K.KI 0.-1-1 I.IJl 0.1<1< 1..\1

Tahir C7 NUlrienl' (nitrate and phospluuc) concentration in the water \ourcc\

rParameter..

~

Phm hate I1lJUlNururc III -/I

ND J.() SI{ 1.1{ NI N2 Ca 110 ND 1.1> SI{ I.R NI N2 C;\ 110

l~ka" " 4 1 2 2 .\ .. 2 .. -I 2 2 2 .\ .. 2
0.1" 11.11 11.\ n 0..... 0.1 I< 0.1.' O..N ... 2.10 nm om oo~ on~ llO~ llO~ on~ oo~

Median O.I~ n.1O 11.\ n 0..... n.11< 11.1" 0.42 2.10 n.m om OO~ on~ 11O~ llO~ on~ on~
~.

Gcomc;11I O.I~ n.11 11.\ n 0....' 0.16 0.1.' 0.12 2.119 n.m om IUl~ om O.O~ 11O~ n.n~ 11O~-
Min 0.10 11.10 11.\ n 0."2 0.11I o.io 11.10 1.90 om om OO~ om OO~ 11O~ n.n~ oo~-- -

Ma' 11.20 II.IS 0.10 n... ~ 0.26 o.r« Oll.' 2..\0 (),I)') nII~ OM om IUl~ on~ nn~ om
.. _--_ ..-

SI> o.m o.n' Il.On 0.02 0.11 0.0.' 0.22 lUll 0.02 IWO noo om 0.00 1100 nno 000
l)~'·I'crc- 0.11) 11.1" O.IQ n... ~ 11.2" 11.1 tl O.~K 2.2tl n.I),) om oo~ on~ IUl~ 11O~ n.n~ nus

,._--~.. . -_.._- -- --- ~- --

T.bltCS

I l'arank'ler~
Tempe raturc pll

U:V 1.1>11 IWV DDB I.FV 1.1>11 l>FV nnn
In ,1-1 .." -1-1 -loS -loS 4-1 oS .. -1-1
• 7 n2l~k.ln 26 nl 2~.l)7 2h II 2h II 7117 h ')~ tl·)(

IMedlan 2~ 2( 2~ 21 2~2t 1~21 70t, h l)() 710 tl')M
[(;eOl1le.1n 2~.711 2~.7.1 ~~ K~ 2~ !'I~ 7 I~I h')J h .)<) tl K7

IMill IK (ll I I< ()() IK tll I I< ()( -IW .1 'X) .a !'I·I -1'1',
\:\2(\ !'IN K12iM.l' l.~ 21 ,~ 2( \~ 21 Ktll K·11

lSI> \ t.l ) .n7 n·l \7.1 IItIM o 7n o 7( 0,,1

ll)~'·l'eh: 12 \·1 1I so 1I K~ " !'I~ 777 77(, 772 7M

lOS



Tables ror CCJ Physico-chemica! quality of the soure!: water

Table CCJII October (2(X)~)

Constituents l.D Hescr\'llir NJ> Ca
Conductivity al 2~"C (mS/m) 12.0() ~fl()( 10.00 11.00
Ipll at 25"C 7.50 7.70 7.50 7.20
Turbidity in nephleillmelrie units 7.50 OJO 2tl.00 2.10
MAlkalinity as CaO), in m~/[ ~O.O() IO~.OO 2HX 2K.()()
Fluoride liS F in IlIw! 0.05 O.l)~ (1.05 om
Sulphate us SOt in Ill!:/! 5.0() 25,()() 5.00 5.()()
Chloride as CI in Ill!:/[ Is.oo 5K,()() I~,OO 15.00
Cobalt as Co in 1lI.1:/! 0.0:2 (>.II~ (1.02 o.m
Molybdenum as Mo inmg/£ 0.01 (1.01 n.ol 001
Calcium as Ca in IllW! (dO I~,I)() 5.00 fl.W
Maj1nesiullIllS Mg inm~f( 4.0() II.I)() .l50 ~.l)0

Sodium us Na in 1lIJ,:/£ K.70 (,{l.!M 7.KO 7.KO
l'ota"iulll as K in IlIW£ O.SH 2.40 OAI OAK
Cadmium as Cd in 1llJ.:!( O.O() uoo o.oo 0.00
Chromium as Cr in 1llJ,:/£ 0.01 (Ull (1.01 (1.01
Copper as Cu in 1lI!.!/! 0.0 I um 0.0 I (1.01
Iron as Fe in 1lIJ.:!{ o.(n (Ull (U)() 0.42
ManJ,:'lllesc as Mn in 1l1J,:/£ O.O() O.lll o.oo om
Lead ;IS Ph in IlIwf 0.0 I (>.III 0.01 (1.01
Zincas Zn in 1lI11f( 0.0 I (UJ.l 0.01 um
Aluminium lIS AI in 1llJ,:/£ 0.01 (>.III (1.02 0.01
Sulphur as S in 1l111/£ O.H:2 K.IO n.7ll 0.71
Boron as B in IlIw{ (>.0:2 o.m n.m o.m
Ammonia as N in 1lI~/£ 0.05 o.m (1.05 0.05
Nickel as Ni in 1l1!:/£ 0.0:2 0.02 0.02 o.m
Phosphar as P in 1l1J.:!£ O.().l O,().l 11.04 O.ll7
Total silica as Si in mJ.:!£ lAO 44.1)( ~.20 ~.KO

Ortho Phosphate as Pin Il1W£ 0.05 O.O~ O.OK om
Active Silica as Si in ll1~/[ 0.65 2UX 2.lX) I.KO
Strontiumas Sr in U~/£ K.70 un fl.(X) 9.1X)

Nitrate as N in 1l1!.!f( O. 10 1.60 0.16 lUK
Nitrite as N in 1l1j.!f( 0.07 0.10 lUI 0.12

Nil: Nwancc.li Dam. LI) l.ur~r~ Ilam. Ca: Can",!; R~f\nir
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Tablr (."9b December (2005)
r------- ---"--

Cll,"IIlUCnI IlllIIl'l[ I'll Illy ( e4 my( ~!lIlgll

''(~ oo~ lJ1'1 1111'\ OlJ~

1\01 010 lJ!O II h I 014
I(' SI~ '\0 '\0 1111'\ I'\m

Il' " 0'\'1 lJ!K '\11 U7K

Il'l'I 19111 IKm 1\ 1111 MIXI

I'd OIX" UIXlI 0110.\ om'
Cr uurn UUIU o IlW UUIU

Mn o UIU UlJlO o IlW OUIU

'''' nutn UUIU IlIlW OlJlU

Cn 001'\ UlJ" 11111 '\ OUI~

NI 001 '\ lJUI,\ II II! OUI'\

V o OIU UUIO II lUll lJlJ\{1

Cu OO! UO! 11111 lJlJ1

Mn Ol~ lJOI 11111 om'.. 007 Ul~IO 011'\ 007

11 om UlJI IlIU lJlJ1

b." 010 lJOI II K'\ lJlU

AI 011 lJUIU o K'\ 007

III 014 lJO! II II! lJlJl

S 0% Ul14 II 'H) '\1j(1

K 110 lJ1t> 077 I !lJ

SI 1'\0 !IU .\ '\11 HlJ

Na 11m 7 KO 'I 211 .IKm

l"lahllll:n .\ 20 4110 7'\11 71U

M~ -1.\0 .1'\0 4'\11 I'\m

Cn 720 '\IU 7 (>I) It> III

Sr .\Km 2.101 .'t. 1111 12lJm

Conducuvrtv 12m '1.10 1! 1111 4lJIMI

M AI~ .Hili !t>IXI .\'\ 1111 KIm

I'll 1>'\'\ 11.14 t> 'It> 7.%

NO! 00.1 Ol'l Ill.' o III
lurh -19'\ IXI 17m ao Oil 24m

__ 1:crnl'__ NKO !1.t1l1 2-1'>1) 2'\ '\(1
--_.~-

--_._._~-- ---- --- .•._--
Nil.Nwancdi 1)01111, III lupbcphc Ilalll, N2: NWllOC<.1i River2,Ca Canal.
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Tablr (.'9c February (2006)

('o,l\IIlUCfl' III IIlW( :-Illmg/( ('4 mg/( N:! IIIW( I.llmg/( II" 1IIg/ ( SIlIllg/( :-II 1Ilg/(

~It-l o O~ OO~ on tl tl~ UU~ u tl~ o O~ 011
~()I n I ~ 010 u -In tl Ib oH :!III 1110 o 1b

IHI o O~ oo~ tl'" tl II~ UU~ II tl~ 1I11~ u II~

1(' SO-l ~m ~m ~ 1M) '11M) ~m 11 UI ~ 1M! ~m

1(' I' o lib OO~ 1I11~ .11m UU~ tltIK OO~ o O~

I<'CI I~m IIIMI I-IUI .I!m 11m ~-I UI 101M) 1-110

( '<I 11m om tl IXI tl IMI o III IIIMI OIM) om
('r 11111 001 11111 tl tl I UUI 11111 001 001

M" 0111 001 11111 tl tl I UUI tl tl I 110I IHII

I'll 001 001 11111 tl 01 UUI II tl I 0111 0111

en 001 001 001 0111 OU1 II 01 001 Oil!

NI II O! 001 001 001 OU1 II 01 001 001

V 001 001 1111 I tl 0' OU' 001 001 001

('U 001 001 II 01 0111 UUI II 01 0111 0111

Mil 001 o1M) 001 001 UUI II !II 001 001

I' O().l Ol).l II 0-1 O(~ Ol).l 1I1~ Ol~ UI~

II Oil! 001 II 01 o O~ UUI 007 001 0111

Fe 011 011 ! so 0"1 U-II II 01 o 1'1 ! 10

AI 007 001 0(" 007 o U7 II 01 OO~ nOH

III 001 Olll 0111 001 OUI 001 IlOI 001

S 0'10 071, o ~n .1 10 U ~ I 710 0-10 U ~7

K 01 I Oil 0.11 II ~1 UII ! IMI 01 I llll

Sl 1'1(1 BO .1 (XI .1III I I'll 1'101 2 'I() 11M)

Na 1211 -1'1() II ~O 2001 -1'10 ~10) -I 211 b 10

Tolal\III.::. -I (Xl HO Ir .10 770 Hm -12m blo b ~o

MI: .UU 220 .1-10 'I Ill) 2 (MI ii m 1\0 I 10

(';I ~ 10 .1.10 ~.IO 1101 I~ll I~m I ~o ~IU

Sr

('on,1I1<' II \ 11\' H HU ~ <j() II 'I() 2.. 01 all -I~m -I 20 H'I()

MAil 11m 21m II IXI
'''' 01

1-1 (M) II~ IXI II"XI nm

pit 1.1'1 II HH I. 9~ 7.1111 b ,IU 1-11 b I,ll 1 19

NO! 011,1 00.1 011,1 OIl.' II 1l.1 o O~ II ll.\ U(~I

Turh -1110 1.10 ~ ~o II (X) 111l o 2! Itlll 17m

SII)! I ~ll 2m 2!0 2~O 2 'Ill I-Im 2 -10 2211

Tcmn !'1,\1l ,Ill !Il 2-l111 ,10 ~o 2-1 Hil .1-1110 !-I70 29-1U

Nl>. Nwaocdi Dam.U): Luphcphc Dam, SR: Sa\hani River, Nt: Nwaooh Ri\CCf I. N2: N .. ancdl Run 2. fa: Canal. Uo U"n:h"lc
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" I nl (2000)

CUn>1II UCIll NIl IIIJ:/ { 11l 1II1ll { SK IIIJ:/{ 1.1( IIIl!1( Si ll !V( N:! IIIV( lealll: ( llu II~ (

NII-l UU, U:!7 Il 0' 00 00 00' 00 00
Ie S( ).j ~1lJ ~oo ~uo ~uo so HID SI) :!lIe)

IC I' 00' OO~ om 00 00 007 110 o )
II ( I ')n I I 0) '/10 '/70 I~ I 1 :!11 oo I:!e ) -l!< u
Cd um 1101 o Oil o ell UII) ouo 000 00
(, OUI UUI Illl i 00 1 00 1 om 001 001
Mil IlUI IlUI 00 1 00 1 00 1 001 00 1 001
I'b 001 UOI 00 1 00 1 OU I 001 001 001
ell OU:! OO:! o O:! Illl:! UO:! ou:! UU:! uu:!
NI OU:! OO:! o O:! o O:! oo:! IlI/7 Oil:! UIl~

v UUI UUI 001 o ell U01 1111 I UUI UIl I
Cu UU,\ UIllI ellll 011 I UU I o Il~ (J0 1 Oll-l
Mil Illll UUI Illl i 111111 UO-I (J (J:! (JUI O:!O
I' UI~ UI~I (J().j o ~I 0 0-1 nos UI~I OIM
II (JUI UIli (JII I II II I UO:! 00 1 OU2 UUtI

lc (J I~ UU(. 02'/ 0211 UI,I ll '" 1l:!1! OO:!
It,,"l" t o> I H(ll :!-l II' 1170 '/20 2~ tll 21III H\l11

AI (JU:! UU2 007 1111 I UlI\ II III II01 Oll l
ZII II U2 OU:! II 0 1 II 0 1 UO I II III UUI UUI
S li tH U7.. II ~Il O M 0 111 :! 'll II H'I I III
K 0·1'/ II~7 O il II I I UII Il I I 11 11 IIU
S, 2 III 2 1M' ,I eM I I 711 nu I 1I11 zeo 21l lll
Nil hlMI 7711 4 III .. 1111 II 10 Itl ex/ I, III ,\ (l)

I'Hnl\ IIo':1I , IMI 4 211 h SII II 1111 HU 100 \ \(J -lI ' l l

Mll :! -lO I Oil I III I eo 2HO 7 10 2tJO 12 1M)

I II .1 2U .I ,~O 0 11.. I ' X) ·110 II 10 190 1·1 (MJ
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AJlI)ENDIX D

STATISTICAL ANALYSES

DI DATA MANAGEMENT

In the field. the physical data were recordedonsample sheets then later transferred to Excel

spreadsheets. To remove any excessive variance data wereconvened to logarithmic values,

These logs were then transferred to a plotterprogramme (Sigmal'lot V9(!» and expressed in

. mostly vertical box plots. with a number of scalier and line plots used us well. For

Descriptive Statistical Analyses. the following parameters were used:

D1.1 Centrad values

• For the average of the logs the mean was used;

• To visualise normality the median was used;

• For variance. the951h confidence interval was used based on the standard deviation;

• Compliance was measured at the 951h percentile (SANS. 20(5).

D2 HYPOTHESES

Selling up and testing hypotheses is an essential part of statistical inference.

Statistical tests were used to determine whether the hypothesis should be accepted or rejected.

Hypotheses wereformulated (Section 2.10; Chapter 2: Methodology) and later used to discuss

the results in chapter 3.

D2.1 Zero hypothesis (110)

The zero hypothesis is given special consideration in statistical tests. this is due to the fact that

this hypothesis relates to the statement being tested (Helsel and Hirsch, 20(2).

In this study the zero hypothesis (HII ) represents a theory that has been put forward. either

because it is believed to betrue or because it is to he used as a hasis for argument. hut has not

been proved.

The final conclusion once the test has beencarried out i, ulways given in term, of the zero

hypothesis. This means the lin was either rejected or accepted,
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02.2 Si~nlficance of I)-values

The Pvvalue represents the statistical significance of the difference between the average of the

analyzed parameters in the free volume and dislodged biofilm samples. Depending of the

interval to which the Pvalue belongs. the difference was considered as follow:

• P«>.o5: There was a significant difference between two types of samples for the

parameter analyzed:

• P>O,05: There was no significant difference between two types of samples for the

parameter analyzed,

1>3 ANALYSES OF VARIANCE: I"REE VOLlJME ANI> UlSI.OUGEU IUOFlLM

To indicate the role of containers in the occurrence of cyanobacteria in storage containers, this

study Investigated, indirectly, attachment of hiofilm to the inner-sides of containers (Section

2.10, Chapter 2: Methodology). To demonstrate whether the turbidity caused hy dislodged

biofilrn (DB) suspended into the initial free volume (rV) of container water. the rv and DB

values were compared using the Signed Rank (Wilcoxon) test, Thesame statistical method

was used to compare the numhers cyanobacteria. Escherichiacoli. total colifonns••1I1d toxins.

The Rank Sum (Mann-Whitney) test was used to compare the numbers of cyanobacteria in

samples from the FV and DB waters from the light us well as the dark containers.

The ANOVA on Ranks (Kruskal-Wallis) was used to compare group of datu sets,

These two tests arcnon-parametric. meaningthat they are used toanalyze data thllt do not fit

a normal distribution and are based on the rank order of measurements rather than their values

(Helsel .1Od Hirsch, 2002). The used of these tests in this studydoesn't imply that the data

were non-parametric butbecause they strengthen the analyses asnon-parametric tests arc also

capable to analyzeparametric data sets.

The principles of the two statisticul methods used are as follows:

1>3.1 Sl~n Rank test

The Signed-Rank test W:IS used to determine the significant difference between paired d:lt:1

sets (i.c free volume of waterand dislodged hiofilm) at the 951h percentile level. hut the data

were not assumed parametric CHest discarded),

1>3.2 Rnnk sum test:

The Rank-sum test is :1 non-parametric test. used tn test whether onegroup tend, III produce

larger observations than the second group.
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• Median: The median, or so" percentile, is the central value of the distribution when the

data are ranked in order of magnitude. For an odd number of observations, the median

is Ihedatapoint which has an equal number of observations both above and below it.

For an even number of observations, it is the average ofthe two central observations,

lnterquartlle range (IQR): II is the most commonly used resistant measure of spread; it is

defined as the 751h percentile minus the 25th percentile. The 75th percentile, also culled the

upper quartile, isa value which exceeds no more than 75 percent of the dura and is exceeded

by no more than 25 percent of the data. The 251h percentile orlower quartile is a value which

exceeds no more than 25 percent of the data lind is exceeded by nomore than 75 percent. The

951h percentile not shown on the figure above was used in this study to determine the

compliance of water quality und represent the value, which exceeds no more than 9S percent

ofthe data and isexceeded by no more than 5 percent of the data,
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APPENDIXE

CLASSES OF PHYTOPLANKTON INCLUDING

CYANOBACTERIA

El SOME GROUPS OF CYANOUAl'TERIA

Order (Family)

Chroococcales

Chamueslphonaks

Dcrmocarpclla,Chroococcidiopsis

Plcurocapsalcs

Nostocalcs

Nostocaccac

Rivulariaceae

Scytoncrnataccae
Stigoncrnatalcs

Representative Genera

Gloeothece, Synechoceus,

(Anacystis, Agmencllurn)
Gloeocapsa, Chroococcus,
Syncchocystis, Microcystis,
Mcrismopedia

Chamaeslphon, Dermoearpa

Xcnococcus, Myxosarcina,
Plcurocapsa, Hyclla
Oscillatoria, Microcolcus,
Spirulina, Pscudanubacna,
Plcctoncma, Lyngbyna,
Phormidium, Schizothrix
Anabaena. Aphanizorncnon,
Nostoc, Nodularia, Anabacnopsis
Cylindrospcrmum
Calothrix,Dichothrix, Glocotrichia,
Rivularia
Scytoncma, Tolypothrix
Mastigocoleus, Nostochopsis,
Mastigocladus, Wcstiella.
Fischcrclla, Hapalosiphon,
Stigoncma, Chloroglocopsis

E2 SOME TOXINS·PRODUCINGSTRAINS (CYANOIIACTERIA)

Microcystis acruginosa Kutz,
Microcystis viridis (a. Br.) l..cmm
Microcystis wcscnbcrgli Kom
Nodularia spumigena Mertens
Nostoc rivularc Kutz
Oscillatoria actissima Kuff
Oscillatoria agardhii/ruhcscens group
Oscillatoria nigro-viridis Thwaitcs
Anabaena circinalis Rabcnh
Anabaena nos-aquae (Lyngb.) Brcb,
Anabaena spiroidcs var, contracta Klcb
Anabaena variabilis Kutz.
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Aphanizomenon nos-aquae (L.) Rulfs
Oscillatoria agurdhii Gom.
Cylindrospermopsis raciborskii (Wolos)
Lyngbya wollei

E3 CYNOUACTERIA AND OTHER PHYTOPLANKTON IDENTIFIED

Classes

Baelllarlophyceae

Chlorophyceae

Dlnophyceae

Euglenophyceae

Cyanophyceae
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Species

Pennate diatom
Centric diatom

Scenedesmus
Cbtumldomonus
Coccomonas
Monoruphidiurn
Cosmarium
Tetraedron
Tctrastrum
Pandorina morum
Actinastrum hantzchii

Dinophyte

Trachelomonas

Microcystis
Pscudanabacna
Anabaena
Oscillatoria
Aphanocapsa
Spirulina
Radiocystis



APPENDIXF

CYANOBACTERIAL TOXINS

Fl NON·SPECII'IC MICROCYSTIN ANALYSES

(Du Preezand Van Baelen, 2lX15)

For microcystin assessment water should be sampled in dark glass bottle and then

transferred ina freezable container.

2 Lyophylize the algal cells. by freezing the sample in liquid nitrogen and thawing in

water bath or other hot container.

3 Filler the sample by using a 0.45 um syringe filter for each sample

4 Allow reagents to reach room temperature (I SoC to 24uC) before pouring in 96·wells

microtiter plate.

5 Calibrate the microtiter plate reader (Envirologix Inc) before commencing with

reaction.

6 Set-up automated washer and incubator

7 Markstrips with sample name to prevent confusion

8 One strip can accommodate four samples in duplicate. Thus when analysing four

samples in duplicate two strips will be needed as thenegative control and three

calibrators will occupy the first strip and the actual samples the second strip

9 Mix all reagents with the vortex shaker before usc inanalysis

10 Pipette 125 J.11 of microcystin assay diluent to each well that will be used

II Add 20~I of negative control. 20~I ofeach calibrator and 20 J.11 of each sampleto

their respective well in duplicate

12 Cover the wells with parafilm or tape to prevent evaporation and incubate at ambient

temperature while thoroughly mixing thecontents of the wells at 200 rpm for

approximately 30 minutes

13 Stan the timer and add 100 J.11 of microcystin enzyme conjugate to each well. Repeat

step 12

14 After incubation. reset timer. remove the pime covering and then wash plate with the

automated microtitcr plate washer with wash solution
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15 Stan timer and add 100 J.11 of subsuaie to each weJl then repeat step 12

16 Add 100 ,.d of stop solution to each weJl and mix thoroughly for approximately 30

seconds on the bench-top. This will tum the weJl contents yellow

17 The plate must be read with the microplate reader within 30minutes of the addition

of stop solution (as per instruction received with each kit)

CnlculnUon of mlcocystln concentration

I- The microplate reader is set up to read the optical density, calculate the toxin

concentration, standard deviation and percentage coefficient of variance

2- The percentage coefficient of variance ofeach pair of calibrators orsamples should not

exceed 20 %

3- If the microcystin toxin concentration exceeds the concentration ofthe highest calibrator

the sample may be eitherdiluted with reagent water to full in the range of the calibrators

or the concentration may be reported as >2.5 J.1g11

F2 1.IPOPOI.YSACCIIARIDE ENDOTOXIN

F.2.1 Composition of LPS endotoxin

LPS consists of three components or regions, Lipid A, an R polysaccharide and an 0

polysaccharide:

• Region I. Lipid Ais the lipid component of LPS. It contains the hydrophobic.

membrane-anchoring region of LPS. Lipid A consists ofaphosphorylated N

acetylglucosamine (NAG) dimer with 6or 7 fatty acids (FA) attached. Usually 6 FA

are found. All FA in lipid A are saturated. Some FAareattached directly to the NAG

dimer and others are esterified to the 3·hydroxy fatty acids that arc characteristically

present. The structure of lipid A is highly conserved among Gram-negative bacteria.

Among Enterobacteriaceae Lipid A isvirtually constant,but vary in cyanobacteria;

• Region 2. Core antigen or R polysaccharide is attached to the 6 position of one

NAG. The Rantigen consists of a short chain of sugars. For example: KDO-lIep-lIep

Glu-Gal-Glu-Glu-Glu-Nac. Two unusual sugars nrc usually present, heptose and 2

kcto-Jsdcoxyoctonoic acid (KDO). in the core polysaccharide. KOO is unique and

invariably present in LPS and so hasbeen an indicator inIl.\says for LPS (endotoxin).

With minor variations. the core polysaccharide is common to all member of a Gram

negative bacterial genus (c.g, Salmonella), hut it is structurally diMinct in other gcncm
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of Gram-negative bacteria. Salmonella, Shigella and Escherichia have similar but not

identical cores.

• Region 3. Somatic (0) antigen or 0 polysaccharide is attached to the core

polysaccharide. It consists of repeating oligosaccharide subunits made up of 3-5sugars.

The individual chains vary in length ranging up to 40 repeat units. The 0

polysaccharide ismuch longer than the core polysaccharide. and it maintains the

hydrophilic domain of the LPS molecule. A major antigenic determinant (antibody

combining site) ofthe Gram-negativecell wall resides in the 0 polysaccharide

F2.2 Detection ofLPS endotoxin

In this study theLimulus Amebocyte Lysate (LAL) chromogenic assay (LAL chromogenic

QCL 1000 1201 SL from Adcock Ingram, SA) was used to detect LPS endotoxin in water

sample

n.2.. Test procedure

Carefully dispense 50 III of sample orstandard into theappropriate endotoxin-free glass

tube in a 37°C block or watcrbath, Each series of determinations must include a blank

plus the four endotoxin standards run in duplicate. The blank tubes contain 50,.11 of

LAL Reagent Water instead of sample. All reagent additions and incubation times are

identical. As the sample is warming reconstitute the reagents asindicated in the

prescription provided by the manufacturer.

2 At time T=O. add 50 III of LAL to the reaction vessel. Begin timing a" LAL is added to

the first reaction vessel. It is important tobe consistent in the order of reagent addition

from vessel to vessel and in the rateofpipetting. Thorough mixing of the two solutions

is essential.but donot vortex.

3 At T=JO minutes. add 100 III of substrate solution (prewarmed to 37"C). Pipette the

substrate in the same order as in step2. Maintain a consistent pipening rule. Assure

thorough mixing ofsolutions.

4 At T= 16 minutes, add 100 III of stopsolution. Maintain the same pipctting order and

rate as in steps 2 and 3. Mix well.

5 Read the absorbance of each reaction tulle at 405-410 nm,

The standard curve isdrawn from the 00 of the standard solutions knowing the concentration

ofendotoxin. Theequation of the standard curve is expressed as y=axtb; Where: y j, the 00

and x is the endotoxin concentration. the equation x=(y-b) allow todetermine unknown x.
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