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ABSTRACT 

 

The presence of huge quantities of nutrients in water bodies heavily promotes the growth of 

algae. Excess nitrogen and phosphorus in discharged wastewaters can lead to downstream 

eutrophication thereby damaging the ecosystem. Algae bioremediation involves the use of live 

algae in the removal of excess dissolved nutrients from wastewater and subsequently diminish 

the pollution load. It is an alternative economical and sustainable way of treating sewage 

wastewater compared to conventional treatment processes. With dwindling water resources, it 

is imperative to find ways to minimise pollution of many streams. The main objectives of this 

investigation were to determine whether there is a difference in the optimum conditions in 

pools and raceways that are required to cultivate Chlorella vulgaris and Chlorella 

protothecoides, and for using microalgae to reduce nutrient loads in urban wastewater 

treatment works. Several physicochemical variables that includes pH, dissolved oxygen (DO), 

temperature, conductivity, total dissolved solids (TDS), chlorophyll a and ammonium (NH4
+) 

were studied. These variables were measured to ascertain how they affect the production of 

these two selected Chlorella spp. Chlorella vulgaris was cultured in round pool 1 and                  

C. protothecoides in round pool 2. These two Chlorella spp. were then mixed together and 

cultured in the raceway pond. Chlorella vulgaris showed that they grow faster than                       

C. protothecoides. This was indicated by the high concentration levels of chlorophyll a 

averaging 179.03 µg/ℓ in round pool 1. Round pool 2 showed different results as compared to 

round pool 1 with low levels of chlorophyll a averaging 41.32 µg/ℓ and high levels of 

ammonium averaging 104.91 mg/ℓ. The algae cultures were introduced to stabilization ponds 

at Motetema wastewater treatment works with a depth of 2 m and a capacity of 20 Mℓ but 

without mechanical aeration, and the effluent quality was monitored. The concentration of 

nitrates decreased from 0.88 mg/ℓ to 0.81 mg/ℓ and chlorophyll a showed a 25.94 % decrease 

from 45.38 mg/ℓ to 33.61 mg/ℓ after the introduction of microalgae. The study showed that 

these two Chlorella spp. responded differently to the prevailing ranges of physicochemical 

variables during culturing, and they have the potential to be utilised for wastewater treatment 

on a large scale.  

KEYWORDS: microalgae, raceway pond, C. vulgaris, pH, temperature, C. protothecoides, 

dissolved oxygen, conductivity, round pools, nitrates 
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CHAPTER 1 

 

1.1 Introduction 

 

Rapid population growth that subsequently leads to vast increase in the number of industries 

and urban settlements often leads to environmental pollution. Anthropogenic activities 

particularly agriculture, industrialisation and urbanisation, have led to the increase in the 

quantity of nitrogen and phosphorus discharged to inland water systems. This is due to the 

amount of untreated wastewater discharged into water bodies. Untreated or partially treated 

wastewater finds its way to water bodies resulting in the enrichment of nutrients or 

eutrophication (Mahapatra et al., 2013). Due to continuous depletion of natural resources, it is 

imperative that pollution level is reduced. An increase in the amount of nitrogen and 

phosphorus entering water bodies have severe effects on the whole ecosystem. In order to 

prevent these problems we should handle nitrogen and phosphates as nutrients resource rather 

than pollutants that only has to be disposed of (Choi and Lee, 2013). Both nitrogen and 

phosphorus in wastewater should be treated properly before being discharged to minimise their 

contaminant effect in aquatic ecosystems (An et al., 2003). One of the possible ways of 

wastewater treatment is the use of microalgae species such as C. protothecoides (formerly 

known as Chlorella pyrenoidosa) (Zeng et al., 2009) and C. vulgaris. 

 

1.2 Research problem 

Many studies have been carried out to investigate the wastewater phycoremediation using 

microalgae to remove different wastewater pollutants. Sustainability and environmental 

concerns are major issues in the world today (Singh et al., 2013). The idea of employing 

microalgae for the removal of high concentrations of nutrients in wastewater has been 

developed for years (Oswald et al., 1957; De la Noue et al., 1992). Phycoremediation is an 

effective and low technology process with huge cost savings. It provides a more appropriate 

method of water treatment for developing countries (Pittman et al., 2011).  

 

The realisation that the quality of water resources are depleting and the costly nature of 

chemicals to treat the wastewater has brought about the necessity to find economical ways of 

treating wastewater. The specific advantage of using microalgae is that they contribute to 
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carbon sequestration during their production. They also provide food and oxygen for many 

species in the aquatic environment (Anesio et al., 2009) and they are involved in symbiosis 

with bacteria in various ecosystems (Gast et al., 2009). Recent studies have demonstrated that 

microalgae can be utilised for the removal of nitrogen and phosphorus from wastewater          

(An et al., 2003; Órpez et al., 2009). Globally Chlorella spp. are widely used microalgae for 

nutrient removal (Wang et al., 2013). According to Lee and Lee (2001), most of the studies 

have been focusing on the economic viability of implementing microalgae for wastewater 

treatment.  

 

This topic has gained momentum due to its cost effectiveness and environmental benefits as 

mentioned by Vacca et al. (2005). Mallick (2002) and, Ahluwalia and Goyal (2007) also 

support the fact that microalgae are viable and effective in the removal of phosphorus and 

nitrogen from wastewater hence very essential for bioremediation. The aim of this study was 

to establish an approach (see Appendix A) on how best to culture algae in the round pools and 

raceway pond, and their efficiency in removing nutrients in urban wastewater. 

 

1.3 Research aim and objectives 

The principal aim of this project was to determine the conditions of culturing algae (C. vulgaris 

and C. protothecoides) in the round pools and raceway pond in order to facilitate the effective 

and efficient removal of nutrients in urban wastewater. The project objectives were:  

 To determine whether there is a difference in the optimum conditions in pools and 

raceways that are required to cultivate Chlorella vulgaris and Chlorella protothecoides. 

 To monitor the effluent quality from wastewater stabilization ponds. This is done after 

introducing microalgae cultures to stabilization ponds. 
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CHAPTER 2 

2.1 Overview 

The emphasis of implementing the most economical and natural methods of removing nutrients 

in wastewater has been considered in many research works. According to Yaakob et al. (2014) 

and Singh et al. (2013), this is mainly due to rapid industrialization resulting in many industries 

disposing of wastewater into water bodies without proper treatment. Nijboer and Verdonschot 

(2004) identified ammonium (NH4
+), nitrates (NO3

-) and phosphates (PO4
3-) as major sources 

of eutrophication. These nutrients may occur artificially and naturally. Artificial occurrence of 

these nutrients may results from industrial discharges, domestic effluent and anthropogenic 

activities such as fertilizer application whilst natural occurrence might be due to the 

decomposition of cellular material or gaseous exchange from the atmosphere. Bhatt et al. 

(2014) noted that nitrogen and phosphorus are the two important nutrient compounds to analyse 

a water source for potential algae growth. The principal forms in which they arise in wastewater 

are ammonia (NH3), nitrite (NO2
-), nitrate, and orthophosphate.  Correll (1998) reiterates that 

if no proper treatment is applied to excess nutrients, eutrophication will take place hence 

affecting the level of dissolved oxygen (DO) and subsequently aquatic life. On the other hand, 

microbial water pollution has become a major concern for environmental safety and public 

health (Bouali et al., 2012). 

 

2.1.1 Algae culturing in open raceway ponds 

Algae are photosynthetic, pigment-producing, protein-rich microorganisms that play a vital 

role in wastewater treatment through their ability to generate their own carbon source and 

oxygen (Job et al., 2014). Microalgae are prokaryotic or eukaryotic photosynthetic 

microorganisms, some of which can also form a chain or colony ranging from a few 

micrometres to a few hundred micrometres and are generally ubiquitous in nature. According 

to Barsanti and Gualtieri (2006), algae are a broad category that has no proper taxonomic 

classification. Lee (1980) added that they are thallophytes, meaning they lack roots, stems and 

leaves. They do not have a sterile covering of cells around the reproductive cells and have 

chlorophyll a as their primary photosynthetic pigment. Sheehan et al. (1998) classified algae 

into two types based on their sizes, microalgae and macroalgae. Microalgae being the 
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microscopic photosynthetic organisms that are found in both marine environment and 

freshwater environment. 

 

High rate algal (raceway) ponds are open shallow ponds with paddlewheel to circulate algae 

and the nutrients (Brennan and Owende, 2010) as shown in Fig. 1. The water level is usually 

kept at not less than 15 cm. Pedroni et al. (2001) indicated that the typical size of open pond 

for microalgae production systems ranges from 0.2 to 0.4 hectares, however, there is evidence 

of very large-scale open pond systems. Achara (2012) added that the ponds are kept shallow 

because algae need to be exposed to sunlight, and sunlight can only penetrate the pond water 

to a limited depth. Raceway ponds are the most often used for large-scale production systems 

for wastewater treatment and biofuel production, and are relatively cheap to construct and 

operate.  

 

 

Figure 1: Schematic layout of an open raceway pond (Chisti, 2007) 

There are basic principles of operation in algal wastewater treatment ponds as illustrated in 

Fig.2. Algae produce oxygen from water as a by-product of photosynthesis. Bacteria will then 

use this oxygen (O2) as they aerobically bio-oxidise the organic compounds in wastewater to 

produce carbon dioxide (CO2) which is the end-product of this bio-oxidation process (Sharma 

and Khan, 2013). Achara (2012) indicated that in algae culture, different algae have different 

requirements but the basic reaction during photosynthesis of the single celled phytoplankton in 
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water has been given as: CO2 + light energy + H2O = glucose + O2 + H2O.  Algae can also act 

as a sink for carbon dioxide because they absorb it for photosynthesis (Singh et al., 2013). 

Based on a theoretical ratio, algae are able to fix approximately 1.8 kg of carbon dioxide fixed 

for every 1 kg algal biomass produced (Chisti, 2007). 

 
 

Figure 2: Basic principles of operation in the open raceway ponds (Paliwal, 2012) 

 

According to Chisti (2007) and Shen et al. (2009), raceway ponds have advantages and 

disadvantages for algae production as indicated in Table 1. They have culture density of         

0.25 – 1 g.ℓ-1, low gas exchange and high scalability. Carvalho et al. (2006) and Chisti (2007) 

added that raceway ponds are mainly used to culture suspended algae but there are advantages 

and disadvantages of using this approach. 

Table 1: Advantages and Disadvantages of raceway ponds (Chisti, 2007; Shen et al., 2009) 

Cultivation System       Advantages       Disadvantages 

 

Open raceway pond  Inexpensive to 

build and operate 

 Easy and cheap to 

maintain 

 Low energy inputs 

 Biomass productivity is minimal 

 Inefficient mixing and poor light 

penetration 

 Needs large areas for considerable 

biomass yield 

 High risk of pollution and 

contamination 

 Limitation of species 

 Poor dispersion of carbon dioxide to 

the environment 
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2.1.2 Physicochemical parameters essential for microalgae growth 

 

2.1.2.1  Overview 

Microalgae growth is affected by certain physicochemical factors that include pH, right 

nutrients, light and temperature range of the medium (Farhadian et al., 2008; Achara, 2012). 

This was supported by Blair et al. (2014), who emphasized the importance of light (energy), 

carbon source autotrophic metabolism, growth medium (water) and nutrients (N and P) for 

reproduction of microalgae. Sudhakar and Premalatha (2012) also added that algae require only 

a few basic resources to grow successfully, these includes carbon dioxide, water, sunlight and 

nutrients. The ideal range of values for these factors is indicated in Table 2.  

Table 2: A generalised set of conditions for microalgae culturing (Lavens and Sorgeloos, 1996) 

 

Parameters Range Optima 

Temperature (⁰C) 16 – 27 18 - 24 

Light intensity (lux) 1 000 - 10 000 (depends on volume and 

density) 

2 500 - 5 000 

pH (units) 7 – 9 8.2 - 8.7 

 

2.1.2.2  Nutrients  

Nutrients and physical factors are essential for culturing of algae in wastewater. Alsull and 

Omar (2012) indicated the importance of salinity and nutritional factors that have an influence 

on algae growth, physiological activities and biochemical composition. Nitrogen is supplied in 

the nitrate and ammonium form but ammonia nitrogen is preferred for algal growth (Kaplan et 

al., 1986; Berman and Chava, 1999). Phosphorus is used by algae in orthophosphate form and 

should be supplied to significant excess as phosphates because not all phosphorus compounds 

are bioavailable (Kumar et al., 2010).  

Hoffmann (1998), Shen et al. (2009) and Lundquist et al. (2010) claims that raceway ponds 

have phosphorus loading of 1.2 - 7.5 mg.ℓ-1 day-1 and 96 % phosphorus removal. There is still 

more research on the ideal levels of these nutrients. Brzezinski (1985) found that in most 

cultures the macronutrients required are nitrogen (N) and phosphorus (P) in the ratio of          
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16N : 1P, however, in most cultures nutrients are often added in excess in order to maximize 

nutrient limitation. Ramaraj et al. (2010) reported that 1 g algae production needs 0.035 g of 

nitrogen and 0.004 g of phosphorus. Chaumont (1993) indicated that algal growth rates of 10 

to 50 g m2/day (grams of algal mass per square metre per day) have been reported. 

 

2.1.2.3  Temperature requirements 

Konopka and Brock (1978) emphasized the role of temperature in algal growth. Temperature 

variations affect biochemical reactions and subsequently biochemical composition of algae. 

Favourable high temperatures stimulate algal growth but once optimal temperature is reached, 

any further increase will deter algal growth due to stress. Muñoz and Guieysse (2006) added 

that temperature regulate cellular, morphological and physiological responses of microalgae: 

higher temperatures generally accelerate the metabolic rates of microalgae, whereas low 

temperatures lead to inhibition of growth. According to Ono and Cuello (2003), the optimal 

temperatures varies among microalgal species and optimal growth temperatures of 15 – 26 ⁰C 

have been reported for some species.  

Cho et al. (1994) indicated that generally temperature up to 15 °C is the most favoured for algal 

cultivation. However, microalgae species react differently to a range of temperatures some 

thrive effectively at high temperatures whilst others prefer low temperatures. According to       

Li (1980), microalgae species are capable of photosynthesising over a wide range of 

temperatures generally stated between 15 and 30 ⁰C but with optimal conditions between          

20 and 25 ⁰C. A bell shaped growth curve is generally observed for describing the relationship 

between temperature and microalgae growth rate (Fig. 3). However according to Suzuki and 

Takahashi (1995), it appears that the shapes widely differs between species. The evidence from 

the study of growth rates versus optimal temperature for 17 different Chlorella strains showed 

that Chlorella spp. grew effectively between 26 ⁰C (with C. vulgaris, C. protothecoides) and 

36 ⁰C (with Chlorella fusca, Chlorella kessleri) (Kessler, 1985). 
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Figure 3: The effect of temperature on microalgae growth rate (Redrawn from Butterwick et 

al., 2005; Kudo et al., 2000) 

 

2.1.2.4  Light requirements 

Light is also essential for microalgae growth. Depriving microalgae of optimum light will 

hinder their growth. Turbulence can be created in the culture in order to facilitate enough supply 

of light especially in wastewater due to high particulate content. This is done to enable cells 

getting exposed to light for energy build-up to enhance productivity. Light deprivation can also 

be limited by designing raceway ponds with shallow depth in order to facilitate light 

penetration to the bottom of the ponds. De la Noue et al. (1992) claims that depth of 15 to         

50 cm is generally recommended. On the other hand Muñoz and Guieysse (2006) and Li et al. 

(2008) state that the depth of water in the open raceway pond should not be more than 30 cm.  

Friedman et al. (1991) however indicated that microalgae exposure to light must be monitored 

since high intensities of light tend to increase polysaccharide production in the algal cell. For 

photosynthesis, generally microalgae utilise light with a wavelength from 400 nm to 700 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



9 
 

However, the wavelength absorbed differs with the algae species. Considering the green 

microalgae, they absorb light energy for photosynthesis through chlorophyll a as a major 

pigment, absorbing light energy in the range of 450 - 475 nm and 630 - 675 nm and, carotenoids 

as an accessory pigment absorbing light energy of 400 - 550 nm (Blair et al., 2014). 

According to Andersen (2005), some algae prefer low light intensities (˂ 60 µmol m-2 s-1 

Photosynthetic Photon Flux) while others need higher light intensities (> 100 µmol m-2 s-1 

Photosynthetic Photon Flux). Hanagata et al. (1992) reported that saturation light of Chlorella 

spp. is approximately 200 µmol/sec/m2 Photosynthetic Photon Flux. Excess light conditions 

results in photoinhibition and this reduce algal productivity. Fig. 4 illustrates the photosynthetic 

irradiance (P/I) response of microalgae, The open arrows indicate the high light acclimated 

response direction and the filled arrows indicate the low light acclimated direction (Grobbelaar, 

2006). 

 

Figure 4: The photosynthetic irradiance response of microalgae (Grobbelaar, 2006) 

 

2.1.2.5  pH requirements 

Azov (1982) emphasised the importance of pH in microalgae growth as it affects the 

availability of inorganic carbon. According to Knud-Hansen et al. (1998) and Round (1984), 

the three principle forms of dissolved organic carbon needed for algae growth exists in 

equilibrium as carbon dioxide, bicarbonate and carbonate. Carbon dioxide and sometimes 
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bicarbonate are essential to algae but rarely carbonate. The pH increases due to photosynthetic 

carbon dioxide assimilation. According to Oswald (1988), microalgae have been shown to 

cause a rise in pH to between 10 and 11 in open ponds because of CO2 uptake.  

Intake of nitrogen by microalgae affects the pH of the medium this is because nitrate ions 

assimilation may increase the pH. In addition, as pH becomes high it may cause precipitation 

of phosphate medium. The pH affects the abundance of algae, this was indicated in one study 

where pH was lowered from 6.6 to 5.0, algal abundance increased (Leavitt et al., 1999) and 

reduced growth was observed in a group of pH tolerant algae when pH exceeded 9.5 (Pedersen 

and Hansen, 2003). This shows how different algal species reacts differently in numerous pH 

ranges. 

 

2.2 Challenges of algal culturing in open raceway ponds 

Although the open raceway ponds proved to be the simplest of all the algae growing techniques, 

it also has some challenges owing to the fact that the environment in and around the pond is 

not completely under control. Often problems of low productivity associated with poor mixing, 

contamination, dark zones and inefficient use of carbon dioxide are experienced in these 

raceway ponds (Chisti, 2007; Mata et al., 2010). According to Achara (2012), open pond 

cultivation is limited to strains that are resistant to contamination by other microorganisms, 

such as other algal species or bacteria. Issues like bad weather and contamination from strains 

of bacteria or other outside organisms often results in undesirable species taking over the 

desired algae growth in the ponds. According to Lee (2001), culturing Chlorella spp. in open 

ponds is often not possible due to the harsh culture conditions. Due to temperature fluctuations 

up to 20 ⁰C between day and night, it makes it very difficult to maintain the optimum growth 

temperature (Borowitzka, 2005). 

Grima et al. (2003) and Uduman et al. (2010) pointed out the cost implications of harvesting 

suspended algae. Harvesting of the algae from water remains another challenge due to the small 

size algal cells, with unicellular eukaryotic algae typically, 3 - 30 µm. Chorus and Bartram 

(1999) also added that cyanobacteria as small as 0.2 - 2 µm poses harvesting challenges. 

Reducing the costs of algae harvesting still remains a major challenge. To overcome the 

challenges of harvesting suspended algae, Hoffmann (1998) indicated that it is better to use 
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surface-attached algae biofilm systems that are naturally concentrated and more readily 

harvestable. According to Azov et al. (1980), mass algal cultivation in open basins encounters 

difficulties including among others, the maintenance of the introduced algal species as unialgal 

cultures.  

 

The uncontrolled replacement of algae with one that has inferior properties with respect to 

nutrient uptake efficiency, growth rate, chemical composition and so forth can lead to a process 

that is not economically acceptable (Gantar et al., 1991). According to De la Noue et al. (1992), 

phytoremediation yields favourable benefits but there are also major problems of using 

microalgae, which includes their recovery from the treated effluent. Among the challenges 

experienced in algae growth, Carvalho et al. (2006) indicated that in order to prevent 

photooxidative damage, excess oxygen should be removed. This is because oxygen 

concentrations above air saturation will begin to hinder photosynthesis. 

 

Light deprivation is also another problem in algae culturing. Algae at the bottom of the culture 

are susceptible to lack of enough light due to the fact that most of the light has already been 

absorbed by the outermost layer of cells (Borowitzka, 1999). Achara (2012) supported this by 

emphasizing that in open ponds there is evaporation losses, poor light utilization by the cells 

and diffusion of CO2 to the atmosphere. According to Qiang and Richmond (1996), to 

overcome the light problem a reactor with a high surface area to the volume ratio should be 

designed. A vigorous mixture is also essential to ensure that all cells reside in the illuminated 

area for considerable time.  

Aksu (2005) reported that one limitation of using an algal system, as secondary treatment 

process is the presence of high concentrations of ammonia and urea in raw wastes that hinder 

algal growth and physiological activity. Nutrient removal can be effectively achieved through 

the controlling of the essential growth parameters including temperature and pH but all these 

controls require additional costs (Abu-Rezq et al., 1999). In addition, the availability of land 

and water for large-scale microalgae production often is a challenge to algal-based wastewater 

treatment (Achara, 2012).  
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2.3 Wastewater treatment by microalgae in stabilization ponds 

The microalgae-based technology for wastewater treatment is cost-effective and 

environmentally friendly. Wastewater treatment with algae can be done using stabilization 

ponds. According to Sekhukhune District Municipality (SDM, 2013), primary ponds are the 

first to receive untreated but screened wastewater followed by the secondary ponds and lastly 

the tertiary pond. Tertiary ponds are used to polish the effluent and remove algae before treated 

wastewater is discharged into water bodies. Stabilization ponds can be operated either in series 

or in parallel connection (Fig. 5). Ponds connected in series reduce the amount of algae present 

in the last pond and generally achieves better quality effluent. Parallel-connected ponds on the 

other hand are aimed at reducing organic loading in the primary ponds. Hamzeh and Ponce 

(2016) emphasized the classification of ponds in relation to their biological activities, namely 

anaerobic, facultative and maturation. 

 

SERIES 

 

Wastewater 

  

PARALLEL 

 

Wastewater  

 

Wastewater  

 

 

Figure 5: Series and parallel connection of stabilization ponds (Adapted from SDM, 2013) 

 

Primary pond 

(Anaerobic) 

Secondary 

pond 

(Facultative) 

 

Tertiary pond 

(Maturation) 

 

Primary pond 

(Anaerobic) 

 

Primary pond 

(Anaerobic) 

 

 

Secondary 

pond 

(Facultative) 

 

 

Tertiary pond 

(Maturation) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



13 
 

The operation of stabilization ponds involves the stabilization of organic wastewater through 

complex natural processes involving sunlight, oxygen, water currents, algae and bacteria. 

Wastewater stabilization ponds are simple in design and construction, and they require low 

capital in operation and maintenance. Besides their merits, they also have demerits, which 

include large land requirements and odour problems if not properly designed (DFID, 1998). 

The Chlorella spp. proved to be the most common and effective unicellular species used for 

the bioremediation purposes (Lim et al., 2010; Tam et al., 1994; Lau et al., 1997). Kim et al. 

(2010) and Valderrama et al. (2002) suggested and proved the use of C.  vulgaris in the removal 

of nitrogen (ammonia and ammonium ion) from wastewater at a reasonable uptake rate.  

 

Different cultured microalgae species have been used in wastewater treatment practically due 

to low cost and high efficiency (Oswald., 1988; De la Noue et al., 1992) and this is mainly 

based on natural processes of eliminating several wastewater pollutants (Ran et al., 2004). 

Graham et al. (2009) and Oswald (2003) supported this by claiming that the use of algae-based 

treatment will have more benefits including monetary and ecological. Hii et al. (2011) also 

added that the use of microalgae for nutrient removal in wastewater is considered the most 

efficient, environmental friendly, relatively low cost and simple alternative wastewater 

treatment as compared to conventional wastewater treatment techniques.  

Fallowfield and Garrett (1985) reported that algae use for treatment of both domestic and 

agricultural wastewaters is attractive since the technology is relatively simple and it requires 

less energy. By utilising harmful nutrients (N and P) as food source, algae hold promise of 

being able to accomplish nutrient removal with a net energy savings to water treatment system 

(Singh et al., 2013).  Lundquist et al. (2010) and Pittman et al. (2011) also claims that there are 

several benefits resulting from using algae for wastewater treatment. They emphasized that so 

much research has been done to consider the integration of wastewater treatment and algae 

production but Carvalho et al. (2006) argues that the growth of algae will need primary and 

micronutrients, which can be very expensive when a huge quantity is required. These primary 

nutrients include carbon, nitrogen and phosphorus. Micronutrients are also essential even 

though they rarely affect the growth of algae in wastewater and they include silica, calcium, 

magnesium, potassium, iron, manganese, sulphur, zinc, copper, and cobalt (Knud-Hansen et 

al., 1998).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



14 
 

The introduction of algal-based treatment approach was a way to avoid costs and demerits of 

using chemical and physical processes. The use of chemical or physical processes in the 

removal of nutrients in wastewater is very expensive, less efficient and ecologically not safe as 

compared to algae assimilation although it must be noted that the acceptable levels of nutrients 

in wastewater cannot be achieved by algae assimilation alone (Oswald, 2003).  In addition 

Tchobanoglous and Burton (1991) also claims that the use of available chemical and physical 

based technologies in the removal of nutrients are proving to be energy consuming and 

chemical demanding hence making them very expensive and uneconomical. Chemical usage 

in wastewater treatment often leads to secondary contamination of sludge affecting its usage 

and disposal (Hoffman, 1998). 

Amengual-Moro et al. (2012) indicated that the combination of algae and bacteria in the ponds 

aids in the reduction of Biochemical Oxygen Demand (BOD). This is achieved through the 

oxidation of organic matter by chemoorganotrophic bacteria using oxygen (O2) released by 

algae during photosynthesis. Muñoz and Guieysse (2006) illustrate the removal of BOD 

through the exchange of oxygen and carbon dioxide between the algae and bacteria (Fig. 6). 
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Figure 6: Illustration of Biochemical Oxygen Demand (BOD) removal (Adapted from Muñoz 

and Guieysse, 2006) 
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CHAPTER 3 

3.1 Materials and Methods 

3.1.1 Study area and sampling 

Motetema wastewater treatment works was selected as the study area for algal-based 

wastewater treatment. Motetema lies in Groblersdal, Limpopo Province in South Africa and its 

geographical coordinates are 25° 6' 3.87" South and 29° 28' 6.78" East, about 141 km North 

East of Pretoria (Fig. 7). According to Urban Main Place (UMP, 2011), Motetema covers an 

area of approximately 2.5 km2 with a population of more than 8500 and approximately 2400 

households.  Motetema uses stabilization ponds for treatment of the wastewater derived from 

the surrounding community. According to Wiley et al. (2009), stabilization ponds are used as 

an appropriate alternative for wastewater treatment and they effectively stabilize wastewater 

by reducing Biochemical Oxygen Demand (BOD).  

 

 

Figure 7: Map showing the geographical location of Motetema wastewater treatment works in 

Limpopo Province, South Africa (Google Map, 2016) 
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3.1.2 Algae culture and media preparation 

Chlorella vulgaris and Chlorella protothecoides were cultured from pure stock cultures in 

Erlenmeyer flasks, using sterile methods (i.e., work in laminar flow hood, use filter-sterilised 

algal medium, autoclaved glassware, etc.). The flasks were allowed to shake at 100 rpm at 

room temperature with a 12:12 circadian cycle. A scale-up approach was followed for the mass 

culturing of these two species: 250 mℓ flask  15 ℓ fish tank  50 ℓ fish tank  10 000 ℓ 

round pools  raceway pond. When cultures reached a maximum or near-maximum density, 

they were transferred to the next container and topped up with concentrated media and water. 

The fish tanks, round pools and raceway pond were fitted with a pump to allow a constant flow 

of the water. When the cultures were transferred to a raceway pond, they were combined 

together. Chlorella vulgaris was selected for this experiment because it has great potential for 

capturing CO2. It will grow at a faster rate of 0.6 g/ℓ per day and tolerate 10 – 15 % CO2        

(Lee et al., 2000). According to Converti et al. (2009), C. vulgaris can also grow in extreme 

environments with high temperatures of 30 - 35 ⁰C, and acidic environments such as pH of 3 

(Mayo, 1997).  

 

The algal cultures in the fish tanks, round pools and raceway pond were monitored on a weekly 

basis by measuring the cell concentration and chlorophyll a levels, as well as using microscopic 

examination to make sure that the cultures remained free from contamination by other species. 

Algal culture medium was prepared according to the green algae, Selenastrum capricornutum, 

growth test method 1003.0 (USEPA, 2002). Normal concentration (for use in the Erlenmeyer 

flasks) as well as ten times concentrated stock solutions (for use in the fish tanks, round pools 

and raceway pond) were prepared according to the Table 3 below. Milli-Q water was used 

during all dilutions. For the final algal media the following was done: 1 mℓ of A, B, C, D and 

E (in this order) was added to 900 mℓ of water. Each addition was mixed well. 1 000 mℓ mix 

was diluted and the pH was adjusted to 7.5 ± 0.1, using sodium hydroxide (NaOH) or hydrogen 

chloride (HCl). The normal concentration medium was filter-sterilized using 0.22 μm pore size 

sterile filtration units.  
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Table 3: Preparation of stock solution concentration 

 

Stock 

solution 

Compound Amount dissolved in water 

Macronutrients 

 Normal concentration Ten times concentration 

A MgCl2.6H2O 

CaCl2.2H2O 

NaNO3 

6.08 g 

2.2 g 

12.75 g 

Dissolve in 500 mℓ water 

60.8 g 

22.0 g 

127.5 g 

Dissolve in 500 mℓ water 

B SO4.7H2O 7.35 g 

Dissolve in 500 mℓ water 

73.5 g 

Dissolve in 500 mℓ water 

C K2HPO4 0.522 g 

Dissolve in 500 mℓ water 

5.22 g 

Dissolve in 500 mℓ water 

D NaHCO3 7.5 g 

Dissolve in 500 mℓ water 

75.0 g 

Dissolve in 500 mℓ water 

Micronutrients 

E1  H3BO3 

MnCl2.4H2O 

FeCl3.6H2O 

Na2EDTA.2H2O 

92.8 mg 

208 mg 

79.9 mg 

150 mg 

Dissolve in 400 mℓ water 

928 mg 

2.08 g 

799 mg 

1.5 g 

Dissolve in 400 mℓ water 

E2 ZnCl2 164 mg 

Dilute to 100 mℓ 

1.64 g 

Dilute to 100 mℓ 

E3 CoCl2.6H2O  71.4 mg 

Dilute to 100 mℓ 

714 mg 

Dilute to 100 mℓ 

E4 Na2MoO4.2H2O 36.6 mg 

Dilute to 10 mℓ 

363 mg 

Dilute to 10 mℓ 

E5 CuCl2.2H2O 60 mg 

Dilute to 1 000 mℓ 

Take 1 mℓ of this solution 

and dilute to 10 mℓ 

600 mg 

Dilute to 1 000 mℓ 

Take 1 mℓ of this solution and 

dilute to 10 mℓ 

E6 Na2SeO4 119.6 mg 

Dilute to 100 mℓ 

1.196 g 

Dilute to 100 mℓ 

Total E 1 mℓ of E2 + E3 + E4 + E5 + E6 to E1 was added and brought to a volume of  

500 mℓ  
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3.2 Experimental setup 

Algal samples for the study were cultured at the Council for Scientific and Industrial Research 

(CSIR) premises in Pretoria. In order to test the growth rate of microalgae, three ponds were 

constructed. These ponds consisted of two round shaped and one rectangular shaped (see 

Appendix B). In the round shaped pools C. vulgaris and C. protothecoides were cultured 

separately whilst in the rectangular shaped raceway pond, the two Chlorella spp. were mixed 

together.  

 

 

 

 

Figure 8: Schematic layout of the experimental setup 
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The recordings were taken after every 1 hour for 24 hours, from the top and at the bottom of 

the round pools. The readings were also taken in the raceway pond from the control section 

without mixing and from another section with paddlewheel for mixing as shown in Fig. 8 

above. The physicochemical parameters monitored included pH (units), temperature (⁰C), 

conductivity (µS/cm), total dissolved solids (mg/ℓ) and DO (mg/ℓ) and this was done using 

Thermo Scientific Orion Star pH/ORP/ISE/Conductivity/RDO/DO meter on the 7th and 8th of 

August 2015 (Fig. 9). The same instrument was also used to measure DO from the stabilization 

ponds at Motetema wastewater treatment works on the 16th of January 2016. 

  

Figure 9: Thermo Scientific Orion Star pH/ORP/ISE/Conductivity/RDO/DO meter 

On the 25th, 26th and 27th of November 2015, the Hydrolab DS 5 Multipleparameter Data Sonde 

(Fig. 10) was used for data collection in the round pools. The same instrument was also used 

for data collection from the stabilization ponds at Motetema wastewater treatment works on 

the 16th of January 2016. In order to take recordings from the stabilization ponds a bucket 

attached to a rope was used and the samples were collected from a turbulent well-mixed point, 

which was the manhole at the outlet diversion control structure (Fig. 10). The data collected 

using the Hydrolab DS 5 included: temperature (⁰C), pH (units), conductivity (µS/cm), total 

dissolved solids (g/ℓ), nitrates (mg/ℓ) and chlorophyll a (µg/ℓ).  
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Figure 10: Experimental setup using Hydrolab DS 5 Multipleparameter Data Sonde 

The following activities were carried out for the preparation and maintenance of the raceway 

pond and round pools: this involved nutrient dosing to feed growing algal community and 

monitoring of water chemistry. Algal densities at different depths were recorded and 

monitored. The algal culture was released through three phases to coincide with the increase in 

algal density (Fig. 11).  

 

 

Figure 11: Three phases of algae culturing in the raceway pond (Oberholster, 2014) 
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3.3 The introduction of microalgae to the stabilization ponds 

The algal cultures from the raceway pond and round pools at CSIR premises were then 

transported using a truck and introduced to the stabilization ponds at Motetema wastewater 

treatment works. The construction of these stabilization ponds was done in such a way that the 

wastewater will undergo different treatment processes in different kinds of stabilization ponds 

such as anaerobic ponds, facultative ponds and saturated ponds. The black arrows in Fig. 12 

show the flow direction of influent and effluent. During the sampling period, the white 

stabilization ponds were being dried to remove sludge.  

The algae cultures were introduced to facultative ponds with a depth of 2 m and a capacity of 

20 Mℓ but without mechanical aeration. The introduced algae cultures were allowed to mature 

in the green stabilization ponds with a capacity of 7.5 Mℓ each (Fig. 12). The maintenance 

process involved the monthly monitoring of total cell counts of algae in collected water 

samples, monitoring of outflow water quality, inoculation of algae as established through water 

monitoring and recording, and monitoring of algal profiles.  

 

3.4 Statistical analysis 

Data was analysed by Pearson’s correlation analysis. Different variables were evaluated to  

determine if they have a relationship. This was done by comparing the behaviour of one  

variable in relation to the other. For positive correlation, as one variable increases so does the  

other whilst for negative correlation, as one variable increases the other decreases. This  

relationship was shown using scatter plots (see Appendix L). Pearson’s correlation coefficient  

r will measure the strength of the linear relationship between the paired variables. The closer  

the r value to 1 or –1, the stronger the positive or negative linear correlation respectively. 
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Legend: 

 

 Influent from Motetema community Stabilization ponds with 

                                                                                                               microalgae 

 

 Effluent to the river                                                                 Stabilization pond  

                                                                                                               with final effluent 

   

 Stabilization pond                    Dry stabilization   

                             receiving influent                                                      ponds 

 

Figure 12: Schematic layout of the stabilization ponds at Motetema wastewater treatment 

works (Redrawn from Google Map, 2016) 
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CHAPTER 4 

4.1 Results and Discussion  

The abundance of C. vulgaris and C. protothecoides in the round pools and raceway pond, and 

its daily yield was highly influenced by the values of the physicochemical variables. The results 

of the water quality for August  and November 2015 reflects changes in the curves for almost 

all the physicochemical parameters including temperature, pH, conductivity, total dissolved 

solids, DO, nitrates, ammonium and chlorophyll a.  

 

4.1.1 Temperature 

The experimental results for temperature recorded on the 7th and 8th of August 2015, and 25th, 

26th and 27th of November 2015 are presented in Fig. 13 and Fig. 14 respectively. Fig. 13 

depicts the temperature results for both round pools and raceway pond ranging from 12.6 ⁰C 

and 16.6 ⁰C, and 10.6 ⁰C and 15.1 ⁰C respectively. These results were obtained in August and 

they differ with those obtained in November (Fig. 14) with temperature range of 22.14 ⁰C and 

27.27 ⁰C for round pools only. This indicates that November recorded high temperatures during 

algae growth in round pools 1 and 2. The average temperatures for the round pools were        

14.5 ⁰C whilst for the raceway pond were 12.9 ⁰C.  

This indicates that these two Chlorella spp. are capable of photosynthesis over a wide range of 

temperatures, in this case 10.6 ⁰C and 27.27 ⁰C. The raceway pond recorded the lowest 

temperature of 10.6 ⁰C around 8 am on the 8th of August 2015, this was possibly due to their 

location, being affected by the shade of the nearest trees. The round pools 1 and 2 had the same 

geometry and they were exposed to the same environmental condition, their results indicate 

uniform temperature values throughout the whole sampling process. Ono and Cuello (2003) 

indicated that the optimal growth temperatures of 15 – 26 ⁰C have been reported for some 

species, whilst others grow effectively in optimal conditions between 20 – 25 ⁰C (Li, 1980). 

Muñoz and Guieysse (2006) added that temperature regulates cellular, morphological and 

physiological responses of microalgae. Higher temperatures generally accelerate the metabolic 

rates of microalgae, whereas low temperatures lead to inhibition of growth. The previous study 

done by Oswald et al. (1957) showed that Chlorella spp. showed a good adaptation for low-
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temperature conditions and these species could even sustain photosynthetic oxygen production 

at temperature nearly as low as freezing. According to this research, these two Chlorella spp. 

showed better tolerance to temperatures as low as 10.6 ⁰C and as high as 27.27 ⁰C.   

 

Figure 13: Temperatures recorded in the round pools and raceway pond on the 7th and 8th of 

August 2015 

 

 

Figure 14: Temperatures recorded in round pool 1 on the 25th and 26th of November 2015 and 

round pool 2 on the 26th and 27th of November 2015  
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4.1.2 Conductivity 

Conductivity is the numerical expression of the water’s ability to conduct electric current 

(Moeeni and Kumar, 2014). The conductivity of the algae culture (Fig. 15) showed little 

variation of 22 µS/cm during the 24-hour sampling period on the 7th and 8th of August 2015 for 

round pools, ranging between 325 µS/cm and 347 µS/cm. In the raceway pond the variation 

was even much lower as compared to the round pools especially the control section. The control 

section recorded the lowest conductivity value of 337 µS/cm whilst the other side of the 

raceway pond where mixing took place recorded conductivity value of 343 µS/cm.  

 

Figure 15: Conductivity recorded in the round pools and raceway pond on the 7th and 8th of 

August 2015 
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On the 25th, 26th and 27th of November 2015, conductivity measurements were taken from 

round pools only, with the conductivity values for round pool 2 for the 24-hour sampling period 

showing a difference of 16 µS/cm between minimum and maximum values. This was less 

variation as compared to round pool 1, which recorded a difference of 38 µS/cm (Fig. 16).  

Round pool 1 showed fluctuations probably due to the disturbances of the culture during the 

sampling process. The minimum conductivity values recorded in round pool 1 and 2 in 

November were 324 µS/cm and 292 µS/cm respectively. Round pool 1 recorded the highest 

conductivity value of 362 µS/cm, a difference of 17.5 % as compared to round pool 2 that 

recorded 308 µS/cm as the maximum conductivity value. 

 

Figure 16: Conductivity recorded in round pool 1 on the 25th and 26th of November 2015 and 

round pool 2 on the 26th and 27th of November 2015 

 

 

4.1.3 Dissolved oxygen and Total dissolved solids  

The DO concentration from round pools and the raceway pond (Fig. 17) showed a marked 

variability over the 24-hour sampling period with minimum values of 8.09, 9.99 and 7.82 mg/ℓ, 

and maximum values of 10.57, 13.21 and 8.91 mg/ℓ obtained in round pool 1, round pool 2 

and raceway pond respectively. The DO levels change and vary according to the time of the 
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The results showed that there is moderate negative correlation (r = - 0.6218) and strongly 

negative correlation (r = - 0.9104) in round pool 1 and round pool 2 respectively, between DO 

and total dissolved solids. The round pool 1 and round pool 2 had p-values of 0.001531 and 

0.00001 respectively (see Appendix L).  The p-values for both pools were less than the 

significant level of 0.05, which indicates that the correlation coefficients were significant.  Fig. 

17 and Fig. 18 depicts that sampling points with low DO had high total dissolved solids content. 

According to a study done by Muigai et al. (2010), sampling points with low DO had high total 

dissolved solids content. On the other hand, the sampling sites with high DO registered low 

total dissolved solids content.  

 

Figure 17: Dissolved oxygen recorded in the round pools and raceway pond on the 7th and 8th 

of August 2015 
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Figure 18: Total dissolved solids recorded in the round pools and raceway pond on the 7th and 

8th of August 2015 

 

4.1.4 pH 

Initial pH values were 10.59 for round pool 1 and 10.16 for round pool 2 (Fig. 19). These values 

increased to 10.70 and 10.31 in round pool 1 and round pool 2 respectively. This was probably 

due to photosynthetic carbon dioxide assimilation. The pH values were recorded on the 25th, 
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to round pool 1 with a median value of 10.24.    
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Figure 19: pH recorded in round pool 1 on the 25th and 26th of November 2015 and round pool 

2 on the 26th and 27th of November 2015 
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important to reiterate the role it plays in algae growth during culturing. Depriving algae of 

optimum light will have an effect on their growth as they would invest a lot of energy in 

chlorophyll production at the expense of their growth. According to Friedman (1991), 

microalgae exposure to light must be monitored because high light intensities tend to increase 

polysaccharide production in the algal cell. The diurnal fluctuations resulting from alternating 

day and night also have a negative impact on the growth of algae. Light changes in quality and 

quantity on different time scales. 

 

 

Figure 20: Chlorophyll a recorded in round pool 1 on the 25th and 26th of November 2015 and 

round pool 2 on the 26th and 27th of November 2015 
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pool 1 had a p-value of 0.607666 (see Appendix L). Because the p-value for round pool 1 was 

greater than the significant level of 0.05, there is inconclusive evidence about the significance 

of association between these variables.  

Round pool 2 gave a different picture about the correlation between ammonium and 

chlorophyll a. The results from round pool 2 showed that there is a moderate positive 

correlation (r = 0.4911) between ammonium and chlorophyll a. The round pool 2 had a p-value 

of 0.000394, which is a lot less than the significant level of 0.05. This indicates that there is 

significant positive correlation between ammonium and chlorophyll a. Average concentration 

of ammonium in round pool 2 was 104.91 mg/ℓ whilst round pool 1 had an average of          

51.41 mg/ℓ. The results depicts that C. protothecoides did not efficiently utilise ammonium for 

their growth as a result there were low levels of chlorophyll a concentration in round pool 2 as 

compared to round pool 1. 

 

Figure 21: Ammonium recorded in round pool 1 on the 25th and 26th of November 2015 and 

round pool 2 on the 26th and 27th of November 2015 
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The ammonium levels for round pools were extremely high due to the absence of mixing in the 

pools. Mixing is essential to ensure that all algae cells are equally exposed to the air. Poor gas 

exchange between the culture medium and the air will result in low oxygen content. This can 

lead to anoxic conditions causing nitrate to be reduced to ammonium (Reynolds, 1984).  

According to Dortch and Postel (1989), once nitrate is absorbed by algae, it accumulates in the 

cell or is reduced to intermediate compounds, such as ammonium thereby increasing its level.  

 

Nitrates level in the round pools showed a slight increase of 0.01 mg/ℓ, from 0.03 mg/ℓ to           

0.04 mg/ℓ in round pool 1 and 0.04 mg/ℓ to 0.04 mg/ℓ in round pool 2. The results were 

different as compared to the stabilization ponds. After the introduction of cultured algae to 

stabilization ponds the nitrates levels decreased by 7.95 % from 0.88 mg/ℓ to 0.81 mg/ℓ. This 

indicates a slight uptake of nutrients by microalgae in the stabilization ponds. 

 

4.2 Introduction of C. vulgaris and C. protothecoides to wastewater  stabilization 

ponds at Motetema wastewater treatment works 

 

Algae cultured at the Council for Scientific and Industrial Research (CSIR) premises was 

introduced to stabilization ponds at Motetema wastewater treatment works. As Table 4 

indicates, the wastewater physicochemical properties changed from stabilization pond 1 to 

stabilization pond 5 (see Appendix J). 

Table 4: Physicochemical parameters recorded on the 16th of January 2016 after the 

introduction of algae at Motetema wastewater treatment works stabilization ponds  

 

4.2.1 pH 

An increase in pH values from 7.39 to 7.41 as shown in Fig. 22, was due to photosynthetic 

carbon dioxide assimilation. According to Hoham et al. (2007), the different species of algae 

can survive and grow well at similar ranges but the optimum pH will be different. Other studies 

have shown that Chlorella spp. can grow well in an optimum pH of 7.0 (Kim et al., 2012; 

Date 

(D/M/YYYY)

Time 

(Hours)

Pond 

Site No. pH

Dissolved 

Oxygen (mg/ℓ )

Temperature 

(⁰C)

Conductivity 

(µS/cm)

Total Dissolved 

Solids (mg/ℓ )

Nitrates 

(mg/ℓ)

Chlorophyll a 

(µg/ℓ)

16/01/2016 1000hrs 5 7,41 0,20 23,50 954,00 0,60 0,81 33,61

16/01/2016 1010hrs 4 7,39 0,17 23,34 943,00 0,60 0,90 46,40

16/01/2016 1030hrs 3 7,39 0,18 23,41 942,00 0,60 0,88 45,38

16/01/2016 1100hrs 2 7,39 0,16 23,41 942,00 0,60 0,88 45,38

16/01/2016 1120hrs 1 7,39 0,16 23,41 942,00 0,60 0,88 45,38
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Martinez et al., 2011). pH values indicates whether the stabilization ponds are alkaline or 

acidic. In this case, the stabilization ponds were alkaline with pH values above 7.0. pH controls 

the environment for algae, with values of 5.5 and 9.5 considered general limit for effluent 

discharge (DWA, 2010). 

 

Figure 22: pH recorded in stabilization ponds at Motetema on the 16th of January 2016 
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indication of low retention time in these stabilization ponds. The retention time was too little 
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for the treatment process to be effective. BOD removal depends on sufficient retention time, 

adequate oxygen supply and absence of high concentration of chemical pollutants.  The 

previous study done by Mara (1976) indicated that BOD5 removal increase as the retention 

time increase. The retention time of 1 day, 2.5 days and 5 days showed BOD5 removal of           

50 %, 60 % and 70 % respectively.  

 

Figure 23: Dissolved oxygen recorded in stabilization ponds at Motetema on the 16th of 

January 2016 

 

 

4.2.3 Chlorophyll a and Nitrates 

The quality of wastewater showed an improvement since the introduction of Chlorella spp. 
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Appendix L). This indicates that there is significant positive correlation between nitrates and 
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0,00

0,05

0,10

0,15

0,20

0,25

1 2 3 4 5

D
is

so
lv

ed
 O

x
y
g
en

 

(m
g
/ℓ

)

Pond site no.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



36 
 

pond 1. The concentration of nitrates was below the general limit for effluent discharge of             

15 mg/ℓ as required by the Department of Water Affairs (DWA, 2010).  

 

Figure 24: Chlorophyll a recorded in stabilization ponds at Motetema on the 16th of January 

2016   

 

 

Figure 25: Nitrates recorded in stabilization ponds at Motetema on the 16th of January 2016   
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conductivity. The stabilization ponds had a p-value of 0.1047 (see Appendix L). Because the 

p-value was greater than the significant level of 0.05, there is inconclusive evidence about the 

significance of association between temperature and conductivity (Fig. 26 and Fig. 27).  

 

 

Figure 26: Temperatures recorded in stabilization ponds at Motetema on the 16th of January 

2016 

 

 

 
         

Figure 27: Conductivity recorded in stabilization ponds at Motetema on the 16th of January 
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CHAPTER 5 

Conclusions 

This study was aimed at developing an approach for microalgae culturing and their use for 

pycoremediation of nutrients in urban wastewater. Two species of microalgae, C. vulgaris and 

C. protothecoides were cultured in round pools and in a raceway pond. The algae was first 

cultured in separate round pools in order to eliminate inter-species competition. The analysis 

was to evaluate the culturing conditions for both algae species in round pools and in a raceway 

pond, and this was done in a sequential process. As soon as the concentrations were high, they 

were mixed in the raceway with mixing to further increase the concentrations for dosing in the 

stabilization ponds. This research has revealed that these two Chlorella spp. can grow within 

certain ranges of physicochemical parameters and they showed potential for treating 

wastewater. The conclusions for this research were: 

 The effects of different physicochemical variables were observed in the round pools 

and raceway pond. The minimum temperature of 10.6 ⁰C was recorded in the raceway 

pond on the 8th of August 2015. The sampling period done on the 25th, 26th and 27th of 

November 2015 recorded the highest temperatures from the round pools ranging from 

22.4 ⁰C and 27.27 ⁰C. The raceway pond recorded the lowest values for DO, with a 

difference of 15 % comparing to the maximum values. The minimum value for DO was 

7.82 mg/ℓ and the maximum was 10.57 mg/ℓ. Conductivity showed a remarkable 

variability with minimum recordings of 292 µS/cm and maximum recordings of 361 

µS/cm. The 24-hour sampling for conductivity was done on the 25th, 26th and 27th of 

November 2015 in the round pools only. The pH values recorded on the 25th, 26th and 

27th of November 2015 did not show much difference. The lowest value recorded was 

10.16 and the maximum being 10.7. According to McCarty (1964), the optimal pH is 

between 7.0 and 7.2 to avoid odour problems and harming the bacteria. Based on these 

major findings above, this study can therefore conclude that the physicochemical 

parameter ranges for the production of C. vulgaris and C. protothecoides are indicated 

in the Table 5 below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



39 
 

 

Table 5: The physicochemical parameters range for microalgae culturing 

 

Physicochemical Parameters  Range 

Temperature (⁰C) 10.6 – 27.27 

DO (mg/ℓ) 7.82 – 10.57 

pH (units) 10.16 – 10.7 

Conductivity (µS/cm) 292 - 361 

 

 The algae culture cultivated from the round pools and raceway pond were used for 

treatment of urban wastewater at Motetema stabilization ponds. The stabilization ponds 

showed a constant value for total dissolved solids. The concentration of total dissolved 

solids remained stationary at 0.60 mg/ℓ from stabilization pond 1 to stabilization pond 

5. The concentration of nitrates was constant from stabilization pond 1 to stabilization 

pond 3 at 0.88 mg/ℓ and it increased by 0.2 % from 0.88 mg/ℓ to 0.90 mg/ℓ in 

stabilization pond 4. Stabilization pond 5 showed a remarkable decrease of 10 % in the 

concentration of nitrates from 0.90 mg/ℓ to 0.81 mg/ℓ. DO concentration was 0.16 mg/ℓ 

for stabilization ponds 1 and 2 and it increased by 12.5 % from 0.16 to 0.18 mg/ℓ in 

stabilization pond 3. Stabilization pond 4 recorded a reduction in DO by 5.6 % from 

0.18 to 0.17 mg/ℓ. This indicates that there was less algal photosynthesis in stabilization 

pond 4 as compared to stabilization ponds 3 and 5 because the generated oxygen was 

utilised by organic carbon mineralization. Stabilization pond 4 also experienced the 

highest nitrates concentration as compared to the rest of the stabilization ponds. Algal 

photosynthesis increased as evidenced in stabilization pond 5 with DO concentration 

of 0.20 mg/ℓ, which was an increase of 17.6 % from stabilization pond 4. This showed 

a reduction in the organic content of the final effluent in stabilization pond 5. Due to 

photosynthetic carbon dioxide assimilation, the pH values increased. The recordings 

for stabilization ponds 1 to 4 and stabilization pond 5 were 7.39 and 7.41 respectively. 

pH values were constant at 7.39 for stabilization ponds 1 to 4 and increased by 0.27 % 

in stabilization pond 5. Introduction of algae in wastewater stabilization ponds showed 

a decrease in the concentration of nitrates and chlorophyll a in the effluent from            

0.90 mg/ℓ to 0.81 mg/ℓ and 46.40 µg/ℓ to 33.61 µg/ℓ respectively. The quality of 

wastewater showed a remarkable improvement in stabilization pond 5 as compared to 

other stabilization ponds. This was indicated by the concentration of chlorophyll a, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



40 
 

which remained constant at 45.38 µg/ℓ for stabilization ponds 1 to 3. Stabilization     

pond 4 remained the worst pond with highest recordings of nitrates and chlorophyll a 

of 0.90 mgℓ and 46.40 µg/ℓ respectively. However, stabilization pond 5 recorded a 

decrease in chlorophyll a concentration by 27.6 % from 46.40 µg/ℓ to 33.61 µg/ℓ. The 

results above showed that microalgae is capable of effective removal of nutrients from 

wastewater and has the potential to be implemented on a large scale.  

The specific conclusions of this research were: 

 The growth conditions for culturing C. vulgaris and C. protothecoides in the round 

pools and in a raceway pond were different. 

 There was 7.95% decrease in the amount of nitrates in the stabilisation ponds after the 

introduction of algae. 

 The Chlorella spp. had different uptake rates of ammonium with C. vulgaris proving to 

be more efficient than C. protothecoids. 

 Microalgae is capable of effective removal of nutrients from wastewater and has the 

potential to be implemented on a large scale. 
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CHAPTER 6 

6.1 Recommendations for future research 

The following recommendations are made for future research: 

 Much of the research work that has been conducted for algae culture has been done on 

a small scale, especially in the laboratories.  Conducting such a research outdoors poses 

many challenges especially the contamination of the algae culture that will have a 

detrimental effect on algae growth. The round pools and raceway pond must be 

constructed in areas where minimal interference with algae culture is achieved in order 

to avoid contamination.  

 

 Based on the results and conclusions indicated in Chapter 4 and 5 respectively, it is 

recommended that further research on the optimal conditions for algal growth be carried 

out on a lengthy period like one year or more to necessitate the collection of more data. 

This would make it easier to do statistical comparison and fully analyse the 

physicochemical parameters (such as pH, DO and temperature) in order to determine 

their extent of effect on algae culturing over a long period.  

 

 Since this was a pilot project done on a small scale, further research is needed to be 

done on a large scale and the introduction of algae to wastewater treatment plants be 

monitored for a long period and be carried out on more than one wastewater treatment 

plant.  

 

 Other factors that might affect the growth and survival of algae in wastewater 

stabilization ponds such as pesticides, fungicides, industrial influent and herbicides 

must be monitored. It becomes imperative that research be carried out to monitor the 

tolerance of algae to these chemicals.  

 

 Measurement of light intensity was also important in this research as it a key parameter 

when studying algae growth. Unfortunately this requires specialised equipment that 

was not available for the study therefore it is recommended for future studies. 
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6.2 Limitations of the study 

This research had some methodological limitations, which includes: 

 Although this research used Pearson correlation analyses, more statistical analyses were 

essential if more data was collected. The data collected was insufficient to conduct a 

lot of statistical analysis hence charts were used. 

 

 During data collection, problems were encountered with the instruments, resulting in 

pH not being recorded in August. This somehow affected the pH range as only 

November recordings were considered.  

 More time was needed for data collection and analysis after the introduction of 

microalgae to stabilization ponds. It was essential to know the quality and type of 

influent, what was happening inside the stabilization ponds and the type and 

concentration of effluent. This could give a clear picture as to the efficiency of 

microalgae in wastewater treatment. Therefore, three major points of measurements 

were required, which were the influent, the pond and the effluent. In this research, the 

samples were collected from the stabilization ponds and the effluent without 

considering influent samples, making it so difficult to analyse the results.  

 

 More time was needed to monitor the algae cell counts in the round pools, raceway 

pond and stabilization ponds. That was going to give a better insight of the growth of 

microalgae in relation to physicochemical parameters.  
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APPENDICES 

Appendix A: A flow diagram of the whole approach 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Transportation of algae to 

Motetema stabilization 

ponds 

 

Wastewater monitoring 

and sampling 

 

Algal-based wastewater 

treatment at Motetema 

 

Site identification 

Algae monitoring and 

sampling 

 

Algae Culturing 

 

 Raceway pond 

construction 

 Round pools 

erection 

Effluent discharge to the 

river 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



53 
 

Appendix B: Schematic layout of the algae culture in round pools and raceway pond 

Round Pool 1: C. vulgaris              Round Pool 2: C. protothecoides 

 
 

 

 

Rectangular shaped raceway pond with        Paddlewheel mixing algae culture 
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Appendix C: Hydrolab DS 5 used during the data collection 

Parameters measured: temperature (⁰C), conductivity (µS/cm), pH (units), chlorophyll a (µg/ℓ) 

and nitrate (mg/ℓ) 
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Appendix D: Data collected from round pools and raceway pond on the 7th and 8th of 

August 2015 

Data collected from Round Pool 1 containing C. vulgaris – Top Section  

 

 

 

 

  

 

 

 

 

 

Date 

(D/M/YYYY)

Time 

(Hours)

Temp 

(⁰C)

Conductivity 

(µS/cm)

TDS 

(mg/ℓ )

Oxygen 

(mg/ℓ)

Oxygen 

(%)

Samples in 50ml 

Falcon tube

Samples in 

100ml bottle

7/8/2015 2000hrs 15,00 326,00 160,00 9,27 109,30

7/8/2015 2200hrs 15,20 329,00 161,00 9,11 106,40

7/8/2015 2300hrs 14,90 335,00 164,00 9,05 106,00 yes yes

8/8/2015 0000hrs 14,50 336,00 165,00 9,08 105,10

8/8/2015 0100hrs 14,50 334,00 163,00 9,04 104,40 yes

8/8/2015 0200hrs 14,20 333,00 163,00 9,02 103,50

8/8/2015 0300hrs 13,90 334,00 164,00 8,99 102,60 yes yes

8/8/2015 0400hrs 13,70 333,00 163,00 9,08 103,10

8/8/2015 0500hrs 13,50 333,00 163,00 8,97 101,50 yes

8/8/2015 0600hrs 13,30 332,00 163,00 8,88 100,10

8/8/2015 0700hrs 13,00 332,00 162,00 8,92 99,90 yes yes

8/8/2015 0800hrs 12,60 332,00 163,00 9,15 101,20

8/8/2015 0900hrs 12,70 331,00 162,00 9,18 101,50 yes

8/8/2015 1000hrs 12,90 329,00 161,00 9,36 103,90

8/8/2015 1100hrs 13,40 329,00 161,00 9,40 105,90 yes yes

8/8/2015 1200hrs 14,10 328,00 161,00 9,55 109,40

8/8/2015 1300hrs 14,90 327,00 160,00 9,52 110,80 yes

8/8/2015 1400hrs 15,50 326,00 160,00 10,04 118,90

8/8/2015 1500hrs 15,90 326,00 160,00 10,05 120,20 yes yes

8/8/2015 1600hrs 16,30 325,00 159,00 10,08 121,90

8/8/2015 1700hrs 16,30 326,00 160,00 10,27 123,30 yes

8/8/2015 1800hrs 16,20 326,00 160,00 10,33 123,80

8/8/2015 1900hrs 16,00 326,00 160,00 8,09 96,20 yes yes
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Data collected from Round Pool 1containing C. vulgaris – Bottom Section  

 

 

 

 

 

 

 

 

 

 

 

 

Date 

(D/M/YYYY)

Time 

(Hours)

Temp 

(⁰C)

Conductivity 

(µS/cm)

TDS 

(mg/ℓ )

Oxygen 

(mg/ℓ)

Oxygen 

(%)

Samples in 50ml 

Falcon tube

Samples in 

100ml bottle

7/8/2015 2000hrs 15,50 323,00 159,00 8,99 105,90

7/8/2015 2200hrs 14,80 347,00 170,00 9,24 107,80

7/8/2015 2300hrs 14,70 335,00 164,00 9,16 106,60 yes yes

8/8/2015 0000hrs 14,70 331,00 162,00 9,14 106,00

8/8/2015 0100hrs 14,50 333,00 163,00 9,08 104,90 yes

8/8/2015 0200hrs 14,20 333,00 163,00 9,11 104,60

8/8/2015 0300hrs 14,00 334,00 164,00 9,08 103,80 yes yes

8/8/2015 0400hrs 13,80 332,00 163,00 9,11 103,40

8/8/2015 0500hrs 13,50 333,00 163,00 9,05 102,20 yes

8/8/2015 0600hrs 13,20 333,00 163,00 9,02 101,40

8/8/2015 0700hrs 13,00 331,00 162,00 9,04 101,00 yes yes

8/8/2015 0800hrs 12,80 330,00 162,00 9,17 101,80

8/8/2015 0900hrs 12,80 330,00 162,00 9,23 102,20 yes

8/8/2015 1000hrs 12,90 329,00 161,00 9,49 105,30

8/8/2015 1100hrs 13,50 329,00 161,00 9,52 107,10 yes yes

8/8/2015 1200hrs 14,10 328,00 161,00 9,65 110,40

8/8/2015 1300hrs 14,80 326,00 160,00 9,80 113,90 yes

8/8/2015 1400hrs 15,50 326,00 159,00 10,03 118,50

8/8/2015 1500hrs 16,00 325,00 159,00 10,21 122,00 yes yes

8/8/2015 1600hrs 16,40 325,00 159,00 10,42 125,60

8/8/2015 1700hrs 16,40 325,00 159,00 10,57 127,40 yes

8/8/2015 1800hrs 16,20 326,00 160,00 10,57 127,10

8/8/2015 1900hrs 16,10 325,00 159,00 10,29 123,10 yes yes
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Data collected from Round Pool 2 containing C. protothecoides – Top Section  

 

 

 

 

 

 

 

 

 

 

 

 

Date 

(D/M/YYYY)

Time 

(Hours)

Temp 

(⁰C)

Conductivity 

(µS/cm)

TDS 

(mg/ℓ )

Oxygen 

(mg/ℓ)

Oxygen 

(%)

Samples in 50ml 

Falcon tube

Samples in 

100ml bottle

7/8/2015 2000hrs 15,50 331,00 162,00 10,89 128,50

7/8/2015 2200hrs 15,10 341,00 167,00 10,83 127,00

7/8/2015 2300hrs 14,90 335,00 164,00 10,63 123,80 yes yes

8/8/2015 0000hrs 14,80 336,00 164,00 10,50 121,90

8/8/2015 0100hrs 14,50 338,00 166,00 10,34 119,20 yes

8/8/2015 0200hrs 14,30 338,00 166,00 10,58 121,60

8/8/2015 0300hrs 14,00 338,00 166,00 10,31 117,70 yes yes

8/8/2015 0400hrs 13,70 337,00 165,00 10,25 116,30

8/8/2015 0500hrs 13,50 337,00 165,00 10,42 117,60 yes

8/8/2015 0600hrs 13,20 337,00 165,00 10,19 114,10

8/8/2015 0700hrs 13,00 336,00 165,00 10,28 114,60 yes yes

8/8/2015 0800hrs 12,80 335,00 164,00 10,31 114,40

8/8/2015 0900hrs 12,70 335,00 164,00 10,36 114,80 yes

8/8/2015 1000hrs 12,90 334,00 164,00 10,85 120,60

8/8/2015 1100hrs 13,60 333,00 163,00 11,16 126,40 yes yes

8/8/2015 1200hrs 14,30 331,00 162,00 11,11 127,30

8/8/2015 1300hrs 15,10 330,00 162,00 11,93 139,40 yes

8/8/2015 1400hrs 15,60 329,00 161,00 12,12 143,50

8/8/2015 1500hrs 16,20 329,00 161,00 12,21 147,10 yes yes

8/8/2015 1600hrs 16,50 328,00 161,00 12,54 151,90

8/8/2015 1700hrs 16,60 328,00 161,00 12,80 155,10 yes

8/8/2015 1800hrs 16,40 328,00 161,00 13,04 157,20

8/8/2015 1900hrs 16,20 329,00 161,00 12,86 154,30 yes yes
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Data collected from Round Pool 2 containing C. protothecoides – Bottom Section  

 

 

 

 

 

 

 

 

 

 

 

 

Date 

(D/M/YYYY)

Time 

(Hours)

Temp 

(⁰C)

Conductivity 

(µS/cm)

TDS 

(mg/ℓ )

Oxygen 

(mg/ℓ)

Oxygen 

(%)

Samples in 50ml 

Falcon tube

Samples in 

100ml bottle

7/8/2015 2000hrs 15,60 334,00 164,00 10,71 124,70

7/8/2015 2200hrs 15,20 341,00 167,00 10,73 124,70

7/8/2015 2300hrs 14,90 334,00 164,00 10,72 124,60 yes yes

8/8/2015 0000hrs 14,80 335,00 164,00 10,70 124,40

8/8/2015 0100hrs 14,50 337,00 165,00 10,61 122,60 yes

8/8/2015 0200hrs 14,30 338,00 166,00 10,22 117,00

8/8/2015 0300hrs 14,00 338,00 166,00 10,52 120,10 yes yes

8/8/2015 0400hrs 13,70 337,00 165,00 10,47 118,90

8/8/2015 0500hrs 13,50 337,00 165,00 9,99 112,80 yes

8/8/2015 0600hrs 13,20 337,00 165,00 10,40 116,60

8/8/2015 0700hrs 13,00 336,00 165,00 10,38 115,90 yes yes

8/8/2015 0800hrs 12,80 335,00 164,00 10,50 116,60

8/8/2015 0900hrs 12,70 336,00 164,00 10,67 118,20 yes

8/8/2015 1000hrs 12,90 335,00 164,00 10,97 121,90

8/8/2015 1100hrs 13,50 333,00 163,00 11,27 127,00 yes yes

8/8/2015 1200hrs 14,20 332,00 163,00 11,52 131,90

8/8/2015 1300hrs 14,90 330,00 162,00 11,91 138,70 yes

8/8/2015 1400hrs 15,40 329,00 161,00 12,24 144,80

8/8/2015 1500hrs 16,10 329,00 161,00 12,54 150,30 yes yes

8/8/2015 1600hrs 16,40 329,00 161,00 12,87 155,50

8/8/2015 1700hrs 16,60 328,00 161,00 13,21 159,90 yes

8/8/2015 1800hrs 16,40 328,00 161,00 13,16 158,80

8/8/2015 1900hrs 16,20 329,00 161,00 13,03 156,60 yes yes
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Data collected from Raceway Pond containing C. vulgaris and C. protothecoides  

 

 

 

 

 

 

 

 

 

 

 

 

Date 

(D/M/YYYY)

Time 

(Hours)

Temp 

(⁰C)

Conductivity 

(µS/cm)

TDS 

(mg/ℓ )

Oxygen 

(mg/ℓ)

Oxygen 

(%)

Samples in 50ml 

Falcon tube

Samples in 

100ml bottle

7/8/2015 2000hrs 13,50 343,00 168,00 8,44 95,60

7/8/2015 2200hrs 13,40 351,00 172,00 7,87 96,10

7/8/2015 2300hrs 12,90 345,00 169,00 8,46 94,70 yes yes

8/8/2015 0000hrs 12,80 346,00 170,00 8,45 94,00

8/8/2015 0100hrs 12,50 349,00 171,00 8,48 93,60 yes

8/8/2015 0200hrs 12,20 349,00 171,00 8,52 93,30

8/8/2015 0300hrs 11,80 350,00 172,00 8,46 92,00 yes yes

8/8/2015 0400hrs 11,60 349,00 171,00 8,53 92,30

8/8/2015 0500hrs 11,50 348,00 171,00 8,77 95,40 yes

8/8/2015 0600hrs 11,00 349,00 171,00 8,55 91,10

8/8/2015 0700hrs 10,70 349,00 171,00 8,61 91,20 yes yes

8/8/2015 0800hrs 10,60 348,00 171,00 8,68 92,10

8/8/2015 0900hrs 11,00 347,00 170,00 8,58 91,40 yes

8/8/2015 1000hrs 11,50 346,00 170,00 8,61 92,70

8/8/2015 1100hrs 12,20 346,00 169,00 8,54 93,40 yes yes

8/8/2015 1200hrs 12,90 345,00 169,00 8,49 94,70

8/8/2015 1300hrs 13,60 344,00 168,00 8,46 96,00 yes

8/8/2015 1400hrs 14,30 343,00 168,00 8,46 97,70

8/8/2015 1500hrs 14,70 343,00 168,00 8,36 97,30 yes yes

8/8/2015 1600hrs 14,60 344,00 168,00 8,35 97,20

8/8/2015 1700hrs 14,50 344,00 168,00 8,33 96,80 yes

8/8/2015 1800hrs 14,40 344,00 169,00 8,33 96,40

8/8/2015 1900hrs 14,20 344,00 169,00 8,35 96,00 yes yes

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



60 
 

Data collected from Raceway Pond containing C. vulgaris and C. protothecoides – Control 

Section  

 

 

 

 

 

 

 

 

 

 

 

 

Date 

(D/M/YYYY)

Time 

(Hours)

Temp 

(⁰C)

Conductivity 

(µS/cm)

TDS 

(mg/ℓ )

Oxygen 

(mg/ℓ)

Oxygen 

(%)

Samples in 50ml 

Falcon tube

Samples in 

100ml bottle

7/8/2015 2000hrs 13,50 341,00 167,00 8,49 95,80

7/8/2015 2200hrs 13,20 351,00 172,00 8,40 94,20

7/8/2015 2300hrs 12,90 345,00 169,00 8,39 93,40 yes yes

8/8/2015 0000hrs 13,00 345,00 169,00 8,80 98,20

8/8/2015 0100hrs 12,60 348,00 171,00 8,70 96,20 yes

8/8/2015 0200hrs 12,40 348,00 171,00 8,91 98,80

8/8/2015 0300hrs 12,10 348,00 171,00 8,71 95,40 yes yes

8/8/2015 0400hrs 11,80 348,00 171,00 8,80 96,10

8/8/2015 0500hrs 11,20 349,00 171,00 8,68 93,30 yes

8/8/2015 0600hrs 11,20 348,00 170,00 8,80 94,20

8/8/2015 0700hrs 10,90 348,00 170,00 8,69 92,70 yes yes

8/8/2015 0800hrs 10,90 346,00 170,00 8,66 92,40

8/8/2015 0900hrs 11,40 343,00 168,00 8,31 90,00 yes

8/8/2015 1000hrs 11,80 342,00 168,00 8,30 91,10

8/8/2015 1100hrs 12,80 343,00 168,00 8,14 91,40 yes yes

8/8/2015 1200hrs 13,60 337,00 165,00 8,11 92,60

8/8/2015 1300hrs 14,00 338,00 166,00 7,93 92,10 yes

8/8/2015 1400hrs 14,50 341,00 167,00 7,90 94,10

8/8/2015 1500hrs 15,10 339,00 166,00 7,82 93,00 yes yes

8/8/2015 1600hrs 14,90 339,00 166,00 7,97 94,40

8/8/2015 1700hrs 14,80 341,00 167,00 7,93 93,60 yes

8/8/2015 1800hrs 14,80 340,00 167,00 7,97 94,00

8/8/2015 1900hrs 14,40 342,00 167,00 8,11 94,10 yes yes
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Appendix E:  Data collected from round pool 1 on the 25th and 26th of November 2015 

and round pool 2 on the 26th and 27th of November 2015 

Data collected from Round Pool 1 containing C. vulgaris 

 

 

Date Time Temp pH SpCond Sal TDS NH4+ NO3- CHL a

M/D/YYYY Hours ⁰C Units µS/cm ppt g/l mg/l-N mg/l-N µg/l

11/25/2015 1130hrs 23,44 10,59 324,00 0,16 0,20 7,78 0,03 203,17

11/25/2015 1200hrs 23,96 10,61 328,00 0,16 0,20 13,46 0,03 182,47

11/25/2015 1230hrs 24,46 10,62 330,00 0,16 0,20 18,25 0,03 164,07

11/25/2015 1300hrs 24,95 10,62 338,00 0,17 0,20 22,08 0,03 151,10

11/25/2015 1330hrs 25,46 10,63 341,00 0,17 0,20 25,11 0,03 148,32

11/25/2015 1400hrs 25,91 10,63 345,00 0,17 0,20 27,91 0,03 182,58

11/25/2015 1430hrs 26,31 10,63 351,00 0,17 0,20 30,38 0,03 192,03

11/25/2015 1500hrs 26,65 10,64 357,00 0,18 0,20 32,26 0,03 208,28

11/25/2015 1530hrs 26,97 10,64 359,00 0,18 0,20 34,19 0,03 216,00

11/25/2015 1600hrs 27,17 10,65 362,00 0,18 0,20 35,67 0,03 235,46

11/25/2015 1630hrs 27,27 10,65 362,00 0,18 0,20 37,55 0,03 198,22

11/25/2015 1700hrs 27,13 10,65 362,00 0,18 0,20 39,19 0,03 265,08

11/25/2015 1730hrs 26,91 10,65 361,00 0,18 0,20 40,84 0,03 184,29

11/25/2015 1800hrs 26,70 10,65 362,00 0,18 0,20 43,66 0,03 153,03

11/25/2015 1830hrs 26,51 10,65 360,00 0,18 0,20 46,02 0,03 138,80

11/25/2015 1900hrs 26,24 10,64 358,00 0,18 0,20 47,68 0,03 169,78

11/25/2015 1930hrs 26,08 10,64 358,00 0,18 0,20 49,28 0,03 114,50

11/25/2015 2000hrs 25,93 10,64 355,00 0,17 0,20 50,08 0,03 142,58

11/25/2015 2030hrs 25,73 10,64 353,00 0,17 0,20 51,49 0,03 195,15

11/25/2015 2100hrs 25,57 10,64 352,00 0,17 0,20 53,10 0,03 111,19

11/25/2015 2130hrs 25,39 10,63 350,00 0,17 0,20 54,12 0,03 119,97

11/25/2015 2200hrs 25,19 10,63 348,00 0,17 0,20 55,49 0,04 220,38

11/25/2015 2230hrs 25,06 10,63 346,00 0,17 0,20 56,80 0,03 149,73

11/25/2015 2300hrs 24,89 10,63 344,00 0,17 0,20 57,90 0,03 208,76

11/25/2015 2330hrs 24,67 10,63 342,00 0,17 0,20 58,94 0,04 233,02

11/26/2015 0000hrs 24,51 10,62 340,00 0,17 0,20 59,99 0,04 213,91

11/26/2015 0030hrs 24,35 10,62 339,00 0,17 0,20 60,49 0,04 149,51

11/26/2015 0100hrs 24,12 10,62 338,00 0,17 0,20 61,09 0,04 239,50

11/26/2015 0130hrs 23,92 10,62 336,00 0,16 0,20 61,99 0,04 200,30

11/26/2015 0200hrs 23,74 10,61 334,00 0,16 0,20 62,77 0,04 133,77

11/26/2015 0230hrs 23,57 10,61 333,00 0,16 0,20 63,08 0,04 170,03

11/26/2015 0300hrs 23,40 10,61 331,00 0,16 0,20 63,58 0,04 210,29

11/26/2015 0330hrs 23,25 10,61 329,00 0,16 0,20 64,14 0,04 277,30

11/26/2015 0400hrs 23,08 10,60 329,00 0,16 0,20 64,98 0,04 173,21

11/26/2015 0430hrs 22,91 10,60 327,00 0,16 0,20 65,55 0,04 171,09

11/26/2015 0500hrs 22,75 10,60 326,00 0,16 0,20 66,27 0,04 211,27

11/26/2015 0530hrs 22,60 10,60 325,00 0,16 0,20 67,00 0,04 190,54

11/26/2015 0600hrs 22,43 10,60 324,00 0,16 0,20 67,12 0,04 196,80

11/26/2015 0630hrs 22,30 10,60 324,00 0,16 0,20 67,40 0,04 141,89

11/26/2015 0700hrs 22,24 10,60 324,00 0,16 0,20 67,25 0,04 161,80

11/26/2015 0730hrs 22,20 10,60 324,00 0,16 0,20 67,22 0,04 171,51

11/26/2015 0800hrs 22,14 10,61 324,00 0,16 0,20 67,51 0,04 179,96

11/26/2015 0830hrs 22,18 10,62 326,00 0,16 0,20 66,77 0,04 170,78

11/26/2015 0900hrs 22,23 10,63 328,00 0,16 0,20 65,29 0,04 133,60

11/26/2015 0930hrs 22,34 10,64 330,00 0,16 0,20 64,93 0,04 149,38

11/26/2015 1000hrs 22,52 10,66 333,00 0,16 0,20 62,91 0,04 163,41

11/26/2015 1030hrs 22,78 10,68 336,00 0,16 0,20 61,49 0,04 151,48

11/26/2015 1100hrs 23,17 10,70 340,00 0,17 0,20 59,79 0,04 144,17
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Data collected from Round Pool 2 containing C. protothecoides 

 

 

 

Date Time Temp pH SpCond Sal TDS NH4+ NO3- CHL a

M/D/YYYY Hours ⁰C Units µS/cm ppt g/l mg/l-N mg/l-N µg/l

11/26/2015 1200hrs 24,70 10,16 296,00 0,14 0,20 94,17 0,04 27,05

11/26/2015 1230hrs 25,28 10,16 298,00 0,14 0,20 104,57 0,04 25,98

11/26/2015 1300hrs 25,82 10,16 299,00 0,15 0,20 107,40 0,04 23,91

11/26/2015 1330hrs 26,34 10,17 300,00 0,15 0,20 106,71 0,04 22,30

11/26/2015 1400hrs 26,83 10,17 301,00 0,15 0,20 105,20 0,04 20,98

11/26/2015 1430hrs 27,14 10,17 301,00 0,15 0,20 105,80 0,04 26,05

11/26/2015 1500hrs 27,18 10,18 302,00 0,15 0,20 105,83 0,04 27,19

11/26/2015 1530hrs 27,34 10,19 305,00 0,15 0,20 100,51 0,04 30,36

11/26/2015 1600hrs 27,52 10,20 306,00 0,15 0,20 97,15 0,04 28,71

11/26/2015 1630hrs 27,44 10,21 307,00 0,15 0,20 98,82 0,04 40,61

11/26/2015 1700hrs 27,34 10,22 308,00 0,15 0,20 97,63 0,04 44,10

11/26/2015 1730hrs 27,14 10,22 307,00 0,15 0,20 96,37 0,04 41,70

11/26/2015 1800hrs 26,99 10,23 308,00 0,15 0,20 97,69 0,04 39,68

11/26/2015 1830hrs 26,78 10,24 307,00 0,15 0,20 99,88 0,04 34,30

11/26/2015 1900hrs 26,58 10,24 307,00 0,15 0,20 100,98 0,04 49,94

11/26/2015 1930hrs 26,38 10,24 306,00 0,15 0,20 102,06 0,04 37,49

11/26/2015 2000hrs 26,17 10,24 305,00 0,15 0,20 102,55 0,04 52,09

11/26/2015 2030hrs 26,05 10,23 304,00 0,15 0,20 104,84 0,04 40,14

11/26/2015 2100hrs 25,86 10,23 303,00 0,15 0,20 106,52 0,04 38,55

11/26/2015 2130hrs 25,67 10,23 303,00 0,15 0,20 107,17 0,04 33,71

11/26/2015 2200hrs 25,51 10,23 302,00 0,15 0,20 107,86 0,04 31,27

11/26/2015 2230hrs 25,30 10,24 301,00 0,15 0,20 108,47 0,04 38,40

11/26/2015 2300hrs 25,10 10,24 301,00 0,15 0,20 109,12 0,04 38,70

11/26/2015 2330hrs 24,90 10,23 300,00 0,15 0,20 109,72 0,05 32,43

11/27/2015 0000hrs 24,67 10,24 300,00 0,15 0,20 110,24 0,05 40,25

11/27/2015 0030hrs 24,48 10,24 299,00 0,14 0,20 110,27 0,05 48,85

11/27/2015 0100hrs 24,23 10,24 298,00 0,14 0,20 110,51 0,05 44,15

11/27/2015 0130hrs 24,02 10,24 298,00 0,14 0,20 110,18 0,05 55,66

11/27/2015 0200hrs 23,82 10,24 297,00 0,14 0,20 110,85 0,05 49,07

11/27/2015 0230hrs 23,65 10,24 296,00 0,14 0,20 110,83 0,05 54,90

11/27/2015 0300hrs 23,43 10,24 296,00 0,14 0,20 110,64 0,05 66,62

11/27/2015 0330hrs 23,18 10,24 295,00 0,14 0,20 110,62 0,05 60,87

11/27/2015 0400hrs 22,94 10,24 295,00 0,14 0,20 110,93 0,05 68,08

11/27/2015 0430hrs 22,71 10,24 294,00 0,14 0,20 110,61 0,05 52,37

11/27/2015 0500hrs 22,52 10,24 294,00 0,14 0,20 110,90 0,05 67,05

11/27/2015 0530hrs 22,28 10,24 293,00 0,14 0,20 111,12 0,05 46,34

11/27/2015 0600hrs 22,08 10,25 293,00 0,14 0,20 110,08 0,05 63,73

11/27/2015 0630hrs 21,88 10,25 292,00 0,14 0,20 109,17 0,05 48,82

11/27/2015 0700hrs 21,70 10,26 292,00 0,14 0,20 108,47 0,05 44,86

11/27/2015 0730hrs 21,56 10,26 292,00 0,14 0,20 106,50 0,05 51,20

11/27/2015 0800hrs 21,48 10,27 292,00 0,14 0,20 104,56 0,05 47,26

11/27/2015 0830hrs 21,53 10,28 293,00 0,14 0,20 103,13 0,05 45,04

11/27/2015 0900hrs 21,62 10,29 294,00 0,14 0,20 101,88 0,05 34,76

11/27/2015 0930hrs 21,80 10,29 294,00 0,14 0,20 100,66 0,05 39,33

11/27/2015 1000hrs 22,10 10,29 295,00 0,14 0,20 99,19 0,05 33,44

11/27/2015 1030hrs 22,35 10,31 296,00 0,14 0,20 96,94 0,05 36,78

11/27/2015 1100hrs 22,65 10,31 298,00 0,14 0,20 96,65 0,05 29,24

11/27/2015 1130hrs 23,16 10,31 299,00 0,14 0,20 93,71 0,05 29,23
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Appendix F: Analysis of temperatures recorded in round pools and raceway pond on the 

7th and 8th of August 2015 

 

Temperatures recorded in round pool 1  

 

 

Temperatures recorded in round pool 2  
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Temperatures recorded in the raceway pond  
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Appendix G: Analysis of conductivity recorded in round pools and raceway pond on the  

7th and 8th of August 2015 

 

Conductivity recorded in round pool 1  

 

 

Conductivity recorded in round pool 2  
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Conductivity recorded in the raceway pond  
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Appendix H: Analysis of total dissolved solids recorded in round pools and raceway pond 

on the 7th and 8th of August 2015 

 

Total dissolved solids recorded in round pool 1  

 

 

Total dissolved solids recorded in round pool 2  
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Total dissolved solids recorded in the raceway pond  
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Appendix I: Analysis of dissolved oxygen recorded in round pools and raceway pond on 

the 7th and 8th of August 2015 

 

Dissolved oxygen recorded in round pool 1  
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Dissolved oxygen recorded in the raceway pond  
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Appendix J: Aerial view of the stabilization ponds at Motetema wastewater treatment 

works  

 

 

 

  

 

 

 

 

 

Stabilization 

Pond Site No. pH

Dissolved Oxygen 

(mg/ℓ )

Temperature 

(⁰C)

Conductivity 

(µS/cm)

Total Dissolved 

Solids (mg/ℓ )

Nitrates 

(mg/ℓ)

Chlorophyll a 

(µg/ℓ)

1 7,39 0,16 23,41 942,00 0,60 0,88 45,38

2 7,39 0,16 23,41 942,00 0,60 0,88 45,38

3 7,39 0,18 23,41 942,00 0,60 0,88 45,38

4 7,39 0,17 23,34 943,00 0,60 0,90 46,40

5 7,41 0,20 23,50 954,00 0,60 0,81 33,61
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Appendix K: Stabilization ponds pictures at Motetema wastewater treatment works  

  

 

Microalgae wastewater treatment in a stabilization pond 

 

 
 

Dried up stabilization pond 
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Appendix L: Pearson Correlation Analyses calculations and scatter plots 

 

Total dissolved solids and Dissolved oxygen: Round Pool 1 bottom section (C. vulgaris) 

 

    

     

  X Values = TDS (mg/ℓ) 

  Y Values = DO (mg/ℓ) 

 

 

 

The p-value is 0.001531. The result is significant at p < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



74 
 

Total dissolved solids and Dissolved oxygen: Round Pool 2 bottom section C. protohecoides) 

 

  

 

   X Values = TDS (mg/ℓ)  

   Y Values = DO (mg/ℓ) 

 

 

The p-value is < 0.00001. The result is significant at p < 0.05. 
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Ammonium and Chlorophyll a: Round Pool 1 (C. vulgaris) 

 

 

 

X Values = Ammonium (mg/ℓ) 

Y Values = Chlorophyll a (µg/ℓ)  

 

The p-value is 0.607666. The result is not significant at p < 0.05. 
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Ammonium and Chlorophyll a: Round Pool 2 (C. protothecoides) 

 

 

 

X Values = Ammonium (mg/ℓ) 

Y Values = Chlorophyll a (µg/ℓ) 

 

The p-value is 0.000394. The result is significant at p < 0.05. 
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Temperature and Conductivity: Motetema stabilization ponds  

 

 

 

X Values = Temperature (⁰C) 

Y Values = Conductivity (µS/cm) 

 

The p-value is 0.1047. The result is not significant at p < 0.05. 
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Nitrates and Chlorophyll a: Motetema stabilization ponds  

 

 

 

X Values = Nitrates (mg/ℓ) 

Y Values = Chlorophyll a (µg/ℓ) 

 

The p-value is 0.002091. The result is significant at p < 0.05. 
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