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ABSTRACT  

The greatest battle that the earth has to consistently and persistently fight to maintain its 

natural purity is mainly human-induced pollution, especially of natural water bodies like 

oceans, seas, rivers and underground reservoirs. This research was conceptualised and 

motivated by the ever-increasing problem of insufficient and poor water quality in Zimbabwe, 

Manicaland province in general and Buhera district in particular. The purpose of the study 

was to assess the effectiveness of environmentally-friendly water treatment technologies to 

meet Sustainable Development Goal number 6, which aims to “ensure availability and 

sustainable management of water and sanitation for all” by the year 2030. While the 

industrial revolution has brought with it massive improvements in water treatment methods 

that are both faster and effective, most rural communities in the developing world have not 

benefited from this human ingenuity and thus continue to grapple with the challenges of 

access to clean and safe drinking water. The use of sunflower plants (Helianthus annuus) for 

domestic water treatment as an alternative to conventional and top-notch technologies was 

considered very necessary for water treatment especially at the household level. The research 

design was predominantly experimental and observational thus generating primary data. To 

achieve this, a set of objectives was laid out while relevant hypotheses were also propounded. 

Analysis of raw water collected from different sources of domestic water within the study 

area was done for the three seasons prevalent in the area. Collected data was systematically 

arranged in tables and graphs and then subjected to both descriptive statistics (means and 

standard deviations) and inferential statistical analysis including ANOVA single factor as well 

as a correlation of analysis for hypothesis testing. The three microbial pathogens namely; 

Escherichia coli, faecal coliform and total coliforms were subjected to extracts from four 

sunflower plant parts, which included; seed, leaf, stem and root tissues. The extracts were 

obtained using five solvents that are; chloroform, ethanol, hexane, water and acetone. The 

highest potential was obtained from chloroform extract followed by ethanol, water and 

acetone while there was no recorded effect from the solvent hexane. Throughout the 

experiments, sunflower seed extracts showed a greater effect on all three bacterial species. 

The anti-microbial properties of the sunflower seed extracts portrayed a high mean zone of 

inhibition of 5.7 mm and 6.3 mm on faecal coliforms and E. coli bacteria respectively. In 

addition, the coagulant properties of sunflower extracts were tested against turbidity and pH 
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with different dosages of the seed, root, stem and leaf extracts at different time intervals. The 

seed extract was found to have an optimum dosage of 4 g at 80 minutes with turbidity 

removal efficiencies of 95%. The effectiveness of the extracts varied from season to season, 

with summer having the higher percentages while winter had the lowest percentage 

reductions. Results revealed that sunflower seed extract should be the first option in choosing 

natural materials as anti-microbial and coagulant agents. Therefore, the study concludes that 

sunflower seed extracts can be used as anti-microbial and coagulant agents at the household 

level. However, an evaluation of the toxicity of the concentration of the treatment extracts 

to humans based on in vivo experiments is very important to ascertain their effectiveness and 

use at the household level.  

 

Key words: Antimicrobial, anthropogenic, coagulant, Helianthus annuus, in-situ, in-vivo, 

metabolite, pathogenic, physio-chemical, phytoremediation, toxicity, water treatment. 
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CHAPTER 1: INTRODUCTION 

Key words: Bio-accumulation, biosphere, catchment area, coliform, delimitation. 

1.1. Background to the study 

Water is the single most used resource by humans, and its availability and quality have assumed 

enormous global debates and investments (Foster, 2020). Human activities lead to large amounts 

of toxic compounds being unleashed into the biosphere at unprecedented rates, sometimes 

making the environment very unliveable and unhomely to most plant and animal species. These 

toxic wastes if not well monitored and managed, could possibly exterminate human, plant and 

animal life from the face of the earth if inhaled or consumed (Padayachee et al.,2020). The history 

of water treatment is as old as humanity itself, and various methods have been used over the 

years with varying degrees of success and most are fast losing their relevance since they cannot 

be applied on a large scale and cannot also eliminate some of the anthropogenically induced 

pollutants like heavy metals. Among the various methods of water treatment are 

phytoremediation, which is a type of bioremediation that uses plants or their tissues. This 

treatment is often proposed for bio-accumulation of metals and other dissolved substances and 

sorption which refers to both to the physical and chemical ability of a substance to absorb, adsorb 

or exchange ions (WHO, 2020). 

Phytoremediation as a technique uses plants or their organs in order to remove or extract certain 

waste products from contaminated soils or water (Jame, 2011). It is deemed as the future in 

water purification since it is environmentally friendly. The same author noted that since 1991, a 

number of plants including sunflower Helianthus annuus and Moringa oleifera have assumed 

prominence in their use in modern techniques to remove impurities such as alkanes, perchlorates 

and metals from water. A study done by Foster (2020) observed that the combined effects of the 

leaves and seeds of the Moringa oleifera plant can reduce the pH of polluted water from 14,5 to 

8, and the leaves can lower turbidity by 80 % while E. coli loads have been seen to be reduced by 

over 90 %. The treatment of water, with respect to perchlorates and chloride compounds, has 

seen a great deal of success.  Furthermore, the ‘green’ technology is meant to augment the 

efforts and investments of chemical and synthetic materials used in water treatment. Besides, 

the chemical and synthetic materials used in water comes at high costs and have potential health 

threats to humans (Othmani et al., 2020). Other methods such as sorption, ozonation or boiling 
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also offers visible effectiveness in water treatment. The increasing use of plants in water 

treatment as a new technique looks promising and with no emerging competitors in sight, 

however, rigorous research still needs to be done to make sure that more is known about the 

possible salient chemical properties of those plants (Delelegn et al., 2018). Though the use of 

plants in water treatment may be successful, the implementation has not yet generated greater 

trust as there is still much to be studied regarding success rates and after-effects of microbial 

activities as well as the ability to treat water on a large scale.  

As countries continue to industrialise and the human population continue to grow exponentially, 

the generation of waste in its various forms has also become an everyday challenge for most 

municipalities and rural communities the world over, as most of these wastes find themselves in 

water bodies that are sources of domestic water such as rivers, dams, wells and boreholes 

(Zimbabwe National Statistical Agency, 2014). The problems associated with water pollution 

have now garnered increasing prominence in many countries and hence its treatment thereof 

has also attracted the attention of industry, political and the academia with an equal measure so 

as to make it safe for consumption.  

The World Health Organisation defines water treatment as a process that makes water 

acceptable for a specific end-use (WHO, 2017). The same source also observed that most rural 

communities in Zimbabwe do not have potable piped water and that these communities do not 

have conventional water treatment facilities. The goal of water treatment is to rid the water of 

infectious diseases-causing pathogens and reduce other non-pathogenic parameters of water 

like, turbidity or temperature to an acceptably low level. Guidelines regarding microbial safety 

aim for the general absence of pathogens and all specify that drinking water should be free of 

any pathogens that may be detrimental to human health. 

The demand for safe water has also increased for both domestic and industry due to human 

population increases and industrial expansion but sadly there has not been a matching effort by 

governments and municipalities to innovate and deploy the appropriate measures, funding and 

community awareness to minimize water pollution or at the very least put in place legislations 

that enhance good water management practices. Like many other places in Zimbabwe, 

Manicaland province is predominantly rural, and most of the small towns and growth points do 

not have proper water reticulation systems as well as waste management systems that are 
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environmentally sustainable. These communities also use Blair toilets, which are poorly 

ventilated and most do not meet international health standards, while those that use flush toilets 

are not connected to municipal sewer systems but rather use septic tanks which in most 

instances cause ground water pollution, odours, and are breeding grounds for mosquitoes.  The 

absence of municipal water treatment plants in most communities means that these 

communities get untreated water from wells and boreholes as well as natural sources like vlei 

and rivers. In most rural communities of Zimbabwe, people use various methods to treat water 

for domestic use including boiling, filtration and sedimentation. 

All these umerous methods do not eliminate most pathogenic organisms like bacteria and only 

reduce the number of suspended particles (Othman et al., 2020). There is also no pre-

establishment of the physio-chemical parameters of the water, however, the quality of the water 

is merely determined by mainly its colour and absence of odour, and this is achieved by mere 

visual inspection. Sunflower plants are therefore, proposed as an alternative for the 

aforementioned methods of domestic potable water treatment for they can be easily 

administered at the household level and can also remove over 90%-100 % of microbes in the 

water (WHO, 2016). Greenfields (2004) noted that sunflower plants (Helianthus annuus) have 

high concentrations of antimicrobial agents in their organs, which can make enough dosages to 

eliminate substantial amounts of pathogens in water. The climate of the study area is tropical 

and has a lot of sunshine and this makes it an ideal place for growing sunflowers. The plant has 

no chemical substances that can put human health at risk and can be grown with great success 

in a variety of soils with very minimal soil-enriching fertilizers and can be grown all year round, it 

is not very susceptible to pests and diseases, it is less both labour and capital intensive hence 

does not compete much with other crops for space, time and resources like fertilizers, herbicides 

and pesticides. 

1.2 Definition of terms 

The following definitions are as they are used in this research: 

 Contaminated water: water that has been exposed to pollutants and microbial pathogens 

and may pose hazards to humans, animals or plants. 
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 Water treatment: process of improving the quality of potable water making it safer for 

human consumption 

 Blair toilet: type of toilet without a flushing system 

 Decomposition: breaking down organic matter by microorganisms such as bacteria and 

fungi. 

 Domestic water: water that is used in homes. 

 Phytoremediation: the use of some plant species or their organs to remove contaminants 

from water. 

 Potable water: drinkable water 

1.3. Statement of the problem 

For over a long period of time, Manicaland and, more particularly, Buhera district has been 

riddled with problems of poor water management due to lack of modern water treatment 

infrastructure (ZNSA, 2014). The absence of proper water treatment facilities means that most 

communities especially in rural areas, growth points and service centres have to depend on 

rivers, dams, wells and boreholes as their sources of water, and in the majority of cases this water 

is consumed or used for other activities without treatment posing great danger to users. Most of 

these water sources are heavily polluted and eutrophication is common as can be evidenced by 

the growth of aquatic plants like the water lilies, hyacinth and algae in most dams and rivers in 

the study area. Only 4.6% of the households in Buhera have access to piped and portable water 

which meets national water quality standards. This means 95.4% of the households depend on 

untreated water for all their domestic uses and about 44% use rivers and boreholes as their water 

sources (Zimbabwe National Statistical Agency, 2017). Cases of water-borne diseases like 

typhoid, cholera and dysentery are also very prevalent in the district especially during the rainy 

season (Mapira, 2010).  

The Manica Post of 16 July 2015, reported an outbreak of typhoid at Nyashanu high school, 

leading to the death of a form three male learner while a dozen others had to be rushed to 

Mutare provincial hospital. The few households that have access to treated water are those at 



  

 

5 
 

mission and government schools like Makumbe and Nyashanu high schools, Murambinda and 

Muzokomba high schools, respectively, growth points, hospitals and clinics and district service 

centres. This water is mainly drawn from rivers, dams or boreholes then stored in tanks where it 

is chlorinated. Apart from rivers, some households get their water from boreholes which are also 

a major source of water in the district. There are no water treatment plants in the district. After 

the water has been used, there is also no effort made to treat the water before it is disposed of 

to the environment hence concerns about odours, mosquito breeding grounds. Malaria and 

typhoid have also heightened over the years (WHO, 2016). The fact that these water sources are 

not monitored for compliance, often cause great environmental hazards especially, where the 

water is disposed of into the environment without prior treatment.  The conspicuous absence of 

water treatment facilities is mainly caused by the inability of municipalities and councils to 

provide financial and technical capacity (Chung, 2010). It is this lack of these modern and 

affordable water treatment facilities that enthused and motivated this research to suggest a 

more forward-looking approach to water treatment like phytoremediation using sunflower 

plants (Helianthus annuus) ahead of other methods because the plants are locally grown, can be 

grown throughout the year, the application is simple as no other additives are needed and can 

be used at household level and there is no special training needed for the administration of the 

process. 

1.4. Research aim and objectives 

1.4.1. Purpose 

The main purpose of the study was to assess the effectiveness of phytoremediation in potable 

water treatment using different parts of the sunflower plants (Helianthus annuus). 

1.4.2. Objectives 

The following specific objectives were advanced to guide the study:  

(i) To critically analyse the different types of potable water treatment and determine the 

levels of physio-chemical and bacteriological parameters in untreated water. 

(ii) To determine the dosage of antimicrobial effectiveness in different organs of the 

sunflower plant that is; roots, leaves, stem and fruit. 
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(iii) To determine the dosage of coagulant properties in sunflower plant extracts ideal for 

potable water treatment. 

1.4.3. Research questions 

(i) Do seasons affect the concentrations of physio-chemical and bacteriological 

parameters in water? 

(ii) Which part of the sunflower plant contains the highest concentration of anti-

microbial agents? 

(iii) What is the recommended dosage of sunflower coagulant that is ideal for water 

treatment? 

1.4.5. Hypotheses 

This study tested the following hypothesis: 

𝐻1: There is a positive correlation between the time taken and the zone of inhibition and 

the dosage.  

𝐻0 : There is no positive correlation between the time taken, the zone of inhibition and the 

dosage.  

1.4.6. Rationale 

The purpose of this study was to assess the effectiveness of phytoremediation of domestic water 

using sunflower plants (Helianthus annuus). Domestic water from Mwerahari river and ten 

purposively sampled boreholes was used as basis for assessing the effectiveness of 

phytoremediation as a way of eliminating or neutralising and immobilising pollutants. The 

sunflower (Helianthus annus) plant was chosen for the study because it can be grown easily in 

the area and does not require expert knowledge to grow. Sunflower plants (Helianthus annuus) 

have high concentrations of antimicrobial agents in their parts which can make enough dosages 

to eliminate substantial amounts of pathogens in water (Adeeyo et al.,2021). The climate of the 

study area is tropical and has a lot of sunshine, and this makes it an ideal place for growing 

sunflowers. The plant has non-known chemical substances that can put human health at risk 
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(WHO, 2016). The plant can be grown with great success in a variety of soils with very minimal 

soil-enriching fertilizers and can be grown all year round, it is not very susceptible to pests and 

diseases, it is less both labour and capital intensive and hence does not compete much with other 

crops for space, time and resources like fertilisers, herbicides and pesticides. The research 

generated information on domestic water treatment using sunflower plants (Helianthus annuus) 

and suggested how best this can be used to achieve sustainability of domestic water sources. The 

information generated will also be used to reduce water pollution and its impact on the 

environment. The research findings are rooted in the contemporary issues of water management 

and sustainable environments, which makes the information invaluable for rural communities. 

The research was necessitated was also by the absence of a coherent strategy for successful and 

sustainable water treatment and disposal in Manicaland. The study aimed at birthing more 

sustainable and cost-effective techniques in domestic water treatment using phytoremediation 

mechanisms.  

It is envisaged that the proper and monitored phytoremediation of water, together with 

management of its sources, will go a long way in improving the management of water. The 

research provided town planners rural district council officials with an empirical justification for 

any proposed policy on domestic and industrial water management. Rural communities, the 

Ministry of Environment and Natural Resource Management and the Environmental 

Management Agency (EMA) need advice on efficient, affordable and integrated environmental 

water management systems. As such, phytoremediation offers conventional technology which is 

less harmful to the environment. It is also meant to help people who live in remote areas and are 

often not serviced by municipalities or local authorities. The significance of this forward-looking 

study is also to facilitate the exchange of information among current and future rural district 

councils and cities in Zimbabwe and in the region at large.  

1.4.6. Scope of study 

In the majority of cases studied, poor management of water is generally caused by a lack of 

environmental education and this is more prevalent especially in developing countries (Faccia, 

2011). The same author observes that most rural communities do not have adequate facilities 

for water treatment, and the fact that most rural communities do not pay for water and access 

it from natural sources leaves them with no compulsion or obligation to invest in good water 
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management practices, thereby exacerbating the problem of water pollution. For the purpose of 

this study, the following assumptions were specified: 

 Residents of Manicaland province have mechanisms in place for basic water treatment. 

 Every household, business entity and institution has access to a source of water. 

 The residents of Buhera only use boiling as their only major method of water treatment. 

1.5. Research methodology 

1.5.1 Research design 

The research design for the study was quantitative, experimental and predominantly descriptive 

based on parametric data sets obtained through observation, experimentation, interviews and 

existing official statistical records from district councils. ANOVA single factor analysis was also 

used to analyse data. Correlation analysis was used to test the hypothesis. The research work 

involved a purposive selection of samples of water from the main sources of domestic water used 

in the study area which are rivers and boreholes. Primary data sources were generated on the 

basis of the physical and chemical measurements of bioaccumulation of pollutants and the 

depletion of pollutants from water using different organs of sunflower plants (Helianthus 

annuus). Secondary data to solicit information on sources, quality and water treatment practices 

were obtained through a structured interview administered to district council officials 

responsible for water management; Zimbabwe National Water Authority (ZINWA) in the study 

area.  

1.5.2 Delimitation of study area 

Manicaland is a province to the east of Zimbabwe on 19°S 32°30’ E, 19°0’53 S and has seven 

districts namely Buhera, Chimanimani, Chipinge, Makoni, Mutasa, Mutare and Nyanga (Figure 1). 

The province has a total area of 36 459 𝑘𝑚2and an average population density of 48/𝑘𝑚2, 

receives an annual rainfall amount of about 1098 mm, which is the highest in the country and an 

average annual temperature of 23°C (Government of Zimbabwe, 2012). 

 Due to the economic meltdown in the country since the early 2000s, the province has not been 

spared from the economic turmoil that the country has been experiencing. Due to this economic 
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decline, many municipalities and district councils have not been able to maintain their waste 

management facilities, water reticulation and treatment, let alone the expansion of the 

infrastructure to match with the ever-increasing population. The population of the province is    

1 800 000 of which 850 000 are males while 950 000 are females (Zimbabwe Central Statistical 

Office, 2014). The same source also provides that the province is the second most populated 

province in the country contributing about 13.5% of the national population. Main towns include 

Mutare; which is the provincial capital, Rusape, Chipinge and Nyanga. There are also some 

growth points and service centres dotted around the province. Across the whole province, all the 

service centres and the growth points do not have sewage and water treatment plants (UNDP, 

2017). 

 

Figure 1: Map of study area and the water sampling points 

Figure 1 shows that Buhera district is situated in the eastern part of the country and lies in the 

rain shadow of the Chimanimani mountains, which makes it receive less rainfall per year 

compared to the other six districts in the province thus making it a water-scarce district, a 

situation that prompted this research. Figure one also shows the distribution of different water 
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sources in the study area. The numerous boreholes dotted all over the study area makes a clear 

indication of the scarcity of water in Buhera district. The water scarcity is mainly due to the fact 

that the district receives low rainfall throughout the year. Since the district is also predominantly 

rural means that most families cannot afford to have protect wells at their homes and hence 

have to depend on the government and Non-Governmental Organisations (NGOs) like Christian 

Care and World Vision managed boreholes of most of their water requirements. Figure one also 

shows the main water sources rivers and boreholes dotted across the study area. Mwerahari 

river is the main river in Buhera district and supplies water to many households in the district.  

Buhera district is located within 19° 46' 0'' S, 32° 17' 59'' E. The main water sources in Buhera 

include Mwerahari river while groundwater is from boreholes that are dotted across the study 

area. Buhera district is bordered by Nyazvidzi river to the south-west and Save river to the north 

east. From Figure 2, it can be seen that Buhera district is relatively a dry area as is evidenced by 

the many boreholes dotted around the district which is a combined effort by communities, 

government and Aid Agencies to try to augment surface water by underground water. The main 

river in the district which runs across almost the full length of the district is Mwerahari, which 

lies 19° 15' 54"S, 32° 1' 57"E at the confluence with Save river. 

The presence of irrigation schemes in the district is evidence about how seasonal rainfall received 

in Buhera is not enough to help the predominantly peasantry population to grow enough food 

and rear livestock that would see them through to the next rainy season. Hence, the need to put 

some land under irrigation for all year round for crop and animal production. 

1.5.3 Study area and population 

Out of the seven districts in Manicaland province, Buhera district was chosen for the study 

because it has an ideal climate for the growth of sunflower plants. Compared to the rest of the 

province, the district receives the least amount of annual rainfall, thus an average rainfall of 

about 650 mm per year, which is adequate for sunflower growth (Central Statistical Office, 2014). 

The district is the second most populated rural district in the country and the most impoverished 

of the seven districts in Manicaland, meaning that the majority of the population has no access 

to clean, portable conventional water treatment facilities (CSO, 2014). 
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1.6. Structure of the thesis 

The outline of the thesis is as follows: 

Chapter 1: Introduction 

Chapter one provides an introduction to the study including background to the study, research 

aim and the specific objectives, description of the statement of the problem, the research design 

together with a rationale for the study. Delimitation of the study area is presented, a list of 

definitions of terms relevant to the study is also compiled while the study area and population, 

assumptions of the study and methodology were also expounded. 

Chapter 2: Literature review  

Chapter two avails a literature review consisting of the findings of other related studies in the 

field of environmental management with special emphasis on water management. Various 

theories, models and guidelines underpinning the study are delved into in greater detail in this 

chapter. The chapter also identifies contributions of the study with the aim of wanting to fill 

research gaps while patching and consolidating some doubted literature. 

Chapter 3: Types of potable water treatment 

Chapter three provides details of the various types of potable water treatment. Water sources 

in Buhera district are identified, enumerated and discussed. The research methods, thus, the 

research approach, data collection process as well as data presentation and analysis. 

Chapter 4: Physio-chemical and bacteriological parameters of untreated and treated water 

Chapter four discusses the physio-chemical and bacteriological parameters in both untreated 

and treated water and how seasons affect the concentrations of those parameters. This chapter 

also endeavours to answer some of the research questions, especially the one on the effect of 

seasons on the concentration of the various parameters of water. ANOVA single factor, tables, 

graphs, and descriptive analysis are used to analyse data for both readability and ease of 

understanding. 
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Chapter 5: Anti-microbial water treatment using different organs of the sunflower plant extracts. 

This chapter summarises the effectiveness of the various organs of the sunflower plant in water 

treatment. This is achieved by measuring the zones of inhibition of the various plant extracts with 

chloroform as a solvent. This chapter looks at the effectiveness of the various sunflower extracts 

from the four parts; seed, leaf, root and stem in treating bacteriological parameters that is, faecal 

coliforms, total coliforms and E. coli. 

Chapter 6: Effectiveness of sunflower extracts in potable water treatment against selected 

physical and chemical parameters  

This part of the thesis provides the ideal dosages required for the removal of the three 

bacteriological species in water, which are total coliforms, faecal coliforms and E. coli thus also 

highlighting the concentration of coagulant properties in sunflower seeds. 

Chapter 7: Contribution to knowledge, conclusion and recommendations 

The chapter discusses the main findings of the research and answering of the research questions. 

Recommendations for future studies in the area of water treatment are also presented while 

conclusions regarding the research as observed from the findings are also drawn.  

1.7. Chapter summary 

Since the human body is 60% water (Mitchell, 2011), it therefore, calls for no debate 

that the importance of water for human survival is just as important as life itself and 

hence the old adage ‘water is life’. While water is naturally occurring, its quality over the 

years has increasingly depended on human interactions with it and in countless cases, 

these interactions have rendered the water unsafe for human consumption. Like many 

other rural communities in Zimbabwe, clean drinking water is still a beyond the reach of 

many with over 94% of the population dependent on unprotected water supplies and 

the water is consumed in its raw state (CSO, 2014). Reasons for this unhealthy situation 

range from lack of water treatment facilities, inadequate government funding for water 

treatment in rural district councils, lack of cheap technologies in water treatment as well 

as insufficient awareness about the need to keep water bodies safe from pollution. The 

appalling safe water crisis in Buhera prompted the conceptualisation of this research, 
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findings are going to immensely benefit the residence of the Buhera as cheaper ways of 

water treatment are going to be generated. Buhera district receives less than average 

rainfall in the province thus besides issues of water pollution, the district depends 

significantly on ground water as is shown in Figure 1. In a way to try to treat water, 

various methods are used in Buhera including; boiling, sedimentation, radiation and 

filtration. Since most of the method of water treatment need energy and expensive 

resources to administer, it envisaged that the results of this research will go a long way 

in alleviating the problem of access to safe drinking water in Buhera and eventually 

benefit the whole country since the plants that are used in the treatment of the water 

can be grown in all the regions of the country with success and the technology does not 

need special training for one to administer it and does also not need specialised 

equipment to run the process and can be used at household level. 

  



  

 

14 
 

CHAPTER 2: LITERATURE REVIEW 

Key words: Eutrophication, coagulant, parameter, policy, pollutant, turbidity 

2. INTRODUCTION 

To scientists, water is just that colourless, odourless and tasteless compound made up of the 

elements hydrogen and oxygen; whilst to a farmer, it is a natural solvent that facilitates the 

translocation of nutrients within the plant bringing about the much-needed growth and 

productivity; while to industry water sits at the centre of all chemical processes, and still to the 

men and women of faith water wields cleansing and healing powers and is regarded as a simple 

of promise and good health while to the fish water is paradise. For human existence and 

advancement, water is at the core of sustainable development and is critical for socio-economic 

development, healthy ecosystems, human survival, thus making it vital for reducing the global 

burden of disease, the improving health and productivity of populations (United Nations, 2018). 

It is therefore, this uniqueness and indispensability of this natural resource that makes it the 

heartbeat of human development, dignity and wellbeing. Currently and probably in the 

unforeseeable future, water is by far the single most important substance used to sustain life on 

earth (Othman, 2020). Improved access to safe drinking water can invariably enhance human 

health and reduce burdens on governments on health care. Unsafe drinking-water may present 

some significant risk to health over a lifetime of consumption, including different sensitivities 

that may occur between life stages (WHO, 2010). The availability of water, access to it and its 

quality, continue to pose challenges to governments and municipalities the world over. There is 

increased demand for potable water due to the growth of populations and contamination of this 

invaluable resource continues to go unabated. The ability to guarantee safety of drinking-water 

is of urgent importance and a number of barriers must be used from catchment to consumer, to 

prevent the contamination of drinking water or to reduce contamination to levels not injurious 

to health. 

2.1 Water pollution 

 Water pollution can be described as direct or indirect release of substances into water bodies 

like rivers, dams and underground aquifers to a point, where the substances interfere with the 

beneficial use of water or with natural functioning of ecosystems (Othmani, 2020). Besides the 
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release of substances such as chemicals or microorganisms, water pollution may also include the 

release of energy in the form of radioactive or heat into water bodies. Water pollutants include 

pathogenic microorganisms, organic waste, plant nutrients, toxic chemicals, sediments, heat, 

petroleum and radioactive material. 

2.1.1. Causes of water pollution 

Most water pollution doses not start from the water itself but rather is a result of addition of 

substances into the water mainly due to anthropogenic activities. 

-Sewage: About 2.1 billion people, which is about 28% of the world’s population does not have 

access to safe drinking water while 2.3 billion that is 30% of the world’s seven billion people do 

not have proper sanitation that is hygiene toilet facilities (WHO,2019). It was also estimated that 

water related diseases will kill about 135 million people by 2020 and most of these will be from 

Sub-Saharan Africa. Britain collects around 11 billion of litres of waste water from sewage every 

day and if this waste water if not safely treated and or disposed of may cause diseases like 

hepatitis, cholera, typhoid and diarrhoea (WHO,2020). 

-Nutrients: sewage produced in far greater quantities than the environment can cope with will 

add large amounts of nutrients into the environment, this sewage will eventually end up leached 

or washed away into water sources. Chemical fertilizers from farms sometimes get leached into 

underground water or washed away to water sources causing heavy pollution and 

eutrophication. 

-Chemicals, Polychlorinated biphenyls (PCBs) from plumbing, water treatment facilities and 

piping also known as transboundary pollution release heavy metals like lead, cadmium and 

mercury are common pollutants of water. 

-Waste water (grey water): this is water discharged into the environment from homes and 

factories after use.  It may contain detergents, bath soaps and oils and if this is discharged into 

water bodies will pollute water thereby compromising its quality. -Radioactive waste:  this comes 

from nuclear power stations and it is very dangerous if it is not handled properly.  At high 

concentration, it will kill humans and some aquatic animals while in small quantities it causes 

cancers in humans (Moulin et al., 2019). 
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-Oil pollution: oil spills from tankers and ships cause water pollution in oceans. WHO (2014) notes 

that about 12% of all oil spills come from tankers. 

Plastics: plastic has become one of the most common material and its disposal and management 

comes with a great deal of challenges since most of them are non-biodegradable. Close to eight 

million tonnes of plastic are dumped into the sea every single year and the damage to marine life 

is unfathomable (WHO,2020). 

-Alien species / invasive species: these are plants and animals that are not endemic to a particular 

area and once they are introduced to a given area they tend to multiply much faster. In the case 

of water plants like water lilies and hyacinth, they can cover large areas of the water body in 

weeks thereby depriving other aquatic plants and animals of sunlight and oxygen respectively. 

-Thermal pollution: this is caused by increasing the temperature of the water. Thermal pollution 

reduces the amount of dissolved oxygen in the water and thus depriving aquatic species of the 

much needed oxygen (Chang et al., 2015). Higher temperatures may also kill some plants and 

animals.  

2.1.2. Types of water pollution 

The main types of water pollution include the following: 

(i) Point source pollution is when pollution of water happens from a single location such as a 

discharge pipe attached to a factory or oil spills from tankers (Rutjes et al., 2009). This type of 

pollution may affect a small portion of the water source and is easy to control though if the 

concentration of the pollutants is high may end up affecting large volumes of water and may 

even become transboundary. 

(ii) Nonpoint pollution is the type of water pollution that occurs when pollutants are introduced 

into the water source from many different sources (Moulin et al., 2019). This type of pollution is 

more difficult to control because the fact that pollutants are introduced into the water source 

from different sources means that the amounts of the pollutants might also be high resulting in 

more deleterious effects on human health. 

 



  

 

17 
 

Biological pollution 

It has been observed over the years that the greatest microbial risks are associated with ingestion 

of water that is contaminated with faecal matter from humans or animals (including birds) As 

observed by (Rutjes, 2009). Faeces can be a source of pathogenic bacteria, viruses, protozoa and 

helminths. Therefore, faecal derived pathogens are the principal concerns in setting health-

based targets for microbial safety. WHO guidelines on drinking water (WHO, 2015) asserts that 

verification of the microbial quality of drinking-water typically includes testing for Escherichia coli 

as an indicator of faecal pollution. In practice, testing for thermos tolerant coliform bacteria can 

be an acceptable alternative in many circumstances. The same guidelines also acknowledge that 

although E. coli is useful as an indicator of water quality, it has limitations. Some viruses and 

protozoa species are more resistant to disinfection; consequently, suggesting that the absence 

of E. coli will not at all indicate freedom from these organisms. Under certain circumstances, the 

inclusion of more resistant indicators, such as bacteriophages and/or bacterial spores, should be 

considered. Microbial water quality often varies rapidly and over a wide range. Short-term peaks 

in pathogen concentration may increase disease risks considerably and may trigger outbreaks of 

waterborne disease. Furthermore, by the time microbial contamination is detected, many people 

may have been exposed. For these reasons, reliance cannot be placed solely on end-product 

testing, even when frequent, to determine the microbial safety of drinking water. Table 1 shows 

some of the most common pathogens transmitted through water. 

From Table 1, it can be observed that the most common pathogens that cause diseases such as 

bacteria, viruses and protozoa are mainly transmitted through water hence the need for 

communities to always make concerted efforts that their transmission is prevented. These 

pathogens, once they are present in water in any amounts the make the water unsafe for human 

consumption and if for any reason the water is consumed there may be health implications which 

in many cases leads to gastrointestinal diseases. So, while water is an indispensable resource, it 

is also a vehicle for the transmission of diseases hence management is very important and in 

cases where it becomes polluted it must be, as matter of principle and common sense be treated. 

Table 1 shows the three main types of pathogens found in water, their health significance, levels 

of resistance to chlorine as well as their infectivity. 
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Table 1: Main types of pathogens found in water (WHO, 2021). 

Pathogen Type Health 
significance 

Persistence 
in water 

Resistance 
to chlorine  

Relative 
infectivity 

Important 
animal 
source 

Bacteria E.coli There 
should be 
zero count 
of E. coli in 
100 ml of 
water. A 
count of 1–
10 
MPN/100 
ml is 
regarded as 
low risk; 
11–100 
MPN/100 
ml is 
medium to 
high risk 

May 
remain 
alive in 
water for 
about 24 
hours 

May resist 
for about 
7 hours 

Low Cattle, 
goats, 
sheep, 
pigs and 
deer 

 Shigella High Moderate Low Moderate Yes 

 Vibrio High Moderate Low Low Yes 

 Mycobacteria High Moderate Low Low Yes 

 Salmonella High Long Moderate Moderate Yes 

Viruses Astroviruses Moderate Long Moderate High No 

 Sap viruses Moderate Long Moderate High No 

 Hepatitis 
viruses 

High Long Moderate High Potentially 

 Rotaviruses High Long Moderate High Potentially 

 Parechoviruses High Long Moderate High No 

Protozoa Cydospora High Long High High No 

 Glandia High Long High High Yes 

 Helminths High Moderate High High No 

 Dracunculus High Moderate High High Yes 
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Chemical pollution 

Some chemical contaminants have been associated with adverse health effects in humans and 

as a consequence of prolonged exposure through drinking water (Othman et al., 2020). Some of 

the chemicals have great impact on the acceptability of water since they tend to affect its odour, 

appearance, taste, pH and turbidity. Table 2 shows some of the sources of chemical pollutants 

and examples of pollutants. 

Table 2: Sources and examples of chemical pollutants (WHO, 2020). 

Sources of chemical constituency Examples of source Example of pollutants 

Naturally occurring Rocks, soils, eutrophic water 
bodies 

Calcium, Nitrates, 
Nitrites, Phosphates 

Industrial sources and homes Mines, manufacturing and 
processing industries, 
sewage, solid waste, fuel 
spills 

Petroleum,  cyanide,  

Water treatment facilities Coagulants, DBP, Piping 
materials 

Lead, copper, zinc 

Agricultural activities Manures, fertilizers, 
pesticides, intense animal 
practices   

Nitrates, Nitrites, 
ammonia, phosphates 

Table 2 shows that chemical pollutants come from a variety of sources with the most coming 

from anthropogenic activities and some from the natural environment. Agriculture, industry and 

mining are the major contributors. 

2.3. Effects of water pollution and ways of combating them 

Water pollution accounts for about 80 % of all human gastro intestinal diseases and is a leading 

cause of death of children and the elderly, especially in developing countries (WHO, 2017). Water 

pollution also undermines economic development since governments will spend more resources 

trying to rectify it at the expense of other developmental issues.  Water pollution also disrupts 

ecosystems and pose health hazards to marine life. If not well managed, water pollution can 
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poison the food chain with the effect extending to various trophic levels and eventually reducing 

the quality of life for both humans and animals.  

While water is naturally able to cleans itself of pollutants, this is only possible depending on the 

amounts and type of the pollutants. If the amounts are too high the time needed to diminish 

them might be very long and in some cases it will only be possible with human intervention. 

Various ways are employed to help combat water pollution. These ways include: 

(i) Education: water pollution is mainly due to anthropogenic activities most of which emanate 

from ignorance or lack of environmental awareness and in some cases deliberate disrespect for 

both the law and the environment. As such, members of the community need to be educated on 

the need to protect the environment and be appraised on the dangers and implications of water 

pollution on the plant, animal and human health.  

(ii) Legislation: governments and municipalities need to formulate laws that help to regulate, 

monitor and dictate how citizens should interact with the environment. For instance, the United 

Nations Law of the sea of 1982, which was ratified by over 120 nations, seeks to protect seas and 

marine life from pollution and signatories to the law will make sure that their citizens will abide 

by the law. The 1972 Clean Water Act and 1974 Safe Drinking Water Act, both enunciated by the 

UN seek to provide guidance on how to manage water bodies and reduce water pollution and its 

impacts on human health.   

(iii) Economics: In a bid to curb water pollution, some governments have come up with economic 

policies that seek to deter community members and corporations from polluting the 

environment. For example, the Polluter Pay Principle, where those responsible for polluting the 

environment must pay for its restoration. 

2.4 Water policy 

Southern African Development Community (2007) defines water policy as those actions that 

govern the provision, use, disposal and sustainability of decisions, where provisions include 

identification, access and preparation for use the of the water. While the policies differ from 

country to country and from region to region, the common goal remains that of providing 

adequate, affordable, clean and safe water to citizens.   
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2.4.1 SADC  

SADC’s regional water policy and strategy (RWPS) of 2007 is designed to support the 

implementation of the SADC Protocol on shared watercourses as the key legal instrument for 

regional cooperation regarding water issues. The policy aims among other things, for the 

promotion of access to safe and affordable water to all its citizens and shared responsibility of 

the management of the natural water sources in the region. Table 3 shows the organisation and 

the commitment of SADC countries to equitably and harmoniously share the water resources in 

the region. Compared to the rest of the continent and most parts of the world both SADC and 

Zimbabwe are doing relatively well in terms of water policy, its management and provision to 

citizens though financing water management programs as well as technologies capacity in its 

treatment is still a problem hence the majority of the rural populations in this regional block do 

not have access to safe drinking water.  While the water policies in Zimbabwe sound and read 

very progressive, the implementation still remains a huge challenge due to financial challenges. 

Due to these challenges as observed by WHO (2017) over 85 % of Zimbabwe’s rural population 

has no access to safe drinking water while about 25 % of the urban population also to not have 

access to safe drinking water.  This is also confirmed by the ever-increasing number of back yard 

boreholes that are being drilled by home owners in most residential areas in all the urban areas 

around the country and some being drilled by non-governmental Organisations like ‘World 

Vision’ and other in some urban settlements to alleviate the problem of water shortages. It has 

also been noted that, the rate of urban growth in most African counties is not being matched 

with infrastructure expansions (Foster, 2020). This mismatch between available infrastructure 

and population growth always leads to over-stretching of facilities leading to their poor 

performance and eventual collapse. The collapse of water facilities leads to poor inefficient water 

delivery by municipalities, poor water quality and water borne diseases. Table 3 shows the main 

river basins within SADC countries. It can also be seen that most of the countries’ water is drawn 

from rivers. 
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Table 3: Major shared river basins within SADC and the countries sharing them (SADC, 2016). 

Watercourse Countries River Basin Organisation 

Buzi Mozambique and Zimbabwe   

Congo Democratic Republic of the Congo, 
Cameroon, Central African Republic 

Commission Internationale du 
Bassin Congo-Oubangui-Sangha (CICOS) 

Cuvelai Angola and Namibia   

Incomati Mozambique, South Africa and 
Swaziland 

  

Kunene Angola, Namibia Permanent Joint Technical Committee 
(PJTC) Kunene 

Limpopo Botswana, Mozambique, South Africa, 
Zimbabwe 

Limpopo Watercourse Commission – 
LIMCOM 

Okavango Angola, Botswana, Namibia, Zimbabwe The Permanent Okavango River Basin 
Water Commission (OKACOM) 

Orange-
Senqu 

Botswana, Lesotho, Namibia, South 
Africa 

The Orange-Senqu River Commission 
(ORASECOM) 

Pungwe Mozambique and Zimbabwe   

Ruvuma Mozambique and Tanzania   

Save/Sabi Mozambique and Zimbabwe   

Umbeluzi Mozambique, South Africa and 
Swaziland 

  

Zambezi Angola, Botswana, Malawi, 
Mozambique, Namibia, Tanzania, 
Zambia, Zimbabwe 

The Zambezi Watercourse Commission 
(ZAMCOM) 

SADC views water management as important for promoting peace in the Southern African region 

by sharing water sources through throughout the region. The SADC Water Division, part of the 

Infrastructure and Services Directorate, addresses water resources management issues through 

the Revised Protocol on Shared Watercourses (2000).  

The Revised Protocol on Shared Watercourses (2000) emphasises the equitable use of water 

resources, using the guiding principles of Integrated Water Resources Management; also taking 

https://www.sadc.int/sadc-secretariat/directorates/office-deputy-executive-secretary-regional-integration/infrastructure-services/
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into account geographic and climatic factors, as well as the socio-economic demands of SADC 

Member States. The SADC Water Division promotes the sustainable use of water resources 

through coordinated management, protection and equitable use. In this thesis, countries’ water 

policies were reviewed. The four countries include Botswana, South Africa, Malawi and 

Zimbabwe have been selected for this review. 

2.4.2 Zimbabwe 

The Zimbabwe water policy of 2012 provides that all citizens should have access to clean and 

safe water, that Zimbabwe National Water Authority (ZINWA) should be responsible for 

administering all catchment areas and issuing out permits to local councils and also enforce 

penalties in the case of transgressors while Standard Association of Zimbabwe (SAZ) is seized 

with water quality assurance. ZINWA also oversees the planning, development and management 

of water resources, it is also an operational authority responsible for managing, selling and 

providing potable water to local authorities and government institutions. Zimbabwe has over 

8000 national dams, making the water management system one of the most comprehensive in 

sub-Saharan Africa. About 97% of all urban water is supplied by municipalities (Zimbabwe Central 

Statistical Office, 2012). 

2.4.3 South Africa 

Section 27 (1) (b) of the South African constitution recognises water as a human right and that 

there should be equitable access to safe and sufficient water for all human activities so as to 

promote human health and dignity. Mission (2017) identified two parts of the water access 

problem that need to be solved. The first part is to find a way to physically get water to people 

who need it. The second part is to find an available water source from which water can be given. 

Currently, South Africa has a policy called Free Basic Water Access. According to the South African 

Constitution, every citizen is entitled to a certain amount of water regardless of his ability to pay 

for it; this policy defines the amount of entitlement to be 6000 litres per household of six 

members per month. This will cater for bathing, laundry, cooking and drinking. 
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2.4.4 Botswana 

The Botswana water policy of 2012 states that all water belongs to the state, and it is held on 

behalf of the people of Botswana and is a basic human necessity. The policy aims to protect, 

conserve and restore water resources; ensure equitable and sustainable management of water 

resources; grant citizens access to affordable water and productive use of water. The nation’s 

water resources are characterized by wide spatial variability, extreme scarcity, and a high 

dependency on internationally shared and trans-boundary waters. All water belongs to the state 

as well as its management. The dependency ratio, reflecting that part of the total renewable 

water resources originating outside the country, is the highest in southern Africa at 80%. 

2.4.5 Malawi 

The country’s water policy of 2005 strives for the provision of sustainable and integrated water 

resources as well as their management and development while ensuring access to acceptable 

quality water to all the needs of all the people and also encouraging citizens efficient and 

effective use of water. The National Water Policy of Malawi was framed at a time when the 

critical dependency of Malawi’s economy on water resources was reaffirmed and that water 

resources have a greater impact on poverty reduction. This policy thus serves as a guideline for 

proper implementation of various activities like drinking water supply and sanitation 

(Government of Malawi, 2006). Government of Malawi is also charged with the responsibility for 

conservation, control, management and distribution of water is state’s responsibility. The policy 

recognises that the sector has opportunities, such as the availability of relatively abundant water 

resources, political will, active women and youth, donor support, the willingness of private and 

public sectors’ participation and the existence of regional and international initiatives and their 

ratification such as the Johannesburg Declaration of the World Summit on Sustainable 

Development of 2002 and Southern African Development Community Protocol on Shared 

Watercourses (Government of Malawi, 2005). However, as stated by the World Water 

Assessment Programme (2006), any water policy reform is only as strong as its weakest link, 

which usually is the implementation of the policy. 
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2.5 Water quality 

 Guidelines on drinking water, water quality refers to the chemical, physical, biological and 

radiological characteristics of water which inform its acceptability for its various uses 

(WHO,2016). It is a measure of the condition of water relative to standing guidelines, and most 

importantly relative to its use. The quality of any body of water is a function of either or both 

natural or human influence and is determined relative to the purpose of the water. The quality 

of drinking should never be relative but rather absolute since even the slightest contamination 

can have health hazards; hence quality management of water must be a continuous process and 

must be aimed at meeting WHO standards. The International Standards Organisation (ISO) has 

set out standards ranging from sampling techniques, handling of samples, treatment of water, 

storage and transportation. 

2.5.1 Water quality parameters 

World Health Organisation (2015) suggests that water quality can be assessed using the following 

parameters 

(i) Physio-chemical parameters: The fact that the area studied is predominantly rural and mainly 

dependent on agriculture, generates most of the pollutants that contaminate water in 

Mwerahari river and the many boreholes dotted all the study area. These pollutants mainly come 

from leached fertilizers, and they include nitrates, phosphates and chlorites. Other parameters 

investigated also included dissolved oxygen, which is a measure of the amount of dissolved 

oxygen needed by aerobic biological organisms in a body of water to break down organic material 

in the in a body of water. Water hardiness also affects water quality and is mainly caused by 

dissolved calcium in the water. Quality water must be free of taste, odour and colour. Many 

substances with toxic products are constantly brought into the environment and more especially 

into water bodies through human activities thereby compromising the quality of water and in 

most cases rendering it unsafe for human consumption. These substances vary in the level of 

toxicity and amount of danger they pose to human, animal and plant life. Water is one of the 

most used resources in both domestic and industrial activities. Water is used in factories as a 

coolant, solvent, as a component of a number of products like soft drinks, beer and acids. It is 

also used for cleaning (Sulaiman, 2017). The South African Bureau of Standards (1984) notes four 
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broad categories of water uses, which are domestic, industrial, agricultural and recreational. 

Domestic uses of water include drinking, cooking, washing and gardening. These activities add a 

variety of substances to the water, making it unsafe for further use. WHO (2018) defines 

contaminated water as any water that has been adversely affected in quality by mainly 

anthropogenic influence making it both unsafe and unfit for human use.  

-Electrical conductivity- since solids can be found in nature, salts that dissolve in water 

breakdown into positively and negatively charged ions. Conductivity is the ability of water to 

conduct an electrical current and the dissolved ions are the conductors. The major positively 

charged ions found in water are,Na+, Ca+2 , K+ and Mg+ while the major negatively charged 

ions are Cl−, SO4−2, CO3−2 and NO3−2. 

 Electrical conductivity influenced by salinity, which is a measure of the amount of salts in the 

water. Dissolved ions increase salinity as well as conductivity.  

-pH is also used to measure water quality. The pH measures the acidity or basic (alkalinity) of the 

water. It is the negative log of the hydrogen ion concentration on a scale that runs from 0 – 14. 

-Turbidity is also an indicator of water quality. Turbidity is a measure of the relative clarity of 

water that derives from the optical characteristics of water and is an expression of the amount 

of light that is scattered by suspended particles in the water as well as total coliform. 

(ii) Bacteriological parameters: Generally, in terms of water quality management, total coliform 

bacteria, faecal coliform bacteria and E. coli are all considered indicators of contaminated water 

(South African Bureau of Standards, 1984). Quality water must be free of taste, odour and colour. 

Many substances with toxic products are constantly brought into the environment and more 

especially into water bodies through human activities thereby compromising the quality of water 

and in most cases rendering it unsafe for human consumption. Table 4 shows some of the 

physical and chemical parameters used to determine water quality in different seasons. It is these 

parameters are cardinal and core when determining the quality of water and their understanding 

when discussing water quality should never be under estimated. 
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Table 4: Examples of operational parameters for water quality monitoring (WHO, 2020). 
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Organic carbon         
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Chemical dosage         

Algal toxins and 
metabolites 

       

Information in Table 4 shows that turbidity is one water quality monitoring parameter that can 

easily be detected in any water with visual inspection. Most parameters like electrical 

conductivity, colour and dissolved oxygen, are mainly impacted when the water is raw while 

some, like heterotrophic bacteria and chemical dosage might continue to linker in the water even 

after disinfection. 

2.6: Water treatment 

Water treatment refers to the process of converting water, which is no longer needed or suitable 

for its most recent use, into an effluent that can be either returned to the water cycle or with 

minimal environmental issues or reused (Padayachee et al., 2020). The process entails the 
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removal of impurities from the water being treated. The main objectives of water treatment are 

re-use and disposal. There are three main methods used in water treatment. 

2.6.1. Domestic water treatment 

In recent years a number of different plant species have been used in water treatment with the 

Helianthus annuus gaining more attention compared to the rest of the over seventy varieties of 

the sunflower plant, (Foster, 2020). The same author noted that, The Helianthus annuus, 

compared to most of the sunflower varieties contains more antimicrobial properties and can be 

grown successfully in most regions of the world, requires less rainfall and can be grown all year 

round. The plant can grow to a height of about 1 to 4,5 metres with leaves which can also grow 

to about 30 cm. Besides its increasing demand for water treatment, Helianthus annuus is also 

grown for ornamental and food purposes. Another plant that is steadily gaining recognition in 

water treatment is the Moringa oleifera. Abed El- Hack et a.l (2019) observed that the Moringa 

oleifera seeds and leaves are able to reduce physio-chemical parameters in water such as water 

hardness, pH, turbidity, total dissolved solids and metallic impurities. Padayachee and Baijnath 

(2020) also acknowledged that, Moringa oleifera seeds contain antimicrobials that eliminate E. 

coli from groundwater. 

The development and implementation of water treatment technologies have been mostly driven 

by three primary factors, which are: the discovery of new rarer contaminants, the promulgation 

of new water quality standards and costs (Delelegn et al., 2018). The same source observed that 

for the past 75 years of the twenty-first century, chemical clarification, granular media filtration 

and chlorination were virtually the only treatment process used in municipal water treatment. 

Domestic water treatment is a process that makes the water more acceptable for a specific end-

use such as drinking, irrigation or recreation (Moulin, 2019). Most domestic water sources in 

most rural parts of Zimbabwe include rivers, dams, wells and boreholes. The quality parameters 

of water from these sources vary and that will inform the type of treatment to be used. Domestic 

water treatment also aims at the removal of suspended solids and microbes as well as increasing 

its acceptability by removing colour, odours and taste from the water. Corey (1996) noted that 

when the quality of the water has been compromised it does not only cause a threat to human 

health but also reduces its aesthetic aspect thereby making it unsightly. Treatment of water is 

meant to retain the water to its natural state. The natural properties of water will be tested 
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before treatment to check the level of contamination and then also after treatment to check the 

effectiveness of the method of treatment used. To achieve this, both the physical and chemical 

properties of the water must be known.  

2.6.2. Goals for water treatment 

The goals for water treatment are in line with the United Nations’ Sustainable Development Goal 

6 which aims at facilitating access to safe, enough and cheap water to all citizens of the earth and 

help rural areas to fight water pollution by the year 2030. Thus, the main goals of the treatment 

of water are to remove the unwanted constituents in the water and to make it safe to drink or 

fit for a specific purpose in industry or medical applications (Edzwald, 2011). There are numerous 

techniques available to remove contaminants like fine solids, micro-organisms and some 

dissolved inorganic and organic material, or environmental persistent pharmaceutical pollutants. 

The choice for the method for water treatment will depend on the quality of water being treated, 

the cost of the treatment process and the quality standards expected of the processed water as 

guided by local, regional or international. WHO guidelines on drinking water dictates that 

securing total removal of all microbial species from drinking-water supplies is a function of the 

use of various forms of barriers, from catchment to end-users, to prevent the contamination of 

drinking water. Generally, when people assess the quality of drinking-water, they rely immensely 

upon their senses (WHO, 2016). The magnitude of contamination will always determine the 

technology and funding that should be devoted to treating the water. Microbial, chemical and 

physical constituents of water may affect the appearance, odour or taste of the water, and 

naturally users will ascertain the quality and acceptability of the water on the basis of these 

criteria.  

2.6.3. General steps in water treatment 

Step 1: Drawing water from the source: The water is normally drawn via canal and gravity pipeline 

from the sources, which in most cases are rivers, dams and lakes. As the water enters the first 

stages of purification, it will be having both macro and micro pollutants. 

Step 2 Screening: Metal screens are used to trap large living organisms, sticks, leaves and litter, 

but allows the water to pass through it. 
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Step 3 Coagulation and flocculation: According to WHO (2015), raw water contains suspended 

particles, which need to be removed.  Some of the suspended particles are very colloidal, and 

tend to remain suspended in the water for a long time. Settling these suspended particles is aided 

by the addition of chemical coagulants such as calcium hydroxide (slaked lime). Coagulation is 

mainly defined as a system that destabilises the particles when slaked lime and sodium silicate 

are mixed with the raw water in about 20 to 30 seconds and this is the first process of removing 

suspended particles (Edzwald, 2011). The same author defines flocculation as the clamping of 

the suspended particles, which were destabilised by coagulation, to form heavier visible particles 

called floc. The floc remains suspended as the water flows at high velocity through either spiral 

flocculation or baffled channel conditioning bays. At this stage, the pH of the water will be high 

at this stage thus, between 10.5 and 11.0, which obtains during the lime coagulation limits algal 

growth and is very effective in removing heavy metals, organic materials, bacteria and viruses. 

Step 4 Sedimentation: Sedimentation is the oldest known method of water purification and has 

been employed extensively for thousands of years (WHO, 2016).  During this stage, the water 

flows slowly into large sediment tanks where the floc settles to the bottom of the tanks for 

sludge. Figure 2 on page 31 illustrates the stages in water treatment. After this the floc has settled 

at the bottom the water is treated with chemicals which in most cases is chlorine, aluminium 

sulphate or aluminium chloride before it is channelled to storage facilities from where the water 

is then reticulated to different end-users. This technology is widely used in most municipalities 

in different jurisdictions because it has the capacity to handle very huge volumes of water. The 

system is also very secure that once the water has been treated there are no chances of 

secondary polluting of the water. 
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Figure 2: General stages in water treatment from surface water. 

Source: Johannesburg water (2020). 

For big municipalities, after the water has been treated it is stored in large reticulation reservoirs, 

where it is then continuously channelled to various end-users, whereas for most domestic and 

small businesses, where there is no municipal water reticulation, after treatment, the water is 

stored in storage tanks of varying sizes at household or institutional level. On a small scale like 

home or institution level, the treated water can be stored in tanks. 

2.6.4. Methods of domestic water treatment 

The history of water treatment is as old as humanity itself since water acceptability has always 

been central to its usefulness while parameters like colour, taste and odour have never required 

advanced scientific understanding. To this effect, various methods of water treatment have been 

developed with varying degrees of success and as levels of pollution increased over the years due 

to industrialisation and increased human population so has the complexities of pollutants hence 

the ever compelling need to always have better methods of water treatment. There are three 

main methods of water treatment which are; physical, chemical and biological. 

(a) Physical method 

Gogate and Pandit (2012) view the physical treatment of water as primarily being concerned with 

removing contaminants in the form of organic matter and is done to improve the quality of water 

so that humans and animals can consume it without risking compromising their health. Physical 
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treatment usually involves three main stages; sedimentation, aeration and filtration. During 

sedimentation, solids and nonpolar liquids maybe removed from the water by gravity when 

density differences are sufficient enough to overcome dispersion by turbulence (Delelegn et al., 

2018). Aeration of water refers to the passing of large amounts of air through water and then 

venting the air outside, this is mainly done to remove dissolved gases like carbon-dioxide from 

the water. Sedimentation is at the primary stage of water treatment and happens in settling 

tanks or sedimentation tanks. Denser particles will settle at the bottom of the tank while the 

lighter ones will remain suspended in the water. After sedimentation, filtration follows and this 

is the removal of colloidal suspensions of fine solids through fine physical barriers distinguished 

from coarser screens or sieves by the ability to remove particles bigger than the openings through 

which the water passes. The main disadvantage of the physical method of water treatment is 

that it does not remove most pathogens and has to be used along with chemical methods for the 

elimination of pathogens thereby increasing costs (Hujare, 2008). An example of the physical 

water treatment is the horizontal slow coarse media filter. This is a type of physical method of 

water purification and uses course gravel or crushed stones as filter media and is highly suited 

for turbid waters with turbidity greater than 50 NTU (Ashbolt, 2001). A combination of filtration 

and sedimentation of suspended solids takes place during the horizontal passage of water 

through a filter bed. 

 

Figure 3: A slow sand filter water treatment technology 

Source: Ashbolt (2001). 

With this technology, the water enters the facility through an inlet, the facility has segments of 

sand of different sizes with the largest at the beginning while the finest will be at the end. As the 

water moves, larger impurities will be removed first while the smallest particles will pass through 
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and will only be trapped where the sand is fine. Whilst this method removes most particulate 

matter and reduces turbidity, it does not rid the water of chemical pollutants and pathogens 

hence it must be accompanied by chemical treatment. Given the design and techniques involved 

the method, it cannot readily be used at household level. Low – pressure membrane filtration 

has several advantages over conventional filtration and chlorination and these include smaller 

waste stream, lower chemical usage, smaller footprint, greater pathogen reduction, no 

disinfection by product formation and more automation (Yoo et al., 1995). The same authors also 

observed that the technology can remove turbidity excursions as high as several hundred NTUs 

with manageable impacts on process operation and efficiency. Despite its wide range of 

advantages, Yoo et al. (1995) opined that low pressure membranes are ineffective for the 

removal of dissolved organic matter hence colour causing organic matter, taste and odour 

compounds such as geosmin, methylisoborneol and anthropogenic chemicals can pass through 

the membrane filtration to treated water. This therefore, limits the applicability of the 

technology. Figure 5 shows that the pore size for any filter membrane is directly proportional to 

the size of relative size of the various sizes of materials in the water. 

 

Figure 4: Pore size ranges of various membranes. 

Source: Yoo et al. (1995). 

The different pore sizes of the various membranes selectively allow different particle sizes to 

pass through them. 
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Figure 5: Graph showing turbidity of a water sample. 

Source: Yoo et al. (1995) 

From the graph shown in Figure 5, it can be seen that over time, turbidity improves since 

dissolved particles will be settling at the bottom, thereby making the water less cloudy. high 

pressure membranes include nano filtration (NF) and reverse osmosis (Yoo et al.,1995). These 

membranes are operated at pressures ranging from 75 to 150 psi and are currently regarded as 

total organic carbon (TOC) removal technology in surface water treatment (Chang et al., 2015). 

This approach is certain to expand the domain of low-pressure membrane applications in surface 

water treatment, especially at sites, where organic removal is only occasionally required. Reverse 

osmosis membranes have long been used for desalination of seawater around the world. These 

reverse osmosis membranes can consistently remove about 99% of the total dissolved solids 

(TDSs) present in the water, including monovalent ions such as chloride, bromide, and sodium 

the influence of contaminant inputs e.g., acid rain (Yoo et al., 1995). If the water is acidic, lime, 

soda ash or sodium hydroxide can be added to raise the pH during water purification processes. 

Lime addition increases the calcium ions concentration, thus raising the water hardness. For 

highly acidic waters, forced draft degasifiers can be an effective way to raise the pH, by stripping 

dissolved carbon dioxide from the water. Making the water alkaline helps coagulation and 

flocculation processes work effectively and also helps to minimise the risk of lead being dissolved 

from lead pipes and from lead solder in pipe fittings.  
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(b) Chemical method 

Chemical treatment of water is the most effective way of treating water because it kills 

pathogens in the water and makes it safe for human and animal consumption (Munter, 2001). 

Three main substances used in chemical treatment of water are; chlorine (Cl), ozone (O3) and 

Al2. Unlike physical methods, chemical method of water treatment kills most known pathogens 

and increases water stability as well as ‘life span’ of the water (Hujare, 2008). While chemical 

disinfection of drinking water has effectively prevented water borne diseases an unintended 

consequence is the generation of disinfection by-products (DBPs). Epidemiological studies by 

WHO (2021) have consistently observed an association between the consumption of chlorinated 

water with an increased risk of bladder cancer while higher concentrations of the same chemical 

increases the turbidity of the water and may render it some ordour.  

From Table 5, it can be seen that chlorine remains the chemical of choice for water treatment 

because of its ability to kill a wide range of pathogens, it is easy to apply and relatively cheap 

compared to other methods. Studies by Masini et al. (2007) also noted that chlorine has very 

little residual effects to the water making it more user friendly. Oxidation and ozonation remain 

distantly beyond the reach of most communities because of the complex nature of the 

technologies and the high costs of setting up the systems. 

Table 5: Ranking of technical complexity and cost of water treatment processes for drinking 

water (WHO, 2015). 

Ranking table Examples of treatment processes 

1 Simple chlorination, plain filtration (rapid 
sand, slow sand) 

2 Pre - chlorination plus filtration aeration 

3 Chemical coagulation, process optimization 
for control of DBPs 

4 Granular activated carbon treatment Ion 
exchange 

5 Ozonation 

6 Advanced oxidation processes membrane 
treatment 
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Table 5 shows that the six ranks of complexity in the treatment and costing of water mainly 

possible at an industrial or municipal scale and both skills- and resource-intensive hence cannot 

be carried out at household level. Chlorination is by far the cheapest and simplest method to 

treat water while oxidation and ozonation remain the most complex and most expensive to 

administer at any scale. Since Buhera district is predominantly rural and impoverished, most 

households rely on boiling to treat water and this only done when there is an outbreak of a 

notifiable disease like cholera (ZNSA, 2016). If there are no outbreaks, the general practice is that 

households just consume the water from the various after visual inspection and most of the 

gastrointestinal diseases caused by water borne pathogens are usually ignored unless if the cause 

severe discomfort and when more people are affected at the same time. As for non-pathogenic 

parameters, most households do not give them measurable attention since their effects on 

health may not be immediate hence they may put up with them and may not even be able to like 

them with water contamination should they get ill late in life since there is not much research 

that is done at local level. 

(c) Biological method 

Some types of bacteria are used to decompose water biochemically or break down the organic 

material and improve the quality of water so that it can be used domestically (WHO, 2017). 

Advantages of biological water treatment include; pose no significant inherent threats to or 

safety of distributed water, the system is environmentally sustainable, high water recovery, low 

operation cost, minimum sludge production, no hazardous waste streams, minimal or no 

chemicals added as well as robustness over a wide range of operating conditions and water 

quality (Hujare, 2008). It has been long observed that as the green water treatment philosophy 

continue to gain traction and as regulating and residual handling constrains continue to tighten, 

the use of biological treatment of drinking water is now the way to go (Sas-Nowosielka et 

al.,2018). Aerobic bacteria can be used to break the organic matter and convert it into carbon 

dioxide.    

2.7. Phytoremediation 

There are vast amounts of pollutants in the environment generated by man in his pursuit of 

progress and wellbeing. These pollutants enter the food chain and pose a serious threat to 
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human health and the integrity of ecosystems. To rid the environment of these pollutants, the 

clean-up processes are usually carried out mainly through energy-intensive engineering 

processes (Yusof and Malek, 2017). These require sophisticated and costly equipment but often 

give unsatisfactory results, such as incomplete pollutant removal, emission of greenhouse gases. 

It is for this reason that phytoremediation is widely getting momentum and credence as an 

alternative technology to traditional methods of water treatment because it consists of a set of 

innovative technologies for environmental clean-up that takes advantage of the unique 

extractive and metabolic capabilities of plants. As observed by Rakhshee et al. (2020), this 

technology presents clear benefits over traditional methods, including wide applicability, 

ecological value and cost-effectiveness. Many organic pollutants can be degraded to less toxic 

forms by plants, or even mineralized; most research has focused so far on heavy metals, which 

are immutable. In this literature review, the various types of phytoremediation as a method of 

water purification were interrogated so as to have an overview of the of current knowledge on 

the various mechanisms that plants, specially the Helianthus annuus, was explored so as to have 

an overview of the current body of knowledge on the mechanisms used by plants to detoxify and 

immobilise pollutants.  

Phytoremediation presents itself in different types and can be defined as the use of organisms 

like some plant species or their parts to absorb, assimilate and sometimes break down harmful 

environmental contaminants to restore the environment to a healthy state. The process of 

phytoremediation is mainly applied to remove contaminants such as faecal coli form, dissolved 

substances and sometimes orders and colour from water in an effort to remove incidental or 

accidental pollutants from water or chemicals that pose risk to human, animal and ecosystem 

health (Chang et al.,2015). Though the technology is promising and can make a huge contribution 

water treatment there is still need for both research and financial investment so that the 

technology can garner higher public approval. 

2.7.1. Classification of Phytoremediation 

Phytoremediation is a type of bioremediation that uses pants, their parts or tissues and is often 

proposed for bioaccumulation of metals and organic contaminants in waste water and 

contaminated soil (Gupta et al., 2018). It has five main categories: 
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(i) Phytostabilisation: It is also known as phytosequestration. Many different processes fall under 

this category, which can involve absorption by roots of plants, adsorption to the surface of roots 

or production of biochemicals by the plants that are released into the soil or ground-water. 

Phytoremediation may only be the production and release of biochemicals by plants into ground 

water in the immediate vicinity of roots and can sequester, precipitate or immobilise nearby 

contaminants (Gupta et al.,2018). 

(ii) Rhizodegradation: This takes place in the soil or ground water. Exudates from plants stimulate 

rhizosphere bacteria to enhance biodegradation of soil and water contaminants. 

(iii) Phytohydraulics: This process uses deep rooted plants (usually trees) to contain, sequester 

or degrade ground water contaminants that come into contact with their roots (Muranyi et al., 

2017). Polar trees have been used to contain a ground water plume of methyl-tert-butyl-ether 

(MTBE). 

(iv) Phytoextraction: It is also known as phyto-accumulation. Plants take up or hyper- accumulate 

contaminants through their roots and store them in their tissues of stems, leaves or fruits. The 

contaminants are not necessarily degraded but are removed from the environment when the 

plants are harvested. this process is particularly necessary when removing metals from the soil 

and ground water (Yusof and Malek, 2017). A research carried out in Nigeria by Abok (2012) 

showed that plants like the saliks alba species were able to remove sulphates from water by over 

65 % in less than five days. In some cases, the metals can be recovered for re-use by incinerating 

the plants in a process called phytomining. 

(iv) Phytovolatilization: In this process plants take up volatile compounds through their 

roots, transpire the same compounds or their metabolites, through their leaves, 

thereby releasing them into the atmosphere. The above types of phytoremediation 

are illustrated in Figure 6 on the next page. 
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Figure 6: Types of phytoremediation 

Source: Hujari (2008). 

Figure 6 shows the pathways and the organs of the plant, where phytoremediation takes place. 

Some contaminants are degraded the moment they come into contact with the roots of some 

plants that is phytohydraulics. Some contaminants are absorbed by the plant roots, and 

accumulate in the various organs where they are stored and may only be recovered when the 

plant is harvested. In phytovolatization, the contaminants are transpired into the atmosphere 

while in phytosatabiliation, the plant roots produce some chemicals that immobilise 

contaminants. 

2.7.2 Factors influencing phytoremediation 

For effective phytoremediation to take place, there are a number of factors that must be 

considered. These factors affect the rate at which the process of phytoremediation takes place. 

Table 6 shows some of the factors that have to be considered for effective phytoremediation to 

take place. 
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Table 6: Factors for phytoremediation. 

Factor Condition required 

Micro organisms Aerobic and anaerobic. Need favourable 
temperatures for their metabolic processes 

Natural biological processes of micro 
organisms 

Catabolism and anabolism 

Environmental factors Temperature, pH, O2 content, electron 
acceptor/ donor 

Nutrients Carbon, nitrogen- process help in nutrient 
cycle 

Soil moisture -25% _ -28% of water holding capacity 

Table 6 shows that for effective phytoremediation to take place, there must be some micro- 

organisms like bacteria and fungi of some plants to help break down substances in the soil or 

water. These organisms may need aerobic or anaerobic conditions to effectively carry metabolic 

processes. Environmental factors also play a major role. Some micro- organisms work best within 

a certain pH and temperature range. Some work best in acidic conditions while others work best 

in alkaline conditions. The availability of nutrients like nitrogen and carbon will also mean that 

the microbes will have enough food as they carry out the process of bioremediation.  

2.7.3 Direct benefits of phytoremediation 

In general, both the public, government and industry look expectantly upon phytoremediation 

because it involves using the natural ability of the environment to restore itself (Chang et al., 

2015). Phytoremediation may be applied with relative ease using existing agricultural practices 

at contaminated sites (Sas-Nowosielka et al., 2017). There is a high level of public support for the 

use of plants in phytoremediation as documented at a series of public focus group meetings to 

gauge public perceptions and awareness of environmental applications of biotechnology in 

Canada. Phytoremediation also is considered to be more aesthetically appealing than other 

remediation techniques (Gupta et al., 2018). Muranyi et al. (2017) observed that samples can be 

harvested and used as indicators of the extent of remediation or, conversely, contamination. 

There is also the potential to grow various phytoremediation species together on the same site 
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in an attempt to simultaneously remediate various contaminants, including salts, metals, 

pesticides, and petroleum hydrocarbons. A research in Malaysia by Nadarajah et al. (2017) 

showed that at a dosage of 50 g the centella – Asiatic plant was able to remove pollutants from 

water with very plausible success. The plant was able to remove Total Suspend Solids (TSS) by 64 

%, ammonia by 90% and phosphates by 50 % in just about two weeks.  Some aquatic plants help 

limit the spread of contamination by removing water from soil, thereby keeping the 

contaminants from spreading or confining them within or near the root-system. Some wetland 

plants can transport oxygen to the rhizosphere under conditions that may otherwise limit the 

amount of oxygen available to soil microorganisms, as is the case in soils and sediments saturated 

with water or contaminated with oil (Sas- Nowosielka et al., 2018). The same author also noted 

that different microbial populations in the soil and water may be able to biodegrade a wide 

variety of organic contaminants (Muranyi et al., 2017). Phytoremediation is a relatively new 

alternative to remediating contaminants from soil, air, and water by the use of vegetation. 

Several studies have shown promising evidence for the success of phytoremediation. 

The success of phytoremediation is dependent upon the contaminant that needs to be 

remediated, adapted and available vegetation, the substrate, topography of the area, and the 

climate of the region. The success of phytoremediation may be limited by factors such as growing 

time, climate, root depth, soil chemistry, and level of contamination (Chutia et al., 2018). 

Phytoremediation is regarded as a new approach for the clean-up of water. It is applicable to a 

range of toxic metals and radionuclides, minimal environmental disturbance, elimination of 

secondary air or water-borne wastes, and public acceptance. Phytoremediation is considered as 

an environmentally friendly method to remove pollutants from contaminated water and soil in -

situ (Rakhshaee et al., 2018). Further to the numerous advantages phytoremediation is an 

aesthetically pleasing, solar-energy-driven clean-up technology and there is minimal 

environmental disruption of the quality of water (Sas-Nowosielska et al., 2017). 

Phytoremediation can be an alternative to the much harsher remediation technologies of 

incineration, thermal vaporization, solvent washing, or other soil washing techniques, which 

essentially destroy the natural quality of water.  

Figure 7 shows a picture of a sunflower plant (Hellianthus annuus) at a maturing stage. In this 

study, the dried seeds, leaves, stem and roots were treated with five different solvents thus; 
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chloroform, ethanol, hexane, water and acetone to extract the antimicrobial and coagulant 

agents from them. 

 

Figure 7: Picture of sunflower, Helianthus annuus. 

Various conventional methods have been utilized for water treatment, such as PABs (permeable 

adsorptive barriers), coagulation, flocculation, filtration, reverse osmosis, and ion exchange 

resins, and are mostly applied before the water is distributed to consumers. Despite the 

significant role of synthetic and chemical coagulants in water purification, they are associated 

with several neurotoxic and carcinogenic effects due to their leftover residuals in the treated 

water, such as aluminium (Sulaiman et al., 2017). Numerous reports have focused on developing 

eco-friendly and sustainable natural coagulants as a potential alternative to chemical coagulants 

in water purification. To this end, various plant species have been used in water treatment with 

notable success. The use of the fifty-two species of the sunflower plant is gaining momentum 

with Helianthus annuus being the most favourite because of its high antimicrobial and coagulant 

properties. Besides the sunflower, the Moringa oleifera is a fast-growing and widely cultivated 

tree in most parts of the world. Every part of the Moringa plant has been associated with multiple 

health and nutritional benefits due to the presence of numerous bioactive compounds. Previous 

scientific reports by Othmani et al. (2020) have substantiated several pharmacological attributes, 

including anti-inflammatory, analgesic, antihypertensive, antioxidant, and anticancer properties. 

In addition to the pharmacological and nutritional health benefits, the Moringa plant has also 
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been recognized as a potential coagulant in water purification with no adverse side effects on 

public health, even at higher doses. Adeeyo et al. (2020) carried out a research in Ethiopia’s two 

rivers of Shinta and Angereb. The research found that the use of combined Moringa oleifera seed 

and leaf were able to reduce turbidity levels significantly. The results showed Moringa oleifera 

seed and leaf powder at 0.016 g/l reduced turbidity from 129.00 NTU to 16.8 NTU (86.98%) for 

the Angereb and from 208.3 NTU to 33.66 NTU (83.84%) for the Shinta river water. However, 

higher concentrations of Moringa oleifera seed and leaf powder have shown increased water 

turbidity. This trend was observed in both river water samples; hence appropriate dosage has to 

be used. Furthermore, pH of raw water samples was obtained to be 6.7 for Angereb and 7.2 for 

Shinta river before treatment. Both water samples observed after treatment and there were 

reductions from 6.7 to 6.43 (4.03%) for the Angereb reduction of pH from 7.2 to 6.9 (4.17%) and 

for Shinta river water samples. 

Furthermore, the coagulant sludge produced during the water purification process could be 

efficiently used as organic plant fertilizer or animal feed. Although several research findings have 

exhibited the role of Moringa seed powder as an effective natural coagulant, they had some 

limitations, such as a high sludge volume. Moringa leaves have also exhibited significant 

pharmacological properties due to the presence of a high amount of bioactive compounds, such 

as carotenoids, flavonoids, polyphenols, alkaloids, isothiocyanates, saponins, and tannins. 

Othaman et al. (2020) found that the Moringa – oleifera plant is a very effective coagulant in 

water treatment especially on E. coli thus, 25 – 100 mg/l. In a study carried out by Aboki et al. 

(2012) in Nigeria using sunflower seed, it was found that the seed extracts were able to eliminate 

various bacterial species from water. From the study it was established that sunflower seed 

extracts were able to inhibit bacterial growth with very big inhibition zones, thus, Salmonella 

(15mm), E. coli (21 mm), P. auregonesa (25 mm) and faecal coliform (23 mm). Another research 

carried in Egypt by Saleh et al. (2016) revealed that sunflower plants were able to remove copper 

ions from water by over 90 % while removal of vanadium was over 75 %. It is such findings that 

gave this research the motivation to explore more about the area the coagulant and 

antimicrobial potential of sunflower organs.  
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2.7.4 Indirect benefits of phytoremediation 

Though the key objective of treating drinking water is the inactivation or removal of micro- 

organisms from raw water so as to make it safe for human consumption and can never be 

optional, the cost and technology that are involved are becoming increasingly prohibitive thus 

phytoremediation becomes handy. Compared to other methods, phytoremediation is a cheaper 

method of water treatment that can used at house hold level using locally grown According to 

(Muranyi et al., 2017). Biological drinking water treatment processes which use indigenous non-

pathogenic bacteria or phytoremediation are always followed by downstream as final 

disinfection (Sulaiman, 2017). Consequently, well designed biological treatment systems pose no 

significant inherent threats to the health or safety of distributed water. On the contrary, they can 

often provide an alternative to conventional processes that has several advantages. Gupta et al. 

(2018) posted that since phytoremediation is a natural process, it is more cost effective, less 

energy is required compared to other technologies, high water recovery, no hazardous waste 

streams formed, and simultaneous removal of waste as well as minimal sludge formation. By and 

large phytoremediation helps in the improvement of soil quality by improving soil structure, 

increasing porosity, aeration and, therefore, water infiltration, providing nutrients thereby aiding 

the nutrient cycle, and increasing soil organic content (Yusof and Malek, 2017). The use of plants 

in a remediation effort stabilizes the soil, thus preventing erosion and direct human exposure by 

preventing the consumption of contaminated soil by children and the inhalation of soil particles 

carried in the wind (Stiffarm, 2012). Phytoremediation also helps eliminate secondary air- or 

water-borne wastes. For example, some plants accumulate PAHs (polycyclic aromatic 

hydrocarbons) from the atmosphere (Yusof and Malek, 2017). Likewise, phytoremediation has 

the potential to help reduce greenhouse gas emissions because it does not require the use of 

pumps or motors that give off greenhouse gases and plants used in phytoremediation may serve 

as sinks for the greenhouse gas carbon dioxide. Trees used in phytoremediation may reduce 

noise levels from industrial sites. Likewise, phytoremediation itself is less noisy than other 

reclamation alternatives. Another indirect benefit is that the growth of certain hardy plants in a 

contaminated soil can allow for the growth of other, less woody plants and that a tolerant grass 

species (Helianthus annuus) thrived in a clay soil contaminated with up to 3% total petroleum. 
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2.7.5 Limitations of phytoremediation  

While phytoremediation comes with a number of advantages it also has a number of flaws 

including, the process beings slow and cannot be used, where there is need for high speed water 

recovery situations, it does not remove all quantities of waste and again cannot be used as a 

stand- alone technology as it has to be aided with chemical methods (Padayachee et al.,2020). 

Foster (2020) also weighed in saying that the technology is mired with substantial gaps in the 

understanding of microbial ecology, physiology and genetic engineering. Generally, biological 

water treatment is highly efficient and environmentally friendly sustainable. For now, green 

water treatment philosophies continue to gain traction and as regulating and residual handling 

constrains continue to tighten, the use of biological water treatment is steadily assuming great 

attention and respect from both academics and governments (Chutia et al., 2017). The depth of 

plant roots compared to the depth of contamination is one limitation to phytoremediation. Types 

of plants used for phytoremediation consist of legumes, grasses, shrubs, and trees. Therefore, 

the root depths are dependent upon the type of vegetation used. The most deeply rooted plants 

are trees, which is why they are commonly used for groundwater remediation. Some trees may 

have root systems that can extend to a depth of 7 m (Gilman, 2014). Most plants do not produce 

roots to anywhere near this depth and root density generally decreases with depth. 

Consequently, as depth increases beyond one or two metres contaminants typically become 

relatively immobile to plant roots during water up take (Othman et al., 2020). The time required 

to achieve clean-up standards using phytoremediation may be particularly long for hydrophobic 

pollutants that are tightly bound to soil particles (WHO, 2018). The fact that it is slow, 

phytoremediation is not an appropriate solution where the target contaminant presents an 

immediate danger to human health or the environment. If contaminants are tightly bound to soil 

particles or organic matter, they may not be available to plants or microbes for degradation 

(Sulaiman, 2017). 

Environmental conditions, such as soil texture, pH, salinity, oxygen availability, temperature and 

level of nonhydrocarbon contaminants (e.g. metals) must all be within the limits tolerated by 

plants (Othman et al., 2020). In addition, plants will not grow if concentrations of the target 

contaminant are too high. In some situations, phytoremediation of the target contaminant 

cannot proceed unless the soil is pre-treated to reduce phytotoxicity or a resistant plant species 

is selected (Cohen et al., 2011). The effectiveness of phytoremediation also will depend on the 



  

 

46 
 

chemical nature of the contaminants themselves. For example, there is the potential for water-

soluble contaminants to leach away before phytoremediation can reclaim the area (Othman et 

al., 2020). Similarly, evaporation of volatiles such as petroleum hydrocarbons into the air from 

the soil directly or through the plant is simply a transfer of the contaminant from one 

environmental medium to another. As a result, there may be air quality issues resulting from this 

transfer.  

2.8. Chapter summary 

The literature review sought to look at any material that related to water management, 

treatment and distribution. The main causes of water pollution which were classified under; 

physio-chemical and biological. The types of water pollution were also explored and categorised 

as on point source pollution and none point pollution. Various methods of water treatment were 

also looked at, their strengths and weaknesses interrogated. A great deal of the literature review 

dealt with various plant species used in water treatment with special focus on the sunflower 

(Helianthus annuus). Advantages and disadvantages of this technology in water treatment were 

discussed and facts pointed to a very promising technology if more research is invested. The next 

Chapter (3) discusses the first objective of the study, which is to examine the different types of 

water sources and water treatment methods in the study area.  
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CHAPTER 3: TYPES OF POTABLE WATER TREATMENT 

3. INTRODUCTION 

The history of water treatment dates back to ancient civilisations thus, communities and 

households have always been seized with the responsibility of providing safe and adequate water 

supplies. Since water is the most widely used resource by households, its availability therefore, 

becomes uncontestably the first priority for communities compared to other resources ever to 

be used by humans (Gombiro et al., 2014). Thus, the unending battle that communities and 

households have is to always access safe clean water. With human populations ballooning and 

water consumption activities increasing, it means the demand for water also continues to rise. 

Over the years, various technologies in water treatment have been developed with varying 

degrees of success. However, the wanton unleashing of pollutants into the environment 

compromises the quality of water thereby forcing governments and communities to invest more 

in water treatment. Due to financial constraints, most communities such as those in Buhera 

district still use rudimentary methods to treat water and in some cases the water is consumed 

after visual inspection without any treatment. The water sources in Buhera include, shallow 

wells, boreholes and rivers and for purposes of this study water samples were taken from 

Mwerahari river and selected boreholes across the district. 

By nature, water is known to be pure because it is composed of very strongly bonded atoms of 

hydrogen and oxygen. However, water supplies across the globe have to share space with a 

number of things such as organic materials, minerals, chemicals, and man-made pollutants 

thereby adulterating its natural state and sometimes making it both unsightly and unsafe for 

human consumption (WHO, 2016). These pollutants bring about an unsafe water for 

consumption, since the water can now contain deadly bacteria and viruses among a host of other 

disease causing agents. Fortunately, because of his ingenuity, man has always been able to 

contain and to some extent eliminate these pollutants with greater levels of success. To this 

effect, numerous methods have been developed to treat water. These methods are used 

depending on the end use of the water, quantity of the water, level of pollution, location where 

the water is consumed, cost and the level of technology available as well as municipal or 

government policy. 
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3.1 Methodology 

3.1.1 Pilot study 

Before the actual research was carried out, a pilot study was carried out. This was done to among 

other things; test whether the proposed methods or instruments for data collection were 

appropriate, identify practical problems of the research procedure, indicate where research 

protocols may not be followed and being able to give warnings where the main research may fail 

(Bilgi, 2015). The pilot study also helped to identify unclear and ambiguous parts of the 

questionnaires and interview schedules. To achieve this, interviews, questionnaires and field 

observations were conducted. For the questionnaires, fifty households were chosen and a 

member from each household answered the questions on water sources they use, the quality of 

water, methods of water treatment and management of water by ZINWA in the district. The 

categories interviewed included, ward councillors (5), ZINWA official (1), heads of schools (2), 

heads of hospitals (2) as well as business owners (2). These groups answered questions on quality 

of water in the district and access to water. In total fifty questionnaires were distributed. 

3.1.2 Data sources: Interviews 

The data sources included interviews, which focused on objective 1: Critically analyse the 

different types of water treatment. The purpose was to compare the different types of water 

treatment, discuss advantages and disadvantages as well as the choice of a particular water 

treatment type. 

In this study, both structured and semi- structured interviews were used to collect data. Five 

district officials were interviewed. In most interviews the authenticity of data gathered from 

interviews can be guaranteed more if the questions used in soliciting the data are more explicit 

and thoroughly revised and refined to eliminate ambiguities (Bilgin, 2015). This enhanced the 

generation of responses which are in agreement with specific variables. The district officials were 

selected from the following organisations; Environmental Management Agency (EMA), 

Zimbabwe National Water Authority (ZNWA), Department of Health, Department of Agriculture 

and the Zimbabwe National Statistical Agency (ZNSA), while the provincial interviewees were 

picked from ZNWA and ZNSA. From EMA, the researcher sought to get information on 

environmental legislation concerning waste management and the state of water management in 
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the district. Information from ZINWA was needed to establish the existing methods of water 

treatment, available infrastructure for water treatment, the organisational structure in the 

Department of Water, legislation guiding the use, access and treatment of water. Information on 

the best cultivars of sunflower (Helianthus annuus) grown in the district, best soils and rainfall 

requirements were sought from the Department of Agriculture. Furthermore, secondary 

information was extracted from literature and from rural district councils, municipal, provincial 

and National Water Management Directorate covering the period from 1990 to 2019. This 

included (i) State of the Environment Report from 2009 and the latest version of June 2017 on 

water treatment. (ii) Districts Annual Reports on water quality (iii) Local Municipal Annual 

Reports on water quality management. (iv) Annual Report on water quality management from 

Zimbabwe National Water Authority (ZINWA). This was done to compare the different types of 

domestic water treatment with water treated by phytoremediation using sunflower plants. 

3.1.3. Data analysis 

The captured data were tabulated using Microsoft Excel and subjected to frequency 

computations using descriptive statistics. The outputs were then presented in the form of 

applicable graphics, highlighting the relevant findings of the study. 

3.2 Results 

3.2.1. Water sources in Buhera District 

Buhera district is predominantly rural and the majority of its population has no access to piped 

and municipal water. According to the Zimbabwe National Statistical Agency (2014), the district 

has 56178 households and about 93.4 % of the residents draw their water from boreholes, rivers 

and wells only 5% have access to piped water (Table 7). The table also shows that that there are 

families in Buhera who fetch water from distances as long as more than 1000 km away from their 

homes and this makes these individuals less economically productive because they spend a lot 

of their time looking for water, time which should be spend generating wealth (WHO, 2018). It is 

against this background that the efforts of this research must generate interest in the residence 

of Buhera to embrace the proposed new and cheap technology in water treatment so as to make 

do with locally produced products. 



  

 

50 
 

Table 7: Percentage distribution of households by main source of water for domestic use by 

distance (metres) in Buhera (ZNSA, 2014). 

Source of water 

Distance to water source 

Total 
No 
house 
holds 

On 
premises 

Less 
than 
500 m 

500–
1km 

1km + Missing 

Piped in house 100  -  -  -  -         736 

Pipe outside house 73.4 21.6 3.7 1.0 0.3  1839 

Communal tape 10.3 42.1 31.9 15.3 0.6  354 

Well/borehole-
protected 

19.9 39.0 30.0 10.6 0.5  39177 

Well- unprotected 14.8 42.6 32.2 9.5 0.9  8233 

River/dam/stream 0.3 26.0 44.5 28.1 1.0  3933 

Other 14.0 32.6 23.3 20.9 9.3  43 

Missing 1.8 3.2 3.0 1.0 91.1  1822 

Total 19.9 36.4 29.2 10.9 3.5  56178 

Since the greater part of the district falls under ecological region one it means the district receives 

below average rainfall annually with frequent droughts making it a very water scarce district. As 

such, the majority of the households walk very long distances to fetch water with some having 

to bear the brunt of travelling more than a kilometre to fetch water. The percentages of the 

various water sources used in Buhera are shown in Figure 9.  The percentage of households with 

tape water especially inside the house is still very low, a mere 5 %. With this scenario it means 

that there is a lot that district council together with ZINWA have to do if the both quality of and 

access to it have to be improved. 
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Figure 8: Distribution of water sources in Buhera  

Source: ZSO (2014). 

The fact that Buhera district is predominantly rural and impoverished means that access to 

municipal or government integrated and reticulated water system is only a preserve of very few 

households leaving the greater part of the population to make do with water from much 

compromised sources. Figure 9 shows that only 5% of the households have access to piped water, 

where 1 % has the water inside the house, 3% have the taps outside their house while another 

1% of the households use communal taps. The majority of the households get water from other 

sources: 70% of the households in Buhera get water from boreholes and protected wells. The 

water from these sources is relatively safe since it is not exposed to a lot of pollutants compared 

to unprotected sources (Mangwiro, 2014). Other sources like caves and fountains, account for 

less than a percentage and are only used in very circumstances like rituals and initiations.  7% of 

the households draw water from dams, rivers and streams while 14% of the households draw 

water from unprotected wells.  
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3.2.2 Water treatment methods used in Buhera district 

(a) Physical water treatment 

The most common methods in the district for water treatment include; sedimentation. Figure 10 

shows that sedimentation accounts for 75%, which is 42 134 of households use sedimentation 

as a method of water treatment in Buhera mainly because it is cheaper and simple. This method 

involves the collection of water from a source then allow it to settle for some time allowing 

sediments to settle at the bottom. The water is left for some time before use, denser particles 

will settle at the bottom of the container. After some time, the turbidity of the water improves 

and the water can be used. The limitations of this methods are that it does not kill pathogens in 

the water, does not remove odour and colour from the water, hence it must be used together 

with chemical methods like chlorination (Foster, 2020).  

 

Figure 9: Percentage of households in Buhera district who use physical methods of water 
treatment 

Other traditional methods of water treatment include boiling, filtration and radiation. Figure 9 

shows the types of the physical methods of water treatment used in Buhera. The study revealed 

that about 8 426 households, which is 15% of the total households in Buhera, treat their water 

by boiling. This method is mainly used when there is an outbreak of water borne diseases like 

dysentery, cholera and typhoid. Though the method is able rid the water of pathogens, it 

compromises the mineral content and palatability of the water. Boiling is also used more often 

during the winter when it is cold for bathing and washing. The method is not popular because it 
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is time-consuming and requires a lot of energy, which in the case of Buhera would need a lot of 

fire wood. Radiation accounts for 9%, which represents 5 056 of the households. This method is 

very common in rural areas and is normally used in the dry season when most domestic animals 

are let free and they share water sources with humans hence the water gets more contaminated. 

Thus, before use, the water has to be left in the sun so as to kill some pathogens. The method is 

cheap and easy to use. Filtration is only used when there are many visible organic matter in the 

water and cannot be removed by sedimentation and when there is urgent need to use the water. 

A piece of cloth is stretched over the container, the water is poured onto the cloth, and water 

passes into the container while all physical material remains on the cloth as residue. The method 

is not able to destroy pathogens as well as remove taste and odour.  

(b) Chemical methods of water treatment 

Munter (2001) maintains that chemical treatment of water is the most effective way of treating 

water because it kills pathogens in the water and makes it safe for human and animal 

consumption. Three main substances used in chemical treatment of water are; chlorine (Cl), 

ozone (O3) and Aluminium (Al2). chemical method of water treatment kills most known 

pathogens and increases water stability as well as ‘life span’ of the water in any storage facitity 

(Hujare, 2008). 

The fact that only 6.6% of the residents of Buhera have access to piped water (ZSNA, 2014) means 

that this fraction of the population is the only one which uses water that meets international 

standards as enunciated by the WHO guidelines on drinking water (Nhapi,2009). The majority of 

the residents only use chemically treated water when there is an outbreak of water borne 

diseases like typhoid, cholera or dysentery as happened in 2015 when a learner died of typhoid 

at Nyashanu secondary school (Manica Post, 2015). Figure 11 shows some of the most common 

chemical methods used to treat water in Buhera district. Compared to physical methods of water 

treatment are more expensive especially in rural areas where most of the people live on less than 

a dollar per day. Further, to being expensive chemical treatment may also require some basic 

training in the administration of the chemicals and there are also health risks or even death if 

there are over doses of the chemical. Chemical methods may also not be administered at 

household level and are ideal for large scale operations. However, chemical treatment is more 
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effective in killing bacteria and other pathogens compared to physical method and may not need 

to be used with other supplementary methods for effective water treatment. 

 

 

Figure 10: Percentage of households in Buhera who use chemical methods of water treatment  

Source: ZNSA (2014). 

Figure 11 depicts that chlorination is the most common type of chemical water treatment in the 

area. Compared to other chemical methods, chlorination is more effective with a 99% success 

rate in killing all known germs and can be used at household level though in the district, it is 

mainly used, where there are water reticulation systems like schools, hospitals, district council 

offices, business centres and growth points like Murambinda (Ageeyo, 2021). This percentage is 

a number or ratio expressed as a fraction of 100. Ozonation contributes only 1% and is only used 

at government institutions like hospitals. Jiki is a common chemical used in domestic water 

treatment and can be used at household level. It kills germs and most known pathogens though 

its smell makes the water less inviting hence the water becomes handy for laundry than drinking. 

(c) Sorption methods 

People in Buhera also use sorption method to treat water. The method is a biological method 

which uses a bit of both physical and chemical aspects and mainly removes undesirable 

parameters like taste and odour from water. Sorption is whereby a variety of world berry tree 
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leaves, sunflower parts or Moringa oleifera remove pollutants as well as minimise water colour 

and odour. The method is very simple and can be used at household level but cannot be applied 

on a large scale. Fresh leaves are put in the water and left to float in the water for some time and 

once the visual appearance has improved and the odour reduced to less offensive levels, the 

leaves are scooped off. In addition, plant leaves are used to cool the water on hot days especially 

during the dry season, the water is drawn from open sources and is normally warm and has to 

be cooled before drinking. The containers are covered with some leaves or and then put under 

some shade for some hours for it to cool. However, the efficacy of this method is not known to 

kill pathogens, as already noted that it cannot be used on a commercial scale. Moreover, regular 

use of this method could lead to environmental degradation as more plants are destroyed for 

the leaves while land pollution ensues as the used leaves will be thrown all over. 

3.3. Technical complexity and cost of water treatment 

With current knowledge and technology chlorine remains the chemical of choice for water 

treatment because of its ability to kill a wide range of pathogens, it is easy to apply and relatively 

cheap compared to other methods. It is also noted that chlorine has very little residual effects to 

the water making it more user friendly and also has a long life span (WHO, 2014). Thus, it remains 

active for much longer hence it is able to kill any incidental pathogens that may find their way 

into the water after treatment. Oxidation and ozonation remain distantly beyond the reach of 

most communities because of the complex nature of the technologies and the high costs involved 

in setting up the systems. 

An analysis of the water treatment methods used in Buhera to determine the economic 

implications was carried out. Table 8 shows the various methods of water treatment used in 

Buhera together with the relative cost for setting up and running the facility as well as their 

effectiveness and prerequisite technical aptitude needed to operate them. In essence, most of 

the methods used do not require special skills to operate them and can easily be carried out at 

household level. While boiling remains a widely used method, it comes with high costs since 

energy needed. Since most of the households do not have electricity, this then means that they 

mostly depend on fire wood for heating - a method which is hugely blamed for widespread 

deforestation. Boiling, while it kills most germs, it also diminishes the ‘water taste’. Filtration, 

while able to remove physical pollutants like debris, leaves and leaves, does not rid the water of 
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pathogens even odours. The method is cheap to set up and operate and does not need a 

specialist to operate. 

Table 8: Methods of water treatment used in Buhera and their economic implications (ZNSA, 
2014). 

Treatment type Effect of 
process on 
water 

Construction 
cost 

Operation cost Special skills 
needed to carry 
out the process  

Boiling  Alters taste of 
water 

medium low Basic 

Filtration Barrier to plant 
debris, coarse 
particles, 
filtration 
depends on the 
pore size of the 
sieve 

low low Basic 

Sedimentation Reduces 
turbidity 

high medium Basic 

Solar 
disinfection 

Sunlight 
destroys most 
of the germs 
that cause 
diseases 

low Low Basic 

Aeration Gases expulsion  high Medium Basic 

Chlorination Disinfection medium Medium Basic 

Sedimentation is very costly to set up and like most physical methods, does not remove germs 

from the water but mainly reduces turbidity. Since heat energy is involved, solar disinfectant just 

like heating, it kills most known germs and is very popular since it is both cheap and simple to 

use. Aeration is only able to expel gases from the water and has no effect on both pathogenic 

and non-pathogenic pollutants yet it is expensive to establish. While chlorination is the most 

effective method, which kills 99% of known germs (Padayachee, 2020), it is only used in bulk 

water treatment systems like in schools, hospitals and growth points and only used at household 

level when notifiable diseases outbreak like cholera.     
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3.4 Chapter summary 

The fact that water is indispensable in human life, means that its availability and quality remain 

a measure by which societies are mirrored in as far as technological advancement is concerned 

and the ability of governments to provide this resource to their citizens. To achieve this, various 

technologies have to be employed to treat water and the various methods have varying levels of 

success. Also, the methodologies used require varying degrees of expertise in their use and each 

comes with a different price tag. Since Buhera district is predominantly rural and that most of 

the residents are impoverished (CSO, 2014), it means that most do not have access to 

conventionally treated water and have to do with the most rudimentary methods of water 

treatment or none at all. As noted from the preceding chapter, the most common methods used 

to treat water in Buhera include boiling, filtration, sedimentation and radiation. The next chapter 

presents the physiochemical and bacteriological parameters in untreated water.  
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CHAPTER 4: PHYSIO-CHEMICAL AND BACTERIOLOGICAL PARAMETERS IN UNTREATED WATER 

Key words: Acclimatisation, hydrophobic, in-situ, sorption, sterilise, titration. 

4. INTRODUCTION 

The potential of water to harbour microbial pathogens and causing subsequent illnesses has 

been observed worldwide whether in developing or developed countries. An estimated 80% of 

all illnesses in developing countries are linked to the use of untreated water. The same source 

also noted that generally the health of a community depends on the adequate supply of 

wholesome water (WHO, 2020). Water can be a mechanism for the transmission of diseases like 

typhoid and diarrhoea with recorded figures showing that more than 3.4 million people died of 

water-borne diseases across the globe though most of the deaths were in developing countries 

(Padayachaee, 2020). From 2008 to 2009, more than 4000 people lost their lives in Zimbabwe 

due to cholera (Zimbabwe National Statistical Agency, 2009).  

 While the physical and chemical parameters render water its identity and quality, their excesses 

will also compromise the same tenets. Therefore, these parameters need to be monitored and 

kept within acceptable ranges if the quality and identity is to be maintained. Physical parameters 

include: temperature, turbidity, total dissolved solids, pH as well as electrical conductivity. The 

fact that water is a compound made up of hydrogen and oxygen means that any biological 

material found in the water means that the water has been contaminated and the materials must 

be removed. Bacteriological parameters include mainly, coliforms and E. coli.  Once these are 

present in any quantities, it means the water poses health risks to people and therefore, the 

water must be treated. Water quality standards in Zimbabwe are controlled by the Standard 

Association of Zimbabwe (SAZ) and most visible in this regard is Statutory Instrument (S.I) 

Number 60 0f 1997, which stipulates the standards. The standards association of Zimbabwe is 

tasked with the responsibility of monitoring and standardising water quality in Zimbabwe and to 

achieve compliance the board has formulated guidelines for drinking water quality as enunciated 

by Statutory Instrument 60 of 1997, SAZ S.I 60 (1997). The guidelines therein use grades to 

describe the acceptability of water based on the presence or absence of total coli form or E. coli 

per 100 ml of water. Table 9 gives insight into the classes and grading criterion of water quality. 
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Table 9: Water quality classes and grading for drinking water (Standard Association of Zimbabwe, 

1997).  

Class Grading Total coliform/100 ml 

of water 

E.coli count /100 ml 

of water 

1 Excellent 0 0 

2 Satisfactory  1-3 0 

3 Suspicious 4- 10 0 

4 Unsatisfactory > 10 1 or more 

From Table 9, it is mandatory that water, which is safe for drinking should be free of total 

coliforms and E. coli which is class 1. Class 2 can be used for some other activities but with a lot 

of caution while all water which falls in class 3 and grade “suspicious” must be treated and tested 

before consumption. All water in class 4 is not suitable for human consumption. Therefore, the 

objective of this chapter was to determine the levels of physiochemical and bacteriological 

parameters in untreated water. 

4.1 Methodology 

4.1.1. Data sources 

Data was collected using various methods, which included water sampling and laboratory 

analysis. Primary data was also collected using interviews with officials from the Department of 

Environment and Climate, officials from the Zimbabwe Water Authority (ZINWA) and local 

villagers.  

4.1.2 Water sampling 

The random sampling criteria was used since elements of the population had to be given an equal 

chance of being selected (Borg et al., 2001). Water samples were taken twice every week for the 

whole year. This was done so as to capture all the changes that take place in the water as a result 

of monthly and seasonal temperature variations. This was done on every 7th and 28th of every 

month. The 21 days’ gap between the collection of the samples was considered long enough to 

give the researcher enough time to analyse the collected samples. This was done to enhance 

validity and to capture any variations that might have emanated due to seasonal changes. 
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Water samples were collected from the sources of water identified in Chapter 3, which included:  

(i) River: water samples were taken at three main points along the Mwerahari river. Mwerahari 

river is the main river, which flows across almost the whole length of the district and there are a 

number of anthropogenic activities along this river. The main land-uses along Mwerahari river 

include, animal and crop farming, small scale mining, recreation, settlement and fishing. Samples 

were collected systematically guided by the underlying land uses within the catchment area of 

the river. The sampling sites were at Nerutatanga (close to source), Nyashanu mission high 

school, which is along the middle part and at Fari, which is close to the confluence with Save 

river. Thus, water samples were collected from three points along the course of the river from 

the upper course to the lower course. The samples were collected during three different seasons 

of the year namely: summer, autumn and winter. For summer the samples were taken during 

the last part of October, November, December, January and February. In autumn the samples 

were collected in March, April and May. For winter, the samples were collected in June, July and 

later weeks of August and early weeks of September. All in all, there were 24 samples from each 

section of the river which added up to 72 samples for all the sections. There were 24 samples for 

each borehole which translated to 240 samples for the boreholes. After the analysis all the data 

sets were put into averages for easy handling and interpretation.  

(ii) Boreholes: Currently there are 1242 boreholes in Buhera and about 75% are working, this 

translates to 931 functional boreholes according to the (Zimbabwe National Statistical Agency, 

2014). In this study, the study area was divided into four political administrative constituencies, 

which are Buhera South, Buhera North, Buhera Central and Buhera West.  The fact that the 

climate across the study area is not homogeneous, it means that those in drier areas like Buhera 

south, which is in the rain shadow of the Chimanimani Mountains and falls under ecological 

region four, has more boreholes than the rest. Buhera South has 320 working boreholes, Buhera 

North 245, Buhera Central 221 and Buhera West has 145 (Zimbabwe Statistical Agency,20140). 

From each constituency a 1% sample of the boreholes was selected. A 1% sample meant that 

Buhera South had two boreholes that is; 06 and 07, Buhera Central one borehole, which is 05, 

Buhera North four boreholes; thus 03 08, 09 and 10 and in Buhera West three boreholes thus; 

01, 02 and 04, which were all investigated; giving a total of ten boreholes from which water 

samples were collected. For each constituency, random sampling was used to select the 

boreholes from which water samples were collected. The collected water from the ten boreholes 
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were analysed for biological, chemical and physical parameters. Figure 12 shows the researcher 

collecting water from one of the sampled boreholes and the section of the river respectively. 

  

Figure 11: Map showing sampling points in the study area.  

Figure 11 shows the points where samples were collected from both the river and the 

selected boreholes. The coordinates of the sampling points are also shown in Table 10. The 

sampling points were taken from the source of the river, the middle and the mouth and ten 

boreholes across the length and breadth of the district. For the river, samples were also taken 

from strategic points which were close to the source of the river, the middle and close to the 

mouth or the sink of the river. This was done to make sure that the samples were 

representative of what the all the water along the river was subjected to. They also catered 

for the different geologies thorough which the river cut across as well as the various land-

uses along the river that impacted on the quality of the water. 
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Table 10: Sampling points and their coordinates (Google Maps, 2021) 

Point  Coordinates 

Boreholes 

Chapwanya -19.15718, 31.31181 

Mutasa  -19.35873, 31.54177 

Mukondomi -19.18535, 31.65933 

Madzivire -19.3138, 31.71309 

Bangure -19.53507, 31.75887 

Gotora -19.5225, 31.87612 

Muzokomba -19.57772, 31.96238 

Masocha  -19.20621, 31.76773 

Hande  -19.12235, 31.74573 

Mukwasi  -19.19365, 31.94087 

Section of the River 

Mwerahari Source (Upper section) -19.14831, 31.45167 

Nyashanu (Middle section) -19.27080, 31.92281 

Mwerahari River Sink (Lower section) -19.27042, 32.03188 

The coordinates of all the sampling points for both the river and the selected borehole are given 

in table 10 while details of the selected boreholes are also shown in Table 11; the average depth, 

diameter and water levels for the ten boreholes which were studied. The average depth for 

domestic boreholes in Zimbabwe should be more than 30 m with an average diameter of 152 

mm According to (ZNWA, 2019). There was also a general trend where the depth of the boreholes 

increased from the west of the district to east and confirmed the moisture gradient where 

boreholes in the wetter part of the district were not as deep as those from those  in the drier 

parts of the district and the same was also true with the water levels in the various boreholes 

were those in the wetter parts of the district had their water levels high than those from those 

located in the drier areas and this was attributed to the depth and levels of the water tables. 
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Table 11: Details of boreholes’ dimensions (ZAMCOM,2019). 

Borehole Number Depth (m) Diameter of casing pipes (mm) Water level ( m) 

01 86 152 8 

02 88 152 7.6 

03 100 152 8.5 

04 97 152 11 

05 102 152 17 

06 93 152 13 

07 107 152 11 

08 93 152 14 

09 102 152 9 

10 119 152 16 

For this study, standard procedures for water sampling were followed, whereby 1 L high-density 

polyethylene (HDPE) bottles washed in 1% HNO3 were used to draw water samples from the 

different identified water sources using grab sampling technique. These types of bottles were 

chosen because they can keep the water samples for a longer time without altering the 

parameters (APHA, 2006). It should be noted that the bottles were first rinsed with the same 

sample water for three times before any sample was collected for acclimatization purposes. In 

total, 72 water samples from river water were analysed for physio-chemical and bacteriological 

parameters. It should be noted that some samples were analysed in-situ while others were 

transported to the laboratory in cooler boxes with ice to maintain a temperature of 4°Ċ for 

analysis. Figure 12 shows the researcher collecting water samples from borehole 3 and the 

middle section of the river. 
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Figure 12: Researcher collecting water samples from borehole number 3 and point C from 
Mwerahari river.   

After the collection of the samples, some parameters like; temperature, turbidity, pH and 

aesthetic aspects were measured and analysed in-situ using thermometer, turbidity metre, pH 

scale and visual inspection respectively. This means that these parameters were measured at the 

point of sample collection since they do not need complicated equipment for recording. After 

the measurement and analysis of these parameters, the samples were taken the laboratory, 

where the rest of the parameters were measured and analysed. Figure 14 and 15 on the following 

page show the apparatus and samples for both raw and treated water. These measurements 

were done to determine the levels of physio-chemical and bacteriological parameters in the 

water.  The parameters are important because they are water quality indicators and as such 

should be known before the approval of any water for consumption is granted. This is important 

because sometimes the appearance of the water might be deceiving as it may look clear and 

‘normal’ yet it may be harbouring some harmful substances or pathogens that may pose some 

dangers to human or animal health if not investigated first. 
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Figure 13: Comparison of turbidity of untreated and treated water from Mwerahari river. 

 

 

Figure 14: Comparison of turbidity of untreated and treated water from the ten boreholes. 
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Treated water is any water that has gone through any process as a way of making it suitable for 

a specific use while untreated water refers to water that has not been processed to remove any 

impurities. 

4.1.3. Water analysis techniques 

The methods of analysis varied depending on the categories of parameters under study as shown 

in Table 12  

Table 12: Parameters and methods of analysis of water quality analysis 

Category of 
parameters 

Specific parameters Method of analysis 

Physicochemical 

Temperature Thermometer 

pH  pH metre 

Electrical conductivity Electrical conductivity metre- PCE-
CM41 

TDS CCMCCC 

Chemical parameters Free CO2, dissolved O2, 

nitrates, phosphates 

Inductively coupled plasma-ass 
spectrometry (ICP-MS) 

Bacteriological  E. coli, faecal coliforms, total 
coliforms 

 Mueller-Hinton (M-H) agar 

Nutrients  Nitrates and phosphates Spectrophotometry 

4.1.4. Physical parameters 

Samples were collected from the ten boreholes selected systematically across the district and 

from three points along the river three times for all the three main seasons that is; summer, 

autumn and winter. After each test, the samples were compared with the Zimbabwe National 

Water Guidelines and WHO guidelines of drinking water for compliance. The physical parameters 

of interest included: colour, total dissolved solids, temperature and turbidity, pH, total dissolved 

solids and electrical conductivity. For temperature, pH, turbidity, colour, odour and taste the 

tests were done in-situ, while the rest of the parameters were measured ex situ. 
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4.1.5 Chemical parameters 

In this study, the following chemical parameters were measured and analysed namely; free 

carbon dioxide, dissolved oxygen, chlorine, nitrates and phosphates.  

Nitrates 

Nitrates were determined by the uv-absorption method at 220 and 275 nm. The absorption at 

275 nm allows for correction due to interfering organics. 

Phosphates  

Phosphates were measured by the molybdenum blue method in which ammonium molybdate 

was reduced by ascorbic acid to produce a blue colour whose intensity was measured 

colorimetrically for comparing samples against existing standards at 880 nm.  After preparation, 

the samples, standards and blank were held at room temperature for 45 minutes to allow for 

colour development.  

Chloride ions 

Chloride ions were determined by the Volhard titration method. Chloride ions were titrated with 

standard silver nitrate solution, using potassium chromate as the indicator. At the end point 

excess silver ions react with chromate ions to form a reddish brown precipitate of silver 

chromate. 

Sulphates  

Sulphates were measured by the turbid metric method. Barium chloride crystals were added to 

samples containing sulphates followed by measurement of the turbidity formed when 

suspended barium sulphate scattered light. A conditioning reagent made from glycerol, 

hydrochloric acid, ethanol and sodium chloride was used to maintain a uniform suspension of 

barium sulphate. The sulphate concentrations in the samples were obtained from a calibration 

graph of turbidity plotted against sulphate concentration. 
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Nitrites 

The samples were analysed for nitrites by the diazotization coupling reaction, where nitrites react 

with sulphanilic acid and resorcinol to yield a diazo compound. The dye formed is yellow and has 

maximum absorption at 426nm. Sulphanilic acid, resorcinol and potassium hydroxide solutions 

were added to nitrite standard samples and a blank one to develop colour, whose intensity was 

measured at 426 nm.  

4.1.6 Bacteriological parameters 

Total faecal coliform counts (TFCC) were tested by standard plate counts. Two samples were 

taken from each sampling site using sterilised bottles of 200 ml. Samples were transported on 

ice to the laboratory and stored at 4°C in a refrigerator and samples were tested within 24 hours. 

A sample of 100ml was filtered through a 0.45 μm. The membrane retains the bacteria (total 

faecal coliform) on its surface and was transferred to an m-Fc agar plate and incubated for 24 

hours at 37 ℃ to allow the bacteria to multiply and form colonies. Number of colonies was 

counted and linked directly to faecal bacteriological content of river and borehole-water using 

the formula: Coliform per 100 ml = (Number of faecal coliforms counted) / (number of mL of 

sample filtered) × 100. 

4.2. Results and discussion 

4.2.1. Physical parameters 

(i)Temperature 

(a) Borehole water 

Temperature of all the samples was measured using a clinical thermometer, which was 

graduated in °C and the results were recorded as shown in Figure 17. Samples were collected 

from the ten boreholes, which are spread in the four administrative constituencies of the district 

as follows; borehole 01 to 03 were from Buhera west, borehole 04 and 05 while boreholes 06 

and 07 are in Buhera central and boreholes 08, 09 and 10 are in Buhera south. 

The temperature of the water samples from the ten boreholes were measured and compared 

with the Zimbabwe National Water and WHO guidelines. The temperature of the water samples 
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varied from season to season depending on the geology on which each individual borehole was 

located and the ecological region in which the borehole falls under. The variations are also as a 

result of the length of the day as well as cloud cover. Buhera district falls into two main ecological 

regions which are region three in the west which receives over 800 mm of rainfall per year and 

relatively cooler temperatures compared to region five in the eastern side of the district which 

lie in the rain shadow of the Chimanimani Mountains and receives about 450 mm to 500 mm of 

rainfall per year (CSO, 2014). 

 

Figure 15: Average temperature of water samples from the ten boreholes taken for a period of a 
year. 

Boreholes 1 to 6 are situated in ecological region 3 hence the water temperatures are lower than 

the temperature of samples 7 to 10. The average temperature for all samples in summer was 

24℃,  for autumn it was 23.1°C while the average for winter was 18℃. Summer temperatures 

were higher in all samples compared to autumn and winter because summer records highest 

temperatures in Zimbabwe and also has more sunshine hours. All the samples were within the 

threshold of 35 ℃ (WHO, 2016) and (SAZ, 2019). 

Table 13 shows the measure of spread of the data for all seasons was negligible as shown by the 

variances of temperature from the ten boreholes in all the three seasons, where summer had 
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3.84, autumn, 1.88 and winter had the lowest with 1.61. The standard deviation for all the ten 

boreholes in the three seasons was less than 5 and this reveals that the mean differences were 

too small, suggesting that the seasons had no effect on the temperature. This was mainly 

attributed to the fact that all the water was from underground. 

Table 13: Average seasonal temperature variations in borehole water. 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (3.84) 10 267.2 26.72 11.54   

Autumn (1.88) 10 231 23.1 5.66   

Winter (1.61) 10 188 18.8 4.84   

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 314.40 2 157.20 21.40 2.7E-06 3.35 

Within Groups 198.36 27 7.35    

Total 512.76 29        

(b) River water 

Figure 16 shows the temperature variations for the three sections of the river. Higher 

temperatures were recorded from the middle course and the lower course especially in summer 

because these sections of the river fall under ecological regions four and five. 

Highest temperature for summer was 39℃ , which was recorded in the lower part of the river 

which falls under ecological region five, which experiences very high summer temperatures, 

maximum of 58°C (CSO, 2014). The middle part of the river experiences temperatures, which are 

a compromise of both the upper and the lower hence the temperatures were lower than those 

of the lower section and higher than those of the upper section that is 32℃, 27℃  and 20℃  that 

is for summer, autumn and autumn respectively. Both very high and very low water temperature 

affects aquatic plants hence the water should always have optimum temperature. 
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Figure 16: Average temperature of water samples from the three sections of the river. 

Temperature for all samples measured for all seasons fell within the threshold of WHO guidelines 

of around 35℃ except for a sample from the lower section of the river which was 39°C. The 

highest temperature recorded in summer; a scenario attributed to the ecological region five 

which experiences very high temperatures during summer. The temperature increased from 

upper course to the lower course, which is a function of the different geographical regions 

through which the river flows. The river flows from the north western direction, which has a 

relatively a much cooler part of the country while the lower course is mainly in region four which 

is one of the driest and hottest part of the country (Makarati and Chikobvu, 2012). 

Water from the three sections of the river had very high variances of more than 5 for summer 

which was mainly a result of the high temperature during that season and also the fact that the 

water in the river is in an open space allowing it to absorbed as much radiant energy from the 

sun as possible (Table 14). Summer having a standard deviation of 12.11; autumn; 4.78 while 

winter had the smallest deviation of 3.1; which both fell short of the threshold. With F > f crit, it 

also meant that the seasons had an impact on temperature especially given the fact that the river 

water is exposed the elements meant that there was bound to be some differences in some of 

the means of the temperatures. 
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Table 14: Seasonal temperature variations in river water. 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (12.1) 3 98 32.67 36.33   

Autumn (4.8) 3 86 28.67 14.33   

Winter (3.1) 3 58 19.33 9.33   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 280.89 2 140.44 7.02 0.026 5.14 

Within Groups 120 6 20    

Total 400.89 8         

(ii) pH 

(a) Borehole water 

The pH of the water samples from the ten boreholes were measured, recorded and compared 

with national regional and WHO acceptable levels. The pH levels from all samples displayed a 

general trend in as far as the seasons were concerned where the pH was generally higher during 

the summer (Figure 17). The high pH during summer could be due to ionizing of chemicals in 

water when temperatures are high (Moreno et al., 2010). These chemicals derived from 

underlying rocks which would normally weather more in summer due to high temperatures 

which promote high rates of chemical reaction. In winter the rate of chemical reaction is low 

hence the propensity of chemicals to ionize is low and this results in relatively low pH of most 

borehole water. During summer there is also acid rain which when it percolates underground 

contributes to lowering the water pH which becomes more and more acidic depending on the 

volumes of the acid rain. This is the reason why the geology of an area where a water source is 

located always determines most of the physio-chemical parameters of the water. Figure 18 0n 

the next page shows the seasonal average temperature of water samples from the ten boreholes. 
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Figure 17: The pH of water samples from the ten boreholes. 

variations of ground water pH are caused by a number of factors including composition of the 

soil and types of underlying rocks with limestone rocks (Foster,2020). The highest pH for summer 

was 7.2 while the lowest for the same season was 5.0 and both recordings were from borehole 

number 06. Autumn pH levels were very close to the summer levels though slightly higher and 

only one sample had a pH level higher than all winter levels. Winter pH levels were higher than 

those for summer and autumn.  All samples were within the, WHO limits of 5.7- 9.3 (WHO, 2014) 

as well as (SAZ, 2002) acceptable limits. 

The pH of the water from the 10 boreholes showed very small stretches from the central mean 

as shown by the small standard deviation across all the three seasons with summer recording 

0.15, autumn; 0.13 while winter had the lowest standard deviation of 0.11 (Table 15). Because F 

> F crit shows that F was greater than F crit, meant that at least one of the means was not equal 

to the others, meaning that the seasons had no meaningful impact on the pH of the water. Since 

borehole water is underground water, its temperature is not normally affected by seasonal 

temperature changes since the changes may not be huge enough to warrant changes in ground 

water. Even where there the temperature changes they will not be very significant as shown in 

Figure 17 and Table 15. 
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Table 15: Seasonal pH variations in borehole water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance     

Summer (0.15) 10 73.9 7.39 0.35     

Autumn (0.13) 10 69 6.97 0.13     

Winter (0.11) 10 66.8 6.68 0.32     

ANOVA 

Source of Variation SS df MS F P-value  F crit 

Between Groups 2.64 2 1.32 4.98 0.014  3.35 

Within Groups 7.17 27 0.27     

Total 9.81 29          

(b) River samples 

Figure 18 shows the different pH values of water from Mwerahari river during the three different 

seasons. The average pH of the water from the upper course of the river was 7.5 thus slightly 

above the neutral point and still acceptable because it was within the WHO range of 9.0 (WHO, 

2014). The average pH of all the sections was 7.28, which rendered the water safe for human 

consumption. It was also observed that pH decreased as temperature increases since there will 

be more energy for ionising, thereby making the water more acidic. 

 

Figure 18: Seasonal pH variations in river water. 
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Overall, the pH of all water samples from the three sections of the river fell within the WHO and 

SAZ acceptable level of 9. The highest pH of 7.5 was recorded in summer and was in the middle 

of the river while the lowest pH was recorded in winter and was in the upper course of the river. 

The reasons for the variations have already been discussed in preceding sections. 

Table 16 gives a summary of the pH variations for the seasons. The pH from all the water samples 

collected from the three sections of the river ranged from 6.5 in winter and 7.5 in summer.  

Table 16: Seasonal pH variations in river water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (0,06)  3 20.3 6.77 0.17   

Autumn (0,04) 3 21.4 7.13 0.12   

Winter (0,00) 3 21.5 7.17 0.01   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 0.29 2 0.15 1.43 0.31 5.14 

Within Groups 0.62 6 0.10    

Total 0.92 8         

Results reveal that the seasonal pH variations were not a functions of the seasons. The standard 

deviation of less than and the fact that F< F crit means that nearly all the means were within a 

narrow range suggesting that seasons had impact on the pH of the water but rather a function 

of the geology of the area as well the land use. 

(iii) Total dissolved solids in borehole water 

Total dissolved solids were measured and recorded as shown in Figure 19. Total dissolved solids 

from all the ten boreholes were measured and the concentration of nine boreholes were well 

above the WHO and national limits of 1000 mg/L. 
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Figure 19: Concentration of total dissolved solids in water samples from the ten boreholes. 

One great potential threat to groundwater quality arises from excessive pumping especially from 

deep wells and boreholes that result in unsustainable drawdown in the water levels (Rakhshaee 

et al., 2018). The same author further observed that with such conditions, older and less fresh 

groundwater can be mobilized from the deeper parts of the aquifer, mixing with the fresher 

better quality groundwater and thereby reduces the overall groundwater quality. In this study, 

the situation could be attributed to the high levels of TDS in 90% of the boreholes whereby only 

borehole number 03 had TDS within the acceptable level in both seasons with seasonal average 

of 943 mg/L. Another possible explanation could be that since it has a small catchment area there 

was less drawing of the water that allowed recharge to replenish. In addition, borehole number 

03 was also found to be relatively deeper compared to most of the boreholes suggesting that 

there would be less concentration of TDS due to stable rocks underground. Overall, while the 

highest average was recorded from borehole 01 where seasonal average was 6205 mg/L, which 

was more than six times the National and WHO average. Results for the seasonal variations of 

total dissolved solids in borehole water are presented in Table 17. 

The seasonal variation in the concentration of total dissolved solids in the ten boreholes showed 

very small differences amongst all the samples collected from all the boreholes, suggesting that 

season had no significant impact on the concentrations of total dissolved solids in borehole 

water. Thus, F< F crit meaning that nearly all the means were within a narrow range and the 
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standard deviation well below 5, thereby suggesting that seasons had no impact on the turbidity 

of the water but rather a function of the geology of the area as well the land use.  

Table 17: Seasonal total dissolved solids variations in borehole water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (1.32) 10 41540 4154 3966204   

Autumn (1.20) 10 39870 3987 3603112   

Winter (1.24) 10 40540 4054 3712804   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 141260 2 70630 0.019 0.98 3.35 

Within Groups 1.02E+08 27 3760707    

Total 1.02E+08 29         

The TDS from river water were also measured and the seasonal variations compared to ascertain 

whether seasons had an effect on the concentrations. The results are shown in Figure 20. 

 

Figure 20: Concentration total dissolved solids in river water. 

The seasonal variations in the concentrations of total dissolved solids from all the three sections 
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summers have higher temperatures, which enable faster chemical reactions, rocks will break and 

dissolve more and faster in summer thereby increasing the amount of total dissolved solids in 

water while the rate fairly reduced in winter. The results reveal that summer had the highest 

concentration averaging 850 mg/L followed by autumn 800 mg/L and lastly winter with a 

concentration of 787.67 mg/L. 

Table 18 shows the seasonal variations in the concentrations of total dissolved solids along the 

three sections of the river. Results followed a temperature gradient, whereby the warmer the 

season, the more the concentration of total dissolved solids is. Summer had the highest average 

for the three sections with 850 mg/L. The fact that F > F crit meant that the seasons had an impact 

on the concentration of total dissolved solids in river water. 

Table 18: Seasonal TDS variations in river water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (0) 3 2550 850 0   

Autumn (33.33) 3 2400 800 100   

Winter (2.11) 3 2363 787.67 6.33   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 6537.56 2 3268.78 92.22 3.13E-05 5.14 

Within Groups 212.67 6 35.44    

Total 6750.22 8         

It should also be noted that all the average TDS for the three seasons from the three sections of 

the river were lower than the WHO and SAZ limit of 1200 mg/L meaning that considering this 

parameter alone, the water would be safe for human consumption. 
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(iv)Turbidity 

(a) Borehole water 

The turbidity of the water from both the ten boreholes and three sections was measured and the 

values were recorded and subjected to graphical presentation for better and quicker visual 

interpretation as portrayed in Figure 21. 

 

Figure 21: Turbidity of water samples from the ten boreholes. 

Commercial agriculture in Zimbabwe, especially maize production and tobacco farming, making 

use of high volumes of inorganic fertilizers and pesticides. The intensive application of these 

agrochemicals makes runoff from agricultural land has become a major a major source of diffuse 

pollution in no both ground and surface water with turbidity of the water easily getting 

compromised (Rakhshaee et al., 2018). Agricultural activities are mainly subsistence, where 

stream bank cultivation is rampant while overgrazing is also wide spread, leading to high levels 

of soil erosion, leading siltation of water bodies and infiltration and percolation of fertilizers. The 

high turbidity levels made the water unsuitable for drinking because all the samples were above 

the WHO and SAZ recommended turbidity of 5 NTU, making the water unhealthy and unfit for 

domestic use. The high turbidity may give the water some colour, make it unattractive and may 

discourage consumers. 

The seasonal variations for turbidity along the river were analysed and results are shown in Table 

19. The F< F crit meaning that nearly all the means were very close to each other, suggesting 

that seasons had not at all impacted on the turbidity of the water but rather a function of the 
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geology of the area as well the land use. The standard deviation was also very small, thus less 

than 5 affirming that seasons had no effect on turbidity of borehole water. 

Table 19: Seasonal turbidity variations in borehole water. 

Anova: Single Factor Summary  

Groups (S/D) Count Sum Average Variance   

Summer (0.46) 10 69.4 7.71 1.39   

Autumn (0.39) 10 64.2 7.13 1.16   

Winter (0.32) 10 61.1 6.79 0.97   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 3.91 2 1.95 1.66 0.21 3.40 

Within Groups 28.19 24 1.17    

Total 32.11 26         

From Table 19, it can be seen that standard deviation was way below acceptable of 5, thus an 

average of 0.85 for the three seasons meaning that seasons did not have an impact on the 

turbidity of the water thus, F< F crit. The reason for this is because the average depth of 

boreholes in Buhera are about forty metres it means at such depth ground water will be settled 

enough clear way any turbidity. 

(b) River water 

Figure 22 shows the results of turbidity of the water measured from all the three sections of the 

river and in all the three seasons. The highest turbidity was in summer and in all sections and this 

was attributed to high run off that brings a lot of suspended materials into the river (Abbasi and 

Abbasi, 2011). The high turbidity gives water some colour, makes it unappealing and may reduce 

the amount of light entering the water and this may have a huge impact on photosynthetic 

photo-synthetic planktons. High turbidity also makes it very suspicious of pathogens and 

discourages consumers by mere visual inspection. Figure 22 shows the average seasonal turbidity 

of the water from the three sections of the river. 
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Figure 22: Turbidity of water samples from the three sections of the river. 

Usually where the land-use around and along the river is agricultural there will be high soil 

erosion, which leads to siltation in rivers (WHO, 2014). In autumn, the study area experiences 

occasional winds, which blow and deposits sand and dust into the river; thereby compromising 

the turbidity of water. Though winter recorded the lowest figures in all sections compared to 

other seasons (32 NTU), this was still way too high compared to the WHO and SAZ acceptable 

limits of 5 NTU. Besides reducing the aesthetic value of water, high turbidity increases 

purification costs, discourage recreation and tourism as well as well as blocking light for aquatic 

plants (Kirui et al., 2015). 

The turbidity of the water from the three sections of the river showed the greatest variation in 

summer with a standard deviation of 36.33 NTU, which was more than seven times the average 

acceptable standard deviation of 5 (Table 20). This was attributed to the high levels of runoff and 

water coming from the tributaries during the rainy season. It therefore, follows to say that some 

seasons especially summer and winter had an effect on turbidity. Autumn had a standard 

deviation of 1.44 NTU well below the threshold while winter had 1.78 NTU above 5. Water 

turbidity is always high because is always exposed and since the river basin has a big catchment 

area it means there will be a lot of suspended solids that tributaries and runoff water bring to 

the river thereby increasing the turbidity of the water. 
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Table 20: Seasonal turbidity variations in river water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (36.33) 3 228 76 109   

Autumn (1.44) 3 116 38.67 4.33   

Winter (6.78) 3 110 36.67 20.33   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 2944.89 2 1472.44 33.05 0.00058 5.14 

Within Groups 267.33 6 44.56    

Total 3212.22 8         

4.2.2 Chemical parameters 

The chemical parameters, which were investigated included Free CO2, dissolved O2, chloride, 

nitrates and phosphates.  

(a) Concentration of chemical parameters in borehole water 

Results of the concentration of chemical parameters in borehole water are shown in Table 21. 

(i)Free Carbon-dioxide 

The amount of free  CO2% varied from borehole to borehole and from season to season with the 

highest percentages recorded in summer (Table 21). The high summer  CO2% could be attributed 

to high temperatures which aid high rate of decomposition of organic matter in the soil which 

will release carbon-dioxide into groundwater. The presence of hot springs also help to increase 

the carbon-dioxide in underground water and this may be attributed to the high percentage of 

 CO2 from boreholes 009 and 010, which recorded 11.8% and 12.9% respectively (Johnston, 

2014). These boreholes are located in the Birchnough bridge near the Nyanyadzi hot-springs. 

Lowest percentages were recorded in winter and borehole 004 had least percentage of 6.8. 

Noted that increased levels of carbon-dioxide will cause the water to form a film of low pH thus 

making the water acidic and corrosive thereby making it harmful to both plants and animals 

(WHO, 2019). Like most chemical parameters, carbondioxide concentrations in water can not be 
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observed by visiual inspection or testing or smelling the water. Unless the concentrations 

become abnormally high it is not easy to falter the water without using scientific methods of 

testing (WHO, 2017). Both the gaseous chemical parameters, thus carbondioxide and oxygen are 

always by water consumers because they hardly cause considerabe harm to humans and given 

enough time the water will always adjust their levels to acceptable limits.  

Chemical parameters unlike physical parameters are not always assessed for water quality 

especially at household level especialy in rural areas where availability of water is considered 

more important than its quality. From Table 21, it can be seen that chlorides, nitrates and 

phosphates had the lowest concentrations in all the water samples. This was mainly due to the 

fact that they are mainly introduced into water bodies through human activities and that 

chemicals like chloride are not abundandly occurring in nature (WHO, 2014). 
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Table 21: Chemical parameters of samples from the ten boreholes under study 

 

NB: BN= Borehole Number; S= Summer, A = Autumn, W = Winter, AV= Average, SD= Standard deviation 

 

 
Free CO2% Dissolved O2 % Chlorides Nitrates Phosphates 

BN 
S A W AV/SD S A W AV/SD S A W AV/SD S A W AV/SD S A W AV/SD 

01 
8.3 11 10.5 9.93±1.17 80.6 90 91 

87.2± 4.68 
0.3 0.4 0.3 0.33±0.05 231 208 190 210±16.8 1.98 1.3 1.4 1.66±0.3 

02 
7.6 7.2 6.4 7.06±0.5 80.4 83 89 

84.1±3.6 
0.2 0,1 0.2 0.16±0.05 280 201 196 225.66±38.5 1,85 1,1 1,2 1.38±0.33 

03 
11.1 8.3 8 9.13±1.4 80.9 79.2 92.6 

84.2±5.96 
0.2 0.4 0.2 0.26±0.09 110 9.0 10.2 43.06±47.3 2.90 2.0 1.9 2.26±0.45 

04 
8.7 7.1 6.8 7.53±0.83 91.3 94.2 97.1 

94.1±2.37 
0.4 0.4 0.3 0.36±0.05 90.5 10.0 8.7 60.4±38.3 5.60 1.2 1.1 2.63±2.1 

05 
9.4 9.0 9.5 9.3±0.28 78.6 82.0 88.4 

88±4.06 
0.4 0.2 0.2 0.26±0.09 58.7 9.1 8.2 25.33±23.6 3.90 2.1 2.0 3.56±0.87 

06 
9.6 9.2 8.7 9.16±0.37 91.4 93.8 97.3 

94.1±2.42 
0.4 0.2 0.4 

0.33±0.09 
8.2 8.6 7.7 8.16±0.37 3.80 3.3 3.6 3.56±0.21 

07 
10.3 10.0 9.8 9.4±0.21 89.7 82.3 79.2 

83.7±4.4 
0.3 0.2 0,3 0.26±0.05 12.8 9.2 10.2 10.7±1.52 1.75 4.6 4.0 3.45±1.23 

08 
10.0 9.3 8.9 9.4±0.45 74.0 81.1 86.1 

80.4±4.96 
0.3 0.1 0.3 0.23±0.09 5.5 5.1 4.8 5.13±0.29 0.71 0.4 0.5 0.53±0.13 

09 
11.8 10.1 10 10.6±0.21 79.8 82.1 83.2 

81.7±4.99 
0.4 0.3 0.2 0.3±0.09 4.5 3.9 4.3 4.23±0.21 0.90 2.1 2.6 1.86±0.43 

10 
12.9 11.0 10.4 11.4±0.22 76.2 79.4 79.7 

78.4±3.81 
0.3 0.3 0.2 0.26±0.05 7.6 6.3 5.4 6.43±0.3 1.0 2.3 2.0 1.76±0.42 
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All the ten boreholes had their standard deviations well below 5 with summer registering 1.01, 

autumn 0.66 while winter had 0.73 (Table 22). It also showed that the season had no bearing on 

the percentage of free carbon-dioxide thus, F< F crit. 

Table 22: Seasonal carbon-dioxide variations in borehole water 

Anova: Single Factor Summary  

Groups (S/D) Count Sum Average Variance   

Summer (1.01) 10 99.7 9.97 2.64   

Autumn (0.66) 10 92.2 9.22 1.91   

Winter (0.73) 10 89 8.9 2.07   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 6.03 2 3.02 1.36 0.27 3.35 

Within Groups 59.70 27 2.21    

Total 65.71 29         

(ii) Dissolved oxygen 

The amount of dissolved oxygen was highest in borehole 006 with a concentration of 97.3 and 

lowest in borehole 010 which had a concentration of 76.2 (Table 23). The amount of dissolved 

oxygen in water is influenced by a number of factors including; aquatic life, temperature, salinity 

of the water and elevation and its concentration decreases with depth (Chutia et al., 2017). The 

same author also observed that with higher temperatures the amount of dissolved Oxygen tends 

to decrease, which explains why the concentrations were lower in summer and autumn and 

highest in winter. These results agree with the conclusion by Fondriest Environment (2013), 

where high concentrations of DO are prevalent with the winter season compared to the summer 

season. 

The percentage of dissolved oxygen in all the three sections of the river had higher standard 

deviations of more than double making it very significant (Table 23). However, F< F crit, 

suggesting that the seasons had no effect on the percentage of dissolved oxygen. 

 



  

 

86 
 

Table 23: Seasonal free oxygen variations in borehole water 

Anova: Single Factor Summary  

Groups (S/D) Count Sum Average Variance   

Summer (13.07) 10 822.9 82.29 39.23   

Autumn (10.93) 10 847.1 84.71 32.79   

Winter (13.79) 10 883.6 88.36 41.37   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 186.75 2 93.37 2.47 0.10 3.35 

Within Groups 1020.52 27 37.80    

Total 1207.27 29         

The differences in the concentrations also indicated that highest values were recorded most in 

the boreholes located in the western parts of the district, where it is relatively cooler while lower 

values were recorded in samples from boreholes in the southern and hottest part of the district. 

Figure 23 depicts the relationship between temperature and dissolved oxygen. Higher 

temperatures associated with summer season in the northern hemisphere exhibit lower 

dissolved oxygen.  

 

Figure 23: Dissolved oxygen concentration at different temperatures. 

Source: Fondriest Environmental inc (2013). 
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(iii) Chloride 

Chlorine derives from natural salts found in some rocks and naturally there is very little chlorine 

found in groundwater (Chinhanga, 2010). There were generally higher concentrations of chloride 

in summer, followed by autumn and lowest in winter. Summer had an average of 0.34, autumn 

0.26 while winter had 0.24 (Table 21). Human excreta, runoff with fertilizers from agricultural 

land and leachate from landfills are the chief sources of chlorine in groundwater (Moulin et al., 

2019). Buhera district is an agricultural based economy, which is mainly the reason why the levels 

of chlorine are high in almost all boreholes across the district. This did not compare badly with 

WHO of 0.2 mg/L and SAZ chlorine limits of 0.2 to 1 mg/L Since chloride is carcinogenic, large 

doses will lead to oesophageal irritation and cancer of the bladder (WHO, 2014). 

The standard deviations for the chlorine levels in all the ten boreholes for the three seasons were 

very small with summer registering 0.00 mg/L, autumn 0.00 mg/L and winter with 0.00 mg/L 

(Table 24). F < crit F crit  as well as the small standard deviations indicated that the seasons did 

not have an effect on the chlorine levels in borehole water. 

Table 24: Seasonal chloride variations in borehole water 

Anova: Single Factor Summary  

Groups (S/D) Count Sum Average Variance   

Summer (0.0) 10 25.9 2.59 51.434   

Autumn (0.0) 10 2.6 0.26 0.014   

Winter (0.0) 10 2.6 0.24 0.005   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 36.193 2 18.096 1.05 0.362 3.354 

Within Groups 463.077 27 17.151    

Total 499.270 29         
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(iv) Nitrates 

The general trend shown in all boreholes shows a higher concentration of nitrates during summer 

a situation, which is mainly attributed to synthetic and organic fertilizers, which are washed away 

from agricultural land during the rainy season as well as from septic tanks (Yusof and Malek, 

2017). The average for the three seasons was 80.88 mg/L for summer, 47.02 mg/L for autumn 

and 44.55 mg/L for winter (Table 21). These levels were way above the acceptable limits of both 

WHO and SAZ of 10 mg/L. With those high levels more than ten times acceptable limits mean 

that water is not safe for human consumption. As noted by Yusof and Malek (2017), high nitrate 

levels in water promotes eutrophication conditions and increases algal growth thereby 

compromising the quality of the water. The concentrations decreased in autumn and were 

lowest in winter. Borehole 001 and 002 had the highest concentrations (Yang, 2012). These 

boreholes are located in the western part of the district where the amount of rainfall is highest 

compared to the rest of the district. This side of the district has more maize farming, which 

requires more fertilizers. In contrast, the eastern parts receive low amount of rainfall and most 

of the crops grown the like millet, rapoko and sorghum do not require a lot of fertilizers. As such, 

low concentrations of nitrates on boreholes (07, 08 and 09) in the eastern parts of the district 

were measured. 

The levels of nitrates in water from all the ten borehole displayed very small standard deviations 

where summer had; 3.33 mg/L autumn; 2.29 mg/L and winter 2.09 mg/L (Table 25). These results 

depict that the season did not have a bearing on the levels of nitrates in borehole water, thus F 

< crit F crit, confirming that seasons had no impact on the concentrations of nitrates in the water. 

Since the land-use in Buhera district is predominantly agricultural, meant that most of the 

nitrates that accumulate in water bodies originally come from land under crop farming when 

ammonium fertilizers are washed into rivers through runoff and percolation into underground 

water. Table 25 on page 88 shows the seasonal nitrates variation in water samples from the ten 

boreholes. Since the average depth of boreholes in Zimbabwe is 40 m (ZAMCOM, 2019) it means 

that most of the nitrates will be dissolved and made very dilute by the time they rich such levels 

hence they may eventually not have any impact on the water quality. Also as with most chemical 

parameters, higher nitrates concentrations in water do not cause immediate health problems in 

humans and as such most rural folks may not like any gastrointestinal discomfort especially if it 

is just experienced by few individuals and does not lead to hospitalisations. 
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Table 25: Seasonal nitrates variations in borehole water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (3.3)  10 808.8 80.88 10046.73   

Autumn (2.3) 10 470.2 47.02 6895.50   

Winter (2.0) 10 445.5 44.55 6127.77   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 8241.57 2 4120.78 0.54 0.59 3.35 

Within Groups 20763.0 27 7690.00    

Total 215871.6 29         

 (v) Phosphates 

Water samples from all the ten boreholes were also analysed to determine the amount of 

phosphate concentrations and the results are shown in Table 21. The highest concentrations 

were recorded in summer 5.6, followed by autumn 4.6 and the winter 4.0. This is mainly 

attributable to movement of water through rocks and soil formations that contain sulphate 

minerals. Li et al. (2017: 29) noted that ground water dissolves sulphates in rocks and soils 

thereby increasing the sulphate content of the water. The average sulphate content for summer 

was 2.4, followed by autumn with 2.0 and lastly winter with 1.98. The highest concentration was 

recorded from samples from borehole 004 that is 5.6 and this was attributed to the proximity of 

the borehole to Dorowa mineral, which is a phosphate mine. It suggests that the underlying rock 

is rich in phosphates and therefore contribute to the higher levels of phosphates in the water. 

The water samples also showed very small standard deviations well below 5 with summer having 

0.84, autumn 0.49 and winter with 0.40 (Table 26). Generally, all the mean phosphates from the 

ten boreholes were almost the same, whereby F < F crit, suggesting that the seasons had no 

effect on the phosphate concentrations.  
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Table 26: Seasonal phosphates variations in borehole water. 

Anova: Single Factor Summary  

Groups (S/D) Count Sum Average Variance   

Summer (0.84) 10 24.39 2.439 2.52   

Autumn (0.49) 10 20.3 2.03 1.47   

Winter (0.40) 10 20.4 2.04 1.19   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 1.089 2 0.54 0.32 0.73 3.35 

Within Groups 46.56 27 1.72    

Total 47.65 29         

(b) Concentration of chemical parameters in river water 

Generally, chemical parameters give water its intrinsic qualities such as taste and hardness such 

that if only visual inspection alone is done to determine its quality the results would be 

misleading since the presence of these parameters in any water can only be determined by 

laboratory tests (Chifamba, 2020). These parameters, which include percentage of free carbon-

dioxide, percentage of dissolved oxygen, chloride, nitrates and phosphates were tested in river 

water. Table 27 shows the various concentrations of chemical parameters recorded from water 

samples from the three sections of the river. The fact that chemical parameter give water its 

most intrinsic test it means that these parameters must be determined. If not checked these 

chemical parameters like excess carbon-dioxide may make lower the pH of the water thereby 

making it acidic while chloride may cause the water to smell and even some cancers. Table 27 on 

the next page shows the average seasonal concentrations of the various chemical parameters of 

water samples from the three section of the river. 
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Table 27: Chemical parameters of samples from the three sections of the Mwerahari river  

 

NB: SR= Section of river; S= Summer, A = Autumn, W = Winter, AV= Average, SD=Standard deviation

SR 

Free CO2 Dissolved O2 % Chloride Nitrates Phosphates 

S A W AV/SD S A 
W 

AV/SD S A W AV/SD S A W AV/SD S A W AV/SD 

Upper 
34 33.5 36 34.5±1.08 120 124 138 

127.33±0.77 
0.04 0.03 0.03 0.03±0 21 19 19 19.66±0.94 0.12 0.12 0.10 0.11±0.01 

Middle 

35 34 36.2 35.1±0.9 125 127 133 
128.33±0.34 

0.04 0.04 0.04 0.04±0 26 22 21 23±2.16 0.12 0.09 0.10 0.10±0.01 

Lower 
35.4 35 37 35.8±0.86 90 110 114 

104.6±1.05 
0.03 0.04 0.04 0.03±0 20 18 18 18.66±0.94 0.10 0.10 0.08 0.07±0.01 
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(i) Free carbon dioxide 

The amount of free carbon dioxide in water is important because carbon dioxide provides 

water with hydrogen ions which depletes oxygen. Increased levels of carbon dioxide will also 

reduce the pH of water and amount of calcium and carbonate (Vedadhir et al., 2020). The 

amount of free carbon dioxide varied from season to season and also depended on the 

section of the river (Table 27). There is generally more carbon dioxide in winter than in 

summer. The average percentage for summer for all sections was 35% while the one for 

winter was 36.2%. The amount of free carbon dioxide decreases in summer because there is 

a high uptake by plants since there is high plant growth in summer and the rate of 

photosynthesis is lower during winter months hence more carbon dioxide in winter (Chutia, 

2017). Fondriest Environmental inc (2013) observed that the width of the river also accounts 

for the amount of free carbon dioxide. The wider segments of a river system accumulate high 

concentrations of free carbon (Chutia, 2017). The highest free carbon values were recorded 

for all seasons, summer (35.5%), autumn (35%) and winter (37%) in the widest section in the 

lower part of the river  

 (ii) Dissolved oxygen 

Oxygen is a very essential parameter in water quality. The amount of dissolved oxygen is a 

measure of free non-compound oxygen present in water. Dissolved oxygen influences the 

amount and type of organisms that can survive in a body of water thus low oxygen levels in 

water will lead to both plant and animal death while higher dissolved oxygen concentrations 

cause fish to suffer from ‘gas bubble disease’. The gas bubbles block the free flow of oxygen 

leading to death. There were no variations in the percentage of dissolved oxygen in the three 

sections of the river across the three seasons (Table 28) suggesting that seasons did not have 

an impact on the concentration of dissolved in the water. Table 28 shows the average 

concentrations of dissolved oxygen in river water in the three sections of the river across the 

three seasons. 
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Table 28: Seasonal dissolved oxygen variations in river water 

Anova: Single Factor Summary  

Groups (S/Dev) Count Sum Average Variance   

Summer (119.3) 3 335 111.67 358.33   

Autumn (27.4) 3 361 120.33 82.33   

Column (53.4) 3 385 128.33 160.33   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 416.89 2 208.44 1.04 0.41 5.14 

Within Groups 1202 6 200.33    

Total 1618.89 8         

This could be attributed to the river being open and with a lot of aquatic plant releasing 

oxygen while photosynthesising every time meant that there would always be abundant 

oxygen in the water. The percentage of dissolved oxygen was almost the same in all seasons 

in all the three sections of the river thus, F > F crit reflecting that seasons had no recognisable 

impact on the percentage concentration of the water in all sections of the river. 

(iii) Chloride 

Like other chemical parameters of water, the concentration of chlorine in water needs to be 

known and regulated. Too much chlorine in the water may, besides causing health problems 

like colon cancer and blue baby in humans (WHO, 2016) may cause odour in water and if in 

higher quantities may even increase turbidity (Yusof and Malek, 2017) Of all the chemical 

parameters, chloride had the lowest concentrations and the reason was most probably that 

it mainly finds its way into water bodies through human activities and is usually used in very 

small quantities. Table 29 shows that the mean averages were too small and almost uniform 

in all sections of the river in all seasons and very small standard deviations, which meant that 

seasons did not have an impact on the chlorine concentration with F > F crit. 
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Table 29: Seasonal chloride variations in river water 

Anova: Single factor Summary 

Groups (S/Dev) Count Sum Average Variance   

Summer (3.4) 3 0.11 0.036 3.33E-05   

Autumn (1.4) 3 0.11 0.036 3.33E-05   

Winter (0.8) 3 0.11 0.036 3.33E-05   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups -2.7E-20 2 -1.4E-20 -4.1E-16  5.14 

Within Groups 0.0002 6 3.33E-05    

Total 0.0002 8         

(v) Nitrates-The concentrations of nitrates in the water sample showed very small 

deviations, with summer having 3.44 mg/L, autumn 1.44 mg/L and winter 0.78, 

suggesting there was no influence from seasons thus, F > F crit (Table 30). 

Table 30: Seasonal nitrates variations in river water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (3.44) 3 67 22.33 10.33   

Autumn (1.44) 3 59 19.67 4.33   

Winter (0.78) 3 58 19.33 2.33   

ANOVA       

Source of Variation SS Df MS F P-value F crit 

Between Groups 16.22 2 8.11 1.43 0.31 5.14 

Within Groups 34 6 5.67    

Total 50.22 8         
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(v) Phosphates 

The measure of phosphates in drinking water is important because excess phosphates may 

lead to eutrophication and reduce the level of dissolved oxygen (Yusof and Malek, 2017). 

Increased phosphates in water can also affect the pH of the water if the phosphates are 

decomposed (Vedadhir et al., 2020). The standard deviation for the means of all the three 

sections of the river were far too below 5 and almost the same showing that seasons had no 

impact on the concentrations of phosphates in the water (Table 31).  

Table 31: Seasonal phosphates variations in river water 

Anova: Single Factor Summary 

Groups (S/Dev) Count Sum Average Variance   

Summer (0,0) 3 0.34 0.11 0.000133   

Autumn (0,0) 3 0.31 0.10 0.000233   

Winter (0,0) 3 0.28 0.09 0.000133   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 0.0006 2 0.0003 1.8 0.24 5.14 

Within Groups 0.001 6 0.00017    

Total 0.0016 8         

The data in Table 31 shows that seasons had no meaningful impact on the concentrations of 

phosphates in the water since nearly all the averages for the three sections of the river for all 

seasons were almost the same since F > F crit. 

4.2.3 Bacteriological parameters 

An indicator of microbial water quality is generally something, which enters the water at the 

same time with faeces, but is easier to measure than the full range of micro-organisms, which 

pose health risks to humans (WHO, 2016). There are several qualities that are desirable for a 

useful water quality indicator. Total coliform bacteria, is a term used to describe rod shaped 

bacteria found in human faeces and is functionally related to taxonomic family 

Enterobacteriaceaes species. Many groups of the coliform are poor indicators of faecal 
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pollution because they can exist and grow naturally in both water and soil and are thus more 

useful as co-indicators of the general microbial conditions of water (Foster, 2020). Faecal 

coliform are gram negative bacteria and are also known as thermos tolerant bacteria coliform 

bacteria. In this study, E. coli were the bacteriological parameters, which determined from 

the various water samples collected from the various water sources.  

(a) Bacteriological parameters in borehole water 

(i) Faecal coliform  

From all the ten boreholes, no traces of the bacteria were detected. Samples from the 

different sections exhibited varying amounts of the different bacteria. The variations were 

also more pronounced during the dry season when discharge was low and pollution 

widespread. The results were recorded and are shown in Figure 24. 

 

Figure 24: Total faecal coliforms detected in water samples from the ten boreholes 

Total faecal coliforms were only detected in water samples from borehole 06. The borehole 

is located in close proximity to a big business centre which has a lot of pit latrines, which might 

lead to groundwater contamination. There is also a dip tank very close to the borehole, which 

means a lot of cattle come for dipping every fortnight leaving a lot of dung around the 

borehole together with human waste since there are no toilets for the people managing the 
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cattle. The samples showed that the contamination was detected in all the three seasons of 

study. 

Water samples from the ten boreholes were measured for total coliforms during the three 

seasons. Table 32 shows the seasonal variations in total coliforms detected in borehole water. 

The standard deviations for all the boreholes were very small that is well below 5. Summer 

had the highest SD of 3.06 cfu/ 100 ml this was as a result of borehole number 6, which was 

the only borehole with samples containing coliforms and that was most incidental as 

explained earlier. Thus, F > F crit showing that one of the mean was different, suggesting that 

seasons had an effect on the concentration of coliforms in water. Since this was underground 

water, it was most unlikely that the water could be contaminated by human excreta and that 

the seasons would still not have an impact on the level of total coliforms in the water. 

Table 32: Seasonal total coliform variations in borehole water 

Anova: Single Factor Summary 

Groups (S/Dev) Count Sum Average Variance   

Summer (3,10) 10 55 5.5 9.17   

Autumn (0,03) 10 1 0.1 0.1   

Winter (0,00)  10 0.7 0.07 0.049   

SAZ  10 0.3 0.03 0.009   

ANOVA       

Source of Variation SS Df MS F P-value F crit 

Between Groups 221.43 3 73.81 31.66 3.36E-10 2.87 

Within Groups 83.92 36 2.33    

Total 305.36 39         

There were no traces of E. coli in all the ten samples. WHO guidelines on drinking water inform 

that all water that contain any coliforms is condemned and users of that facility are advised 

of the consequences of consuming water from such sources thereof. Given that 90% of the 

boreholes were faecal coliform free means that villagers of Buhera can use water from their 

boreholes with a higher level of confidence (SAZ, 2011). 
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(b) Bacteriological parameters in river water 

(i) Faecal coliforms 

Faecal coliforms were detected in all samples from the three sections of the river (Figure 25). 

The reasons for the presence of the bacteria in the water was mainly due to the fact that 

people on both sides of the river do their laundry in the river throughout the year, bath in the 

river and water their animals in the river while on the other hand human excreta is also 

washed into the river by runoff from surrounding home where there are no toilets. 

 

Figure 25: Seasonal total coliform variations in river water 

Table 33 shows that all the three sections of the river had very small mean averages of the 

concentration of total coliforms as recorded from the water samples. The standard deviations 

for the water samples from all the three sections of the river were less than 1, thus well below 

5. Thus, F > F crit showing that one of the mean was different suggesting that seasons had an 

effect on the concentration of the bacteria in the water. As can be seen from the graph, 

samples collected in summer had the had the highest total coliform counts than samples from 

the other two seasons and this was attributed to high temperatures in summer which allow 

for more bacteriological activity leading to them being to multiply more and faster. 
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Table 33: Seasonal total coliform variations in river water 

Anova: Single Factor Summary 

Groups (S/Dev) Count Sum Average Variance   

Summer (0.39) 3 9.6 3.2 1.17   

Autumn (0.16) 3 5.9 1.97 0.49   

Winter (0.03) 3 2.7 0.9 0.09   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 7.95 2 3.97 6.80 0.028 5.14 

Within Groups 3.51 6 0.58    

Total 11.46 8         

 (ii) E. coli 

Some bacteria have the ability to decompose water biochemically and also decompose any 

organic materials that might find their way into any body of water. The presence of some 

bacterial species like E. coli, faecal coliforms are used as indicators of water quality where their 

presence shows that the water is contaminated and is not safe for human consumption (Gupta 

et al., 2018). E. coli is one the mean species of bacteria that is usually used to determine if water 

is contaminated with any bacteria.  

E. coli was detected from all samples from all sections of the river (Figure 26). This could be a 

consequence of human excreta is usually carried by runoff water from the catchment area. 

Most of the households within the catchment area do not have toilets. Some villages bath and 

do laundry in the river leading to faecal contamination. Since the land uses around and along 

the river also include cattle, goat and sheep rearing and that most of these animals are water 

in this river means that they are chances that when they drop their waste in the water they 

may also deposit some bacteria in the water. Since the three species are also found in the 

digestive systems of most domestic animals it is therefore, reasonable to suggest that they may 

have been the source of the bacteria counts found in the water samples. 
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Figure 26: Levels of E. coli detected in water samples from the three sections of the river for 
the three seasons. 

Highest figures were in summer (4 cfu/100 ml) while the lowest were in winter (0.2 cfu/ 100 

ml) and this was attributed to absence of rainfall in winter hence no runoff. Any amount of E. 

coli or coliforms in water, renders it unfit for human consumption (Vijay et al., 2014). The fact 

that E. coli was detected in all samples from all three sections of the river suggests that the 

water must be treated before it can be consumed. Hence, the water from Mwerahari river is 

not safe for human consumption. 

Table 34 shows the seasonal variations of E. coli in river water. Results reveal that F > F crit, 

suggesting that there were differences in the mean averages of amounts of E. coli 

concentrations. This is an indication that the seasons did not have much impact on the 

amount of E. coli levels. This already answers one of the research questions which sought to 

find out if seasons had an impact on the concentrations of bacteriological parameters in water 

from both the river and the ten boreholes. 
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Table 34: Seasonal E. coli variations in river water 

Anova: Single Factor Summary 

Groups (S/D) Count Sum Average Variance   

Summer (0.47) 3 9.1 3.03 1.42   

Autumn (0.10) 3 3.4 1.13 0.30   

Winter (0.07) 3 2.2 0.73 0.22   

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 9.06 2 4.53 6.97 0.027 5.143 

Within Groups 3.9 6 0.65    

Total 12.96 8         

From Table 34, it can be concluded that all the three season had very small mean averages of 

all the three seasons showed that there were traces of E. coli in all the samples suggesting 

that the water was contaminated and not fit for human consumption.  

(iii). Total coliforms 

Total coliforms were detected from all the three sections of the river. The standard deviation 

for summer was 0.47 cfu/ 100 mL, autumn; 0.10 cfu /100 mL and winter had 0,07 cfu/ 100 mL 

all of which were far below 5, making the statistic negligible though in terms of water quality 

guidelines, the water was unsafe for human consumption. The results were recorded and 

presented graphically for visual enhancement and interpretability in Figure 27. From the 

table, only averages from samples collected in winter had total coliform counts less than 1 

mg/L but still by any heath standard the water was found unfit for human consumption. 

Compared with samples from all the ten boreholes it can be seen that river water is more 

susceptible to bacteriological contamination and this was attributed to the fact that river 

water is more exposed to agents of pollution compared to borehole water which is 

underground hence the chances of it getting contaminated are very limited. 
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Figure 27: Total coliform in water samples from three sections of the river recorded in three 
seasons. 

Figure 27 shows a general trend, where the levels total coliforms detected in the water 

samples were higher in summer in all sections of the river. This suggests that there is more 

contamination of water during summer because this is the rainy season (Rakhshaee, 2018). 

During the rainy season, there is increase in runoff and more water draining into the river 

from the catchment’s tributaries. The average total coliforms found in the water samples was 

2.8 cfu /100 mL; an indication that the water was not safe for human consumption. Total 

coliforms were detected in all seasons and across all sections of the river. The average total 

coliform for autumn was 1.67 cfu/ 100 mL while for winter it was the lowest with 1.07 cfu/100 

mL. The average for the upper section of the river was 1.73 cfu/100 mL, the middle section 

had an average of 2.53 cfu/ 100 mL and the lower section had an average of 1.3 cfu/ 100 mL. 

The total average for the whole river was 1.85 cfu/ 100 mL. Up to 4% count per 100 ml of total 

coliforms is accepted though the water can be used with caution (According to the Standard 

Association of Zimbabwe, 2015). As contained in WHO guidelines on drinking water, no traces 

of E. coli, total coliforms or faecal coliforms must be detected in any 100 mL of water and 

once detected, the water must be condemned and appropriate treatment must ensue. 
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Table 35 shows the seasonal total coliform variations in river water. Results show that the 

standard deviation is below 5, which means that the season did not have meaningful impact 

on the concentrations of the bacteria in the water. 

Table 35: Seasonal total coliform variations in river water 

Anova: Single Factor Summary 

Groups (S/Dev) Count Sum Average Variance   

Summer (0.6) 3 8.5 2.83 1.70   

Autumn (0.1) 3 5 1.67 0.24   

Winter (0.1) 3 4.2 1.4 0.31   

ANOVA       

Source of Variation SS Df MS F P-value F crit 

Between Groups 3.49 2 1.74 2.32 0.18 5.14 

Within Groups 4.51 6 0.75    

Total 8 8         

All the samples from the three sections of the river had traces of E. coli confirming that the 

water was contaminated. The standard deviations of the three sections of the river for the 

three sections were very small with summer having 0.57 cfu/100 mL, autumn 0.081 cfu/ 100 

mL and winter 0.10 cfu/ 100 mL. All the standard deviations were less than 5 and as already 

alluded to they are statistically insignificant suggesting that the presence of E. coli in the water 

samples was not a function of seasonality. Thus F < crit f crit. 

4.3 Chapter summary 

The tests carried out for the physiochemical and bacteriological parameters of water samples 

from the ten boreholes and the three sections of the river showed some variations and some 

of the variations were more pronounced in some seasons than in others. Bacteriological 

parameters were only recorded in one borehole (06), which means that most of the borehole 

water in Buhera is free of pathogens. The pH of borehole water ranged from slightly acidic to 

alkaline. Pollutant loading occurred in both the dry and rainy seasons, leading to higher levels 

of free carbon dioxide, dissolved oxygen and chloride, exceeding the recommended standards 
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of drinking water quality, according to WHO and SAZ while for the river highest 

concentrations were mainly recorded in the rainy season from all sections of the river and 

boreholes. Nitrates, phosphates, and chlorine values exceeded the recommended limit of 

WHO in all seasons in all boreholes and the river sections. The mean coliform number counts 

in all river sections exceeded the WHO recommended limit in all seasons. The water samples 

from all boreholes and sections showed an overload of TDS way above WHO and SAZ limits. 

The water quality analysis revealed that water from the boreholes and the river requires 

treatment before consumption.  
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CHAPTER 5: ANTIMICROBIAL WATER TREATMENT USING DIFFERENT PARTS OF SUNFLOWER 

PLANT EXTRACTS  

Key words: Isolates, phytochemicals, solvent, ultrafiltration, zone of inhibition. 

5. INTRODUCTION 

Throughout history, man has used different plant species for food, to treat various ailments, 

for food preservation and water treatment. Water is the ‘best of all things’ and hence its 

availability and usability has always been inseparable from all human endeavours. Different 

plant parts are used for water treatment (Pinda and Biswasi, 1998). The sunflower (Helianthus 

annuus) plant has been used by rural Africans as a source of oil and for water treatment using 

the its various parts with the leaves and seeds gaining considerable success. In Africa, as 

observed by WHO (2021), access to clean and safe drinking water remains a challenge due to 

lake of funding and infrastructure leading to most households resorting to water treatment 

methods that do not rid the water of some harmful germs. About 663 million people globally 

depend on unimproved water sources while yet another 2.1 billion use contaminated water 

(WHO, 2015). There is also abundant evidence, which shows that post-collection 

contamination of water is also wide spread due to lack of proper storage facilities. Only 41% 

of people in sub-Saharan Africa use water from sources that are free from contamination and 

only 24% use safely managed water sources (UNICEF,2017). The sunflower has been planted 

and used traditionally in Zimbabwe as antimalarial, antiasthma, antioxidant and antimicrobial 

agent. The sunflower plant contains several chemical in its various parts such as alkaloids and 

phenolic in the leaves, saponin in the flower parts, polyphenol in the root part while the roots 

contain alkaloids and phenolic groups in the leaves while the seeds contain fatty acids and 

tannin (Saina and Shama, 2011). 

5.1 Samples collection 

Sunflower were planted and grown in a garden at Nyashanu high school in Buhera district of 

Manicaland province in Zimbabwe. After harvesting different quantities of seeds, leaves, 

stems and roots were brought to the laboratory for processing. Figure 28 shows the sunflower 

roots, stems, leaves and seeds used in this study. 
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Figure 28: Sunflower plant organs 

5.2 Sample preparation 

5.2.1. Sunflower organs  

For this research, 2 kg of sunflower seeds was used. The seeds were washed twice, firstly with 

tap water and then with distilled water, and then dried. The washed seeds were then 

homogenized using a standard bench-top blender to a fine powder. Four leaves measuring 

about 22 cm in length and 9 cm in diameter were used in the experiment. The sunflower 

leaves were washed twice, firstly with tap water and then with distilled water, and then dried. 
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The washed seeds, leaves, roots and stems were then homogenized separately using a 

standard bench-top blender to a fine powder. All roots from the plant were used for the 

experiment. The sunflower root pieces were washed twice, firstly with tap water and then 

with distilled water, and then dried. The original stem was 120 cm. It was first cut into 30 cm 

long pieces each. Only one piece was used in this experiment as it was seen to be able to 

produce enough powder needed for the extraction of the phytochemicals. The sunflower 

stem was washed twice, firstly with tap water and then with distilled water, and then dried. 

Exactly 2 g of each of the ground leaves, stems, roots and seeds (hereafter referred to as 

sunflower organs) were then suspended in 40 ml of each of five solvents, absolute ethanol, 

n-hexane, chloroform, acetone and cold water, and then allowed to extract by shaking on an 

orbital shaker (CS 200 model) for 24 hours at room temperature. The powder was used as is 

without separation into size fractions. After extraction, the liquid extract was filtered out 

using number 1 Whatman filter paper pore size 11 µm. This type of filter paper was chosen 

because it has a fairly big dust capacity, has low resistance and a relatively long service life 

(Awotedu et al., 2020). 

The solid residue was discarded. The filtrate was then dispensed into round-bottomed flasks 

and concentrated by evaporation on a rotary evaporator for 4 hours. The resultant solution 

was used as the sunflower organ extract. Before use the extracts were sterilized by 

ultrafiltration using a syringe-based bacteriological filter membrane pore size 0.45 µm. The 

sunflower seeds were dried in a Jouan EU28 dry air oven at 65 °C for 24 hours (Figure 30). All 

this was done to make sure that the results of the research would be fault proof and that it 

would also yield the same results should someone in future wants to carry out a similar 

research. The 24 hour drying period for the various plant organs was also considered to be 

long enough all the moisture from the sunflower organs agrees with (Foster, 2020), who 

carried out a similar research using Muringa oleifera seeds. Thus the methodology used for 

the extraction of phytochemicals, the drying of the of the sunflower organs, the incubation of 

the bacterial assays and the equipment used compare very well with those widely used by 

most researchers. Figure 29 shows the air dryer oven used in this research. 
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Figure 29: Jouan EU28 dry air oven used to dry the sunflower organ samples. 

After the sunflower organs were dried they were then ground to powder which was then used 

to treat both borehole and river water for the various parameters identified in the preceding 

chapter. The powdered sunflower organs were later subjected to the solvent chloroform for 

the extraction of the phytochemicals. 

Five different solvents were used to extract the sunflower organ crude extracts. These were 

chloroform, ethanol, hexane, water and acetone. This choice was motivated by the 

differences in polarity of the different solvents, and hence differences in their solvent 

properties. The non-polar solvents used are the organic solvents hexane and chloroform, 

while the polar solvents used are acetone, ethanol and water. The reason why these different 

solvents were used is because each has been shown to selectively extract different plant 

metabolites (phytochemicals) from plant samples. Even though several polar and non-polar 

solvents were used, their effectiveness to extract different phytochemicals varied 

significantly, thus it was necessary to investigate several of them. Table 36 shows the different 

phytochemicals that can be extracted using the different solvents used in this study. The 

solvents fall into two main groups that is; the polar and the non-polar ones. The polar ones 

extract more phytochemicals compared to non-polar solvents and this helps researchers on 

the choice of solvents though other factors might also be considered. 
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Table 36: Phytochemicals that are extracted using different solvents from plant samples 
Awotedu et al. (2020). 

Phytochemicals  Solvents  

Chloroform  Hexane  Ethanol Acetone Water 

Alkaloids  + + + + + 

Saponins  + + + + + 

Flavonoids  + + + + + 

Tannins  - - + + + 

Terpenoids  - - + - + 

Glycosides  - - + + + 

Anthraquinones - - + + + 

Phlobatanins  - - + - + 

Thus, by using these different solvents it enabled the researcher to find the best solvent to 

use. It is clear from the table that polar solvents extract a wider range of phytochemicals. 

However, there are also several phytochemicals which can be better extracted using non-

polar solvents (Table 37).  

Table 37: Solvents and their polarities (Aldrich handbook of fine chemicals, 2009-2010). 

Solvent  Polarity Index 

Hexane  0.1 

Chloroform 2.7 

Acetone  5.1 

Ethanol 5.2 

Water  10.2  

Extraction was done according methods commonly used for this type of work. Filter paper is 

commonly used as a suitable medium for impregnation with plant extracts during 

antibacterial sensitivity assays using the disc diffusion method. When performing work on the 

antimicrobial sensitivity profiles of bacteria, it is important to ensure that the same amount 

of inoculum is applied. It must be noted that since comparisons will be made between 

different microorganisms and their susceptibility to different compounds, it is important to 
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ensure that the starting numbers of the organisms is the same. Where a higher starting 

population of the test microorganism is used in one instance as compared to another, there 

is bound to be a high likelihood of survivors where more microbes were present at the 

beginning. Thus, it is from this background that we adjust the amount of microorganisms 

present to be the same for all microorganisms involved. This process of adjusting and equating 

the microbial numbers is generally referred to standardisation. Thus standardised cultures 

are cultures whose microbial loads have been adjusted so that they contain approximately 

the same amount of microorganisms. The culturing procedure used followed the following 

process as outlined by (Awotedu et al., 2020). Initially all isolates were inoculated into 

nutrient broth and incubated at 37 °C overnight. Following incubation, the cultures were 

standardised to match the 0.5 McFarland turbid-metric standard and then spread onto the 

surface of Mueller Hinton agar plates. This was followed by the application of the filter paper 

discs followed by the incubation of the plates at 37 °C in a Scientific Series 9000 Incubator 

(Figure 30). 

 

Figure 30: Scientific Series 9000 incubator.  

All the three bacterial species were incubated and observed for growth and the results are 

shown in the table on the next page. Table 38 serves as a control showing the zones of 

inhibition of the five solvents against the three strains of bacteria investigated in the thesis. 
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Table 38: Average zone of inhibition for different sunflower parts extracts 

Number of 
replication 

Solvents for plant extract 

Chloroform Ethanol Hexane Water Acetone 

1 5 mm 3 mm 0 mm 4 mm 3 mm  

2 5 mm 4mm  0 mm 0 mm  4 mm 

3 5 mm 3mm 0 mm 5 mm 4 mm 

Average 5 mm 4.33 mm 0 mm 3 mm 3.67 

Table 38 shows the average zones of inhibition for the five selected solvents used in the 

research. 

Chloroform has the highest zone of inhibition of 5mm, followed by ethanol with 4.33 mm 

while hexane had the lowest with an average zone of inhibition of 0 mm. 

It is indeed true that some solvents possess limited antimicrobial activity. A good example is 

ethanol which is routinely used in labs to create aseptic conditions. When carrying out 

antimicrobial activities of plant phytochemicals extracted using different solvents, it is 

important to test the solvents used in the extraction process for antimicrobial activity using 

the same methods employed for the plant extracts. This is important in order for one to make 

accurate conclusions on the source of antimicrobial activity observed, i.e. whether it is the 

phytochemicals or the solvent used to extract the phytochemicals. In this study, the solvents 

used were also tested for their antimicrobial activity as follows: 

1. Prepared filter paper discs using a paper puncher on Number 1 Whatman Filter Paper. 

2. Sterilised the filter paper discs by putting them into a glass Petri dish and heat in a hot 

air oven (JOUAN EU28) for an hour at 100 °C.  

3. Using a micropipette, completely cover each disc with the different solvents used 

during extraction process, i.e. water, ethanol, hexane, acetone and chloroform.  

4. Allowed the discs to soak for 30 minutes and then put them in a fresh sterile Petri dish 

and allow them to air dry for 30 minutes.  

5. Applied the discs onto Mueller Hinton agar containing the different test organisms. 

This was done as described for the test discs.  



  

 

112 
 

6. The plates were incubated at 37 °C for 24 hours followed by examination for signs of 

bacterial growth. 

All solvent discs showed no activity against the test organisms. After the plant extracts and 

solvents were applied to the discs, the discs were allowed to air-dry for 30 minutes. This 

ensured that most of the solvent present on the discs had evaporated from the discs and 

there was very little solvent left on the discs. This largely explains why the solvents did not 

produce any antimicrobial activity. Had a different method such as the minimum bactericidal 

concentration (MBC) method was used, the antimicrobial activities of some solvents, if 

present, may have been identified. By using the disc diffusion assay, none of the solvents used 

in this study showed any antimicrobial activities against the Escherichia coli¸ faecal coliforms, 

and total coliforms strains used. 

5.2.2. Determination of sunflower organ antibacterial activities 

The Kirby Bauer disc/agar well diffusion assay was used to measure the antimicrobial activities 

of the sunflower organ extract against selected bacterial isolates that is E. coli, faecal 

coliforms and total coliforms.   

5.3 Test isolate preparation 

The isolates used in this study were obtained from the Microbiology section of the 

Department of Applied Biology and Biochemistry, National University of Science and 

Technology, Bulawayo, Zimbabwe. Exposures were performed on E. coli, faecal coliforms and 

total coliforms. Before use, these isolates were cultured on nutrient broth and incubated at 

37°C overnight. After incubation, the broth cultures were all standardized to match the 

MacFarland 0.5 turbidity standard. This standard is preferred because it presents the number 

of bacteria within a given range to standardise microbial testing (Awotedu et al.,2020).  

Different methods are used to standardise bacterial cultures. These include using the viable 

plate count method, visual inspection and adjusting the turbidity using peptone, saline or 

water and using the McFarland standard. This study used the McFarland Standards as the 

reference in order to adjust the turbidity of the liquid/ bacterial suspension in the vial or tube. 

It helps to maintain and/or ensure that the number of bacteria will be within a given range to 

standardize microbial testing. Different McFarland standards can be prepared depending on 
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the work that one is doing. They normally range from 0.5 to 4. The most commonly used 

concentration for the antimicrobial susceptibility testing and the culture media performance 

testing is usually the 0.5 McFarland standard.  

For this study, a 0.5 McFarland standard was prepared by mixing 0.05 ml of 1.175% barium 

chloride dihydrate (BaCl2•2H2O), with 9.95 mL of 1% sulfuric acid (H2SO4). Freshly prepared 

McFarland standards look cloudy and were stored away from light. The standard bacterial 

broth cultures were prepared using the 0.5 McFarland standard, with two tubes, one 

containing the culture and another containing the 0.5 McFarland standard were held next to 

each other against a suitable background. Turbidity of the culture was adjusted by adding 

sterile distilled water, saline or peptone to the culture until its turbidity matched that of the 

standard. This was done by visual inspection. This was followed by the preparation of a lawn 

of each isolate on Mueller Hinton (MH) agar using a sterile swab. The Mueller Hinton agar is 

normally used because it is non- selective, non- differential medium, which means that almost 

all organisms plated on it can grow Aldrich handbook of fine chemicals (2009-2010). 

This was done by dipping the swab into the standardized culture, squeezing it on the sides of 

the test tube to get rid of excess liquid, and then sweeping the surface of the MH agar in all 

dimensions to get an even spread. The plates were left partially open to dry in the vicinity of 

a gas flame to prevent contamination.  

5.4. Disc preparation 

Filter paper discs were prepared using a paper puncher. These discs were put in glass Petri 

dishes and sterilized by heating in an oven for an hour at 100°C. The discs were then covered 

with the different sunflower organ extracts and allowed to soak for at least 30 minutes, and 

then air-dried. Figure 31 shows the antimicrobial activities of seed extracts on E. coli and 

Faecal coliforms and the zones of inhibition. Zone of inhibition is defined as a secular area 

around the spot of an antimicrobial in which the bacteria colonies do not grow (Adeeyo et al., 

2021).  
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Figure 31: Antimicrobial activities of sunflower seed extracts on E. coli. (A) and Faecal 
coliforms (B) 

5.4.1 Application of the discs 

It is routine practice in this line of work to include solvent controls. These are discs 

impregnated with only the solvents that were used in the extraction process. These discs are 

treated like all the other discs impregnated with the phytochemicals. In this study, these 

solvent controls were also included in the set-up. The plates in Figure 31 shows the solvent 

controls for the organisms used in this study; no antimicrobial activities were detected. The 

impregnated discs were then firmly pressed onto the MH agar surface using a pair of sterile 

forceps. After this, the plates were incubated at 37°C for 24 hours followed by examination 

for signs of bacterial growth. The presence of a clear zone (zone of inhibition) around a colony 

was taken as confirmation of a colony being susceptible to the sunflower seed, stem, leaf and 

Experiment Control

Experiment Control

A A

B B
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root extracts (Table 39). The extraction of plant phytochemicals into a solvent is a function of 

time. In similar research works, extract plant phytochemicals used varying lengths of time but 

most researchers report on extraction for a period of 24 hours (Truong et al., 2019; Malik et 

al., 2019). As such, this study also used 24 hours as the extraction period. The effectiveness 

of the different extracts was estimated by measuring the diameter of the zone of inhibition. 

Each antimicrobial assay was performed in triplicate so as to ascertain the validity of the 

procedure and accuracy of results. 

E. coli bacteria that was cultured in the laboratory was exposed to the four extracts from the 

four sunflower organs, namely; seed, leaf, stem and root extracts to determine which of the 

five solvents was more effective in inhibiting growth of the bacteria. Table 39 shows the 

various zones of inhibition of the five solvents using seed extracts against the bacteria. 

Table 39: Activities of sunflower seed extracts against E. coli 

Number of 
replication 

Solvent used in seed extract 

Chloroform Ethanol Hexane Water Acetone 

1 13 mm 11 mm  0 mm 7 mm 9 mm 

2 12mm 11 mm  0 mm  6 mm 8.5 mm 

3 12 mm 11 mm 0 mm 7 mm 9 mm 

Average 12.33 mm 11 mm 0 mm 6.67 mm 8.83 mm 

Zone of inhibition of standard extract used (40 mg/mL). 

40 mg/L is the amount of one substance dissolved in a specific volume of a liquid i. e a 

measurement of a solution's concentration while zone of inhibition refers to a secular area 

around the spot of an antimicrobial in which the bacteria colony does not grow. The same 

procedure was repeated for leaves and stem.  

5.5 Results and Discussion 

The antimicrobial activity of the sunflower seed extract against E. coli was assessed for the 

presence or absence of the zone of inhibition and the zone diameter was measured. The 

sunflower seed contains more fatty acids and tannin, which are very effective antimicrobial 
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agents (Saina and Shama, 2011). In this study, the extract from chloroform had the highest 

effect in inhibiting the growth of E. coli with an average diameter of 12.3 mm followed by 

ethanol with an average of 11.7, acetone had an average of 8.8 mm while extracts from water 

had an average diameter of 6.7 mm. Extract from hexane had no effect at all since the bacteria 

grew everywhere with no zone of inhibition. 

5.5.1. E. coli 

E. coli bacteria was also subjected to sunflower leaf extract and the results were tabulated in 

Table 40. The effect of the four solvents which were used to extract antimicrobial agents from 

leaves of the sunflower plant (Helianthus annuus) recorded the highest zone of inhibition 

from chloroform which had an average zone of inhibition of 9.33 mm. Sunflower leaves 

contain antimicrobial agents such as alkaloids and phenolic in their leaves (Othman et al., 

2020). The average zone of inhibition for ethanol was 5.7 mm, water had an average of 8.2 

mm while acetone had 6.3 mm and there was no effect recorded from the hexane extract.  

Table 40: Antimicrobial activities of sunflower leaf extracts against E. coli 

Number of replication 

Leaf Extract 

Chloroform Ethanol Hexane Water Acetone 

1 9 mm 6 mm 0 mm 8 mm 6 mm 

2 9 mm 5 mm 0 mm 7.5 mm 7 mm 

3 10 mm 6 mm 0 mm 7 mm 6 mm 

Average 9.33 mm 5.67 mm 0 mm 7.5 mm 6.33mm 

Zone of inhibition of standard extract used (40mg/mL) 

Results for sunflower stem extract against E. coli growth inhibition properties are shown in 

Table 41. Sunflower leaves contain saponin, which is an antimicrobial agent all extracts were 

able to inhibit the growth of E. coli except for hexane, which had no effect (Delelegn et al., 

2018). Just like the seed, stem, root and leaf extract with chloroform had the highest zone of 

inhibition with an average of 5.7 mm. 
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Table 41: Antimicrobial activities of sunflower stem extracts against E. coli 

Number of  
replication 

Stem Extract 

Chloroform Ethanol Hexane Water Acetone 

1 5 mm 4 mm 0 mm 3 mm 4 mm 

2 6 mm 4 mm 0 mm 2.5 mm 3 mm 

3 6 mm 5 mm 0 mm 4 mm 4 mm 

Average 5.67 mm 4.33 mm 0 mm 3.17 mm 3.67 mm 

Zone of inhibition of standard extract (40 mg/mL). 

The average zone of inhibition for root extract from the five solvents were lower than those 

of both the seed and leaf extracts but slightly higher than those of stem (Table 42). Seed 

extract in chloroform had an average zone of inhibition of about 6.33 mm, ethanol had 4.7 

while hexane, water and acetone had 0 mm, 3.7 mm and 3.3 mm respectively. 

Table 42: Antimicrobial activities of sunflower roots extracts against E. coli 

Number of 
replication 

Roots Extract 

Chloroform Ethanol Hexane Water Acetone 

1 7 mm 5 mm 0 mm 6 mm 3 mm 

2 6 mm 4 mm 0 mm 0 mm 4 mm 

3 6 mm 5 mm 0 mm 5 mm 3 mm 

Average 6.33 mm 4.67 mm 0 mm 3.67 mm 3.33 mm 

Zone of inhibition of standard extract (40 mg/mL). 

The general trend is still confirmed in table 42 that the highest one of inhibition is always 

achieved with extracts in the solvent chloroform which in this case had an average of 6.33 

mm. 
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 5.5.2. Total coliforms 

Total coliforms were also subjected to the five solvents and the results showed a pattern, 

where seed extract had the highest zone of inhibition in chloroform, followed by ethanol and 

hexane had no effect showing that it did not inhibit the growth of total coliforms.  

Results for the sunflower seed extract against total coliforms are shown in Table 43. After the 

total coliforms were exposed to seed extracts in the five solvents, the growth of the bacteria 

was inhibited in all the solvents except for the hexane. Seed extract had the highest average 

zone of inhibition of 11.2 mm with chloroform followed by ethanol with 8.33 mm while 

hexane had a zone of inhibition of 0 mm. Water and acetone had zones of inhibition of 6 mm 

and 6.9 mm respectively. 

Table 43: Antimicrobial activities of sunflower seed extracts against total coliforms 

Number of 
replication 

Seed Extract 

Chloroform Ethanol Hexane Water Acetone 

1 10.5 mm 9 mm 0 mm 6 mm 6 mm 

2 12 mm 9 mm 0 mm 6 mm 7 mm 

3 11 mm 7 mm 0 mm 6 mm 7.8 mm 

Average 11.17mm 8.33 mm 0 mm 6 mm 6.93 mm 

Zone of inhibition of standard extract (40 mg/L). 

To assess and the ascertain the effectiveness of the four sunflower parts the total coliforms 

were also exposed to leaf extracts and the results are recorded in Table 44. Results show that 

chloroform has the highest average zone of inhibition against total coliforms using sunflower 

leaf extracts. The average zone of inhibition for chloroform was 11.17 mm, ethanol had 8.33 

mm, hexane 0 mm, water 6 mm while acetone had 6.93 mm. A trend continued to exist, 

where chloroform had the highest zone of inhibition and hexane with a 0 mm zone of 

inhibition. 
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Table 44: Antimicrobial activities of sunflower leaf extracts against total coliforms 

Number of 
replication 

Leaf Extract 

Chloroform Ethanol Hexane Water Acetone 

1 9.1 mm 7.2 mm 0 mm 6 mm 6 mm 

2 8.7 mm 6.9 mm 0 mm 5.9 mm 5.8 mm 

3 9.0 mm 7 mm 0 mm 5.7 mm 5.8 mm 

Average 8.93 mm 7.03 mm 0 mm 5.87 mm 5.87 mm 

Zone of inhibition of standard extract (40 mg/mL). 

After determining the effectiveness of the sunflower leaf extract, the total coliforms were 

also subjected to stem extracts the observations were recorded in Table 45. After the total 

coliforms were exposed to the stem extracts in the five solvents, it was noted that chloroform 

had an average zone of inhibition of 8.93 mm, ethanol 7.03 mm, hexane (0 mm), water 5.87 

mm and acetone a zone of inhibition of 5.87 mm. Again, similar to the previous observations, 

it was noted that chloroform was the most effective solvent because it had the highest zone 

of inhibition compared to the other four solvents. 

Table 45: Antimicrobial activities of sunflower stem extracts against total coliforms 

Number of 
replication 

Stem Extract 

Chloroform Ethanol Hexane Water Acetone 

1 6 mm 4 mm 0 mm 6 mm 4 mm 

2 6.5 mm 4 mm 0 mm 3 mm 4 mm 

3 6 mm 5 mm 0 mm 5 mm 4 mm 

Average 6.17 mm 4.33 mm 0 mm 4.67mm 4mm 

Zone of inhibition of standard extract (40 mg/mL). 

Root extracts were also used to assess their effectiveness in inhibiting the growth of total 

coliform bacteria.  

As with the seeds, the sunflower roots were also dried and ground to powder which was then 

used to treat water samples from the three sections of the river and the ten boreholes. The 
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results were also recorded and compared using the various solvents. Root extracts were more 

effective on E. coli than on total coliforms (Table 46). Of the five solvents, chloroform had the 

highest zone of inhibition of 6. 17 mm, followed by ethanol with 4.33 mm, hexane 0 mm and 

lastly water and acetone 4.67 mm and 4 mm respectively. 

Table 46: Antimicrobial activities of sunflower roots extracts against total coliforms 

Number of 
replication 

Root Extract 

Chloroform Ethanol Hexane Water Acetone 

1 5 mm 5 mm 0 mm 4 mm 3 mm 

2 6 mm 4 mm 0 mm 3 mm 3 mm 

3 5 mm 4mm 0 mm 4 mm 3 mm 

Average 5.3 mm 4.3 mm 0 mm 3.7 mm 3 mm 

Zone of inhibition of standard extract (40 mg/mL). 

Leaf extracts were also used to assess their effectiveness in inhibiting the growth of faecal 

coliforms. The results were also recorded and compared using the various solvents. Root 

extracts were more effective on E. coli than on total coliforms. Of the five solvents, chloroform 

had the highest zone of inhibition of 5.3 mm, followed by ethanol with 4.3 mm, hexane 0 mm 

and lastly water and acetone 3.7 mm and 3 mm respectively. 

5.5.3. Faecal coliforms 

The last type of bacteria to be subjected to the various sunflower extracts was faecal coliforms 

and the results in respect of the zones of inhibition, showed the general trend depicted with 

the other types of bacteria, where seed extracts were more effective in inhibiting the growth 

of the bacteria compared to leaf, stem and root extracts. As was noted with total coliforms 

and E. coli, seed extracts had the most effective of all the four extracts in inhibiting the growth 

of the three bacteria types. Seed extract had an average zone of inhibition of 11 mm in the 

chloroform solvent, ethanol had 8.3 mm, hexane 0 mm, water 6.8 mm and acetone had an 

average zone against faecal coliforms of about 4 mm (Table 47). The general trend also 

continued to exist where, chloroform remained the solvent of choice after continuing to show 

greater effect in bacterial growth inhibition compared to the other four solvents. 
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Table 47: Antimicrobial activities of sunflower seed extracts against faecal coliforms 

Number of 
replication 

Seed Extract 

Chloroform Ethanol Hexane Water Acetone 

1 11 mm 9 mm 0 mm 7 mm 4 mm 

2 11 mm 8 mm 0 mm 7mm 4 mm 

3 11 mm 8 mm 0 mm 6.5 mm 4 mm 

Average 11 mm 8.33 mm 0 mm 6.83 mm 4 mm 

Zone of inhibition of standard extract (40 mg/mL). 

While faecal coliforms are unlikely to cause diseases in humans (Sulaiman, 2017), however, 

their presence in any drinking water is an indication that the water could be harbouring 

pathogens, which may cause diseases in humans. Thus, such water should be treated to 

ensure the safety of consumers. Table 48 shows that leaf extract in chloroform was able to 

produce the highest zone of inhibition against faecal coliform with an average diameter of 7.1 

mm while ethanol had 5 mm, hexane 0 mm, water 4.9 mm and acetone had an average zone 

of inhibition diameter of 4 mm. 

Table 48: Antimicrobial activities of sunflower leaf extracts against faecal coliforms 

Number of 
replication 

Leaf Extract 

Chloroform Ethanol Hexane Water Acetone 

1 7 mm 5 mm 0 mm 6 mm 4 mm 

2 7.4 mm 5 mm 0 mm 3.8 mm 4 mm 

3 6.9 mm 5 mm 0 mm 5 mm 4 mm 

Average 7.1 mm 5 mm 0 mm 4.93 mm 4 mm 

Zone of inhibition of standard extract (40 mg/mL). 

The general trend that was observed from the various tables discussed above was that stem 

extracts have tended to have smaller zones of inhibition against the three types of bacteria 

under study. Comparatively still, the extract in chloroform solvent had the highest average 

zone of inhibition diameter against the growth of faecal coliforms. Table 49 shows that stem 
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extract in chloroform was able to produce the highest zone of inhibition against faecal 

coliform with an average diameter of 5.6 mm, water 3.9 mm, ethanol 3.5 mm, acetone 3.2 

mm and hexane 0 mm. Again, a common trend was observed, where the stem extract came 

third from seed extract in their effectiveness in inhibiting the growth of E. coli, total coliform 

and faecal coliforms. 

Table 49: Antimicrobial activities of sunflower stem extracts against faecal coliforms 

Number of 
replication 

Stem Extract 

Chloroform Ethanol Hexane Water Acetone 

1 6 mm 3 mm 0 mm 4 mm 2.9 mm 

2 5.7 mm 3.9 mm 0 mm 4.2 mm 3mm 

3 5 mm 3.7 mm 0 mm 3.6 mm 3.8 mm 

Average 5.6 mm 3.5 mm 0 mm 3.9 mm 3.2 mm 

Zone of inhibition of standard extract (40 mg/mL). 

The last assessment to determine the effectiveness of the sunflower extracts against the 

growth of faecal coliforms was done with root extract. As was already observed with the other 

two types of bacteria, root extracts were the least effective compared to seed, leaf and stem 

extracts. Table 50 shows the different zones of inhibitions of faecal coliforms by root extracts 

in the five different solvents.  

Table 50: Antimicrobial activities of sunflower root extracts against faecal coliforms 

Number of 
replication 

Root Extract 

Chloroform Ethanol Hexane Water Acetone 

1 5 mm 3 mm 0 mm 3.9 mm 3 mm 

2 5 mm 4 mm 0 mm 3 mm 4mm 

3 5 mm 3 mm 0 mm 3.2 mm 4 mm 

Average 5 mm 3.3 mm 0 mm 3.4 mm 3.7 mm 

Zone of inhibition of standard extract (40 mg/mL). 
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Chloroform had the highest average zone of inhibition diameter of about mm followed 

acetone with 3.7 mm, water with 3.4 mm, ethanol with 3.3 mm while hexane had no effect 

on the growth and spread of faecal coliforms. The highest zone of inhibition was recorded in 

extract in chloroform and the lowest was in hexane. 

5.6. Effectiveness of sunflower (Helianthus annuus) on bacteriological parameters 

5.6.1. Borehole water 

After several trials and repeats of administering extracts from the four sunflower organs thus, 

seen leaf, stem and root, seed extracts continued to show the highest average zone of 

inhibition for all the three bacterial species. After establishing that seed extracts had more 

microbial agents compared to the rest of the other organs the researcher elected to then use 

seed extracts and powder for determining the effectiveness of sunflower plant in removing 

bacteria from water. Various water samples from both the boreholes and the three sections 

of the river were subjected to seed extracts were found to be very effective, thereby proving 

to be most effective in ridding water of bacteria, especially the three species that were under 

study i.e. E. coli, faecal coliform and total coliform. Seed extract had an average zone of 

inhibition of 12.33 mm followed by leaf extract with 9.33 while stem and root extracts had an 

average zone of 5.66 mm, therefore, seed extracts were used for all water treatment in this 

research. As already been indicated in the chapter’s introduction, each treatment was done 

in triplicate so as to capture higher yields of the pathogens and also to increase the efficacy 

of the biocide (Blackman, 2010). Chloroform was also selected as a solvent of choice (Saina 

and Shama, 2011). Seeds contain fatty acids and tannin, which kill bacteria. Results for the 

treatment of borehole water against total faecal coliforms using sunflower extracts with 

chloroform are shown in Table 51. Only water samples from borehole number 6 had some 

counts of faecal coliforms and this was attributed to the land use around the borehole which 

included; a dip take and business centre which has only blare toilets which might have seen 

the source of the bacteria since it is mainly found human excreta and bovine. The bacteria 

may have found their way into the borehole through dissolved and leached faeces and cow 

dung. 
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Table 51: Total faecal coliform treatment using plant extracts with chloroform solvent 
during summer season 

Borehole 
number 

Average 
number of 
replications 

Raw water Treated water 

Summer 
Mean in 
cfu/100mL 

Seed Leaf Root Stem 

1 3 0 0 0 0 0 

2  3 0 0 0 0 0 

3  3 0 0 0 0 0 

4 3 0 0 0 0 0 

5 3 0 0 0 0 0 

6 3 1cfu /100 
mL 

0 0 0.5 cfu/100 
mL  

0.5 cfu/100 
mL  

7 3 0 0 0 0 0 

8 3 0 0 0 0 0 

9 3 0 0 0 0 0 

10 3 0 0 0 0 0 

Results in Table 51 reveal that the various solvents had various levels of effectiveness over 

total coliform. Seed extract had 100% success rate since it was able to remove all the bacterial 

load from the water. Leaf extract was also 100% effective against the bacteria since it was 

able to rid the water of all the bacteria. The success of both the seed and leaf extracts was 

mainly attributed to the antimicrobial agents these tissues contain, which are fatty acids and 

tannin for seeds while the leaves contain alkaloids and phenolic (Rakhshaee et al., 2018). As 

observed by Foster (2020) in a similar research in Netherlands, the high temperature in 

summer also aided to the effectiveness of the treatment since high temperatures speed up 

chemical reactions. The stem and roots were able to reduce the bacterial load by 50% and 

this could be attributed to less concentrations of biocides but still for this research, that was 

considered effective since they were both able to reduce the bacterial load to below 1 ml, 

which makes the water drinkable by both WHO and SAZ standards (WHO, 2014). 

Results in Table 52 show an almost similar picture to the antimicrobial activity of the 

sunflower plant extracts during autumn season. Seed and leaf extracts were able to remove 
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100% of the faecal coliforms from the water and the reasons for the effectiveness were similar 

to those advanced by Abd El-Hack et al. (2019) whereby warmer temperatures seem to 

facilitate antimicrobial activities. Stem and root extracts had a success rate of over 71,4% and 

this was mainly attributed to the low bacterial load in the samples.  

Table 52: Total faecal treatment using plant extracts with chloroform solvent during autumn 
season 

Borehole 
number  

Average 
number of 
replications 

Raw water Treated water 

Summer 
Mean in 
cfu/100 mL 

Seed Leaf Root Stem 

1 3 0 0 0 0 0 

2  3 0 0 0 0 0 

3  3 0 0 0 0 0 

4 3 0 0 0 0 0 

5 3 0 0 0 0 0 

6 3 0.7 cfu/100 
mL 

0 0 0.2cfu/100mL 0.2cfu/100 mL 

7 3 0 0 0 0 0 

8 3 0 0 0 0 0 

9 3 0 0 0 0 0 

10 3 0 0 0 0 0 

The amount of faecal coliforms in winter was the lowest of the three season, which according 

to Emeka et al. (2009) was due to limited runoff into the river and reduced anthropogenic 

activities in around the river due to lower water levels and in later parts of the season 

stagnation of the water hence very little or no human excreta is disposed of into the water. 

Table 53 shows the antimicrobial activity of sunflower plant extracts against total faecal 

coliforms of borehole water during winter season. The amount of total coliforms measured 

in water samples from borehole 6 was 0.3 cfu/ 100 ml, which was way lower than the WHO 

acceptable threshold of 100 cfu/mL and no wonder it was also possible for the four sunflower 

extracts to totally eliminate all of them. The reason for lower concentration of faecal coliforms 

in all samples in winter was described by Feng et al. (2012) as a result of the low inactivity of 

most microbes in low temperature, which also inhibits rapid reproduction and growth. 
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Table 53: Faecal coliforms treatment using plant extracts with chloroform solvent during 
winter season 

Borehole 
number 

Average 
number of 
replications 

Raw water Treated water 

Summer 
Mean in 
cfu/100 mL 

Seed Leaf Root Stem 

1  3 0 0 0 0 0 

2 3 0 0 0 0 0 

3  3 0 0 0 0 0 

4 3 0 0 0 0 0 

5 3 0 0 0 0 0 

6 3 03 cfu/100 
mL 

0 0 0 0 

7 3 0 0 0 0 0 

8 3 0 0 0 0 0 

9 3 0 0 0 0 0 

10 3 0 0 0 0 0 

5.6.2. Antimicrobial treatment of river water using sunflower plant extracts 

All the three bacterial species were found in all the three sections and all the three seasons 

of the study in different concentrations with highest concentrations recorded in summer, 

followed by autumn and lastly, winter. As already been reported and also observed by Chand 

(2015) in a study carried out in India, human activities and seasonal temperature variations 

and rainfall amounts, greatly influence the amount and microbial activities. 

(i) Total feacal coliform treatment using sunflower extracts 

Table 54 shows the antimicrobial activities of sunflower plant extracts against total faecal 

coliforms detected in river water during summer season. Faecal coliforms had higher counts 

in the middle section of the river than those in the upper section of the river. This was 

attributed to the higher volumes of water in that section of the river as it receives more water 
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from tributaries from the drainage basin and generally also, there are more faecal coliforms 

in summer than other seasons (Abbasi and Abbasi, 2011). 

Table 54: Total faecal coliform treatment using plant extracts with chloroform solvent in 
summer 

Section of 
river 

Average 
number of 
replications 

Raw water Treated water 

Summer 
Mean in 
cfu/100 mL 

Seed Leaf Root Stem 

Upper 3 2 0 0.8 1.1 1.1 

Middle 3 4.1 1 2.9 3.2 3.2 

Lower 3 3.5 0.4 2.3 2.6 2.6 

Seed extract had a 100% success rate in treating the water and the reason for this was the 

low count of the pathogens in the water the water compared to the middle and lower section 

of the river. For the middle section of the river it was 75.6% while the lower section had a 

success rate of 88.57% and this showed the relationship between the amount of coliforms 

and the effectiveness of the extract, whereby the higher was the concentration the lower was 

the percentage. For the leaf extract, the success rate was 60% for the upper section, 29.27% 

in the middle and 34.28. In the lower section and as already been alluded to, the variations 

were mainly a function of the bioaccumulations in the section of the river since the 

effectiveness of the extract was finite. As for the root and stem extracts, had the same 

effectiveness that is, 45% in the upper section, 21.95% in the middle section and 25.71% in 

the lower section. 

Table 55 shows the antimicrobial activities of sunflower the plant extracts against the total 

faecal coliforms detected in river water during the autumn season. The faecal count for 

autumn dropped by almost 50 % compared to summer and this was attributed to less water 

in the river and human activities in and around the river during autumn. By this time of the 

year, most tributaries in Buhera will be left with little to no water hence they will not be 

supplying meaningful amounts of water to Mwerahari river.  
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Table 55: Total faecal coliform treatment using plant extracts with chloroform solvent in 
autumn 

Section 
of river 

Average 
number of 
replications 

Raw water Treated water 

Autumn 
Mean in 
cfu/mL 

Seed Leaf Root Stem 

Upper 3 1.0 0 0 0.1 0.1 

Middle 3 2.7 0 1.5 1.8 1.8 

Lower 3 1.9 0 0.7 1.0 1.0 

From Table 55, seed extracts were able to rid the water of all the faecal coliforms in all the 

three sections of the river and for reasons advanced already, that seed extracts had the 

highest thresh-hold and also the fact that there were less bacterial loads in the water in 

autumn compared to summer. Leaf extract was able to rid the water of faecal coliforms in the 

upper section by 100%, 44.44% in the middle section and 63.15% in the lower section. Stem 

and root extract were able to reduce the bacterial load by 90% in the upper section, 33.33% 

in the middle section and 47.36% in the lower section. 

The greater part of Buhera lies in ecological Region Four and does not receive rainfall in 

winter, (CSO, 2014) and (Oxfam-UNDP, 2015), and it is during this time that most ephemeral 

streams that feed Mwerahari river dry up and this is the time when Mwerahari river has the 

lowest volumes of water. Table 56 shows the antimicrobial activities of sunflower plant 

extracts against total faecal coliforms detected in the river water during winter season. 

Table 56: Total faecal coliform treatment using plant extracts with chloroform solvent in 
winter 

Section of 
river 

Average 
number of 
replications 

Raw 
water 

Treated water 

Winter 
Mean in 
cfu/ mL 

Seed Leaf Root Stem 

Upper  3 0.3 0 0 0 0 

Middle 3 1.2 0 0 0.3 0.3 

Lower  3 0.9 0 0 0 0 
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Since winter is also the coldest season in the country coupled with less water in the river, it 

therefore, follows that human activities in the river will be significantly lower since most 

people would not brave the chilly water. Cold weather also inhibits microbial activities hence 

the reduced presence of faecal coliforms in winter (Alberti, 2010). The fact that there were 

very little amounts of faecal coliforms in winter in all sections of the river compared to the 

other sections, there was also a great deal of success of the various plant extracts against the 

bacteria with seed and leaf extracts registering 100% effectiveness in all seasons while root 

and stem extracts recorded 100% effectiveness in the upper and lower sections and 75% 

success in the middle section. 

(ii) E. coli treatment using sunflower extracts 

Table 57 shows that seed extracts had a success rate of effectiveness against E. coli in the 

upper section of the river and this was mainly due to the low bacterial load compared to the 

other sections of the river thus 1.7 cfu/mL. As for the middle and lower sections, it was able 

to treat the water with a success rate of 91.19% and 79,48% respectively. Leaf extract reduced 

the E. coli load from the water by 64.70% in the upper section, 32.35 % in the middle section 

and only 28.20% in the lower section. The root and stem extracts as already been noted, had 

the lowest success effect of 54.94% in the upper section, 26.47% in the middle section and 

23.07% in the lower section. 

Table 57: E. coli treatment using plant extract with chloroform solvent in summer 

Section of 
river 

Average 
number of 
replications 

Raw water Treated water 

summer 
mean in 
cfu/mL 

Seed Leaf Root Stem 

Upper 3 1.7 0 0.6 0.8 0,8 

Middle 3 3.4 0.3 2.3 2.5 2.5 

Lower 3 3.9 0.8 2.8 3.0 2.9 

As previously noted and discussed, the amount of water and bacterial load in autumn is 

always much less compared to summer and always higher than those of winter. Table 58 

shows that seed extracts were able to completely remove all the E. coli from the water 
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samples from the three sections of the river. Bacteriological activities and replications are 

higher in warmer seasons than in cold ones and this explains why there are higher 

concentrations of all the three species in summer than the other seasons (Chand, 2015). After 

administering the treatment, it was seen that seed extracts had a success rate of 100% in all 

sections of the river while leaf extracts recorded 100% success in the upper section, 58.82% 

in the middle section and 90.90% in the lower section, followed by both the stem and root 

extracts, which were uniformly able to reduce the E. coli load in the water by 83.33% in the 

upper section, 29.41% in the middle section and 45.45% in the lower section. 

Table 58: E. coli treatment using plant extracts with chloroform solvent during autumn 

Section 
of river 

Average 
number of 
replications 

Raw water Treated water 

Autumn 
Mean in 
cfu/100 mL 

Seed Leaf Root Stem 

Upper  3 0.6  0 0 0.1 0.1 

Middle  3 1.7 0 0.7 1.2 1.2 

Lower  3 1.1 0 0.1 0.6 0.6 

Table 59 shows a situation, where the E. coli concentration was significantly very low 

compared to other seasons that is well below half of what was recorded in summer and as a 

result, most of the extracts were able to completely rid the water samples of the pathogens. 

Seed extract had a 100% success rate in all the sections as well as leaf extract while stem and 

root extract had also a 100 % effectiveness in both the upper and lower parts of the river and 

71.42% in the middle section. From the table evidence continue to show that seed extracts 

were more effective in eliminating E. coli followed by leaf extract while root extracts were 

third and stem had the least effect. The difference in the effectiveness was attributed to the 

differences in the concentration of antimicrobial agents in the different sunflower where 

there was a proportionality, that is, where there was a higher concentration of microbial 

agents there were also higher removal of bacteria from the water. 
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Table 59: E. coli treatment using plant extracts with chloroform solvent in winter 

Section 
of river 

Average 
number of 
replications 

Raw water Treated water 

Winter 
Mean in 
cfu/100 
mL 

Seed Leaf Root Stem 

Upper 3 0.4 0 0 0 0 

Middle 3 1.1 0 0 0.cfu/100 
mL 

0.2cfu/100 
mL 

Lower 3 0.7 0 0 0 0 

(iii) Total coliform treatment using sunflower extracts 

Just like other species, total coliforms were mainly concentrated in water samples during the 

summer season but still had higher susceptibility to seed extracts like the other two. The seed 

extract managed to remove all the total coliforms in the water samples from the upper and 

lower section of the river and just a little over 83% in the middle section (Table 60). For the 

leaf extract, there was 41.66% in the upper section, 23.25% in the middle section and 55.44% 

in the lower section. Root and stem extracts had an effective rate ranging from 20.83% to 

27.77% across the three sections of the river and the low efficacy was attributed to the high 

concentration of total coliforms in the water samples especially in summer. 

Table 60: Total coliforms treatment using plant extracts with chloroform solvent in summer 

Section of 
river 

Average 
number of 
replications 

Raw water Treated water 

summer 
mean in 
cfu/100 mL 

Seed Leaf Root Stem 

Upper  3 2.4 0 1.4 2.0 2.0 

Middle 3 4.3 0.7 3.3 3.4 3.4 

Lower  3 1.8 0 0.8 1.3 1.3 

Based on the results presented in the preceding sections, the first treatment with 2 g seed 

extracts were able to have a 100% rate in removing total coliforms from all samples from the 

upper and lower section of the river but only 95% percent from samples from the middle 
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section of the river. The remaining 5% from samples from the middle section was attributed 

to the higher concentrations of total coliforms in water samples in the middle section of the 

river. This observation necessitated the need to increase the dosage of seed extracts from 2 

g to 4 g.  

Table 61 shows that after the second treatment with 4 g, seed extracts were able to remove 

all total coliforms from all samples from all the three sections of the river. Leaf, root and stem 

extracts were also able to remove all total coliforms from water samples from the lower 

section of the river. Just like with the other species, the concentrations always reduced with 

season and also depending on the section of the river with the highest in summer. The low 

concentration in the lower section of the river was due to dilution. The lower sections of a 

river are wider and therefore concentrations in samples would be inevitably lower (Emeka et 

al., 2009). Results in Table 61 reveal that with a dosage of 4 g, seed extracts had 100% 

effectiveness in all samples from all sections of the river, leaf extracts effectiveness ranged 

from 52.6% in the upper section to 90.9% in the lower section while both root and stem 

extracts’ effectiveness ranged from 26.31% to 45.4%. 

Table 61: Total coliforms treatment using plant extracts with chloroform solvent in summer 
using 4 g dosage 

A similar trend was observed for the autumn river water, whereby the seed extract removed 

all the total coliforms in the water (Table 62). Variations in the elimination of total coliforms 

using the leaf, root and stem extracts were noted for the different sections of the river. 

Section 
of river 

Average 
number of 
replications 

Raw water Treated water   

 1st treatment with 2 g 2nd treatment with 4 g 

Summer 
Mean in 
cfu/100mL 

Seed Leaf Root Stem Seed Leaf Root Stem 

Upper  3 2.4 0 1.4 2.0 2.0 0 0.7 0.8 0.7 

Middle 3 4.3  0.7 3.3 3.4 3.4 0 2.1 2.3 1.6 

Lower 3 1.8 0 0.8 1.3 1.3 0 0 0 0 
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Table 62: Total coliforms treatment using plant extracts with chloroform solvent during 
autumn season using 4 g dosage 

Section of 
river  

Average 
number of 
replication 

Raw water Treated water 

Autumn 
Mean in 
cfu/100 mL 

Seed Leaf Root Stem 

Upper  3 1.9 0 0.9 1.4 1.4 

Middle 3 2 0 1.2 1.6 1.5 

Lower 3 1.1 0 0.1 0.6 0.6 

Winter had the lowest concentrations of the bacterial load. Results presented in Table 63 

reveal that seed extracts were able to eradicate all the total coliforms from the water from 

all samples from all the three sections of the river. Leaf extracts were also able to remove all 

total coliforms from samples from the upper section and lower section of the river and 92.30% 

in the middle section of the river. As for the stem and root extracts, the effectiveness was also 

100% in the upper and lower while in the middle, there was 71.42% success. 

Table 63: Total coliforms treatment using plant extracts with chloroform solvent during 
winter season using 4 g dosage 

5.7. Chapter summary 

The three microbial pathogens namely; E. coli, faecal coliforms and total coliforms were 

subjected to extracts from four sunflower parts which included; seed, leaf, stem and roots. 

The extracts were obtained using five solvents that is; chloroform, hexane, water, ethanol and 

acetone. The extracts showed some differences in the size of the zones of inhibition, which is 

Section 
of river 

Average 
number of 
replications 

Raw water Treated water 

Winter 
Mean in 
cfu/ 100 mL 

Seed Leaf Root Stem 

Upper 3 0.9 0 0 0 0 

Middle 3 1.3 0 0.1 0.4 0.4 

Lower  3 0.7 0 0 0.2 0.2 
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taken to determine the effectiveness of the extract has against a given bacteria species. The 

zones of inhibition of each solvent was also determined so that when the action of each 

extracts was observed and recorded it was verifiable to conclude that the various sunflower 

organs were responsible for the new and higher zones of inhibitions. Throughout the tests, 

seed extracts showed greater effect on all the three bacterial species. This was attributed to 

the high contents of fatty acids and tannins in sunflower seeds, which act as antimicrobial 

agents (Saina and Shama, 2011). It also shows that extracts from chloroform had the highest 

zone of inhibition followed by ethanol, water and acetone while there was no recorded effect 

from he from extract from the solvent hexane. The average zone of inhibition for E. coli from 

the seed extract was 12.33 mm, leaf (9.7 mm), root (6.3) mm while the least zone of inhibition 

was from the leaf extract, which was 56 mm. On faecal coliforms, the seed extract had the 

highest zone of inhibition of 11 mm followed by leaf (6 mm), root (4.7) mm and stem 3.7 mm 

respectively. The trend was the same with total coliforms, where again, the seed extract had 

the highest zone of inhibition of 11 mm, leaf (9.5 mm), root (5.3 mm) while stem extract had 

a zone of inhibition of 6.2 mm.  Different dosages of different parts of the sunflower plant 

were used to treat water samples. These dosages ranged from 0.5 g to 4 g. After several trials 

it was noted that the 4 g quantity had enough coagulant capacity to treat the water.  
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CHAPTER 6: EFFECTIVINESS OF SUNFLOWER EXTRACTS IN POTABLE WATER TREATMENT 

AGAINST SELECTED PHYSICAL AND CHEMICAL PARAMETERS 

Key words: Correlation, concentration, dosage, extract, osmosis. 

6. INTRODUCTION 

There are always good reasons for people wanting to purify water for domestic uses and 

having access to clean drinking water is a basic human right, though an increasing number of 

people globally are always without clean and safe drinking water. According to Bere (2011: 

37), besides water treatment being an investment in one’s health, it is also a huge investment 

in the wellbeing of the environment and also reduces spending on bottled water. Amongst 

the myriad of reasons for water treatment, at household level, water treatment will add an 

extra layer of security since municipal water works are not always infallible (Othman et al., 

2020). Secondly, water treatment aims at removing pesticides, bacteria, viruses and many 

more physical, chemical and biological compounds that find their way into water sources to 

zero concentrations or at least acceptable levels. Any water that lives to that expectation is 

considered safe to drink and thus promoting good health.  

WHO (2016) estimates that consumption of bottled has increased by about 35% and that 

more than 50 million households in Europe do not drink their tap water. While in general, 

bottled water is considered convenient because it is portable and handy, the convenience 

comes with problems and a high environmental cost such as pollution associated with the 

manufacturing of plastic, energy, and transportation. Water treatment does not only help to 

remove harmful contaminants but also improve the taste, smell and visual appearance of the 

water (Ayoub et al., 2016). For this research different parts of the sunflower plant were used 

to treat water samples from the Mwerahari river and ten boreholes purposefully sampled 

across Buhera district. The extracts were taken from the seed, leaf, stem and root tissues of 

the sunflower plants. 

6.1. Methodology 

For this chapter, the same procedure that was used in chapter five was adopted. For 

maximum yields, five different solvents were used namely: chloroform, hexane, ethanol, 
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water and acetone. 50 mg of each extract were used to treat the water thereby, establishing 

their effectiveness on treating water of several pathogenic bacteria and some physical 

parameters. 4 g of each of the ground leaf, root, stem and seed tissues were each suspended 

in 40 ml of each of the five solvents that is, chloroform, ethanol, hexane, water and acetone. 

The same procedure of obtaining the extracts and preparing the bacterial assays was 

repeated with ground leaf, stem and seed as explained in the methodology in chapter five.  

As highlighted in the preceding chapter, chloroform was used for the rest of the treatment 

because it was the most effective solvent with an average zone of inhibition of over 12 mm 

while the other solvents ranged between 10 mm and below, suggesting that the extracts in 

chloroform were more effective in inhibiting the growth of the three species of bacteria.  

6.2. Results of sunflower extracts for the treatment of physical parameters 

6.2.1. Temperature 

Samples from both boreholes and the river were subjected to the various sunflower extracts 

and after three trials, there were no changes in the temperature reading between the raw 

and treated water. This was attributed to the temperature of the extracts, which were within 

the range of the raw water temperature. Three trials were considered to be numerically high 

enough to ensure high chances of yielding reliable results. Also, the volumes of the extracts 

were very small compared to the volume of the water samples hence that could not in any 

significant way change the temperature of the water. 

6.2.2. pH and treatment with sunflower extracts  

(a) pH of borehole water  

A balanced water pH will always give water its natural taste. The pH of water should be neither 

acidic nor alkaline but should rather be around 7 (WHO, 2012). Sunflower seed extracts have 

a pH of about 7.5, leaves, stem and roots have pH that ranges from 6 to 7.5, depending on 

the cultivar of the sunflower, climate where the sunflowers were grown and the growing 

conditions (Maciel de Lima et al., 2013). Table 64 shows the pH of water samples from the 

ten boreholes, before and after treatment with the various extracts of the sunflower plant. 
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Results in the table show that seed extract was more effective in raising the pH of the water 

than the leaf, root and stem extracts. Seed extract was able to raise the pH by 5,4% while leaf, 

steam and root only managed to raise the pH by 1.35%. The low rise in all cases was attributed 

to the pH of the water, which was above 7 and the extracts have pH that ranges from 6.5 to 

7.5. The warm temperatures of summer also helped to enhance the rise in pH as was also 

observed by Bain et al. (2012) that pH values increase in summer.  

Table 64: pH treatment using plant extracts with chloroform solvent in summer 

Borehole 
Number 

Average 
number of 
replications 

Raw water Treated water 

Summer 
Mean pH 

Seed Leaf Root Stem 

1 3 7.4 7.8 7.5 7.5 7.5 

2 3 8.8 8.8 8.8 8.8 8.8 

3 3 7.1 7.5 7.5 7.5 7.5 

4 3 6.9 7.3 6.4 6.4 6.4 

4 3 6.8 7.2 7.2 7.2 7.2 

6 3 7.2 7.6 7.5 7,5 7.5 

7 3 7.4 7.8 7.5 7.5 7.5 

8 3 7.8 8.2 7.8 7.8 7.8 

9 3 7.6 8.0 7.6 7.6 7.6 

10 3 6.9 7.3 7.3 7.3 7.3 

Control 3 7.0 7.0 7.0 7.0 7.0 

Similar to the procedure done for the pH recorded in summer, water samples from the ten 

boreholes collected during autumn were also compared to establish how each of the 

sunflower extracts affected the pH of water. Results are shown in Table 65. 

As shown in Table 65, there was a general increase in the percentage of pH by all the four 

sunflower extracts. This was mainly attributed to the relatively low pH of the untreated water, 

which on average was about 6.01 and was way below the pH of all the four extracts. The 

increase in pH of the treated water was therefore, expected since the treated water would 

naturally assume that of the extracts. Seed extracts raised the pH by 6.06% from an average 
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of about 6.01 to 7.5 while leaf, stem and root extracts managed to raise the pH by 3%, that is 

from 6.01 to about 7.1. 

Table 65: pH treatment using plant extracts with chloroform solvent in autumn 

 Average 
number of 
replications 

Raw water Treated water 

Borehole 
Number 

Autumn 
Mean pH 

Seed Leaf Root Stem 

1 3 6.6 7.0 6.8 6.8 6.8 

2 3 7.6 7.6 7.6 7.6 7.6 

3 3 6.9 7.5 7.1 7.1 7.1 

4 3 6.8 7.4 7.0 7.0 7.0 

5 3 6.5 7.0 6.7 6.8 6.7 

6 3 6.9 7.5 7.0 7.0 7.0 

7 3 7.0 7.5 7.2 7.2 7.2 

8 3 7.4 7.5 7.5 7.5 7.5 

9 3 6.8 7.5 7.0 7.1 7.0 

10 3 7.0 7.5 7.2 7.2 7.2 

Control  7.0 7.0 7.0 7.0 7.0 

Table 66 shows results of the treatment of water collected during winter with the sunflower 

extracts. The control pH was 7.0 which is the normal pH for pure water thus, neutral. From 

the table it can be seen that most of the samples were either acidic or alkaline. Winter average 

pH was the lowest compared to the other two seasons and this was due to the lower 

temperatures in winter, leading to lower water temperatures and slow rate of chemical 

reactions. 

From Table 66, only water samples from three boreholes, thus borehole number two, six and 

ten had pH of 7 and 7.5 and water from the rest of the boreholes, registered pH below 7, 

rendering the water as acidic. After treatment, the seed extracts managed to raise the pH of 

eight samples to 7 and above while only the samples from borehole four and nine remained 

below 7. The percentage increase of the pH by seed extract was about 9,5% and the pH 
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percentage increase for leaf, stem and root was 1.6%. The results show that seed extracts are 

more effective in increasing water pH compared to the stem, leaf and root extracts. 

Table 66: pH treatment using plant extracts with chloroform solvent during winter 

Borehole 
number 

Average 
number of 
replications 

Raw water Treated water 

Winter 
mean pH 

Seed Leaf Root Stem 

1 3 6.3 6.9 6.4 6.4 6.3 

2 3 7.0 7.3 7.1 7.1 7.1 

3 3 6.8 7.1 6.9 6.9 6.9 

4 3 5.4 6.0 5.7 5.7 5.7 

5 3 6.5 7.1 6.8 6.8 6.8 

6 3 7.5 7.5 7.5 7.5 7.5 

7 3 6.9 7.4 7.1 7.1 7.1 

8 3 6.9 7.4 7.1 7.1 7.1 

9 3 6.5 6.9 6.7 6.7 6.7 

10 3 7.0 7.4 7.2 7.2 7.2 

Control  7.0 7.0 7.0 7.0 7.0 

(b) pH of river water  

The pH of river water from all the samples collected during summer from the three sections 

of the river was above 6 and borehole two and 10 it was same with the control showing that 

the water was not contaminated. Seed extracts were able to raise the pH of all water samples. 

This was attributed to low temperatures, which influenced faster chemical reactions of 

minerals and organic matter in the water (Chand, 2015), which eventually raised the pH of 

the water. 

Table 67 shows a uniform trend in the way all the four extracts were able to raise the pH of 

the water from 7.1 to 7.5 in samples from the upper section of the river. The percentage 

increase for the upper section was 5.63% and the percentage increase was due to the fact 

that all the sunflower naturally has pH levels that range from 6.5 to 7.5. Samples from the 
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middle section did not have any pH change, the percentage remained at 7.5. Samples from 

the lower section of the river showed an almost same trend of raising the pH of the water by 

almost the same percentage of about 2.7% for the leaf, stem and root extracts. However, 

seed extract raised the pH of the water by 4.1% that is from 7.3 to 7.6. The difference between 

the rest of the parts and the seeds was due to the fact that sunflower seeds have higher pH 

since they contain fatty acids (WHO, 2016). 

Table 67: pH treatment using plant extracts with chloroform solvent in summer 

Section 
of the 
river 

Average 
number of 
replications 

Raw water Treated water 

Summer 
mean in pH 

Seed Leaf Root Stem 

Upper 3  7.1 7.5 7.5 7.5 7.5 

Middle 3  7.5 7.5 7.5 7.5 7.5 

Lower 3  7.3 7.6 7.5 7.5 7.5 

Control  7.0 7.0 7.0 7.0 7.0 

All the samples had average pH above the control showing that the water was alkaline. This 

was attributed to high temperatures in summer that facilitated chemical weathering of the 

underlying rocks especially limestone. 

In Buhera, autumn temperatures are lower than summer temperatures and the low 

temperatures had an impact on the pH of the water. As shown in Table 68, all water samples 

from the three sections were lower than samples from summer. 

Table 68: pH treatment using plant extracts with chloroform solvent in autumn 

Section 
of the 
river 

Average 
number of 
replications 

Raw water Treated water 

Autumn 
Mean pH 

Seed Leaf Root Stem 

Upper 3 6.9 7.2 7.0 7.0 7.0 

Middle 3  7.1 7.4 7.3 7.3 7.3 

Lower 3  7.1 7.4 7.1 7.2 7.2 

Control  7.0 7.0 7.0 7.0 7.0 
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Naturally, the geology of the river or where ground water is extracted, greatly influences the 

mineral content of the water and these minerals also affect the quality of the water, including 

the pH (Abbas, 2011). Table 68 shows that the lowest pH (6.9) was recorded from samples 

collected from the upper section of the river with the middle and lower sections of the river 

recording pH of 7.1 each. After treatment, the pH of the water samples from the upper section 

of the river was raised by different percentages with the seed extract raising the pH by 4.35% 

in samples from all the three sections. The stem, leaf and root extracts only managed to raise 

the pH by 1.4% in samples from both the upper and middle sections and by 2.8% in the middle 

section. These variations could be attributed to the geology through which the river flows, 

the time of the day and the temperature of the water when the samples were taken (Bose, 

2012). 

The pH of the water samples from the three sections of the river in winter was the lowest 

compared to the other two seasons except for the lower section of the river, where the pH 

was similar with that of the same section in both the summer and autumn. The results of 

treatment of pH with sunflower extracts during winter are shown in Table 69. 

Table 69: pH treatment using plant extracts with chloroform solvent in winter 

Section 
of the 
river 

Average 
number of 
replications 

Raw water Treated water 

Winter 
Mean in pH 

Seed Leaf Root Stem 

Upper 3 6.3 6.8 6.5 6.5 6.5 

Middle 3  6.8 7.3 7.0 7.0 7.0 

Lower 3  7.1 7.5 7.3 7.3 7.3 

Control  7.0 7.0 7.0 7.0 7.0 

Table 69 shows the pH of water samples both before and after treatment during winter 

season. Seed extract the highest pH compared to the other extracts and thus it impacted more 

on the pH of the water than the other extracts. Seed extracts were able to raise the pH by 

7.3% in samples from the upper section of the river from 6.3 to 6.8. Also, the seed extracts 

raised the pH of samples from the middle section with the same percentage while the pH of 

samples from the lower section had a pH percentage gain of 5.6%, raising the pH from 7.1 to 
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7.5. Leaf, stem and root extracts managed to raise the pH of all samples across the three 

sections of the river by only 3%. The low percentage increase could be attributed to the 

original pH of the untreated water, which was similar to pH of most of the sunflower extracts 

of between 6.5 and 7.5. In addition, the lower temperatures in winter hindered faster 

chemical reactions due to minimal time given between treatment and recording of results. 

6.2.3. Turbidity of water samples and treatment with sunflower extracts 

(a) Turbidity of borehole water  

The turbidity of the water varied greatly from season to season and also along the three 

sections of the river. Summer season had the highest turbidity levels followed by autumn and 

winter. Previous research has shown that natural plant extracts have been used to treat water 

for years and sunflower oil has been used to reduce water turbidity by over 88% (Sulaiman et 

al., 2017). In this study, the higher turbidity in summer was mainly due to increased 

percolation of high volumes of rain water overladen by dissolved organic and inorganic 

matter. Christensen (2011) observed that leaching of both organic and inorganic farming from 

the communities lining the whole length of the river also contributed to high turbidity during 

the summer season. The turbidity of the water from all the samples of the ten boreholes were 

above both the national (SAZ) and WHO levels of 5 NTU. However, the turbidity levels were 

not too high to discourage people from consuming the water since turbidity is mainly 

considered more from an aesthetic point of view than a health point of view. Table 66 shows 

that all samples from the ten boreholes registered turbidity levels higher than the WHO and 

SAZ of 5 NTU but still not so high to warrant rejection from consumers. Thus, turbidity 

treatment using sunflower plant extracts with chloroform during summer are presented in 

Table 70. As already observed the turbidity of borehole water is always low compared to river 

water and this simply because borehole water is not exposed to weather elements. From 

Table 70 it can be seen that only stem and root extracts were not able to reduce the turbidity 

of samples from boreholes; 1, 3, 7, 8 and 9 while extracts from both seeds and leaves were 

able to treat the turbidity of the water to acceptable levels. 
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Table 70: Turbidity treatment using plant extracts with chloroform solvent for summer 
season 

Borehole 
number 

Average 
number of 
replications 

Raw water Treated water 

Summer Mean 
turbidity (NTU) 

Seed Leaf Root Stem 

1 3 7.2 2.88 3.60 5.27 5.62 

2 3  6.8 2.72 3.40 4.96 5.30 

3 3  9.0 3.60 4.50 6.57 7.02 

4 3 6.7 2.68 1.34 4.89 5.23 

5 3 7.4 2.96 3.70 5.40 5.77 

6 3 6.5 2.60 3.25 4.75 5.07 

7 3 8.4 3.36 4.20 6.13 6.55 

8 3 10 4.00 5.00 7.30 7.80 

9 3 7.4 2.96 2.96 5.40 5.77 

10 3 6.8 2.72 3.40 4.96 5.30 

Control  5 5 5 5 5 

The average turbidity for the ten boreholes was 7.6 that is 2.5 more NTU than the WHO and 

SAZ acceptable turbidity of 5 NTU, which to someone without the knowledge of water quality, 

would not make any difference compared to the local and international standards. The results 

revealed that sunflower seed extract has a high capacity to reduce turbidity in the ten 

borehole water samples by 60%. This is attributed to seed extracts containing tannin and fatty 

acids onto which mineral salts and dust settle there by reducing the turbidity (Chinanga, 

2010). Leaf extract was able to reduce the turbidity by 50% while stem extract reduced it by 

22% and root managed to reduce the turbidity by 27%. 

The turbidity of water samples from the ten boreholes in autumn was compared to the 

turbidity of the water in summer. The turbidity of the water in summer was slightly higher 

than the turbidity in autumn, an average difference of about 0.5 NTS. The turbidity levels of 

water samples collected from the ten boreholes during autumn were treated with sunflower 

extracts. The results are presented in Table 71. Both seed and leaf extracts were able to 

reduce the turbidity of all water samples to less than 5 NTU which is both the WHO and SAZ 
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acceptable levels. While these two extracts were able to reduce the turbidity to acceptable 

levels it can easily be seen that the turbidity of the untreated water was in most cases just 2 

NTU more than the acceptable limits indicating that generally borehole has low turbidity 

because it is not exposed weather elements especially wind which carries dust and other 

materials which when deposited in water increases its turbidity.  

Table 71: Turbidity treatment using plant extracts with chloroform solvent for autumn 
season 

Borehole 
number 

Average 
number of 
replications 

Raw water Treated water 

Autumn Mean 
(NTU) 

Seed Leaf Root Stem 

1 3 7.0 2.80 3.50 5.11 5.46 

2 3 6.2 2.48 3.10 4.53 4.84 

3 3 7.4 2.96 3.70 5.40 5.77 

4 3 6.0 2.40 3.00 4.38 4.68 

5 3 7.3 2.92 3.65 5.33 5.69 

6 3 6.0 2.40 3.00 4.38 4.68 

7 3 7.9 3.16 3.95 5.77 6.16 

8 3 9.4 3.76 4.70 6.86 7.33 

9 3 7.0 2.80 3.50 5.11 5.46 

10 3 6.4 2.56 3.20 4.67 4.99 

Control  5 5 5 5 5 

The average turbidity of the water from the ten boreholes in autumn was 7.1 NTU thus slightly 

lower than that of summer but still above acceptable levels. Again, seed extracts were able 

to reduce the turbidity of the water by about 60% while the leaf extract reduced it by 50% 

and again, both root and stem extracts were able to reduce the turbidity levels by 27% and 

22% respectively. It was also encouraging to note that the seed extracts were able to reduce 

the turbidity of all water samples to well below 5 NTU, which is the acceptable turbidity by 

both SAZ and WHO thus making the water both locally and internationally acceptable for 

human consumption. While temperatures differ greatly during the seasons and that 

seasonality has great influence on the temperature of surface water and ground water, the 
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differences are very minimal. WHO (2015) noted that these small differences will only affect 

rates of chemical reactions in small ways and thus will not lead to great variations in 

parameters like turbidity. The turbidity levels in the ten boreholes were above 5 NTU with an 

average of 7.1 NTU (Table 72). 

Table 72: Turbidity treatment using plant extracts with chloroform solvent in winter 

Borehole 
number 

Average 
number of 
replications 

Raw water Treated water 

Winter 
Mean 
turbidity 
(NTU) 

Seed Leaf Root Stem 

1 3  6.4 2.56 3.3 4.67 4.80 

2 3   6.0 2.40 3.0 4.38 4.50 

3 3 7.0 2.80 3.5 5.11 5.25 

4 3 6.1 2.41 3.05 4.45 4.58 

5 3 7.0 2.80 3.50 5.11 5.25 

6 3 5.6 2.24 2.80 4.08 4.20 

7 3 7.1 3.84 3.55 5.18 5.32 

8 3 9.0 3.60 4.50 6.57 6.75 

9 3 6.9 2.76 3.45 5.07 5.18 

10 3 6.0 2.40 3.00 4.38 4.50 

Control  5 5 5 5 5 

All samples had turbidity above the WHO and SAZ acceptable levels of NTU. The high turbidity 

levels could be attributed to the geology from which the boreholes are located, especially 

where the rock formations comprised of phosphate and calcium (Padayachee, 2020). These 

elements when dissolved, make water cloudy and milky thereby raising the turbidity. The 

highest turbidity levels were recorded from borehole number 03, which is located within the 

vicinity of Dorowa mine which mines phosphate. Though the turbidity was above the WHO 

and SAZ limits, it did not render the water undesirable for human consumption because of 

the reasons raised already; that the turbidity was at most 4 NTU higher than the WHO and 

SAZ acceptable levels of 5 NTU.  After treatment with the seed extract, the average turbidity 
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was about 2.54 NTU; a level well below the WHO and SAZ levels. These findings show that 

seed extracts were very effective in reducing the turbidity of the water.  Leaf extracts were 

also able to reduce the turbidity of all the water samples to below 5 NTU; thus a drop of 50% 

compared to seed extracts with a 60%. Both stem and root extracts were able to reduce the 

turbidity of the water samples to acceptable levels in 50% of the boreholes that is boreholes 

01, 02, 04, 06 and 10. As revealed by the results of this study, seed and root extracts can 

therefore, be recommended for use by the rural communities to treat high turbidity levels in 

domestic water. 

(b) Turbidity of river water  

The turbidity of water from open water sources like rivers and streams is always higher than 

that of underground reservoirs and this is mainly due to eutrophication in open water sources 

(Bain et al., 2012). Inflows into the study river from runoff and water from tributaries into 

Mwerahari in summer, increased the amount of both suspended solids and total dissolved 

solids, thereby increasing the turbidity of the water. In this research, it was also confirmed 

that borehole water had lower turbidity levels compared to the river water.  

(i) Turbidity treatment using plant extracts with chloroform solvent during summer 

As with all other parameters, the turbidity of the water was treated samples taken for all the 

three seasons. Table 69 shows the results of turbidity levels in water samples collected during 

summer before and after treatment by sunflower extracts. Experiments were done with 2 g 

and 4 g sunflower dosages to assess the effectiveness of the extracts in removing turbidity for 

the summer raw water. Results for the summer experiments are presented in Table 73. 

As would be expected, samples taken in summer had the highest turbidity compared to those 

taken during other seasons, with the lower section registering the highest turbidity. The 

highest turbidity levels at the lower section because the water has flowed the full length of 

the river with most of the river’s load being deposited in the lower section (Nyarko, 2008). 

The average turbidity of untreated water samples from the three sections in summer was 

75.3 NTU and this was 15 times more than the WHO (5 NTU) and SAZ (5 NTU)’s acceptable 

limits. After treatment with 2 g of the seed extracts, on average, the turbidity of the water 
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was reduced by about 60%, for leaf extracts, the turbidity was reduced by 50% while stem 

and root extracts achieved a success rate of 27% and 22% respectively.  

Table 73: Turbidity treatment using plant extracts with chloroform solvent in summer 

Section of 
the river 

Number of 
replication 

Raw 
water 

Treated water 

Treatment with 2 g Treatment with 4 g 

Summer 
Mean 
turbidity 
(NTU) 

Seed Leaf Stem Root Seed Leaf Stem Root 

Upper 1 69 27.6 34.5 50.0 54.5 3.03 10.5 47.97 23.82 

Middle 1 71 28.4 35.5 51.83 56.1 3.12 10.8 21.64 24.51 

Lower 1 88 35.2 44.0 64.24 69.5 3.9 13.4 26.82 30.38 

Control  5 5 5 5 5 5 5 5 5 

After the first treatment of the water with 2 g of plant extracts, the turbidity of the water in 

most of the samples remained way above the acceptable levels. The results prompted a 

second treatment with higher concentrations of the sunflower parts and this concurred with 

(Rakhshaee, 2018), who encouraged the need for repeated and increased dosages the event 

that the first trials do not yield results. For the second trial, the amount of the plant extract 

was increased from 2 g to 3 g. Even with the second treatment, there was very slight decline 

in the turbidity of the water, especially for the summer season water samples. A significant 

drop was eventually registered in the third trial when the amount of the ground plant organs 

was doubled to 4 g. 

After the third treatment with 4 g of the ground plant extracts, the turbidity from all the water 

samples from the three sections of the river remained above the 5 NTU threshold though 

samples treated with the seed extracts showed great reduction in the turbidity levels. The 

seed extracts reduced the turbidity by about 95.6%, leaf extract by 84.76%, stem extract by 

69.52% while root extracts reduced the turbidity by 65.48%. The overall results of using 4 g 

of the extracts revealed that the seed extracts reduced turbidity to acceptable limits by SAZ 

and WHO in all sections of the river thus 3.03 NTU in the upper section, 3.12 NTU in the middle 

section and 3.87 NTU in the lower section. These results suggest that a threshold of 2 to 4 
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grams of the seed extract would reduce turbidity to acceptable limits for human consumption. 

Thus, the concentration of the extract had to be increased when treating high turbidity. 

(ii) Turbidity treatment using plant extracts with chloroform solvent during autumn 

The average turbidity of the water from the three sections of the river in autumn was about 

49% lower than the average of the turbidity of the water in summer. The comparative low 

turbidity in autumn was linked to low rainfall, resulting in low eutrophication from farming 

activities, low runoff and also low additional water from tributaries since most are ephemeral 

and they start receding from autumn and most of them drying up in winter. Eutrophication is 

mainly caused by leaching of nutrients from agricultural activities and runoff water, carrying 

dissolved fertilizers from farms and cattle kraals (Ndebele-Marisa (2012). Table 74 shows the 

results of turbidity levels in water samples collected during autumn before and after 

treatment by sunflower extracts. 

Table 74: Turbidity treatment using plant extracts with chloroform solvent in autumn 

Section 
of the 
river 

Number of 
replications 

Raw 
water 

Treated water 

Autumn 
Mean 
(NTU) 

Treatment with 2 g Treatment with 4 g 

 Seed Leaf Stem Root Seed Leaf Stem Root 

Upper 3 37 14.8 18.5 27.0 28.86 407 11.8 23.68  27.01 

Middle 3 38 15.2 19.0 27.8 30.02 4.18 12.2 24.3 27.7 

Lower 3 41 16.4 20.5 29.9 32.4 4.51 13.1 26.24 29.9 

Control  5 5 5 5 5 5 5 5 5 

Results presented in Table 74 reveal that all the sunflower extracts with 2 g concentration 

were not able to reduce the turbidity of the water to acceptable levels. Samples treated by 

seed extracts recorded average turbidity levels of 15.3 NTU. Although this was a reduction of 

60% compared to the turbidity of the raw water, the turbidity of the treated water was three 

times higher than the WHO and SAZ acceptable levels across the three sections of the river. 

Similarly, leaf extracts reduced the turbidity by 50% and the turbidity remained way above 
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acceptable levels. Root and stem extracts also reduced the turbidity of the water by 27% that 

is from an average turbidity of 37 NTU to 27.9 NTU.  Since the first treatment did not bring 

down the turbidity to acceptable levels, the raw water was subjected to a second treatment, 

which resulted in samples treated with seed extracts achieving an 85% reduction, thereby 

bringing the turbidity of the water to below the 5 NTU threshold. Using the other extracts, 

turbidity levels were still above the acceptable WHO and SAZ limits (Table 74). Only the seed 

extracts at 4 g, reduced the turbidity of the water samples from the upper section to 4.07 

NTU, from the middle section to 4.12 NTU and water samples from the lower section was 

reduced to 4.51 NTU. 

(iii) Turbidity treatment using plant extracts with chloroform solvent in winter 

While the turbidity of the water from the three sections of the river in winter was the lowest 

in all seasons, it was not very different from the autumn. The reasons for the little difference 

between autumn and winter was because these seasons receive little to no rain at all during 

the year, an observation also made by (Karmel,2010). As a result, this significantly reduces 

the volume of water in the river. Beatley (2014), observed that when the river’s volume is 

reduced, it also reduces the hydraulic, abrasive and traction effect of the water to erode the 

bed and the banks of the river, leading to less rock and soil particles being added to the water, 

thereby leading to less turbidity of the water. Table 75 shows the results of turbidity levels in 

water samples collected during winter before and after treatment by the sunflower extracts. 

Water samples from the upper section had an average turbidity of 32 NTU, middle section (37 

NTU) and the lower section had 41 NTU. Table 75 shows that, similar to summer and autumn 

seasons, the turbidity of the water in the river increased as the water flowed from the source 

of the river to the mouth. This situation is best explained by the fact that as the water flows 

downstream, both the suspended and dissolved solids due to fluvial processes and laws will 

mainly be deposited in the lower section of the river (Sas-Nowosielka et al., 2017). Most of 

the heavier load carried by the river will be deposited mainly in the middle section of the river 

and the much lighter, including silt, salts and decomposed organic matter, will more naturally 

be deposited in the lower section (Chandi, 2015). This process increases turbidity in the lower 

sections of a river system. 
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Table 75: Turbidity treatment using plant extracts with chloroform solvent in winter 

Section 
of the 
river 

No. of 
replicati
ons 

Raw water 
Treated water 

Treatment with 2 g Treatment with 4 g 

Winter 
Mean 
turbidity 
(NTU) 

Seed Leaf Stem Root Seed Leaf Stem Root 

Upper 1  32 12.8 16.0 23.36 25.28 3.52 10.24 20.48 23.36 

Middle 1  37 14.8 18.5 27.01 29.23 4.07 11.84 23.68 27.01 

Lower 1  41 16.4 20.5 29.93 32.39 4.51 13.12 26.24 29.93 

Control   5 5 5 5 5 5 5 5 5 

The turbidity of the treated water from all samples remained above the 5 NTU threshold thus 

making it unacceptable for human consumption by both the WHO and SAZ standards. Seed 

extracts reduced the turbidity of the water samples on average from 36.66 NTU to about 19.2 

NTU, which is a commendable effectiveness of 60%, though unacceptable by WHO and SAZ. 

Leaf extracts reduced the turbidity of the water by 50% while root and stem extracts reduced 

the turbidity by 27% and this concurred with the observations of (Nyako, 2008). Figure 32 

shows the visual turbidity of water from the river before and after treatment. The turbidity 

of the water in winter was lower compared to the turbidity in summer and autumn. The 

second treatment of the water using 4 g extract concentrations brought a very significant 

reduction in the turbidity of the water compared to the initial treatment (2 g).  
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Figure 32: Comparison of turbidity of untreated and treated water from the river. 

As noted with samples from summer and autumn, seed extract effectively reduced the 

turbidity of the water by 89%, which was quite comparable to lower the turbidity of all the 

water samples from the three sections of the river to below the acceptable WHO (5 NTU) and 

SAZ (5 NTU) limits. The turbidity of water samples from the upper section of the river dropped 

from32 NTU to 3.52 NTU, from 37 NTU to 4.07 NTU in the middle section while it also dropped 

from 41 NTU to 4.51 NTU for samples from the lower section. Though the leaf extracts 

managed to bring down the turbidity by as much as 68% in the third treatment, still the 

turbidity remained higher in all samples from the three sections of the river thus more than 

two times higher than the acceptable limits. In samples from the upper section, turbidity 

dropped from 32 NTU to 10.24 NTU, in samples from the middle section it dropped from 11.84 

NTU and for samples from the lower section, the turbidity dropped from 41 NTU to 13.12 

NTU. Stem extracts were also not able to lower the turbidity of the water to acceptable levels 

though the percentage reduction was from 27% to36%. Root extracts had the lowest 

reduction percentage with a paltry 21%. The root extracts reduced the turbidity of water 

samples from the upper section of the river from 32 NTU to 23.36 NTU, in samples from the 

middle section, from 37 NTU to 27.01 NTU and lastly, for samples from the lower section, 

turbidity dropped from 41 NTU to 29.93 NTU thus, almost six times higher than acceptable 

limits. 
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6.3. Treatment of water parameters with sunflower seed extracts in chloroform 

solution with different dosages at different time intervals. 

The pH and turbidity of raw water samples were treated with different dosages of the 

sunflower seed extract at given time intervals. To assess time and dosage effectiveness, the 

procedure used in chapter five was adopted. For maximum yields, five different solvents were 

used namely: chloroform, hexane, ethanol, water and acetone. 50 mg of each extract were 

used to treat the water, thereby establishing their effectiveness on treating water of several 

pathogenic bacteria and some physical parameters. As already highlighted in the preceding 

chapters, seed extracts in chloroform were used for the rest of the treatment of the different 

parameters because it was the most effective solvent with an average zone of inhibition of 

over 12 mm while the other solvents ranged from 10 mm and below, suggesting that the 

extracts in chloroform were more effective in inhibiting the growth of the three species of 

bacteria (Ratjes,2009) and (Vijay et al., 2014). Experiments were done to assess the 

effectiveness of seed extract dosages in chloroform in removing turbidity and establishing 

permissible pH water levels. The experiments were done at various time intervals, using 

specific quantities of the seed extract. Water samples were therefore, taken in summer when 

turbidity is high.   

6.3.1. Treatment of pH with sunflower seed extracts in chloroform solution with different 

dosages at different time intervals 

Seed extracts have been able to raise the pH of water from 6.9 to 8.5; where the dosages of 

0.5 g to 4 g were used at different time intervals of 10 minutes to 60 minutes. Figure 33 shows 

the relationship that was established between time, pH and dosage. 
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Figure 33: Treatment of pH to different dosages of seed extract at different time intervals 

Results reveal that as the dosage increased, the pH also increased. The initial pH of the water 

sample was 6.9 and after administering a dosage of 0.5 g, there was no change in the pH. 

After 10 minutes with a dosage of 1 g, the pH remained at 6.9. Notable change was observed 

after a dosage of 2.5 g after 20 minutes. With increased dosages and time, the pH continued 

to increase until a maximum of 8,5 was reached with a dosage of 4 g at 40 minutes. Thus it 

can be stated that at a dosage of 4 g, the seed extract was able to raise the pH of the water 

by over 23%. Beyond the threshold of 8.5, even with additional dosages and time, the pH 

remained constant. The study established that sunflower seed extract at a threshold quantity 

range of 2.5 g to 4 g is effective in increasing pH to maximum acceptable SAZ (at pH 9) and 

WHO (at pH 8.5) limits. The setting time for this effectiveness after 20 minutes to a maximum 

of 40 minutes. 

6.3.2. Treatment of turbidity to sunflower seed extracts in chloroform solution with 

different dosages at different time intervals 

The turbidity of the water was also subjected to different dosages of the seed extract at 

different time intervals. The dosages ranged from 0.5 g to 4 g while the time ran at ten-minute 

intervals. Water sample were taken from the Mwerahari river in summer. Summer season 

was chosen because it is when the turbidity is highest and the high turbidity was good 

reference point to assess the effectiveness of the plant extracts in reducing the turbidity. The 

results of the treatment are shown in Figure 34. 
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Figure 34: Treatment of turbidity to different seed extracts dosages ant different time 
intervals. 

Figure 38 shows the initial turbidity of the water sample at 88 NTU. After a dosage of 0.5 g, 

there was no change in the concentrations of turbidity. During the experiment, a reduction 

of turbidity was observed after administering 1 g after 20 minutes; turbidity decreased from 

88 NTU to 74 NTU. With a dosage of 2 g at a time interval of 40 minutes, the turbidity dropped 

by over 60% from 88 NTU to 35 NTU, a value which was still above the acceptable limit of 5 

NTU by both WHO and SAZ. The quantity of the seed extract and contact time were increased 

to investigate their effect on turbidity. Results at 2.5 g of the seed extract after 40 minutes 

showed turbidity levels of 23 NTU, though above the WHO and SAZ limit, it was noted that as 

the dosage and time increased, the turbidity decreased. The seed extract showed optimal 

reduction of turbidity at the dosage of 4 g at 80 minutes. Thus, an effective rate of 95% with 

4.6 NTU turbidity was achieved. After the 4 g dose, the turbidity started to decrease at a 

steady rate, showing that after the 4 g seed extract at time 80 minutes, any additional dosages 

would eventually have insignificant effect on the turbidity. 
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6.3.3: Treatment of bacterial species with sunflower seed extracts in chloroform solution 

with different dosages at different time intervals.  

The three bacteria species were also treated with different dosages of sunflower seed extract 

at different time intervals. The results of the treatment are shown in Figure 35. 

 

Figure 35: The dosage of sunflower seed extract required to eliminate bacteria species per 
given time intervals and the resultant zones of inhibitions. 

Figure 35 depicts how different dosages of sunflower seed extracts were able to exhibit 

different zones of inhibition to the three species of bacteria over different time intervals. As 

already established in chapter four, the extract was effective on all the species of bacteria. At 

0.5 g dosage and 0 to 10 minutes, there was no effect and noticeable zone of inhibition on all 

the three bacterial species. It was only after 1 g and after 20 minutes that a 0.3 mm zone of 

inhibition was observed only on E. coli. Significant zones on all the three species were noticed 

after 1 hour with a dosage of 3 g. At this time interval and dosage, the zone of inhibition for 

faecal coliforms was 4 mm, total coliforms were 5.7 mm while E. coli recorded 6 mm. 

Maximum zones of inhibitions were recorded at 2 hours with a dosage of 4 g. It was at the 

hour mark that with a dosage of 4 g, the total coliforms and faecal coliforms reached a 

maximum of 11 mm zone of exhibition each while E. coli reached a maximum of 12.33 mm, 

supporting a submission made by Sulaiman et al. (2017) that E. coli was more susceptible to 
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the seed extract than the other two species. Ruth (2010) also indicated that sunflower 

extracts were more effective in inhibiting the growth of E. coli. 

6.3.4. Hypothesis testing 

A correlation analysis of some the main variables like; time, dosage and zone of inhibition as 

they impacted on the three species of bacteria was carried out and the results were presented 

as shown in Table 76. 

Table 76: Correlation analysis 

  
Faecal 
coliform 

Total 
coliform  E.coli 

Dosage 
in (g) 

Zone of 
inhibition 
in (mm)  

Time  (mins) 1      

Faecal coliform 0.981 1     

Total coliform 0.986 0.976 1    

E.coli 0.994 0.979 0.997 1   

Dosage (g) 0.948 0.892 0.954 0.954 1  

Zone of inhibition (mm) 0.843 0.859 0.829 0.835 0.753 1 

The correlation analysis shows that there was a very strong positive correlation between time 

and the zone of inhibition since all the values obtained for the three species of bacteria were 

nearly 0.8 or more, thus a shift towards 1. The same situation was also observed with time 

and dosage as well as zone of inhibition. This ascertained the fact that as the time increased 

so did the dosage and the zone of inhibition. There was also a perfect relationship of all 

variable as shown by the 1s though statistically, the 1s are not significant since the correlation 

is for the same variable. 

6.3.5. Treatment of total dissolved solids with sunflower seed extracts in chloroform 

solution with different dosages at different time intervals. 

The average total dissolved solids in summer was 880 mg/L, 800 mg/L in autumn and 788 

mg/L in winter. After treatment using the four sunflower extracts, there was no reduction in 

the concentrations of the total dissolved solids in all water samples both from the ten 
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boreholes and the three sections of the river in all seasons. The results show that the 

sunflower extracts had no effect in total dissolved solids reduction. According to Barros et al. 

(2013), total dissolved solids are mainly and best removed from water by reverse osmosis 

(RO), a process which forces the water under pressure through a synthetic membrane. 

Distillation is also effective in reducing dissolved solids in water and it also reduces the mineral 

content of the water although the process may give the water a flat taste (Bose et al., 2012).   

6.4 Chemical parameters 

The focus of the research was mainly to assess the effectiveness of sunflower extracts in 

reducing concentrations of parameters in water that are associated with health hazards. 

Moreover, the primary objective to treat water is to rid the water mainly of pathogenic 

organisms to humans. Results of this study demonstrated that the sunflower extracts were 

not effective in reducing any of the chemical parameters, which included; free carbon-

dioxide, dissolved oxygen, nitrates, phosphates and chlorine (Appendices 2 and 3). 

6.5. Aesthetic attributes 

Water is aesthetically acceptable if it has no detectable odour, colour and taste. The presence 

of any of the three attributes in any amounts, makes the water undesirable for human 

consumption. Thus, at all times, all water meant for domestic consumption should not have 

any colour, exude any odour or be identified with any taste. In this study, the aesthetic 

attributes of borehole and river water were assessed using colour, odour and taste. 

6.5.1. Colour 

Colour is generally a determinant of water cleanliness and while colour may not usually have 

a direct impact on human health, it makes the water less appealing and leaves stains on 

material like dishes and clothes (Ndebele-Murisa, 2012). All the water samples from the ten 

boreholes in all seasons showed no undesirable colour and hence the water was not treated 

for colour. After the investigation for colour, the water samples were also assessed for odour 

and the results are summarised in the proceeding sections.  
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6.5.2. Odour 

All the water samples drawn from the ten boreholes did not have any odour. This is attributed 

to the borehole depths (<50 m), whereby at such depths, there would be naturally no 

decomposing organic matter to generate any odours.  

Since Mwerahari river is very big by provincial standard and has many tributaries, this means 

that it has substantial amounts of water throughout the year, which makes it good reason 

that the turbidity of the water across the seasons would be reasonably higher compared to 

the ephemeral streams, whose water volumes are heavily depleted during the dry season - 

the water flow is drastically reduced, leading to stagnation and algal growth, which may lead 

to some odour, the same observation by (Utete et al., 2013). 

6.5.3. Taste 

Though all the water samples were not treated for taste, visual inspection and small sips by 

the researcher and the research assistants showed that the water had no taste hence there 

was no motivation to treat the water for that parameter. All the water samples from both the 

river and the ten borehole were free of taste and therefore, did not warrant laboratory 

treatment. 

6.6 Chapter summary 

This chapter has reported the results of water samples from the ten boreholes and three 

sections of the river, which were treated with the sunflower extracts. The sunflower extracts 

had no effect on temperature and all the chemical parameters and this came as no surprise 

since most of these chemicals are naturally occurring and easily found in natural water 

sources. Out of the four sunflower extracts, seed extract proved to be very effective in 

reducing parameters like pH and turbidity. Seed extracts of 2 grams reduced pH borehole 

water in summer by up to 5.4% while the other three extracts (leaf, root and stem) managed 

to raise the pH by 1.35% each. Leaf, root and stem extracts had also significant effects on 

reducing pH and turbidity in cases where the parameter values were low. The effectiveness 

of the extracts varied from season to season, with summer having higher percentages while 

winter had the lowest percentage reductions. 
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Seed extracts were able to reduce the turbidity of water samples from all the ten boreholes 

to below 5 NTU thus making the water acceptable for human consumption by both the SAZ 

and WHO standards. River water samples had very high turbidity, in some cases, 15 times 

higher than the acceptable limits hence all the four extracts were not able to reduce the 

turbidity to around or below 5 NTU. Since the scope of the research did not encompass colour, 

odour and taste, these parameters were not investigated and hence no treatment was 

administered. 

The next chapter presents the conclusions derived from the research findings, contributions 

to the body of knowledge in the field of environmental management as well as some 

invaluable recommendations, which are meant to assist environmental practitioners and 

water resource management practitioners.  

  



  

 

160 
 

CHAPTER SEVEN: CONTRIBUTION TO KNOWLEDGE, CONCLUSION AND RECOMMENDATIONS 

Key words: Indigenous knowledge systems (IKS), in-vivo, seasonality, standard deviation 

7. INTRODUCTION 

The greatest battle that the earth has to consistently and persistently fight to maintain its 

natural purity is mainly human-induced pollution, especially of natural water bodies like 

oceans, seas, rivers and underground reservoirs. This research was conceptualised and 

motivated by the ever-increasing problem of insufficient and poor water quality in Zimbabwe, 

Manicaland province in general, and Buhera district in particular. The purpose of the study 

was to assess the effectiveness of environmentally friendly water treatment technologies to 

meet the Sustainable Development Goal number 6, which aims to “ensure availability and 

sustainable management of water and sanitation for all” by the year 2030. While the 

industrial revolution has brought with it massive improvements in water treatment methods 

that are both faster and effective, most rural communities in the developing world have not 

benefited from this human ingenuity and thus continue to grapple with the challenges of 

access to clean and safe drinking water. The use of sunflower plants (Helianthus annuus) for 

domestic water treatment as an alternative to conventional and top notch technologies was 

considered very necessary for water treatment especially at household level. 

The research design was predominantly experimental and observational thus generating 

primary data (Bryman, 2004). To achieve this, a set of objectives were laid out while relevant 

hypotheses were also propounded. Analysis of raw water collected from different sources of 

domestic water within the study area was done for the three seasons prevalent in the area. 

Collected data was systematically arranged in tables and graphs and then subjected to both 

descriptive statistics (means and standard deviations) and inferential statistical analysis 

including ANOVA single factor. Correlation analysis was also used to test the hypothesis. 

This chapter begins with a summary of the main findings in response to the research questions 

of the study. The chapter also provides the main conclusions drawn from the experiments 

and their implications towards sustainable provision of potable water to rural households. 

Included in this chapter is a section, which highlights the possible limitations of the study. 

Recommendations for future research are also provided. 



  

 

161 
 

7.1 Summary of Findings 

7.1.1. Various technologies in water treatment 

The adage that ‘water is life’ denotes that all life depends on water hence its availability and 

quality remain undeniably a measure by which societies are mirrored in as far as technological 

advancement is concerned and the ability of governments and local authorities to provide 

this resource to their citizens. Various technologies in water treatment were explored and 

their levels and short weaknesses were also documented. Since Buhera district is 

predominantly rural and that most of the residents are impoverished (CSO, 2014) means that 

the majority of the rural population do not have access to conventionally treated water and 

have to do with the most rudimentary methods of water treatment or none at all (Practical 

Action Zimbabwe, 2010). As noted from the literature review, the most common methods 

used to treat water in Buhera include boiling, filtration, sedimentation and radiation. The 

research also unearthed quite a number of weaknesses in regulatory frameworks in water 

management in Zimbabwe and other jurisdictions in the SADC region. It is for this reason that 

the research sought to help communities and policy makers in water management to 

encourage and fund more research in cheaper methods of water treatment. 

7.1.2. Test on physio-chemical and bacteriological parameters in untreated water 

The physio-chemical and bacteriological parameters of water samples from the ten boreholes 

and the three sections of the river were tested against the WHO and SAZ water quality 

guidelines. Results revealed variations across the different sources and seasonal variations 

were also noted. Bacteriological parameters were only recorded in one borehole (06), which 

means that most of the borehole water in Buhera is free of pathogens. The pH of borehole 

water ranged from slightly acidic to alkaline. Pollutant loading occurred in both the dry and 

rainy seasons, leading to higher levels of free carbon dioxide, dissolved oxygen and chloride, 

exceeding the recommended standards of drinking water quality according to WHO and SAZ 

while for the river, highest concentrations were mainly recorded in the rainy season from all 

of its sections.  Nitrates, phosphates, and chlorine values exceeded the recommended limit 

of WHO in all seasons in all boreholes and the river sections. The mean coliforms count in all 

the river sections exceeded the WHO recommended limit in all seasons. The water samples 
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from all boreholes and sections of the river showed an overload of TDS way above the WHO 

and SAZ limits. The water quality analysis revealed that water from the boreholes and the 

river requires treatment before consumption. 

7.1.3. Antimicrobial dosage of sunflower plant extracts 

The three microbial pathogens namely: E. coli, faecal coliforms and total coliforms were 

subjected to extracts from four sunflower plant tissues which included: seed, leaf, stem and 

roots. The extracts were obtained using five solvents that is: chloroform, ethanol, hexane, 

water and acetone. The highest potential was obtained from chloroform extracts followed by 

ethanol, water and acetone extracts while there was no recorded effect from the solvent 

hexane. Throughout the experiments, sunflower seed extracts showed greater effect on all 

the three bacterial species. The anti-microbial properties of the sunflower seed extracts 

portrayed a high mean zone of inhibition of 5.7 mm and 6.3 mm on faecal coliforms and E. 

coli bacteria respectively and this was in agreement with a research carried by (Dube and 

Chitiga, 2011). In addition, the coagulant properties of sunflower extracts were tested against 

turbidity and pH with different dosages of seed, root, stem and leaf extracts at different time 

intervals. The seed extracts were found to have an optimum dosage of 4 g at 80 minutes with 

some turbidity removal efficiencies of 95%. The effectiveness of the extracts varied from 

season to season, with summer having higher percentages while winter had the lowest 

percentage reductions. Results revealed that sunflower seed extracts should be the first 

option in choosing natural materials as antimicrobial and coagulant agents. Therefore, the 

study concludes that sunflower seed extracts can be used as antimicrobial and coagulant 

agents at household level. 

7.2 Contribution to knowledge  

7.2.1 Methodological 

The study was able to formulate comprehensive pedagogical procedures that are applicable 

to modern research methods. The procedures helped the research to explain issues on data 

collection, compilation, presentation and analysis for easy readability, understanding and 

adoption by other scholars. The integration of primary data on physiochemical and 

bacteriological parameters of water as well as their treatment will go a long way to help 
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narrow the knowledge gaps in domestic water treatment and also help to dispel some old age 

myths about ‘rural technologies’. The findings of this research will also help to ‘destabilise’ 

the status quo, where technology and innovation always come from the top and forced on 

rural residents. This will raise the confidence of the rural communities by adopting indigenous 

technologies, which have been verified and validated by modern science. Armed with this 

technology, the imposition of technologies on communities will also be reduced and if 

embraced, will have to be interrogated first.  

With successes in research and innovation at local level, it will be easy to persuade policy 

makers to consider inputs from rural communities, who in most cases, are just viewed as 

statistical data or their knowledge questioned by government officials. These indigenous 

technologies are crucial for sustainable water management especially for countries like 

Zimbabwe, which are striving to be a middle income country by the year 2030 as well as taking 

heed of the Sustainable Development Goals of the United Nations. The findings of this study 

are not confined to the field of Environmental Management only but can be utilised by many 

other disciplines in both natural sciences and social sciences. 

7.2.2 Theoretical  

The study sought to assess effectiveness of environmentally friendly water treatment 

technologies to meet the Sustainable Development Goal number 6, which aims to “ensure 

availability and sustainable management of water and sanitation for all” by the year 2030.  

The use of sunflower plants (Helianthus annuus) for domestic water treatment as an 

alternative to conventional and top notch technologies, was considered very necessary for 

water treatment, especially at household level. The literature review looked at the main 

causes of water pollution, which were classified under; physio-chemical and biological. The 

types of water pollution were also explored and categorised as point source pollution and 

non- point source pollution. Various methods of water treatment were also looked at, their 

strengths and weaknesses interrogated. A bigger section of the literature review dealt with 

water treatment and the various methods since it was the main focus of the study. 

Advantages and disadvantages of water treatment methods were discussed and most of the 

facts pointing to a very promising technology in the use of sunflower in water treatment if 

more research is invested. The research findings show that cheap home based water 
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treatment technologies can be utilised using locally available resources, which do not need 

specialised training to administer. Indigenous knowledge systems (IKS) with regards to locally 

grown varieties of the sunflower plant and the growing conditions were also vital in growing 

the plants for the experiments. The results generated from the experiments are a vital 

contribution to the existing body of knowledge in the field of water resources management. 

The anti-microbial properties of sunflower seed extracts revealed significant reduction of all 

the three bacteria species, this was shown by the greatest zone of inhibition against all the 

three species of bacteria. 

7.2.3 Modelling 

There is a common aphorism in statistics which says ‘’all models are wrong but some are 

useful’’ (Ashby, 2002). It is with this knowledge in mind that the research found it necessary 

to formulate a model that will guide future research in water management and treatment.  

Both modern and indigenous knowledge systems (IKS) should be considered and utilised 

when communities formulate policies that aim at enhancing technological development, 

especially where funding can be a challenge. Thus, the mainstay of this research is rooted in 

the understanding and belief that sustainable environmental management policies, 

particularly those that have to do with water treatment in less privileged communities, should 

be encouraged to blend local technologies with modern technology, in addition, the results 

of this study would also encourage locals to be innovative, creative and come up with local 

solutions in an effort to provide clean and safe water to themselves. Knowledge of water 

borne diseases and the pathogens that cause them, can also assist communities to appreciate 

the need for environmental protection especially the need to prevent water pollution. Thus, 

the approach that guided this work was based on the three tier model of sustainability, 

availability and affordability while recognising the need and value of making use of better 

technologies that might be coming from other parts of the globe. Researchers must also not 

lose sight of contextual factors existing in the study areas, where the researches are being 

carried out thus, there should always be environmental justice, notably on flora and fauna 

while not antagonising local communities, who should readily embrace the envisaged 

innovations. 
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7.3 Conclusion 

The methodology, data collection, presentation and analysis together with some insights 

from the literature, helped this research to avail very key findings as presented in Chapters 3 

to 6. The objectives of the research focused on various technologies in water treatment, 

measurement of physio-chemical and bacteriological parameters of raw water. Experiments 

were done to determine the antimicrobial efficacies of different parts of the sunflower plant 

namely: seed, leaf, stem and root. Based on the results, the hypotheses established the effect 

of seasonality on pH, turbidity, concentration of total dissolved solids as well as 

bacteriological concentrations in water. The amount of dosages needed to rid water of the 

three main bacterial species namely; faecal coliforms, total coliforms and E. coli against time 

needed for plant extracts to work was also enumerated. The research questions were also 

answered with great precision. Results analysis helped the research to determine the most 

effective solvent that yielded the highest zone of inhibition in respect to the growth of the 

three species of bacteria. These solvents were chloroform, ethanol, hexane, water and 

acetone. Throughout the laboratory tests, extracts in chloroform had the highest mean zone 

of inhibition.   

The three microbial pathogens namely; E. coli, faecal coliforms and total coliforms, were 

subjected to extracts from four sunflower parts, which included; the seed, leaf, stem and 

roots.  The extracts showed some differences in the size of the zones of inhibition, which is 

taken to determine the effectiveness the extract has against a given bacterial species. 

Throughout the experiments, seed extracts showed greater effect on all the three bacterial 

species. This was attributed to the high contents of fatty acids and tannins in sunflower seeds, 

which act as antimicrobial agents (Saina and Shama, 2011). The study results also showed that 

extracts from chloroform solvent had the highest zone of inhibition followed by ethanol, 

water and acetone while there was no recorded effect from extracts from the solvent hexane.  

The average zone of inhibition for E. coli from the seed extract was 12.33 mm, leaf; 9.7 mm, 

root; 6.3 mm while the least zone of inhibition was from the leaf extract, which was 5.6 mm.  

On faecal coliforms, the seed extract had the highest zone of inhibition of 11 mm followed by 

leaf; 6 mm, root; mm and stem; 3.7 mm respectively. The trend was the same with total 

coliforms, where again, the seed extract had the highest zone of inhibition of 11 mm, leaf; 9.5 
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mm, root; 5.3 mm while the stem extract had a zone of inhibition of 6.2 mm.  The sunflower 

extracts had no effect on temperature and all chemical parameters because most of these 

chemicals are naturally occurring and easily found in natural water sources. If not found in 

exceedingly high concentration, they would not pause any health hazards to humans. The 

sunflower extracts, especially the seed extracts, proved to be very effective in reducing and 

increasing parameters like turbidity and pH respectively. Leaf, root and stem had also 

significant effects on increasing pH and reducing turbidity in cases, where the parameter 

values were low. The effectiveness of the extracts varied from season to season, with summer 

having highest percentages while winter had the lowest percentage reductions (Aboka, 2012). 

7.4 Limitations to the study 

Like any other study, this study had a number of limitations such that its depth, scope and 

time had to be dependent mainly on the resources that were at the disposal of the researcher. 

Some of the limitations that impacted on this study include: 

 The study only focused on treatment of domestic water at household level thus, the 

results may not reflect similar trends when dealing with large volumes of water. Added 

to this, was the fact the sample population that was chosen for the study (i.e., three 

sample per ten boreholes only and three samples per section of one river only) was 

too small to be reflective of the true state of water quality in Buhera, let alone, 

national, regional or global, to make watertight conclusions. 

 Some members of the Department of Zimbabwe Water Authority (ZINWA), who 

assisted with information were not at liberty to disclose weaknesses in government 

systems for fear of reprisals from the state agents, who always suspect researchers of 

exposing failures and corruption, hence some of the information obtained during the 

research may not be a true reflection of the extent of water problems in the study 

area in particular and Zimbabwe in general. 

 Most of the records and data obtained from the local municipalities, village heads, and 

environment officers were either too obsolete or too incompatible with the modern 

trends in water treatment technologies. There were gaps and discrepancies in 
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information obtained from local municipalities do not keep a record of environmental 

knowledge of communities. Besides the few documents that were available, 

information was mostly depended on the memory of the respondents. 

 Although recent legislations have seen the establishment of water policies, which are 

commendable, local district councils did not show a full appreciation of the benefits 

of keeping accurate records of water management.   

 In the event which required a revisit of the study site to verify some information, the 

global coronavirus pandemic also impacted on the research since there were many 

restrictions on movements, since doing so, would risk both the research team and 

community members. 

In spite of the seemingly insurmountable limitations, the study has provided invaluable 

knowledge, filling knowledge gaps, which were noted in local and regional literature, which 

the researcher consulted during the compilation of this thesis.   

7.5 Recommendations for future research 

The following recommendations arose and were derived from the findings of this research 

and therefore, any future research in related work is encouraged to consider the following 

recommendations. The recommendations were also crafted to target relevant stakeholders, 

who in this case, include ZINWA, Buhera district council, Ministry of Environment, Water and 

Climate Change, residents of Buhera, the academia, water resources managers as well as 

social scientists. All the recommendations were tailor-made to meet each individual group’s 

mandate and abilities with the aim of achieving an integrated water management system in 

a more sustainable way while encouraging a culture of responsibility and accountability. 

 There is need to test the hypotheses for the study in the early treatment stage of 

water, during which the physio-chemical and bacteriological parameters of the water 

are known to be more pronounced.  

 It should be determined if any data are available from water treatment plants on the 

effectiveness of extracts from (Helianthus annuus) and other plant species in disease 
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prevention, where these methods of disinfection are used as a stand-alone without 

augmentation with chlorine or other disinfectants. 

 There is need to test the effects of the sunflower extracts for any possible dangers to 

human health. While the efficacy of the sunflower extracts to treat water were 

established and documented, any possible side effects that may arise from the 

consumption of such water have not been investigated and it is therefore, suggested 

that future research should be done to investigate any such effects.  

 An evaluation of the toxicity of the concentration of the treatment extracts to humans 

based on in vivo experiments is very important to ascertain their effectiveness and use 

at household level. 

 Since sunflower is biodegradable, the shelf life of the treated water should always be 

within given limits since the extracts may decompose and thereby, affecting the 

quality of the water by altering pH and introducing odour and taste. In this regard, 

future researchers must therefore, investigate the shelf life of the treated water and 

if possible find ways of increasing the shelf life. 

 There is need to routinely review district by-laws governing the management of water. 

The research unearthed a number of archaic laws that were legislated more than 

forty-five years ago and are no longer relevant to the current modern methods of 

water management. 
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APPENDICES 

Appendix 1: Instruments and variables measured.  

 

INSTRUMENT VARIABLES DESCRIPTION OF MEASURE TYPE OF SCALE 

Interview 

 

Number of growth points 
and major institutions 

Total number of waste water 
treatment facilities 

Ratio 

 

 Number of water 
treatment facilities 

Volume of raw water from 
each treatment plant 

Ratio 

 

Number of water 
management personnel 

Total number of waste 
management personal in the 
province 

Ratio 

Observation 

 

 

 

Number of study sites Total number of study sites  
across study area in figures 

Ratio 

Dosage of antimicrobial 
agents in each sample of 
raw water 

Total amount of antimicrobial 
dosage in the samples 

Ratio 

Amount of raw water 
discharged into the 
treatment facility 

Volume of waste water 
discharged into the treatment 
facility. 

Ratio 

Colour of water  Colour of waste and treated 
water. 

Ratio 

Measurement Temperature Temperature of raw water and 
treated water 

Ratio 

 pH p H of waste water and treated 
water 

Ratio 

 Bacteriological parameters Measure of bacteriological 
parameters of water before 
and after treatment 

Ratio 

 Turbidity Measure the turbidity of water 
before and after treatment 

Ratio 
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Appendix 2: Chemical parameters of samples from the ten boreholes under study. 

Paramet

er 

𝐹𝑟𝑒𝑒 𝐶𝑂2% 𝐷𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑂2 % Chlorine Nitrates Phosphates 

Borehole

/Season 

Sum

mer 

Autu

mn 

Wint

er 

Sum

mer 

Aut

um

n 

Win

ter 

Su

mm

er 

Aut

um

n 

Win

ter 

Su

mm

er 

Aut

um

n 

Wint

er 

Sum

mer 

Aut

um

n 

Win

ter 

001 8,3 11 10,5 80,6 90 91 0,3 0,4 0,3 231 208 190 1,98 1,3 1,4 

002 7,6 7,2 6,4 80,4 83 89 0,2 0,1 0,2 280 201 196 1,85 1,1 1,2 

003 11,1 8,3 8 80,9 79,

2 

92,

6 

0,2 0,4 0,2 110 9,0 10,2 2,90 2,0 1,9 

004 8,7 7,1 6,8 91,3 94,

2 

97,

1 

0,4 0,4 0,3 90,

5 

10,

0 

8,7 5,60 1,2 1,1 

005 9,4 9,0 9,5 78,6 82,

0 

88,

4 

0,4 0,2 0,2 58,

7 

9,1 8,2 3,90 2,1 2,0 

006 9,6 9,2 8,7 91,4 93,

8 

97,

3 

0,4 0,2 0,4 8,2 8,6 7,7 3,80 3,3 3,6 

007 10,3 10,0 9,8 89,7 82,

3 

79,

2 

0,3 0,2 0,3 12,

8 

9,2 10,2 1,75 4,6 4,0 

008 10,0 9,3 8,9 74,0 81,

1 

86,

1 

0,3 0,1 0,3 5,5 5,1 4,8 0,71 0,4 0,5 

009 11,8 10,1 10 79,8 82,

1 

83,

2 

0,4 0,3 0,2 4,5 3,9 4,3 0,90 2,1 2,6 

010 12,9 11,0 10,4 76,2 79,

4 

79,

7 

0,3 0,3 0,2 7,6 6,3 5,4 1,0 2,3 2,0 

NB: S= Summer, A = Autumn, W = Winter. 
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Appendix 3: Chemical parameters in water from the three sections of the river. 

RIVER 
SECTIO
N 

𝑭𝒓𝒆𝒆 𝑪𝑶𝟐% 𝑫𝒊𝒔𝒔𝒐𝒍𝒗𝒆𝒅 𝑶𝟐 % Chlorine Nitrates Phosphates 

Sum
mer 

Aut
um
n 

Wint
er 

Sum
mer 

Autu
mn 

Wint
er 

Sum
mer 

Aut
um
n 

Wint
er 

Su
mm
er 

Aut
um
n 

Win
ter 

Sum
mer  

Autu
mn 

Winter 

Upper 34 33,
5 

36 120 

 

124 138 0,04 0,0
3 

0,03 21 19 19 0,12 0,12 0,10 

Middle 35 34 36,2 125 127 133 0,04 0,0
4 

0,04 26 22 21 0,12 0,09 0,10 

Lower 35,4 35 37 90 110 114 0,03 0,0
4 

0,04 20 18 18 0,10 0,10 0,08 
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Appendix 4: Introductory letter from UNISA. 
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Appendix 5: Permission letter from Buhera district council (Manicaland). 

 

ENVIRONMENTAL 

MANAGEMENT AGENCY 

 

 

 

 

ENVIRONMENTAL MANAGEMENT AGENCY 

BOX 74 

BUHERA 

30/09/2016 

RE:  PERMISSION TO CARRY OUT RESEARCH ACTIVITY IN BUHERA DISTRICT. 

We have read and understood the communication that was conveyed to us by Mr Mahamba Caston 

concerning his request to carry out his PhD Research in Buhera district, Manicaland province and is 

permitted to do so.  

 

Yours Faithfully 

Mhandu M 

DISTRICT ENVIRONMENTAL INSPECTOR 

 

 

 

 

 

EMA - PROTECTING THE ENVIRONMENT 

Ambassador Z Nsimbi (Chairperson); Ms S. Nyamudeza (Vice Chairperson); Mr A. Mlalazi (Member); 

Mr F.F. Moyo (Member); Mr N. Mushangwe (Member); Mrs B. Rwodzi (Member); Mr H.G. 

Mazaiwana (Member); Dr N. Chanza (Member); Mr I.D Kunene (Member); Mrs 

  

P.O. Box 585, Mutare 

Telephone (020-62509/65010 Fax 020-68851 

All communications should be addressed to "The PEM" 

CNR R. MUGABE/ 4TH STREET, MUTARE, Zimbabwe 

E-mail: ema@ema.co.zw, 
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Appendix 6: Interview schedule for Zimbabwe National Water Authority (ZINWA) In 

Buhera district. 

Research title: Effectiveness of water treatment using sunflower plants (helianthus annuus) 

in buhera district of manicaland province, zimbabwe. 

My name is Caston Mahamba, student no= 47279664. I am PhD degree program student in 

the Environmental Management with the University of South Africa. I am conducting a 

research on Effectiveness water treatment using sunflower plant (Helianthus annuus) in 

Buhera district of Manicaland province, Zimbabwe. 

Could you please kindly assist me with gathering information, by responding to the questions 

below. The information generated from this interview will only be used for academic 

purposes and will be treated with a high sense of confidentiality. Your cooperation will be 

highly appreciated. 

 

Rection a: district council capacity to provide safe and clean drinking water 

 

Sufficient  

Fair  

Insufficient  

 

SECTION: B level of education of water management officers in the district 

 

Highest Educational Qualification Number of personnel 

Primary  

Secondary  

Certificate holder  

Diploma holder  

Degree holder  
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SECTION C: INVENTORY OF FACILITIES 

Facility Total number Old new Required 

number 

Water 

treatment 

plants 

    

Unprotected 

wells 

    

Protected wells     

Boreholes     

Rivers     
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Appendix 7: Questionnaire 

RESEARCH QUESTIONNAIRE: THESIS FOR PhD DEGREE IN ENVIRONMENTAL MANAGEMENT 

My name is Caston Mahamba, I am doing the final part of my study for the Degree of PhD in 

Environmental Management with the University of South Africa. The research is on Effectiveness of 

phytoremediation suing sunflower (Helianthus annuus) pants in Buhera district of Manicaland 

province in Zimbabwe. 

Kindly assist with information by completing the questionnaire. The information will be used only for 

the sole purpose of the study and strict research and academic ethics will be adhered to. 

Your cooperation and timeous response will be highly appreciated. 

Thank you 

The purpose and objectives are; 

-Purpose 

The main purpose of the study was to assess the effectiveness of phytoremediation in potable 

water treatment using different parts of the sunflower plants (Helianthus annuus). 

-Objectives 

The following specific objectives were advanced to guide the study: 

(iv) To critically analyse the different types of potable water treatment and determine the 

levels of physiochemical and bacteriological parameters in untreated water. 

(v) To determine the dosage of antimicrobial effectiveness in different organs of the 

sunflower plant that is; roots, leaves, stem and fruit. 

(vi) To determine the dosage of coagulant in sunflower plant extracts ideal for potable 

water treatment. 

1: Residential area 

Which ward and constituency of Buhera do you leave in? 

……………………………………………………………………………………… 

2: Respondent position in family. 



  

 

187 
 

Just put an X in the box next to your answer. 

1 Head of household  

2 Spouse  

3 Child  

4 Relative  

5 Other  

Demographic Data 

3: Gender 

Male  

Female  

4: Marital status 

1 Single  

2 Married  

3 Cohabitation  

4 Widowed  

5 Divorced  

Other, specify  

5: Age (years) 
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1 Below  20  

20- 29  

30- 39  

39-49  

50 and above  

6: Level of education 

1 No formal education  

2 Primary education  

3 Secondary education  

4 Tertiary education  

Section B: Sources of water in Buhera 

7: Number of members per household 

2 and below  

3-5  

6-10  

Above 10  

 

8: Main source of water by household 

1 Unprotected well  
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2 Protected well  

3 Tape  

4  River/ stream      

5 Borehole  

6 Dam  

 

9: Average monthly volume of water used by household in Buhera 

500 litres  

1000 litres  

1500 litres  

2000 litres  

2500 litres  

3000 litres  

3500 litres  

4000 litres  

4500 litres  

5000 litres  

5500 litres  

6000 litres  

Above 6000 litres  

 

10: Quality of water (by ZINWA AND WHO standards) 

1 Good  

2 Fair  

3 Satisfactory  
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4 Unsatisfactory  

 

11: Monitoring of water quality by ZINWA in Buhera 

 

1 Regular   

2 Seldom  

3 None  

 

11: Methods of water purification used by household in Buhera 

1 Boiling  

2 Filtration  

3 Chlorination  

4 Ozonation  

5 Sedimentation  

6 Sorption  

7 None  

 

13: Knowledge on existing water policies 

1 No  

2 Yes  

 

In the space provided below, suggest possible measures that you think should be put in place to 

improve; 

(i) Access to water……………………………………………………………………………………………………… 

(ii) Quality of water…………………………………………………………………………………………………….. 

(iii) Management of water by ZINWA 

                                 End 

THANK YOU 

 


