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ABSTRACT 

          The study assesses water quality of irrigated water used by urban vegetable farmers in 

Tamale metropolis. It was not only limited to water quality assessment but also dug-out the 

perceptions of farmers, vendors, consumers and institutions involved as stakeholders in the 

practice. Also, stakeholder institutions challenges in monitoring the use of wastewater/low-

quality water was also unearthed in this study.  

            Mixed method of research design was employed in this study to collect data for 

analysis. Data collection instruments such as field surveys, policy sustainability test tool was 

used. Both physical and chemical methods were used to obtained water quality data. 

           The study observed from laboratory analysis of irrigation sites presents of E. coli and 

heavy metals in all the water samples from the sites. The mean heavy metals concentrations 

measured in all the sample sites were in the trend Ar˃ Cd ˃ Zn ˃ Pb ˃ Cu ˃ Mn ˃ Fe. The 

mean concentrations of nutrients such as ammonia, nitrate, nitrite and phosphate were 

recorded as 0.022mg/l to 5.98mg/l for ammonia, 1.06mg/l to 7.52mg/l for nitrate, 0.031mg/l to 

0.056mg/l for nitrite and 0.037mg/l to 0.069mg/l for phosphate respectively. E. coli and Total 

coliforms levels for Sangani, Kamina and waterworks from the laboratory analysis were 

recorded as 3.2 × 103 CFU 100m/l and 5.5 × 102 CFU 100m/l, 4.0 × 103 CFU 100m/l and 1 × 

102 CFU 100m/l, and 2.1 × 103 CFU 100m/l and 4.6 × 102 CFU 100m/l respectively. Physical 

parameters were recorded as mean turbidity values were 19NTU and 122NTU whiles mean 

TDS range between 290.5mg/l and 426.5mg/l. pH was between 6.84 and 7.79. From the 

documentary review of regulations, guidelines and policy actions, it was revealed that none of 

the institutions had activities put in place to monitor wastewater reuse. Thus, all guidelines 

reviewed in this research were all silent on the use of wastewater for vegetable irrigation. 

Administratively, institutions lacked financial support and were understaffed to carry out its 

activities. Sustainability policy test revealed that wastewater/low-quality water reuse policy 

supported the socio-economic and cultural objectives of Ghana. 
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RÉSUMÉ 

Dans cette étude, une analyse de la qualité des eaux d’irrigation utilisées par les agriculteurs 

en milieu urbain de Tamale est effectuée. Cette étude ne se limite pas sur l’analyse la qualité 

de cette eau, mais va en profondeur en investiguant les perceptions et des cultivateurs, 

vendeurs, consommateurs, ainsi que les établissements partenaires de ces derniers. Mais 

également, les défis des institutions partenaires responsable de la gestion des eaux usées et 

d'eau de mauvaises qualités ont été consultés dans la réalisation de cette étude. 

Au niveau de la méthode de recherche ; les méthodes mixtes ont été utilisées dans cette étude 

identiquement pour le traitement des données au niveau de l'analyse. Les moyens de la 

collecte de données comprenant les enquêtes, les critères de sélection de la politique de 

développement durable ont été utilisés ; les méthodes physiques et des chimiques ont été 

employées lors de la collecte des données sur la qualité de l'eau.  

Des traces d'E coli et de métaux lourds ont été observée au cours de l'analyse des échantillons 

prélevés sur les sites des eaux d’irrigations. La concentration moyenne de métaux lourds 

mesurée dans les zones d’échantillonnage était dans la tendance ascendante Ar˃ Cd ˃ Zn ˃ Pb 

˃ Cu ˃ Mn ˃. La concentration moyenne des éléments nutritifs enregistrée varie de 0.022mg/l 

à 5.98mg/l pour l'ammoniaque, 1.06mg/l à 7.52mg/l pour le nitrate, 0.031mg/l à 0.056mg/l 

pour le nitrite et 0.037mg/l à 0.069mg/l pour le phosphate. Les analyses ont révélé des traces 

d’E. Coli et de coliformes pour Sangani, Kamina et les stations de traitement des eaux 

s’évaluant respectivement dans les intervalles 3.2 × 103 CFU 100m/l - 5.5 × 102 CFU 

100m/l ; 4.0 × 103 CFU 100m/l - 1 × 102 CFU 100m/l, et 2.1 × 103 CFU 100m/l - 4.6 × 102 

CFU 100m/l. Les paramètres physiques considérés comme valeurs de turbidité moyenne 

étaient comprises entre 19NTU et 122NTU tandis que la moyenne TDS s’évaluait entre 

290.5mg/l et 426.5mg/l. L’intervalle de pH était entre 6,84 et 7,79.  

Dans les statuts de règlementation, d'activités et d’orientations stratégiques, il a été remarqué 

qu'aucune institution n’a mise en place des activités pour la gestion et le recyclage d'eaux 

usées. Ainsi, toutes les directives antérieures présentées dans cette étude ne se rapportent pas 

sur l'irrigation au moyen des eaux usées. Administrativement, les institutions sont en manque 

de moyen financier et en sous-effectif pour effectuer ses activités. Les critères de sélection des 

politiques de développement durable ont confirmé que les programmes de recyclage les eaux 

usées/les eaux de mauvaises qualités appuient les objectifs socio-économiques et culturels du 

Ghana. 

 

 

  

 



IV 

 

ACKNOWLEDGEMENT 

I am most grateful to Almighty God for his protection and guidance throughout the 

programme; Praise is to you O LORD for your faithfulness.  

My heartfelt gratitude goes to my supervisor Prof. Nadia Badr El-Sayed for her wonderful 

support and constructive criticism towards the completion of this thesis. May ALLAH 

continue to bless her. 

My special thanks also go to University of Tlemcen and PAUWES for their amazing tuition 

and guidance throughout the programme. Also, I wish to thank all the partners and African 

Union Commission for making funding available for the programme and thesis. 

I also wish to acknowledge the immense support of my course mates for their co-operation 

and guidance throughout the entire programme. My warmest gratitude to Mr. Gerard Quarcoo 

of Water Research Institute, Tamale, for making their laboratory available throughout the 

study. 

Finally, my gratitude goes to my Ghanaian colleagues at PAUWES and Fatimah Belabdelli 

from Tlemcen. I sincerely appreciate their love and support throughout my two years stay in 

Tlemcen. 

 

 

 

 

 



V 

 

TABLE OF CONTENT 

 
DECLARATION ................................................................................................................................... I 

ABSTRACT .......................................................................................................................................... II 

RÉSUMÉ ............................................................................................................................................. III 

ACKNOWLEDGEMENT ................................................................................................................. IV 

TABLE OF CONTENT ....................................................................................................................... V 

LIST OF TABLES ........................................................................................................................... VIII 

LIST OF FIGURES ........................................................................................................................... IX 

LIST OF ABBREVIATIONS .............................................................................................................. X 

CHAPTER ONE....................................................................................................................................1 

1.0 Background of the study ................................................................................................................1 

1.1 Problem Statement ........................................................................................................................5 

1.2 Research Questions .......................................................................................................................6 

1.3 Research objectives .......................................................................................................................6 

1.4 Relevance of the study...................................................................................................................7 

1.5 Scope of The Study .......................................................................................................................8 

1.6 Limitations of the study .................................................................................................................8 

CHAPTER TWO ..................................................................................................................................9 

LITERATURE REVIEW .....................................................................................................................9 

2.0 Introduction ...................................................................................................................................9 

2.1 Wastewater Management and Sanitation in Urban Cities ..............................................................9 

3.2 Wastewater Concept .................................................................................................................... 10 

2.2 Volume and Sources of Wastewater ............................................................................................ 10 

2.3 Disposal and Treatment Methods ................................................................................................ 12 

2.3.0 Wastewater Disposal and Treatment in Ghana................................................................ 15 

2.4 Institutional Aspects of Wastewater Management ....................................................................... 20 

2.5 Urban and Peri-Urban Agriculture; General Overview ............................................................... 22 

2.5.0 Urban and Peri-Urban Agriculture in Ghana .................................................................. 26 

2.6 Wastewater for Irrigation............................................................................................................. 29 

2.6.0 Irrigation Methods and Technologies in Ghana ............................................................... 33 

2.6.1 Informal Urban and Peri-Urban Vegetable Irrigation .................................................... 34 

2.7 Water Quality Assessment........................................................................................................... 35 

CHAPTER THREE ............................................................................................................................ 39 



VI 

 

MATERIALS AND METHODS ........................................................................................................ 39 

3.0 Research design ........................................................................................................................... 39 

3.1 Study area .................................................................................................................................... 39 

3.1.0 Main Irrigated sites in Tamale metropolis ....................................................................... 40 

3.2 Sampling sites ............................................................................................................................. 41 

3.2.0 Sampling Procedures .......................................................................................................... 43 

3.2.1 Purposive Sampling Technique ......................................................................................... 43 

3.3 Data Sources and Gathering Techniques ..................................................................................... 43 

3.4 Instruments for data Collection ................................................................................................... 44 

3.4.1. Questionnaires .................................................................................................................... 44 

3.4.2. Key informant Interviews ................................................................................................... 45 

3.4.3. Farmers’ survey .................................................................................................................. 45 

3.4.4. Vegetable Vendors survey ................................................................................................... 45 

3.4.5. Vegetable Consumers survey .............................................................................................. 45 

3.4.6. Wastewater Sampling ......................................................................................................... 46 

3.4.7. Policy ‘Sustainability Test’ tool .......................................................................................... 46 

3.4.8. Review of legislative and regulations in support of wastewater/low-quality water use ..... 47 

3.5 Laboratory Analysis .................................................................................................................... 47 

3.5.1 Chemical Analysis for Heavy Metals, Nutrients and Physio-chemical ........................... 47 

3.5.2 Bacteriological Sampling and Methods Used ................................................................... 49 

3.5 Data Analysis and reporting ........................................................................................................ 51 

CHAPTER FOUR ............................................................................................................................... 52 

RESULTS AND DISCUSSION .......................................................................................................... 52 

4.0 Introduction ................................................................................................................................. 52 

4.1 Source of Water for Irrigation ..................................................................................................... 54 

4.2 Farmers awareness on low-quality water/wastewater reuse policy regulations ........................... 55 

4.3 Perceptions of Vegetable Vendors ............................................................................................... 56 

4.4 Consumer’s Perceptions .............................................................................................................. 57 

4.5 Physical Parameters, Nutrients and Heavy Metals of wastewater/low quality water ................... 60 

4.5.0 Physical Parameters ............................................................................................................ 63 

4.5.1 Nutrients .............................................................................................................................. 63 

4.5.2 Heavy metals concentration levels of irrigation water ........................................................ 64 

4.6 Bacteriological Quality of wastewater Use for Vegetable irrigation ............................................ 66 

4.7 Challenges face by regulatory institutions in monitoring the use of wastewater for agricultural 

productivity. ...................................................................................................................................... 68 



VII 

 

4.7.0 Legislative and regulation challenges ................................................................................. 68 

4.7.1 National regulations and legislation challenges ................................................................. 70 

4.7.2 Administrative and financial challenges ........................................................................... 71 

4.8 Institutional Provision for monitoring and implementation of the low-quality water use policy . 72 

4.8.0 Policy Sustainability Test ................................................................................................... 74 

CHAPTER FIVE ................................................................................................................................. 77 

SUMMARY, CONCLUSION AND RECOMMENDATIONS ........................................................ 77 

5.0 SUMMARY ................................................................................................................................ 77 

5.1 Conclusion................................................................................................................................... 79 

5.2 Recommendation for Policy Consideration and Reforms ............................................................ 80 

5.3 Further Research Areas ............................................................................................................... 82 

References ......................................................................................................................................... 83 

Appendix A ....................................................................................................................................... 93 

Appendix B ..................................................................................................................................... 102 

 

 

 

 

 

 

 

 

 

 



VIII 

 

LIST OF TABLES 

Table 3.1 Sample size distribution for farmers and consumers………………………42 

Table 3.2 Research questions, data sources and collection techniques………………44 

Table 3.3 Interval scale of Policy Sustainability Tool…………………………………47 

Table 4.1 Socio-economic characteristics of Farmers…………………………………53 

Table 4.2 Sources of Irrigation water…………………………………………………55 

Table: 4.3 Knowledge on vegetable source……………………………………………56 

Table 4.4 Awareness on vegetable source……………………………………………58 

Table 4.5 Water source and its influence on Purchasing…………………………….58 

Table 4.6. Different Cleaning methods……………………………………………….59 

Table 4.7 levels of physical parameters of wastewater/low-quality water……………61 

Table 4.8 Mean concentration levels of nutrients in irrigation water…………………61  

Table 4.9 Heavy metals mean concentrations levels…………………………………62 

Table 4.9.1: E. coli and Total Coliforms in irrigation water…………………………67 

Table 4.9.2 Ghana legislative, regulations and Agencies……………………………69 

Table 4.9.3 Institutional perceptions and awareness on low-quality water reuse policy….73 

Table 4.9.4. Policy sustainability test results……………………………………………75 

 

 

 

 

 



IX 

 

LIST OF FIGURES 

Figure 3.1: Major farming sites in Tamale…………………………………………….41 

Figure 4.1 Bar chart representing various cleaning methods by consumers……………60 

Figure 4.2: Mean concentration of Cd, Fe and Pb in wastewater use for vegetable….66 

Figure 4.3: Institutional framework for policy implementation………………………71 

 

 

 

 

 

 

 

 

 

 

 

 

 



X 

 

LIST OF ABBREVIATIONS 

WHO                     World Health Organisation 

UNICEF                United Nations International Children Education 

KNUST                 Kwame Nkrumah University of Science and Technology 

FAO                      Food and Agricultural organisation  

WWP                  Waste Water Programme 

MENA                Middle East and North Africa 

ESCWA              Economic and Social Commission for Western Asia 

IESS                  Institute of Environment and Sanitation Studies 

TDS                   Total Dissolve Solids  

BOD                  Biological Oxygen Demand    

WC                    Water Closet 

IWMI                International Water Management Institute 

KVIP                 Kumasi Ventilated Improved Pit 

KMA                 Kumasi Municipal Assembly  

EPC                   Environmental Protection Commission  

IRC                    International Reference Centre 

WRI                 Water Research Institute 

EPA                  Environmental Protection Agency 

CSIR                 Council for Scientific and Industrial Research 

SMCD              Supreme Military Council Decree  

MLGRD           Ministry of Local Government and Rural Development  

UPA                 Urban and Peri-urban Agriculture 

OFY                Operation Feed Yourself 

UNEP FI            United Nations Environment Programme Finance Initiative 

CAAD             Comprehensive Africa Agricultural Development Programme 

CFU                 Colony Forming Units  

WMO              World Metrological Organization   



1 

 

CHAPTER ONE 

INTRODUCTION 

1.0 Background of the study 

The use of waste water for irrigation is much more commonplace than any 

believe. This is because vast majority of the developing world highly depend on it to 

augment the declining water resource for food production (Mateo-Sagasta et al, 2013). It 

is estimated that about 20 million hectors of land are irrigated worldwide using 

wastewater (Keraita, 2008), other studies estimate waste water irrigated land as the same 

size of Germany which stand at about 29.3 million hectares (Made Minds, 2016). The use 

of waste water for irrigation is not only limited to the developing world, industrialised 

countries in Europe and America also make use of waste water for agriculture (Raschid-

Sally and Jayakody, 2008 a). Wastewater use in the developing world varies with 

significant gap to that of the developed world. In developing countries waste water are 

often characterize as untreated, very low quality and poses high risk in terms of health to 

farmers and consumers (Scott et a, 2004). However, the developed world with advance 

technology are able to treat waste water for irrigation and other purposes (Buechler et al, 

2006). The use of waste water for irrigation is increasing in exponential rates in Africa 

and Asia (Thebo et al, 2017), due to population growth, high demand for perishable 

goods and water scarcity coupled with poverty (Raschid-Sally and Jayakody, 2008b).  

Waste water use for irrigation as practice in African urban and peri urban is 

mostly informal. The practice is growing in most urban cities in Africa such as Nairobi, 

Ghana (Cornish and Kielen, 2004) and Dakar. The primary crops grown are lettuce, 

tomatoes, onions and eggplant or aubergine. While some fruits are cultivated, vegetables 
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are preferred because they grow faster and are more profitable (Faruqui, Niang and 

Redwood, 2004). The major water sources are mostly from urban activities such as 

domestic, industrial and agriculture.  Other sources include surface water like rivers, 

lakes and natural streams, ponds and tanks, shallow wells, house drainage spouts and 

channels and wastewater treatment plants (Drechsel et al, 2006, Van Rooijen et al, 2010). 

These sources are often polluted and below standards for irrigation purposes. For 

example, a research done in Nairobi revealed that the waste water used for irrigation 

contained heavy metals (Cornish and Kielen, 2004).  likewise, in South Africa, 

vegetables produced from waste water irrigation had traces of faecal coliforms and heavy 

metals (Gemmell and Schmidt, 2010).  

Though the use of low quality water is prohibited by law in some African 

countries such as Algeria, Tunisia and Egypt, there is no actively regulation for using of 

waste water in vegetable irrigation (Keraita, Blanca and Drechsel, 2008).  Farmers and 

consumers of vegetables produced from waste water irrigation have different perceptions 

about the practice. Informal vegetable farmers in Tanzania have a concept of using waste 

water is cost effective since they can’t afford potable water or treated waste water with 

acceptable standards for irrigation (Mayilla et al, 2016). Others prefer it because they 

don’t have alternative sources to irrigate during dry season.  

Three major cities in Ghana are engulfed in informal waste water vegetable 

irrigation wherever there is open surface water either polluted or not.  Due to poor 

sanitation, lack of proper drainage system and lack of waste water treatment plant, 

effluent from industries and domestic sewage are often discharge into streams, rivers and 

open gutters (Cornish and Kielen, 2004). It is estimated that about 47% of households 
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discharge their liquid waste into open gutters (GSS, 2012). Farmers in urban and peri 

urban take advantage by using this waste water for vegetable irrigation. A common 

picture in both urban and peri-urban areas of Ghana is the cultivation of irrigated 

vegetables in the dry seasons. More than 15 kinds of vegetables are cultivated, all of 

which are sold. The most perishable vegetables, such as lettuce (about 95% of it in 

Kumasi are grown from the urban city and 35% within Accra are usually grown in the 

city and often harvested 11 times during the year (Danso, Hope and Drechsel, 2014). 

Less-perishable vegetables, such as aubergines are typical of dry-season irrigation in peri-

urban areas. Due to the high food prices in the dry season, the highest-value land sites 

have access to water. They are located on river banks, next to drains, in valley 

bottomlands, and if possible close to the city to reduce transport costs. The use of 

polluted water for vegetable farming is more widespread in the more populated cities 

where safe water is scare and is used for domestic purposes. From a general survey 

among open-space farmers carried out in 2002, it was found that about 84% of nearly 800 

farmers farming in and close to Accra and almost all 700 farmers in Tamale used polluted 

water for irrigation, at least during the dry seasons (Keraita and Drechsel, 2004).  

Quality of irrigation water use for vegetable farming in urban cities of Ghana are 

noted to be poor and below standards. This is confirmed by research conducted in the 

three big urban cities in the country. During a survey in Accra, out 160 irrigation water 

and 163 soil samples, 93% and 91% of were had presence of E. coli, respectively (Antwi-

Agyei et al, 2016a). Also, Dzorwulu and Korle-Bu farming sites in Accra had heavy 

metals and faecal coliforms which was above the WHO (1989) guidelines for irrigation 
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(Akrong, 2012). In Kumasi, thermo tolerant coliform was generally higher in water 

samples collected from streams than from shallow wells.   

The use of waste water for irrigation has adverse effects on farmers and 

consumers with regards to health issues (FAO, 2012). Farmers are more expose to health 

risk, as they do not use protective clothing during their direct contact with soil and the 

water (Lydecker and Drechsel, 2010). Vegetable samples collected from Accra, Kumasi 

and Tamale irrespective of the water source, mean coliforms levels exceeded the 

appropriate standards that make them unwholesome for consumption (Amoah et al, 

2014).   

Administratively, some urban cities within Ghana have bye-laws prohibition for 

using untreated waste water for vegetable irrigation. Kumasi metropolitan assembly has 

bye-laws that regulate environmental sanitation but there is no specific rules to regulate 

the use of waste water for vegetable irrigation. However, Accra has a clear clause within 

its bye-laws that prohibits the use of untreated waste water. However, this law is 

ineffective due to poor regulation and monitoring by responsible institutions (Keraita, 

Drechsel and Amoah, 2003). The national irrigation policy of Ghana clearly outlined the 

use of low quality water (surface water or underground water which   is polluted by storm 

water, grey water and black water or a combination of them) for urban irrigation. 

Nonetheless, its implementation has not been effective due to fragmented institutional 

efforts and lack of legal framework backing. Unfortunately, institutions responsibility of 

implementing effective and safe use of low quality water for irrigation have lack 

commitment and perceive it as a practice that can endanger public health (Amponsah et 

al, 2015). 
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1.1 Problem Statement  

Livelihood of many people in urban developing countries depend on informal 

vegetable irrigation farming. Though it plays significant role in vegetable provision for 

consumption, it is often given less attention by government institutions. The quality of 

water used in most cases is below WHO (1989) standards guidelines for urban irrigation. 

This poses health risk to farmers and consumers as confirmed in many researches across 

Africa and beyond.  There are many gaps in wastewater research which hinder attempts 

by policymakers and practitioners to identify solutions for common problems faced by 

wastewater users. One such gap is the lack of knowledge on wastewater quality and 

quantity over time and how farmers can adopt to water quality. Another gap in current 

research is the lack of clarity on which social groups are involved in wastewater-irrigated 

agriculture and why. 

With similar studies in the research area, this research will seek to contribute to 

existing literature to assess quality of water use for irrigation along with the perceptions 

of farmers and consumers. Previous studies concentrated more on the quality of the 

water, soil and vegetables in urban areas but this research will concentrate on irrigated 

farm lands in peri urban areas within the Tamale metropolis. Another new contribution of 

this work is to investigate the challenges face by responsible regulatory agencies in 

monitoring the use of low water quality for irrigation.  
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1.2 Research Questions 

          From the problem statement the study will seek to assess the quality of water use 

for informal vegetable irrigation in peri urban communities, perceptions of farmers and 

consumers on quality of water use, vegetable produce from the practice and challenges of 

regulatory institutes in monitoring informal vegetable irrigation. The following questions 

will guide the study; 

a) What is the quality of irrigation water use by informal peri urban vegetable 

farmers in Tamale metropolis? 

b) What are the perceptions of farmers, vendors and consumers on irrigation water 

quality and vegetables produce from the practice? 

c) What is the challenges face by regulatory institutions in monitoring the use of 

waste water for vegetable irrigation in Tamale metropolis? 

d) What local institutional provisions have been put in place to implement and 

monitor the use of wastewater for urban agriculture under national irrigation 

policy? 

1.3 Research objectives  

           The essence of this study is to assess the quality of irrigation water use for 

vegetable farming to ensure safe use of waste water for irrigation. These will be achieved 

by the following objectives; 

a) To investigate the quality of irrigation water use by informal peri urban vegetable 

farmers in Tamale metropolis. 
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b) To ascertain the perceptions of farmers and consumers on irrigation water quality and 

vegetables produce from the practice. 

c) To obtain the challenges face by regulatory institutions in monitoring the use of 

wastewater for vegetable irrigation in Tamale metropolis. 

d) To unearth local institutional provisions put in place to implement and monitor the use 

of wastewater for urban agriculture under national irrigation policy. 

1.4 Relevance of the study  

          This study is timely as there has been hue and cry all over Ghana about health risk 

and the quality of the water use for urban vegetable irrigation. Many farmers who found 

themselves in this practice are illiterates, as a result they do not know much more about 

the risk involved in the use of waste water for irrigation (Drechsel and Karg, 2013). With 

information on the quality of water used, farmers can adopt to water quality by practicing 

safe use of waste water and improving their irrigation methods. Consumers and farmers’ 

perceptions on the different aspects of waste water (quality, and health issues) should be 

brought to the attention of policymakers and urban authorities in fostering appropriate 

planning initiatives. Collaborative effects between policy-makers and researchers provide 

surety for integration of empirically identified problems and remedial solutions to reduce 

socio-economic and environmental related risk associated with waste water use (Balaji et 

al, 2012). This research is vital for the Tamale metropolitan assembly in enforcing it bye-

laws on the use of waste water for irrigation, indiscriminate disposal of liquid waste and 

open defecation. It can also trigger reforms in regulatory agencies and institutions for 

effective monitoring of informal urban irrigation. The study will also contribute to 
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existing literature in academia, since there has not been such similar research in the study 

area. Recommendations from this research can go a long way to improve the practice of 

using waste water for irrigation and also serve as a resourceful document in amending the 

national irrigation policy. Although, it covers limited areas, this study will intend to serve 

Ghana Irrigation Authority, EPA, Ministry of Water and Natural Resource 

1.5 Scope of The Study  

            This study was confined to peri-urban irrigation sites using wastewater/low-

quality water. Areas such as Sagnani, waterworks (Gumbehini) and Zagyuri(Kamina). 

Though it covers these limited areas, results and recommendations from study intend to 

serve Ghana Irrigation Authority, EPA, Ministry of Water and Natural Resource.  

1.6 Limitations of the study 

           The researcher encounted challenges which could have served as a threat to the 

completion of the research. Respondents especially farmers were not willing to partake in 

the study and two reasons were observed as the cause of their lack of interest to 

participate; (i) They didn’t want people to know the source of water use for irrigation, (ii) 

Farmers were used to getting incentives from researchers, bigger organisations such as 

World Vision gave out a lot of incentives to farmers to induce their participation. 

Moreover, guidelines and legislations were not available at regional offices of institutions 

in the study. However, the researcher was able to overcome these challenges to ensure the 

completion of the thesis. 
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CHAPTER TWO 

LITERATURE REVIEW 
2.0 Introduction 

          This chapter reviews pertinent literature on issues understudy. The chapter presents 

reviews on wastewater management in urban cities and sanitation in Africa and Ghana, 

urban and peri-urban agriculture and wastewater use for irrigation. Also reviewed issues 

on vegetable irrigation farming and the informal peri-urban vegetable irrigation in Ghana. 

2.1 Wastewater Management and Sanitation in Urban Cities  

           Despite the economic successes of most developing countries, progress in terms of 

sanitation has been very poor. At the household levels for instance, access to improve 

sanitation facilities in Ghana is just about 15% (WHO/UNICEF, 2015) compared to 

national target of 54% (KNUST, 2016), although the government has intensified efforts 

to improve sanitation situations of the urban and small towns through the development of 

satiation strategies.  Poor sanitation in urban areas does not only affect human health, but 

also impose huge cost to households. Apparently, households in low-income areas are the 

most severely affected since the cost of sanitation are not evenly shared, with the highest 

share going to the poorest households (KNUST, 2016). 

           However, with appropriate strategic programmes, some waste could be beneficial 

to support urban/peri-urban household’s livelihood activities. Urban sanitation 

infrastructure in Ghana is poor and only a portion of wastewater (mostly domestic 

wastewater) is collected and treated (Scott et al., 2004). A large amount of the wastewater 

ends up in dams, form a stream or into nearby water bodies for onward usage by 

irrigation farmers. It becomes imperative therefore to manage water/wastewater to rather 
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be of help to humans than to threaten human life. Effective management of wastewater 

also has the potency of supporting the livelihoods of most urbanites whiles contributing 

significantly to the supplies of vegetables to cities.  

3.2 Wastewater Concept  

           Wastewater may widely be considered as a negative resource owing to its bad odor 

and the fact that it’s a part of human waste.  The problem of contamination of water 

bodies and the environment through wastewater discharges is understood historically. 

Discharges or effluents from wastewater may contain toxic pollutants with the tendency 

of flowing through permeable soils to pollute surface water. The effect of this can make 

surface and underground water unsafe for human use. Untreated wastewater also destroys 

and poisons natural ecosystems and biotic life (Corcoran et al., 2010), and poses a threat 

to human life, and may not be in line with the concept of sustainable development  

2.2 Volume and Sources of Wastewater 

           One of the biggest challenges resulting from urbanization and the growth of 

informal settlements in urban areas in most developing countries is wastewater 

generation. The proportion of urban dwellers in developing countries has increased since 

the 2000s. The Wastewater Assessment Programme of the United Nations (WWAP) 

indicates that in sub-Saharan Africa, about 62% of the urban population lives in slums 

(WWAP, 2017). Much of these can be found in war tone nations emerging from war and 

in West Asia, where the living in slums has increased from 67% to 77% and 21% to 25%, 

respectively (UN-Habitat, 2012). Wastewater is not only a cost and operational challenge 

in industrial production, it could also serve as opportunity for growth as the incentives for 

minimizing waster use and cost saving, whiles reducing water dependency (WWAP, 
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2017). Estimates suggests that global industrial wastewater generation will double by 

2025 (UNEP FI, 2007). As indicated in Mateo-Sagasta et al. (2015), agricultural and 

municipal (domestic) water demand accounts for more than 11% of global water 

withdrawal, but only about 3% is consumed and the remaining 8% is discharged as 

wastewater, representing 330km3 per year. They further indicate that, the 8% can 

potentially irrigate 40 million hectares of agricultural land or 15% of irrigated lands.  

            As municipal and domestic wastewater accounts for the majority of water directly 

used in irrigated agriculture in most parts of the world, there is no broad inventory on the 

amount of untreated or treated wastewater used in agriculture. Little information is 

available on the amount of wastewater generated and treated in most countries in the sub-

Saharan region, although it is suspected that most of the sludge is accumulated on site 

(WWAP, 2017). Most countries in the developing world face the challenge of effectively 

handling the large quantities of wastewater generated in their urban areas due to the 

incremental increase in population (Nikiema et al., 2013). Lack of adequate knowledge 

on the nature of wastewater, financial limitations and lack of requisite expertise have 

been also cited to hamper endeavors to addressing the challenges (Graham & Polizzotto, 

2013).  

           Notwithstanding the challenges, the Food and Agricultural Organisation (FAO-

AQUASTAT, 2009) estimates the volume of wastewater from industrial and domestic 

sectors in the Middle East and North African (MENA) countries at 13.2m3/year, with 

only 5.7m3 undergoing treatment. A joint report by the World Health Organisation 

(WHO) and United Nations Children’s Emergency Fund (UNICEF) showed that only 

35%, 14% and 1% of wastewater in Asia, Latin America and Africa are respectively 
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treated (WHO/UNICEF, 2000). This suggests that the average of 43% wastewater 

treatment rate in MENA is higher than Asia, Latin America and Africa.  

           In Ghana (2006), the total amount of wastewater produced from domestic water 

use in urban areas was estimated to be approximately 280 million m3 (Gyampo, 2012). 

With increasing industrial activities in the country, it is further expected that the total 

amount of wastewater (domestic and industrial) would also increase. According to 

Agodozo et al. (2003), it is expected that urban wastewater generation in Ghana would 

increase from 530,364m3/year (36%) to about 1,452,383m3/year (45%) by 2020. It is 

unfortunate that out of this less than 8% of wastewater (especially domestic wastewater) 

undergo some form of treatment (Gyampo, 2012).  

           In Kumasi, the second largest city of Ghana, the study carried out by Awuah et al., 

(2014) to characterize the wastewater generation in two communities (i.e. Kwame         

Nkrumah University of Science and Technology, KNUST campus and Asafo) found that 

an estimated 720m3 day-1 of wastewater is generated at the KNUST sewage system 

treatment works. At Asafo, wastewater generated at the treatment plant was 870 m3 day-1 

with COD of 399,667 and 2540 mgL-1 obtained for the KNUST grey water and KNUST 

sewage and Asafo sewage, respectively. Flow rate analysis of the Asafo plant showed a 

rate of 2,250m3 day-1 and an average flow rate of grey water at KNUST at 0.07 L sec-1 

(Awuah et al., 2014).   

2.3 Disposal and Treatment Methods 

           Globally, hundred thousand tons of faecal sludge from open or collected from on-

site sanitation installations are discarded into peri-urban and urban environments. In 

many cases wastewater/low-quality water is either used in agriculture, aquaculture or 
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disposed indiscriminately into waterways or open spaces (Snyman, 2007). This 

consequently has results in serious health challenges, and water pollution, etc. (Strauss & 

Montangero, 2002). A report by the WHO/UNICEF (2012) indicates that only 30% of the 

population in sub-Saharan Africa has access to improved sanitation, indicating an 

increase of 4% from 1990 to 2010.  Gyampo (2012), estimates that only about 10% of 

urban wastewater from domestic and municipal sources in Ghana is disposed in proper 

sewage connected to treatment plants. As much as 22.9% of people in Ghana do not have 

access to any sanitation facility and only 15% use improved unshared sanitation facilities 

(UNICEF, 2015). About 22% of households mainly from rural areas use pit latrines, 

apparently their wastewater (blackwater) is not available for use while about 38% of 

people dispose of wastewater in the streets or outside their homes, 21% into gutters, 35% 

in the compound and about 1% in other places (Obuobie et al., 2006). 

           Wastewater treatment is a process designed and operated to replicate the natural 

treatment process so as to reduce the pollutant load to a level that nature can 

accommodate. Wastewater treatment allows wastewater to meet environmental standards 

before being disposed to the environment. Due to the nature and contaminants in 

wastewater, the units of operations and processes of treatment can be categorized into 

physical, chemical and biological unit operations (Economic and Social Commission for 

Western Asia (ESCWA), 2003). Three broad types of wastewater treatment are 

distinguished: primary, secondary and tertiary, with preliminary treatment proceeding 

primary treatment (Amoatey & Bani, 2011).   According to Amoatey and Bani (2011), 

wastewater treatment is vital for the reduction of biodegradable organic substances in the 

environment. It is important that substance like nitrogen, carbon dioxide, phosphorus and 
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sulphur in organic matter are broken down by oxidation into gases which is either 

released or remained in solution. Wastewater treatment also brings about reduction in the 

nutrient concentration in the environment. Nutrients in the form of phosphorous and 

nitrogen from wastewater in the environment either enrich water bodies or leads to 

eutrophication resulting in the growth of algae and some aquatic plants, which later 

deplete oxygen in the water bodies and impedes aquatic life. Elimination of pathogens is 

another vital reason for treating wastewater before reuse or discharge. Ultimately, 

wastewater is treatment is necessary for recycling and reuse of water.  

          Globally, the incremental increase in population has resulting in the pressure on 

already scarce water resources. Urbanization has also increased worsen the plight of 

urbanites and has changed the nature of agrarian areas. Effective wastewater treatment 

allows ecosystems within watersheds to flourish and deliver services to communities and 

economies that depend on them (Hernández-Sancho et al., 2010). Wastewater treatment 

and reuse in agriculture can provide benefits to farmers in conserving fresh water 

resources, improving soil integrity, preventing discharge to surface and ground waters 

and improving economic efficiency (Corcoran et al., 2010). Treating wastewater for reuse 

for activities like agriculture would contribute to the provision of food to meet food 

demands as a result of population increase, whiles contributing to household income of 

most low income urban and peri-urban populations. 

           Treating wastewater for reuse or discharge is one expensive investment in terms of 

energy consumed and the amount of land required. Sewage network is the commonest 

means used to bring wastewater to a treatment plant for the primary, secondary and 

tertiary treatments. At the secondary levels, it has been stated by WHO and UNICEF 
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(2000) that in Africa no sewage is treated up to the secondary level, whiles there is 35% 

and 65% treatment of wastewater at the secondary treatment stage for Asia and the 

developed countries respectively.  

2.3.0 Wastewater Disposal and Treatment in Ghana 

          The disposal and management of waste from sanitation facilities such as toilets, 

sewers and wastewater treatment plants remain a key problem in most developing 

countries. One major developmental challenge in Ghana today is sanitation. More than 82 

% of Ghanaians are estimated to lack access to improved sanitation (Bensah et al., 2010; 

Institute for Environment and Sanitation Studies (IESS), 2011). Also, at least 50% of the 

population resides in urban areas with antecedent sanitation problems (IESS, 2011). Poor 

sanitation resulting from domestic wastewater is among the contributory factors to 

pollution and unsavory environment, including the negative impacts on economic 

development and public health in Ghana. Both domestic and industrial wastewater are 

mostly discharged into drainage systems which are later disposed into water bodies such 

as lagoons, rivers and streams without any form of treatment.  

          Wastewater disposal in Ghana takes place in a number of forms: on-site disposal 

and off-site disposal (Obueobi et al., 2006). On-site disposal of wastewater is the disposal 

that takes place at the point of production, such as within a house and without 

transportation. Examples of on-site disposal of wastewater include dry methods (such as 

pit latrines and toilet composting), water saving methods (such as pour-flush latrine and 

aqua privy) and high water rise methods (such as un-emptied flush toilet with septic 

tanks). However, in off-site wastewater disposal, there is some element of waste 
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transportation. Examples include, bucket latrines, pour-flush toilets with vault and tanker 

removal and the conventional sewerage system (Obuobi et al., 2006). 

          Wastewater disposal is thus a major challenge in Ghana. Both urban and rural 

sanitation infrastructure is very poor. Whiles a great amount of wastewater is disposed 

untreated, only a portion (mostly domestic) is collected for treatment.  In most rural 

areas, the most common mode of on-site waste disposal is the pit latrine making its 

wastewater inaccessible for use considering the low level of technology. In the absence of 

Water Closet (WC) and the Kumasi Ventilated Improved Pit (KVIP), most urban 

households’ resort to the use of public toilets. As much as 38% of the population of 

Ghana disposal wastewater on the streets, 21% in gutters, 35% in the compound and 1% 

in other places, whiles on 5% dispose liquid waste using the sewerage systems in the 

urban areas of Kumasi, Accra and Tema (Obuobi et al., 2006).  

           A report by the International Water Management Institute (IWMI, 2008) on the 

Evaluation of the Faecal Sludge and Wastewater Treatment Plants, revealed that Ghana 

has a total of 44 wastewater treatment plants, out of which only 20% are working and the 

rest designed below standard. According to the Environmental Protection Agency of 

Ghana, about half of all the wastewater treatment plants in Ghana are in and around 

Accra, the capital city (EPA Ghana, 2001). A great portion of most administrative cities 

such as the Brong Ahafo, Upper East and West, etc. do not have treatment plants. Even 

where treatment plants are available, less than 25% in Greater Accra, Ashanti and Eastern 

regions are functional (Huibers et al., 2003).  Although, there is a large treatment plant in 

Accra’s Korle Lagoon, it only handles about 8% of Accra’s domestic and industrial 

wastewater. The treatment plant has capacity of three times greater than the current use 
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but constrained by the small urban sewage network. As a result, only about 10% of the 

Accra’s wastewater is collected for some kind of treatment the plant to (Huibers et al., 

2003).  

          In Kumasi, the second largest city in Ghana, there are separate small-scale sewage. 

Two conventional systems are in existence at the Kwame Nkrumah University of Science 

and Technology (KNUST) and one connecting the Komfo Anokye Teaching Hospital 

(KATH), Golden Tulip Hotel and the central parts of the 4BN Army barracks (Dahlman, 

2009). There are also two satellite systems at Ahinsan and Chirapatre suburbs and one 

simplified sewerage system at Asafo with 4 stabilisation ponds. There is also a feacal 

sludge treatment plants at Kaase and Dompoase waste stabilization ponds. However, both 

of the conventional systems are not in operation (Abuenyi, 2010). The KNUST plant was 

designed as a trickling filter system and has an inflow of about 390 m3 per day. Even 

though this facility has been rehabilitated, current student population and other 

operational difficulties inhibits its proper functioning. Raw sewage from KNUST 

sometimes, is discharged into a ‘wetland’ linked to River Wiwi, where urban farmers 

practice vegetable farming. Grey water mainly from students’ hostels and other 

residential facilities (250m3/day) also run in open gutters to nearby streams (KNUST, 

2016).  

          Since 2004, the Kumasi Metropolitan Assembly (KMA) has been operating a 

faecal sludge treatment plant at Dompoase with a capacity of 300m3/day of leachate from 

the nearby landfill (Obuobie et al., 2006). Averagely, 1,255 trips of faecal sludge are 

discharged monthly at Dompoase faecal sludge treatment plant, which amount to 6,275 

m3, representing 34% of the collectable faecal sludge of 18, 323m3 monthly in various 
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toilets (IRC-International Water and Sanitation Centre, 2006). The 6,275m3 of faecal 

sludge discharged monthly at Dompoase is treated in the pond system in combination 

with the leachate from landfilled solid waste. Treatment is through a series of 5 anaerobic 

ponds, 1 facultative pond and 2 maturation ponds. However, the quality of the treated 

effluent is not known (Buama-Ackon, 2006). The mixed effluent is black in color and 

foamy, putting in doubt the environmental protection concerns (IRC-International Water 

and Sanitation Centre, 2006). 

         There are a number of wastewater treatment options available in Ghana but 

according to Kvernberg (2012), the widely used treatment options are the waste 

stabilization ponds (WSP), tricking filters and activated sludge process. An appropriate 

wastewater treatment is the one which is able to produce affluent that meets the 

recommended microbiological and chemical quality guidelines with minimal operational 

and maintenance demands and low cost that is especially ideal in developing countries 

such as Ghana (Pereira et al., 2002).  Waste stabilization pond treatment technology is 

one of the most effective, low cost wastewater treatments for the removal of pathogenic 

microorganisms, which is achieved through disinfection mechanism. According to Mara 

et al. (1992), waste stabilization ponds are good for tropical and sub-tropical countries 

because of the high intensity of sunlight and temperature which are necessary for 

efficient removal process. If done effectively, waste stabilization ponds can efficiently 

contribute to the conservation of water, public health and environmental protection, and 

the expansion of irrigated agriculture (Papadopoulos & Savvides, 2003). Waste 

stabilization ponds are particularly recommended by the WHO for the treatment of agro-
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industrial wastewater for reuse in agriculture and aquaculture, since they are able to 

effectively remove excreted pathogens and helminthes eggs (WHO, 2006).  

          Through the WSP, a variety of wastewater ranging from domestic wastewater to 

complex industrial wastewater can be treated. Compared with other conventional 

wastewater treatment systems such as the activated sludge treatment and trickling filters, 

the WSP has several advantages low cost, low maintenance, low energy consumption, 

robustness and environmental friendliness and sustainability (Bansha & Suglo, 2016).  

However, it provides unsavory odour and requires a large area of land to ensure effective 

functioning (Amoatey and Bani, 2011). Despite the widespread use the WSP, domestic 

water treatment and management in Ghana still remain a herculean issue to Metropolitan, 

Municipal and District Assemblies (MMDAs) and the central government at large. Other 

common wastewater treatment options in Ghana activated sludge and trickling filters 

(Ayisah, 2011). According to Amoatey and Bani (2011), activated sludge method of 

wastewater requires less space compared to trickling filter and waste stabilization ponds 

and has high quality effluent quality. The disadvantage is that BOD is higher at one end 

of the tank and the other the microorganisms will be physiologically more active at that 

end than the other unless a complete mixing activated sludge system process is used. 

There are about 11 activated sludge plants in Ghana that are mainly installed by large 

hotels in Accra and Kumasi (Obuobie et al., 2006). 

          Trickling filters on the other hand are effective since BOD and suspended solids 

removal is high. Also, its operational costs are low due to low electricity demands. 

Compared to activated sludge system, the trickling filter process is much simpler. 

However, maintenance and operations demands are quite high due to the fact that it 
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requires skilled labor to keep the trickling filters running. It also requires more space 

compared to other conventional systems and has the potential for odor and filter flies 

(Amoatey & Bani, 2011).  

           A number of studies have been undertaken to assess the performance of 

wastewater treatment plants in Ghana over the years. Awuah and Abrokwa (2008) 

studied upflow anaerobic blanket sewage treatment plant in James Town, Accra and 

found good results for BOD removal but the effluent did not exceed the EPA Ghana 

effluent limits for ammonia and nitrate. At the Kwame Nkrumah University of Science 

and Technology (KNUST), Fosu (2009) assessed the efficiency of a campus treatment 

plant and found that values for effluent were higher than the EPA permitted values for the 

TSS, BOD, nitrate, E. coli and TFC.  Kyaga (2009) compared the quality of effluent of 

two wastewater treatment plants in Juapong. It was found that the performance of the 

systems were satisfactory on most parameters but failed to meet EPA Ghana’s values for 

the E. coli, nitrite and nitrate concentrations. A number of possible reasons have been 

assigned to the problems of wastewater treatment in Ghana. These include technical 

issues, institutional issues, and financial issues, among others. 

2.4 Institutional Aspects of Wastewater Management 

           Institutions are defined by Scot (2001) as the social structures that have attained a 

high degree of resilience, are composed of cultural-cognitive, normative, and regulative 

elements that, together with associated activities and resources, provide stability and 

meaning to social life. Here, institutions are referred to as government agencies, sectors 

or organizations established to execute some functions for the good of all. The success of 

environmental sanitation policies primarily depends on the suitability of the existing 
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institutional arrangement. Although other factors (such as capital, technology, etc.) may 

come to play, maximum benefits can only be generated by optimum institutional 

arrangements to make resources work effectively.  

           In tackling problems of environmental and sanitation management, governments 

have put in place some institutional frameworks and policies. The first of government’s 

response to the environmental and sanitation challenges was the establishment of the 

Environmental Protection Council (EPC) through the EPC Decree (NRCD 239), 1974. 

This was later amended by the EPC Decree 1976 (SMCD 58) and aimed to serve as an 

advisory body to government through the Ministry of Environment, Science and 

Technology (MEST) (Oteng-Ababio, 2010a). The EPC lacked law making power so it 

was ineffective, however in 1994 the EPC was transformed into the Environmental 

Protection Agency (EPA) through the EPA Act 490. The EPA was given both regulatory 

and enforcement functions, to establish national guidelines, criteria and standards for 

water and air quality, atmospheric protection and monitor and control hazardous 

substance (Oteng-Ababio, 2010b). Accordingly, the National Environmental Sanitation 

Policy was enacted in 1999 and Revised in 2010 as a roadmap to environmental and 

sanitation management in the country. 

           The National Environmental Sanitation Policy (MLGRD, 2010) mandates 

MMDAs under the Local Government Act, 1993 (Act 462), now Act 936, 2016 to enact 

bye-laws to address environmental and sanitation issues in their catchment areas to 

reduce environmental pollution. The core responsibility of MMDAs is to ensure the 

availability of facilities for handling and disposal of domestic, commercial and industrial 

wastewaters, which include excreta disposal facilities and systems for conveyance 
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(sewage, vehicular, manual) treatment and final disposal of liquid waste (Amoatey & 

Bani, 2011). According to the Ministry of Local Government and Rural Development 

(MLGRD, 2010), the policy empowers MMDAs to ensure the regulation, coordination 

and control of activities of individuals, communities and organizations involved in the 

management of liquid wastes. 

           From the aforementioned, a number of institutions and agencies have been created 

by the government and bye-laws are being enforced by MMDAs towards enhancing 

sanitation and food safety. The Environmental Protection Agency (EPA) is responsible 

for ensuring total environmental safety by enforcing compliance with all existing 

environmental regulations by individuals, and public and private organizations. The 

Ministry of Food and Agriculture (MoFA) exists to provide extension services to farmers 

through the MMDAs across the country. The Hydrological Services Department monitors 

river/stream flow rates, design and ensures the maintenance of urban drain. Also, the 

Water Resource Institute (WRI) under the Centre for Scientific and Industrial Research 

(CSIR) has a core mandate to research into the development of technologies for pollution 

control, pollution prevention and poverty reduction through water use. The International 

Water Management Institute, Ghana, has equally carried out extensive research projects 

related to widespread practice of wastewater and excreta reuse in Greater Accra, Kumasi 

and Tamale (Amoatey & Bani, 2011). 

2.5 Urban and Peri-Urban Agriculture; General Overview  

           One of the key issues of the 21st century is urbanization. Most people today live in 

cities than ever before in history. It is expected that by 2050 many people in the world 

would live in urban areas as the total world population in 2000 (World Bank, 2013). In 
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2008, the world’s urban population outnumbered rural population for the first time, and 

this is expected to double from 3.3 billion in 2007 to 6.4 billion by 2050, and by 2030, it 

is further predicted that the world’s urban population will exceed 60% of the total 

population (UNFPA, 2007). By 2020, it is also expected that about 85% and 40-50% of 

the poor in Latin America; Africa and Asia respectively will be concentrated in towns 

and cities (World Bank, 2013).  

          Meeting the food demands of urban populations, urban farming has been conceived 

as a major step. Agricultural food production in urban areas across the global south is a 

less widely accepted practice. However, in most of these countries the growing of food 

and animal rearing within or outside the urban area is a vital source of food supply and 

constitutes a major source of household income. Urban and Peri-Urban Agriculture 

(UPA) practice is gradually gaining roots and being recognized as important to the 

sustainable survival of urban households.  

           In Lagos, Nigeria, UPA is noted to be practiced on unauthorized farms or home 

plots to cultivate perishable vegetables (Adedeji & Ademiluyi, 2009). Moreover, because 

of the limited availability of farmlands in urban centres, Karanja et al. (2009) found the 

only about 30% of urbanites in Nairobi County in Kenya are practicing UPA using 

untreated sewage to irrigate crops. 

UPA acknowledges that food production is far more than a rural phenomenon (Thebo et 

al., 2014). It is a spontaneous response to the increased demand for food linked to urban 

population expansion, which is more pronounced in developing countries (FAO, 2011). It 

has also become an ally to global urban food and nutrition strategy.  
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           From the global perspective, UPA generates significant livelihood opportunities, 

not only for urban and peri-urban farmers, but also for traders, input suppliers and other 

service providers along the value chain for domestic produce (Scott et al., 2004). Urban 

agriculture contributes to the increasing availability of affordable food sold locally. 

Globally, about 15-20% of food is produced in urban areas (Armar-Klemesu, 2000). 

About 8% of the volumes of crop and animal products production in Kenya’s Nakuru 

(Foeken, 2006), 44% in Hanoi, Vietnam (Mubarik et al, 2005) and 10% in Dakar, 

Senegal (Mbaye & Moustier, 2000) come from urban agriculture. Urban farming practice 

has thus sustained the physical and economic survival of the urban poor in most 

developing nations (Addo, 2010). 

           Urban and Peri-Urban Agriculture produces environmental co-benefits and aids in 

responding to the challenges of climate change. The impact of UPA in disaster 

management in urban areas and in the mitigation of climate change is rapidly being 

recognized (Mitchell & Maxwell, 2010). By using wastewater (treated or untreated), 

UPA offers a range of co-benefits to the local environment. In this instance, UPA can 

emphasis the re-use and recycling of wastewater, resource conversion and use of other 

organic waste resources (Etuah-Jackson et al., 2001). Studies (WMO, 2007; Dubbeling & 

de Zeeuw, 2011; Acharya et al., 2011) establish that urban agriculture contributes to 

climate change response by reducing vulnerability of urban residents and strengthening 

local adaptation management, while maintaining green open space and enhancing 

vegetation cover in and around cities.  

             The practice of Urban and Peri-Urban Agriculture has increasingly become a 

viable economic activity in urban areas. UPA is even envisaged to be more important in 
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the future, as most of the growth in global population between now and 2030 will be 

concentrated in the urban areas of developing countries (FAO, 2010; FAO, 2013). It is 

estimated that more than 800 million people are globally engaged in UPA using available 

urban/peri-urban empty spaces. Out of this, more than 200 million are considered to be 

market producers employing approximately 150 million people on a full-time basis 

(Addo, 2010). UPA therefore contributes to food security and safety for approximately 

50% of the world's population, who are city dwellers (Fournier, 1996).  

           There are a number of challenges to the development of global UPA practice. 

Water access and use is paramount to the success of UPA, meanwhile water is less 

available in most urban centers, especially in developing countries. Overcoming the 

challenge, there is increasing need for the use of wastewater from households, and 

institutions for irrigation as well as low cost fertilizer which in the long run poses threat 

to human health and the local environment. This problem is likely to endure as a result of 

the lack of appropriate wastewater treatment facilities. The lack of appropriate 

mechanisms to monitor, control and reduce risks in the physical, economic and social 

environment during production and handling and use of wastewater used mainly in UPA 

is another challenge to UPA. This situation can affect the safety of vegetable and other 

produce which also raises public health concerns (Karanja et al., 2012).  

          Despite the global acknowledgement of UPA and its role in contributing to the 

food basket, the practice is hardly acknowledged by policy makers. Most authorities in 

global south have not ensured the effective regulation of the practice. Even in countries 

where it is regulated, the enforcement of food quality and safety requirements along the 

value change has not been efficient.   
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             The challenges highlight that despite the importance of UPA, research has only 

focused on the assessment of UPA practice at the small-scales. Little is researched on 

how UPA can be made as a sustainable source of food in the face of risk mitigation. Also, 

the socio-cultural dimensions including policy implications of the UPA practice have not 

been adequately assessed. More research is therefore needed to explore the relationship 

between socio-cultural characteristics of farmers and urban areas as well as policy in 

terms of land acquisition and water use to be able to make the practice sustainable. 

2.5.0 Urban and Peri-Urban Agriculture in Ghana 

           Urban and Peri-Urban Agriculture (UPA) or Urban farming though has been in 

existence for long, became prominent between 1972 and 1976 following a directive from 

the government through the operation feed yourself (OFY) as a measure against the harsh 

economic conditions the country was experiencing. The operation feed yourself 

programme sought to encourage farming within cities in order to increase the food basket 

of the country (Asomani-Boateng, 2002). Following the decentralization policy of the 

1990s, the Ministry of Food and Agriculture provided urban farming with support since 

each local authority had Directorate with extension staffs. However, for the lack of 

adequate trained field staff, the practice could not see much success although backyard 

farming continued to prevail. 

           Urban and Peri-Urban Agriculture in Ghana is largely practiced in major cities like 

Accra, Kumasi, Tamale, Takoradi and Cape Coast. Accra lies with the coastal-savanna 

zone with low rainfall (810mm average) distributed over less than 80 days (Obuobie et 

al., 2006). Runoffs and floodwater usually drain into natural drainage systems in the 

forms of streams, lagoons and ponds. Open space farming widely practiced in Accra is 
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done along water bodies and drains and backyards that ensure an all year-round 

production (Cofie et al., 2003). Aside open space farming, Obuobie et al. (2006) indicate 

that about 50-70% of portions of land are distributed over small home gardens.  

           Kumasi, representing the middle belt of Ghana is the country’s largest city after 

Accra. The city has a number of rivers such as the Owabi, Anloga, Subin, and the Wiwi 

Rivers which runs through the city with their tributaries, making it rich in water bodies.  

That make the practice of UPA feasible. Vegetables are produced in the peri-urban areas 

of Kumasi where more than 10,000 ha are reportedly under farming (Cornish & 

Lawrence, 2001).  

           Tamale covers the Guinea Savanna ecological zone and covers a large area of 

about 930 km3. The city experiences only one rainy season from April/May to 

September/November, followed by prolong dry season. Although the city is not endowed 

with much water bodies, there are few seasonal streams and dams with water enough to 

sustain dry season farming. There are about 40% farmers doing all year-round farming 

with about 50% depending on polluted water bodies (Zibrilla & Salifu, 2004). With low 

groundwater table and stream availability, UPA farming is done along wastewater drains 

around dams and reservoirs as well as dugouts. According to Adjei (2002), agriculture 

has historically been a major subsistence livelihood activity in the urban and peri-urban 

areas of Tamale. Attention has been given by to UPA in Tamale by the local University 

for Development Studies (UDS) along with the Urban Agriculture Network (URBANET) 

and the International Water Management Institute (Drechsel and Keraita 2014, Gyasi et 

al 2014). UPA practice in Tamale takes the form of both open market and home garden 
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forms. The practice is mainly based on the spatial location, degree of isolation, proximity 

to irrigation, land acquisition arrangements, etc. (Bellwood-Howard et al., 2015). 

           In Ghana, most of the UPA farmers are people with rural backgrounds and who 

have some kind of experience in farming before settling in the urban centres (Drechsel & 

Karaita, 2014). UPA practice in Ghana usually does not require huge capital investment 

and the returns are quick. Obosu-Mensah (1999) found that about 66% of urban 

agriculture farmers had no intentions to stop farming even they were offered a regular 

salaried employment.  

           Across Africa, studies have demonstrated in Southern and Eastern regions that 

most urban agricultural farmers are women because women bear the primary 

responsibility for households’ food sustenance and wellbeing (Chancellor, 2004). 

However, open space irrigated urban farming in Ghana is predominated by men. In a 

study by Obuobie et al. (2006) less than 10% of all urban open-space farmers on the 

average were women and many of them cultivate indigenous vegetables.  

            Across Ghana, urban and peri-urban agriculture has gained economic prominence 

as it contributes to local economic development. UPA provides alternative sustainable 

source of livelihood for many (migrant) unemployed youth, the aged and retirees, whiles 

improving the budgets of farmers. It also brings about price stability and helps to lower 

the cost of similar agricultural produces that might be imported elsewhere into the urban 

market (Addo, 2010). Most urban farmers are able to earn some income through the 

practice which enables them live above the poverty line (Danso et al., 2006). 
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2.6 Wastewater for Irrigation  

           The use of water/wastewater for increasing food production and living standards 

of the poor has been widely recognized. As freshwater sources are becoming scarcer, the 

need for wastewater use in agriculture has been an alternative to the conservation and 

management of water supplies. If treated well, wastewater can be used for the purposes 

for which freshwater is used (World Bank, 2010). Wastewater use is applied in many 

ways, such as for irrigation of agricultural land, aquaculture, landscape irrigation, 

recreational and environmental as well as urban and industrial uses (Asano et al., 2007). 

Wastewater use in agriculture is well established, as in most cases irrigated lands are 

located in or around urban areas where wastewater is generated (World Bank, 2010). 

From a study by Jiménez and Asano (2008), it is expected that about 20 million ha of 

agricultural land is irrigated with wastewater (be it treated or untreated) globally. 

             The world over, about 17% of total arable land producing 34% of crops are 

irrigated, with three-quarters of the irrigated area located in developing countries 

(Pescod, 1992; United Nations, 2003). In most of the developing countries, the demand 

for wastewater for irrigation farming has become high, since wastewater availability, the 

productivity boost through nutrients addition and organic matter make all year round 

farming feasible (Jiménez, 2006). The World Health Organisation (WHO, 2006) reports 

that about 10% of the world’s population is dependent on food produced from 

wastewater. Majority (75%) of the wastewater use is reported in developing countries 

(United Nations, 2003), notable Africa. Low and middle-income countries in Africa, Asia 

and Latin America are reportedly using wastewater (grey water) for irrigation of both 

edible and non-edible crops such as fodder.   
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            Wastewater irrigation is a common practice in Africa, and the practice is more 

pronounced in low-income and middle-income countries where the practice either 

involve the direct use of untreated wastewater or the indirect use of polluted water from 

streams and rivers (World Bank, 2010). In some West African cities, less than 10% of the 

generated wastewater is collected in piped sewage system and receives primary or 

secondary treatment (Drechsel et al., 2006). This situation creates the avenue to irrigation 

farmers to use polluted and untreated wastewater since access to freshwater or treated 

wastewater is a challenge.  

            Review has shown that most of the cases of wastewater use is concentrated on 

agriculture, specifically crop farming. However, in Africa wastewater is reportedly used 

for aquaculture (Asano et al., 2007). In most instances, treated wastewater is used for 

fodder production, groundwater recharge, enhancing water supply for wetlands, riparian 

habitats, wildlife refuges, urban lakes and ponds, among other environmental purposes 

(Asano et al., 2007). 

            Like in any other developing countries, urban and peri-urban agriculture in Ghana 

is gradually gaining roots in the cities on any available piece of land. In Accra, Kumasi, 

Tamale, and Takoradi, etc., urban and peri-urban agriculture occurs along streams, drains 

and other water bodies (Obuobie et al., 2006). Wastewater use for irrigation is on the 

ascendency in Ghana, and according to Agodzo et al. (2003), at 0.5 ha of dry season on 

the average wastewater use for irrigation could support the livelihoods of about 9,200 

farmers in urban and peri-urban areas of Ghana. Per the estimates of Buechler et al. 

(2014), the total wastewater irrigation land area could reach 4600 ha if only about 10% of 

the 280million m3 of wastewater from urban Ghana could be treated for agricultural use. 
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In Accra and Kumasi, informal smallholder irrigation farming usually uses polluted 

stream water estimated to over 11,500 ha, twice the amount of land cultivated by formal 

irrigation farmers (Keraita & Drechsel, 2004). Urban plot sizes vary between 0.02-0.3 ha 

farmer and coupled with irregular supply of water all year-round farming is rare without 

the use of wastewater.  

            Consuming vegetables in the form of salad from food joints and restaurants as 

part of their fast food, urban people benefit from the wastewater irrigation farming when 

they consume raw vegetables as part of their fast foods. Many of these are however at 

risk due to contamination from the use of untreated wastewater. This raises concern for 

urban authorities to in some case ban the use of polluted water for irrigation purposes, 

with the same success as stopping water pollution. Health risk reduction strategies and 

research are expected to be carried out to assess wastewater collection, treatment and 

water quality to ensure crop produce are not a threat to public health.   

          The use of irrigation for vegetable production, among other crops has been 

intensified in Africa. An example is the “Green Revolution in Africa” under the 

Comprehensive Africa Agricultural Development Programme (CAAD) where majority of 

African governments agreed to allocate about 10% of budgets to agricultural 

development (Burney et al., 2013). The Green Revolution in Africa is focused on crop 

productivity through, especially through irrigation for staple and vegetable crop 

productions in Africa. 

           In Ghana, vegetable irrigation farming is widely practiced in the form of open-

space farming for commercial purposes. The use of wastewater (treated and untreated) 

has become a cornerstone and a source of irrigation water for the urban and peri-urban 
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vegetable farming. Over the years, vegetable irrigated farming in the major cites of 

Ghana has been strengthened. Mainly because the market demand for both exotic and 

traditional vegetable is not seasonal (Drechsel & Keraita, 2014), farmers have taken to 

irrigation vegetable cultivation for all year-round vegetable production (Amoah et al., 

2006; Owusu et al., 2012).  

          Studies (Owusu et al., 2012; Keraita et al., 2014; Drechsel & Keraita, 2014) show 

that in a period where vegetable prices go high, vegetable farms using untreated 

wastewater irrigation are predominant in urban and peri-urban of Accra and Kumasi.  A 

major factor constraining irrigation farming practice in Ghana is access to arable land in 

the urban and peri-urban areas because of the increasing demand for land for construction 

purposes. Commonly cultivated vegetable in Ghana’s urban and peri-urban areas include 

carrot, cucumber, cabbage, lettuce, green pepper, spring onions, garden eggs, and 

cauliflower, etc. While urban vegetable producers are people with some form of farming 

experience from rural areas, majority of them are men and the retailing and marketing 

dominated by women (Obuobie et al., 2006). 

            Although the use of treated wastewater is ideal and the World Health 

Organisation recommends treated wastewater for vegetable irrigation farming (WHO, 

2006), the use of treated wastewater is challenged in Ghana because about 40% of 

urbanites do not have access to good drinking water (Amoah et al., 2006). The increasing 

lack of investment in wastewater treatment by the government and multination 

corporations, continuous pollution of water bodies (such as through illegal mining) are 

known contributory factors (Owusu et al., 2012). 
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              Meeting the sustainable development goals 1 and 2 of zero hunger; and good 

health and well-being respectively, the growing recognition of the use of wastewater for 

agricultural (vegetable) production is noted. In Ghana, Keraita et al. (2007b) indicates 

that one most important means for ensuring urban food security and providing balanced 

diets for many urbanites lie in urban vegetable production. Notwithstanding the need for 

the consumption of more vegetables, it is reported that wastewater (especially untreated 

wastewater) used in vegetable irrigation in Ghana contains faecal coliforms and other 

pathogens that are dangerous to public health (Amoah et al., 2006) and can increase the 

chances of infection (Harris et al., 2003). In most developing countries, wastewater is 

rarely treated consumption of pathogens and bacteria is traced to the use of polluted 

irrigation water from both domestic and industrial waste. In Ghana, high levels of 

vegetable irrigation water contamination with increasing health-related risks to both 

consumers and farmers is reported (Owusu et al., 2012). A study by Kilelu (2004) 

indicates that microbiological contaminants could cause diseases and illness to consumers 

if untreated wastewater is used to produce vegetables. Abdulai et al., (2011) also revealed 

that the health risk of wastewater use for agricultural production is associated with the 

type of irrigation practices adopted by the farmers. 

2.6.0 Irrigation Methods and Technologies in Ghana 

            Namara et al. (2010) identified two broad of irrigation systems in Ghana; the 

conventional and emerging. Whiles the conventional irrigation is those established by the 

government and NGOs, emerging systems are those initiated and developed by the 

farmers with no or little support from the government (Asante, 2013). Studying on 

Sustainable Micro-Irrigation Systems for Poverty Alleviation in the Sahel, Dittoh et al. 
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(2010) categorized smallholder wastewater irrigation application technologies into four: 

bucket/calabash/watering can system, manual (pedal/hand) pump system, motorized 

pump system and gravity/canal system.  Owusu et al. (2011) also classifies smallholder 

wastewater irrigation into gravity flow, bucket/treadle pump on surface water, 

bucket/treadle pump on groundwater, motor pump on surface water and motor pump on 

groundwater.  Moreover, studies carried out by (Keraita & Drechsel, 2004; Obuobie et 

al., 2006) indicated that watering cans among other traditional methods are used by urban 

and peri-urban agricultural farmers in vegetable irrigation farming. Also, buckets, 

motorized pumps with hosepipe and surface irrigation are used to fetch, pump and water 

crops. 

2.6.1 Informal Urban and Peri-Urban Vegetable Irrigation 

            The importance of informal irrigation farming is greatly recognized in urban and 

peri-urban areas of most cities in developing countries. A distinction is made between the 

formal and informal irrigation agriculture. Whereas formal irrigation agriculture relies on 

a fixed irrigation infrastructure designed and operated by a public or private entity that 

may be used by more than one farm household (Cornish et al., 1999; 2001), informal 

irrigation is practiced by individuals or groups of farmers without reliance on irrigation 

infrastructure that is planned, constructed or operated through the intervention of a 

government or donor agency (Drechsel & Keraita, 2014). Studies done by Namara et al. 

(2011) recorded that the irrigation in Ghana fall under two groups: conventional systems 

(those developed by government); and emerging (those initiated and developed by 

individuals and communities without outside support). It can therefore be said that 
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irrigation vegetable farming in Ghana falls under informal or emerging since only a few 

are commercial, export-oriented schemes.  

            Informal irrigation becomes particularly important in UPA due to the lack of 

access to and scarcity of water in the urban areas. The nature and degree of informal 

irrigation farming is underrated in government documents (Cornish & Lawrence, 2001). 

Government institutions responsible for managing irrigation development tend to only 

focus conventional and formal irrigation schemes. Informal irrigation farmers hardly get 

extension services, training and education as they may need (Drechsel & Keraita, 2014). 

As indicated earlier in the review, informal vegetable irrigation occurs along streams and 

polluted water bodies. Informal irrigation in Ghana takes place in the morning and 

evening and due to the short cycle of the vegetable in terms of growing, irrigation 

continue until harvest. Informal vegetable irrigation farming in urban areas involves the 

use of wastewater/untreated wastewater, as a result both growers and consumers are at 

risk of bacterial infections and diseases. As most pathogens are able to survive on crops 

for about 15 days (Keraita et al., 2002), they are carried to the markets and into 

consumers’ homes after buying. Interestingly, informal irrigation farmers rarely take any 

protective measures when applying wastewater and for that matter get infested with 

bacterial and attract diseases.   

2.7 Water Quality Assessment 

             The quality of irrigation water is key to the environmental problems facing the 

agricultural sector. Water needed for irrigation and cultivation is being degraded 

qualitatively and quantitatively due to the humans growing demand for water use 

(Etteieb, Cherif & Tarhouni, 2017). Human activities that involve urbanization, 
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agricultural practices, overuse of fertilizers and chemicals, inadequate sewage disposal 

and land use management have significantly affected the quality of water/wastewater 

used for irrigation (Tsado et al., 2014). Consequently, irrigation water quality has great 

effects for the productivity of crops and human health.  

             Whilst it is important to recognize the roles of irrigation in global food security, it 

is important to note the environmental effects of poor quality irrigation water on crops, 

producers and consumers. For example: Irrigation soils have been affected by the use of 

high salinity wastewater, especially in areas where irrigation is extensively practiced. It is 

widely accepted that the proportion of the sodium ion against the major alkaline earth 

metals (calcium and magnesium) in irrigation waters play key roles in determining its 

quality for use on irrigation schemes (Yidana et al., 2011). Poor water quality with too 

much salt influence the osmotic relationship between the roots and soil moisture (Malash 

et al., 2005). High salt concentration in irrigation wastewater has the potential to reduce 

plant growth and affect the aeration, structure, texture and permeability of soil (Sing et 

al., 2010; Ackah et al., 2011). 

           In Ghana, it is noted that irrigation wastewaters are contaminated with untreated 

domestic water from the urban poor sanitation. The general overview is that Ghana’s 

wastewater (domestic and industrial) ends up in the environment in its untreated form, 

and the situation is even worse in urban areas due to high population density (Keraita et 

al., 2014). As a result, there is a strong association with polluted wastewater and use in 

urban agriculture irrigation and a lack of wastewater treatment. Urban and Peri-Urban 

farmers therefore tend to use polluted wastewater from reservoirs and waterways that 

contains fecal matter with accompanying public health implications. 
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           A number of studies have been carried out to assess the levels of microbiological 

contamination in irrigation water. Given the cost and difficulty in analyzing water 

samples, fecal coliforms/thermotolerant coliforms are commonly used as indicators of 

contamination (Keraita et al., 2014). Thermotolerant coliform has been used to measure 

concentrations in irrigation water in Accra, Kumasi and Tamale (Amoah et al., 2007). It 

was found that coliform concentrations ranged between 4-10 log units/100ml, with mean 

concentrations of about 6 logs units/100 of irrigation water. In furtherance to this, it was 

indicated that irrigation water sources were highly polluted across all the cities but with 

few exceptions. A worst case was the highly polluted Odaw River and Korle Lagoon in 

Accra. A study by Donkor et al. (2010) found high faecal coliform levels of 2.3*1010 

CFU 100ml-1 in well water and 1.6*1010 in stream water used by urban farmers in Accra. 

           Between 2003 May to April 2004, Amoah et al. (2005) assessed seasonal 

variability in irrigation water quality by monitoring coliform concentrations in Kumasi 

and Accra. From the study, thermotolerant coliform concentrations in irrigation water in 

Accra and Kumasi exceeded the WHO recommended limit for unrestricted irrigation of 

crops likely to be eaten raw. The thermotolerant coliform counts were higher in water 

from streams than from shallow wells in Kumasi, while there was no clear pattern 

between thermotolerant coliform concentrations in drain and stream waters in Accra 

(Amoah et al., 2005).  In 2010, Silverman et al. (2013) also used more specific fecal 

indicator bacteria, E. coli to assess irrigation water quality in Accra and found a prevalent 

and increasing contamination of irrigation water sources. The E. coli levels generally 

ranged between 4.5-7.5 log colony forming units (CFU) per 100 ml.  The E. coli 

concentrations in all irrigation waters studied were found to be greater than the maximum 
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thermotolerant coliform concentration recommended by the World Health Organization 

guidelines (1989) for wastewater use in irrigation. Most recently, an unpublished study 

by IWMI and Lea Bartels in 2014, Tamale, again shows a wide range of E. coli and fecal 

coliform contamination in wastewater irrigation water. The study also showed levels that 

are far above the WHO 1989 boundary. 
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CHAPTER THREE 

MATERIALS AND METHODS 
3.0 Research design  

          The study adopted the mix-methods research design. The reason was that it dealt 

with social perceptions of vegetable irrigation farmers, consumers and staff of regulatory 

institutions in the Tamale. Statistical package was used to analyse water quality data 

obtained from sample sites in Tamale.  

3.1 Study area  

           Tamale is the capital of northern region of Ghana, covering a large area of about 

930 km2 with a population of 233,252. It makes up 9.4 % of region’s total population 

according to Ghana Statistical Service, 2014. The city experiences severe harmattan 

winds in the dry season from November to January.  The Metropolis is poorly endowed 

with water bodies. The only water systems are a few seasonal streams, which dry up 

during the dry season.  The other water bodies include dugouts and dams (UNHabitat, 

2009). Tamale is about 10 km from the city center, and the peri-urban, it moves in 

average up to 40km along its major North-South roads East-West.  It is found in the 

guinea-savannah with only one rainy season (between May/September) and a prolong dry 

period (from October/April). Daily temperatures ranged from 32oC to 40⁰C with night 

temperatures between 23 oC to 28 oC. Trees such as Neem, Dawa dawa, Mahogany, 

Baobab, Acacia and Shea tree. The surface area is generally flat with few valleys serving 

as seasonal streams and dry-up during dry period. Though flat, few mountains are spotted 

with about 180m above sea level. Also, about 98 dug-outs are found in communities 

within the metropolis used for vegetable irrigation, livestock and domestic purposes. 
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            The populace of Tamale metropolitan area enjoys a satisfactory water supply 

system. Daily water access stands between 15 and 500 liters of water per household 

(GWCL, 2010). The sources of drinking water in the metropolis are boreholes/wells, pipe 

born water and informal water vendors. According to Fauster, about 40 % of the 

population depends on boreholes/wells, 39 % on pipe born water and 18% on informal 

water vendors (Fauster, 2014). With regards to quantity of water use per day, Fauster 

observed in his research that connected household uses more water 60 gallons per day 

than unconnected households. The metropolis is one of the poorest in the country but 

recently more economic activities are springing up showing future prospect of economic 

empowerment.  

3.1.0 Main Irrigated sites in Tamale metropolis 

           Since there is no main stream within and around Tamale with low groundwater, 

most farming is done along wastewater drains, broken sewers, near dams and small 

reservoirs. About 40% of vegetable producers are all year round with 61% of them using 

wastewater. Figure 1, shows the major farming sites within the metropolis, with a total 

area of 33-40 ha under informal irrigation and about 70 ha in urban fringe. 

Zagyuri: It is located about 8km away from Tamale centre. Farmers use untreated 

sewage from Kamina barracks. It covers a total of 7-12ha according different sources. 

Sagnani: About 4km from the city centre, farmers use water from a dug-out meant for 

domestic use where the area under cultivation is between 0.5 to 4 ha. 
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Fig.3.1: Major farming sites in Tamale   Source: IWMI, 2004  

 

Water Works (Gumbihene): It was originally a dam built to provide water for the 

metropolis. It is heavily polluted as the water flows through it from a nearby car wash 

station and sewage from households. Cultivated area is ranged from 13.5 to 22 ha. 

3.2 Sampling sites  

             The sample units of enquiry during the field survey was:  1) wastewater from 

three selected irrigation sites, 2) informal peri urban vegetable farmers, 3) consumers and 

staff of Environmental Protection Agency, 4) Metropolitan Agricultural Development 

Unit, 5) Metropolitan Health Directorate, 6) Waste management department, 7) 

Environmental Health Department, 8) Food and Drugs Authority,9) Ghana Standards 
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Authority and 10) Ghana Irrigation Authority for the institutional survey. Purposive 

sampling was used for farmers and consumers as these units possess the information 

pertaining to and needed for the study. Also, three peri urban wastewater irrigation sites 

were selected purposively (Table 1). As there is no database with the number of irrigation 

farmers and consumers, non-probability sampling techniques were used to determine the 

sample size for the study. A quota of 15 farmers were selected for the study from each 

irrigation site, this was subject to change depending on the number farmers farming at 

each selected site. Consumers were accidently interviewed as they buy the vegetable 

produce from the vendor. Two water samples were taken from each location to test for 

heavy metals and E. coli, total coliforms, nutrients, DO, and salinity in the laboratory. 

Table 3.1 Sample size distribution for farmers and consumers. 

Location Sample size 

Farmers sellers consumers 

Sagnani 15 30 30 

WaterWorks 15 

Zagyuri (Kamina) 15 

Total  45 30 30 105 

 

             The farmers at each location were randomly selected using simple random 

sampling, Here, the names of all target farmers after they are being identified were 

written on pieces of paper and folded into a bowl. Drawing one at a time, without 

replacement, 15 farmers were randomly picked from the bowl. The same method was 

applied for the interview of institutions. 
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3.2.0 Sampling Procedures  

            Sampling is the process of picking sample units out of a whole or a population 

e.g. staff of organisations, farmers etc. (Barreiro and Albandoz, 2001). Researchers uses 

these technics to gather study objects (Molenberghs, 2008). The chosen samples are 

studied to make general inference for the entire population. Results from the study 

generally represented the whole study area. Purposive and random sampling technics 

where employed in this study. 

3.2.1 Purposive Sampling Technique  

             Purposive sampling as non-probability was used to select research study objects 

directly related to the scope of study and has relevant information to achieve the research 

objective (YS Onyiuke, 2005). In this study, relevant institutions where selected to 

achieve the objectives of the study. Irrigation sites where purposely selected based on the 

sources of the water use for the irrigation. Farmers, vegetables vendors, consumers and 

regulatory institutions were selected for the study. 

3.3 Data Sources and Gathering Techniques  

            The study was conducted using both primary and secondary data. Primary data 

was collected through field survey. It included raw data from water samples for testing 

and data acquired from individual farmers, institutions and consumers. Secondary data 

was mined from policy documents, government and individual reports on informal 

vegetable irrigation in the metropolis. Data collection techniques such as interviews, 

questionnaire administration, key informant interview and direct observation of 

operations of irrigation farmers were used. Irrigated water samples were taken from the 

study areas for laboratory analysis, 
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Table 3.2 Research questions, data sources and collection techniques 

Research Questions Sources of Data Methodology 

a) What is the quality of 

irrigation water use by informal peri 

urban vegetable farmers in Tamale 

metropolis? 

• Location sites 

• Water samples  

• Laboratory testing 

of water samples 

b) What are the perceptions of 

farmers and consumers on irrigation 

water quality and vegetables 

produced from the practice?  

• Farmers  

• Consumers  

• Questionnaire  

• Interview  

• Observations 

• Document analysis  

c) What are the challenges faced 

by regulatory institutions in 

monitoring the use of waste water for 

vegetable irrigation in Tamale 

metropolis? 

• EPA 

• GIDA 

• Key informant 

interview 

• Document analysis  

d) What are the local institutional 

provisions that put in place to 

implement and monitor the use 

of wastewater for urban 

agriculture under national 

irrigation policy? 

 

• Metropolitan 

Agricultural unit. 

• Metropolitan Health 

Directorate. 

• Waste Management 

Department. 

• Food and Drugs 

Authority. 

• Ghana Standards 

Authority. 

• Key informant 

interview 

• Document analysis 

Source: Authors construction, 2018. 

3.4 Instruments for data Collection  

3.4.1. Questionnaires  

           Information was mined from key informants, regulatory institutions on the 

challenges they face in monitoring the use of waste water for irrigation, farmers, sellers 

and consumers.  
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3.4.2. Key informant Interviews  

             Interview schedule was used to collect data from farmers and consumers on their 

perceptions on the quality of water and vegetable produced from the practices. The key 

informant was staffs of GIDA and EPA, selected based on their institutions and 

responsibilities for the implementation of low quality water/wastewater use for vegetable 

production and their influence on decision-making. General questions were asked to 

ascertain their perception on the use of wastewater, challenges they face in monitoring 

and sustainability issues of low quality water policy for vegetable production.  

3.4.3. Farmers’ survey  

              Survey questions were developed and pre-tested with 15 farmers for the purpose 

of validity and reliability. The questionnaire was re-shaped in line with results of the pre-

testing. 45 questionnaires were administered to 15 farmers at their farming sites in the 

morning and evening. The questionnaire was developed to get information on farmers 

perception on the use of low-quality water/wastewater and benefits of the practice.  

3.4.4. Vegetable Vendors survey 

           Through the farmers survey, I was able to get the list of sellers who buy from them 

to sell out to the general public. For convenience seek, vendors were interviewed at their 

homes in order to not distract their daily business. A quota of 30 vendors was interviewed 

to assess their perceptions on low-quality water use for irrigation and the risk involved. 

3.4.5. Vegetable Consumers survey 

            A quota of 30 consumers was sampled for the survey.  They were interviewed as 

they bought from the vendors. The purpose of this survey was to unearth their 
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perceptions on wastewater use for vegetable irrigation and their level of knowledge on 

the source of water used for the vegetable they consume.   

3.4.6. Wastewater Sampling 

           Waste water samples were taken through field surveys for laboratory analysis. 

Sample collection bottles such as fluoropolymer, zip-lock polyethylene and ice-chest 

were used for both collection and transportation to the laboratory for analysis. At each 

study site, two samples were taken for physio-chemical analysis and one each for 

biological analysis. 

3.4.7. Policy ‘Sustainability Test’ tool 

              This tool was adopted from the National Planning commission of Ghana. The 

main purpose of this tool was to determine the sustainability of low-quality water use 

under the national irrigation policy. It indicates how the policy supports Ghana socio- 

cultural and economic agenda without serving as a detriment to the environment. The tool 

is imperative for policy and decision-makers for effective implementation. This was 

necessary because there was no evidence of using this policy during the formulation 

stages of the policy (source is assessment of low quality docs). The policy was assessed 

in line with the three main components of the tool namely; (1) natural resources 

sustainability, (2) socio-cultural sustainability, and (3) economic sustainability. Three 

steps were followed in the application of the policy; (1) Description of policy to provide 

enough information to make informed judgement on each of the sustainability criteria, (2) 

assessment of policy activities and strategies in line with each criterion, (3) scoring 

performance. From (Table 3.2), an interval scale of 0-5 was used to show the extent to 

which the policy supports the sustainability components and its factors.  
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Table 3.3: Interval Scale for Policy Sustainability Tool 

0 1 2 3 4 5 

Not 

relevant 

Works strongly 

against the aim 

Works 

against the 

aim 

Has neutral 

Effects on    

the aim 

Supports  

the aim 

Strongly  

supports the  

aim 

No colour RED RED YELLOW GREEN GREEN 

Source: National Planning Commission, 2014. 

3.4.8. Review of legislative and regulations in support of wastewater/low-quality water 

use  

             Several regulations and legislations were reviewed with the aim of identifying 

legal impediments that restrain the use of wastewater/low-quality water in agriculture. 

3.5 Laboratory Analysis 

             Laboratory analyses were carried out at Water Research Institute of Council for 

Scientific and Industrial Research (CSIR), Tamale. Bacteriological analysis for total and 

fecal coliforms, Escherichia coli, Total Heterotrophic Bacteria (THB) were undertaken at 

the Microbiological Laboratory. The physio-chemical parameters were determined 

according to procedures outlined in the Standard Methods for the Examination of Water 

and Wastewater (APHA, 1998). pH was determined by pH meter. Dissolved oxygen was 

determined using the wrinkler method. Nutrients (nitrates-nitrites and phosphate-) were 

determined using hydrazine reduction method and stannous chloride method, respectively 

and heavy metals (Mn, Pb, Cu, Cd, Fe, Ar and Zn) were measured by Atomic Absorption 

spectrophotometry (AAS). 

3.5.1 Chemical Analysis for Heavy Metals, Nutrients and Physio-chemical  

Phosphate (PO4-P) by Stannous Chloride Method 
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            One hundred (100) ml of filtered sample was taken and 0.05 ml (1 drop) 

phenolphthalein indicator was added. Strong acid was added to discolourise the sample if 

it turned pink. Four (4.0) ml of Molybdate Reagent and 0.5 ml (10 drops) Stannous 

Chloride reagent was added with thoroughly mixing after each addition. After 10 minutes 

but before 12 minutes the absorbance was measured at a wavelength of 690nm on the 

Spectrophotometer- UV/VIS Ultraspec model II.  

Nitrate – Nitrogen by hydrazine Reduction method 

           10ml of filtered sample was pipetted into a test tube. 1ml of 0.3 M NaOH was 

added and mixed gently. 1ml of reducing mixture which was prepared by adding 20 ml 

copper sulphate (CuS04) working solution and 16 ml hydrazine sulphate to 20ml 0.3 M 

NaOH, was added and mixed gently. It was heated at 60 0C for 10 minutes in a water 

bath, cooled to room temperature and 1.0ml of colour developing reagents was added. It 

was shaken to mix and the absorbance was read at 520 nm with the Spectrophotometer- 

UV/VIS Ultraspec model II. 

Metals by Atomic Absorption Spectrophotometry (AAS) 

          The sample was acidified to a pH less than 2 with Nitric acid (HNO3). An 

instrument labeled Unilam 969 AAS with 50mm burner was used to determine metals. A 

sample solution was aspirated into a flame and atomized. The metals were determined 

using different wavelengths, Mn (279.5nm), Pb(283.3nm), Cu(324.7nm), Cd(228.8nm), 

Fe(248.3nm) and Zn(213.9nm). 
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Measurement of total dissolve salts  

             Total dissolved salts represent the total concentration of salts dissolved in water. 

There is a relationship between the dissolved salts content of a water and its electrical 

conductivity. The total dissolved salts values have been obtained using the 

conductimeter. 

Turbidity measurement  

             It is measured using nephelometer, or also known as turbidity meter. It uses light 

and photo detectors to measure light scatter and read out in units of nephelometric 

turbidity units (NTU).  

3.5.2 Bacteriological Sampling and Methods Used 

           One water sample for bacteriological analysis was taken at each site. A plastic 

bottle of volume 500ml with a plastic cap was used to collect the water samples.  These 

bottles were sterilized before used and the mouth covered with aluminum foil to avoid 

contamination during sample collection.  Upon collection, the samples were labeled, 

stored in an ice-chest at 4oC and transported to the laboratory (WRI Laboratory, Tamale) 

for analyses.  Membrane filtration method was used for the analysis of total coliforms, 

fecal coliforms, bacteria parameters. Method used conformed to the certified international 

procedures outlined in the Standard Methods for the Examination of Water and 

Wastewater (APHA 1998). The population of bacteria was determined using colony 

counter and the numbers expressed in terms of colony forming units (CFU). 
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Membrane Filtration Technique 

           Total and fecal coliform was determined by filtering 100 ml of the sample through 

a 0.45 μm filter onto a Petri dish with M - endo and MFC, respectively. They were 

incubated at 37±2 oC and 44±2 oC, respectively for 18-24 hours and the bacteria were 

identified, counted and recorded. Turbid water samples were serially diluted to ensure 

homogenous growth of bacteria on membrane filters. 

Serial dilution preparation 

           A known volume, 1 ml of the actual sample was pipetted into a test tube with 9 ml 

sterile distilled water. The test tube was agitated using a vortex machine to ensure 

homogenous mixture. The resultant solution became 10 ml. Another 1 ml of this product 

was aliquot into a second test tube with 9 ml sterile distilled water. The tube was 

vigorously shaken before it was replicated for another test tube. Each step of this exercise 

results in a 10-fold change in the concentration from the previous concentration. 

Dissolve Oxygen by winkle method  

           The winkle method was used to measure dissolve oxygen in water samples 

collected from the three study sites. Dissolved oxygen is used as an indicator of the health 

of a water body. The Winkler Method uses titration to determine dissolved oxygen in the 

water sample. 

Procedure 

1. Carefully fill a 300-mL glass stoppered bottle brim-full with sample water. 
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2. Immediately add 2mL of manganese sulfate to the collection bottle by inserting 

the calibrated pipette just below the surface of the liquid. 

3. Stopper the bottle with care to be sure no air is introduced. Mix the sample by 

inverting several times. Check for air bubbles; discard the sample and start over if 

any are seen. 

4. Add 2 mL of concentrated sulfuric acid via a pipette held just above the surface of 

the sample. Carefully stopper and invert several times to dissolve the floc. At this 

point, the sample is "fixed" and can be stored for up to 8 hours if kept in a cool, 

dark place. 

5. Take 203 mL of sample in conical flask and titrate with standard sodium 

thiosulfate solution (0.025N) till the colour changes from dark yellow to light 

yellow. Add few starch indicators and continue to titrate until the solution 

becomes colourless or return to its original state. 

6. Calculate DO value of the sample. 

3.5 Data Analysis and reporting  

            In analysing the survey data, compose of qualitative and quantitative data, 

statistical analysis was done using Microsoft Excel and the Statistical Package for Social 

Sciences (SPSS version 20). Proportions and percentages such as frequency distribution 

tables, charts and measures of central tendencies where appropriately used to present 

data. The study employed descriptive and inferential statistics together with simple 

interrelationships among variables by way of cross-tabulation and correlation. Content 

analysis method was used to interpret data from farmer’s survey, key informants and 

institutional perceptions on wastewater. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 
4.0 Introduction  

            This chapter presents discussion and data analysis to fulfill the objectives of the 

study. SPSS and Microsoft word were both use to present information in tables, charts for 

better understanding and analyses. Rossman and Marshall (1999) depicts data analysis as 

the process of bringing order, structure and meaning to the mass of collected data. 

Content analysis was used to analyze qualitative data otherwise could not be interpreted 

using quantitative software tools. Various responses from key informants were quoted 

directly to support the statistical information. 

Out of 45 farmers in the study area 98.8% were males whiles 2.2% were females. 

11(24.4%) of the respondents were between the ages of 16-30years, 68.9% were within 

the ages of 31-45 while age range from 46 to 60 years made up of 6.7% of the total 

respondents. With regards to educational level, about 62.2% of the respondents had no 

formal education, 20% had secondary education and 17.8% respondents had primary 

education. With farm size, 17.9% farmers were farming 0.25acres of land, 14.4% farmed 

on 0.50acres of land, 6.7% farmed on 0.70acres whiles 31.1% farmers farm on the 1acres 

of land. From the survey, 15.6% of the respondents were in farming for less than 5years, 

85% were in farming for more than 25years.  

Making inference from the statistics above, the data shows that males dominate in 

irrigation vegetable farming in the study area. Also, it was observed that most of the 

farmers had no formal education. This could make educating them on WHO guidelines 

and wastewater parameters acceptable for vegetable irrigation.  
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Table 4.1 Socio-economic characteristics of Farmers 

Variables            Categories                                                 Frequency % 

Gender Male 44 97.8 

Female 1 2.2 

   

Age 16-30 11 24.4 

31-45 

46-60 

31 

3 

68.9 

6.7 

 

Education No formal education 28 62.2 

Primary 8 17.8 

Secondary 9 20.0 

   

Farm Size 0.25 8 17.8 

0.50 20 44.4 

0.7 3 6.7 

1 14 31.1 

   
Number of years in 

Farming 

Less than 5 7 15.6 

5-15 36 80.0 

More than 25 2 4.4 

   

Source: Field survey, 2018. 

.  
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4.1 Source of Water for Irrigation  

             From the farmers survey within the three irrigation areas, 64.4% were using 

wastewater from domestic activities, whiles 33.3% of the famers use wastewater from 

septic tank to irrigate their vegetables. However, about 2.2% farmers argued that water 

from car cash activities were also feeding into the water from domestic activities. Per the 

sources of the water use for irrigation, is not safe with WHO guidelines since they not go 

through a form of treatment before use.  

           All the 45 farmers interviewed expressed satisfaction with all the sources due to 

the benefits they derive from their use. They all asserted that wastewater is available 

throughout the year and they not pay for the use. Less than 10 of farmers mention that the 

nutritional value for crops of the wastewater was one of the reasons they use it for 

irrigation. With regards to awareness on health risk associated with the use of wastewater 

for irrigation, 46.7% of farmers mentioned skin irritation and bad odor, also they were 

afraid there might be health problems due to people defecating close to water sources. 

About 53.3% of the farmers were of the view that there was no health risk associated 

with the use of wastewater for irrigation. Below is one of them farmers said; 

“We have been in this business of wastewater irrigation for many years, and it is still the 

same drain water we are using. I have not heard anyone complain about this”  

           All the farmers were not aware of any environmental impact associated with the 

use of wastewater. This could be as a result of poor involvement of regulatory institutions 

in educating farmers on the dangers of using untreated wastewater both on the 

environment and human beings as well. 
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Table 4.2 Sources of Irrigation water 

 Water sources  Frequency Percent 

Cumulative 

Percent 

  Wastewater 

from 

domestic 

activities 

29 64.4 64.4 

Septic tank 15 33.3 97.8 

other 

sources 
1 2.2 100.0 

Total 45 100.0   

Source: Field survey, 2018 

4.2 Farmers awareness on low-quality water/wastewater reuse policy regulations 

             The survey revealed that none of the farmers were aware of any wastewater/low-

quality water reuse policy. Though there is a policy, the farmers had no idea about it. 

Also, all the farmers had no clue to the existence of any by-laws to regulate the use of 

wastewater in the metropolis. From the researcher’s interactions with the metropolitan 

assembly there were no by-laws to regulate the use of wastewater for irrigation.  

Regarding awareness on regulatory institutions, about 40% of the farmers were aware 

about regulating and supporting good practices for the use wastewater in the metropolis, 

and 60% did not know any regulatory laws. However, these institutions were later 

discovered to be NGOs. The results from the field has confirmed the policy review 

results in this research which concluded that institutions were lacking the legislative 

mandate to implement and monitor use of wastewater for irrigation. 
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4.3 Perceptions of Vegetable Vendors  

a) Awareness on the source of vegetables  

            Vendors had different ways of sourcing their vegetable for sale. Some select their 

crops from the field and even some times harvest themselves, whiles others bought from 

distribution points.  95.5% vendors bought their vegetables directly from the field whiles 

4.45% bought their vegetables from distribution points where sources of the vegetables 

were not known. However, all the vendors mentioned that all the vegetables were 

produce from within the cities. Also, vendors were reluctant in revealing the source of 

their vegetables  

Table: 4.3 Knowledge on vegetable source 
Variable 

 

Frequency Percent 

 
From the 

field 
43 95.5 

Distribution 

point 
2 4.5 

Total 45 100.0 

Source: Field Survey, 2018. 

b) Perceptions on Vegetable Quality  

            All the vendors were much concern about the appearance of the vegetables they 

sell, which makes it good for consumption. Appearance indicated whether vegetables 

were of good quality or not, greener vegetables were considered good and consumers 

preferred that to light green vegetables. “Quality” here is not associated with bacterial 

contamination level of vegetables. Vegetable vendors had various criteria for evaluating 

the quality of the vegetables they buy from the irrigation field. They look for the size, 

shape, color, and freshness of leaves, spots and holes of vegetable before buying. The 
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vendors mentioned that vegetables from wastewater were much greener than vegetables 

from pipe-born water, however pipe-borne water irrigated vegetables last much longer 

than wastewater irrigated vegetables. With regards to bacterial contamination of 

vegetables, venders mention that consumers sometimes do want to buy vegetables from 

areas irrigated with wastewater. 

c) Irrigation water sources and its Influence on Purchasing  

            About 90% of vendors interviewed in all the study sites were aware of the sources 

of water use for irrigation. The vendors were specific about the quality of water used for 

vegetable irrigation in all the study sites. However, they revealed that pipe-borne water 

was has the best quality in irrigating vegetables. Over 89% of the vendors mentioned that 

consumers ask about the geographical location/source of the vegetable before buying, 

however, they do not decline to buy if vegetable from wastewater source is the only one 

available for sell. Also, to attract all classes of consumers, vegetable vendors sell both 

wastewater irrigated vegetables and pipe-borne irrigated vegetables. Vegetables from 

pipe-borne irrigation were noted to be expensive more than vegetables from wastewater 

irrigation. Moreover, 11% of vendors interviewed also revealed that consumers do not 

ask to know the source of the vegetables before buying. These vendors sold vegetables 

from only wastewater irrigation.  

4.4 Consumer’s Perceptions  

a) Awareness on the source of vegetables  

          Awareness on the source of vegetables were higher among consumers of 

vegetables in the metropolis, over 91.1% of consumers revealed that they were aware of 
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the source of vegetables they consume. 8.8% of consumers had no idea about the source 

of vegetables consumed in the metropolis (Table 4.4). 

Table 4.4: Awareness on vegetable source 
  Frequency Percent 

Valid Yes 41 91.1 

No 4 8.9 

Total 45 100.0 

Source: Field Survey, 2018. 

b) Quality of Vegetables  

            The study revealed that consumers were naturally concern about the vegetables 

they buy from vendors. Like the vegetable vendors, consumers also use standard 

characteristics such as color, shape, cleanness and freshness to determine the quality of 

vegetables they buy from vendors. 10% of consumers revealed that, it was difficult to 

distinguish between contaminated and uncontaminated vegetables apart knowing the 

source and the standard criteria in determining the quality. Over 90% concluded that 

knowing the source was enough to know if the vegetable is contaminated.   

c) Irrigation water sources and its Influence on Purchasing  

             When asked if the source of the vegetable can influence their decision, over 80% 

of the respondents ticked “Yes” whiles the remaining 20% indicated “No” (Table 4.5) 

Table 4.5 Water source and its influence on Purchasing 
  Frequency Percent 

  Yes 36 80.0 

No 9 20.0 

Total 45 100.0 

Source: Field Survey, 2018. 
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               Consumers had varying views about reasons why they will not purchase the 

vegetables after knowing the source. They mentioned that consuming vegetables from 

wastewater could lead to contraction of diseases. However, others maintained the view 

that one could buy it and clean it properly for consumption. From the survey results 

above, one can conclude that vegetables sellers do not revealed the source of the 

vegetables they sell out to consumers, knowing the fact that about 80% of vegetables 

consumed in the metropolis are from wastewater irrigation (Obuobie et al, 2006).  

e) Cleaning Methods  

           The survey revealed consumers clean their vegetables at home before consuming 

it. Different methods were used in cleaning vegetables (Table 4.6). The survey showed 

that varying methods are used in cleaning vegetables. 

Table 4.6: Different Cleaning methods 

Cleaning Methods Frequency Percent 
Valid 

Percent 
Cumulative 

Percent 

Valid Cleaning with 
warm water 12 40.0 40.0 40.0 

Cleaning with 
salty water 2 6.7 6.7 46.7 

Washing with 
salty water and 
vinegar 4 13.3 13.3 60.0 

Cleaning with 
water and vinegar 

2 6.7 6.7 66.7 

Cleaning twice 
with tap water 10 33.3 33.3 100.0 

Total 30 100.0 100.0  

Source: Field survey, 2018. 
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Figure 4.1 Bar chart representing various cleaning methods by consumers 

 

4.5 Physical Parameters, Nutrients and Heavy Metals of wastewater/low quality 

water 

            The results from the laboratory analysis are presented below from Table 4.4-4.4.2, 

showing physical, nutrients and heavy metals of water use for irrigation from all the 

study sites. The mean pH values for all the sites were 6.84 and 7.79 respectively (Table 

4.4). Mean turbidity values were 19NTU and 122NTU whiles mean TDS range between 

290.5mg/l and 426.5mg/l (Table 4.4). The mean concentrations of nutrients such as 

ammonia, nitrate, nitrite and phosphate were recorded as 0.022mg/l to 5.98mg/l for 

ammonia, 1.06mg/l to 7.52mg/l for nitrate, 0.031mg/l to 0.056mg/l for nitrite and 

0.037mg/l to 0.069mg/l for phosphate, respectively. Heavy metals; Mn, Fe, Cd, Ar, Cu, 

Zn and Pb concentrations were recorded as 0.011mg/l to 0.275mg/l, 0.14mg/l to 

0.54mg/l, 0.0045mg/l to 0.0055mg/l, 0.001mg/l to 0.002mg/l, 0.02mg/l to 0.23 mg/l, 

0.005mg/l to 0.010mg/l and 0.0085mg/l to 0.048mg/l, respectively (Table 2.4.2). 
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Table 4.7: levels of physical parameters of wastewater/low-quality water. 

Study Site  

Physical 

Parameters Units Value 1 Value 2 Mean 

Sangni Temperature °C 41.2 41.8 41.5 

 TDS mg/l 289 292 290.5 

 Turbidity NTU 19 19 19 

 pH  

pH 

units 6.82 6.87 6.845 

 Dissolve Oxygen  mg/l 3 2.8 2.9 

Kamina Barracks (Zagyuri) Temperature °C 28 31 29.5 

 TDS mg/l 424 429 426.5 

 Turbidity NTU 118 126 122 

 pH  

pH 

units 7.49 7.54 7.515 

 Dissolve Oxygen  mg/l 2.5 2.8 2.65 

Water works (Gumbihini) Temperature °C 38 38.3 38.15 

 TDS mg/l 408 411 409.5 

 Turbidity NTU 120 122 121 

 pH  

pH 

units 7.8 7.79 7.795 

 Dissolve Oxygen  mg/l 4 4.5 4.25 

Source: Laboratory analysis data, 2018. 

Table 4.8 Mean concentration levels of nutrients in irrigation water  

Study Site Nutrients  units  Value 1 Value 2 Mean 

Sangni Ammonia mg/l 0.044 0.001 0.0225 

 Nitrate mg/l 6.044 9.005 7.5245 

 Nitrite mg/l 0.025 0.038 0.0315 

 Phosphate mg/l 0.074 0.025 0.0495 

      
Kamina Barracks (Zagyuri) Ammonia mg/l 6.848 5.125 5.9865 

 Nitrate mg/l 0.651 1.484 1.0675 

 Nitrite mg/l 0.053 0.06 0.0565 

 Phosphate mg/l 0.029 0.046 0.0375 

      
Waterworks (Gumbihini) Ammonia mg/l 0.684 0.588 0.636 

 Nitrate mg/l 2.995 2.826 2.9105 

 Nitrite mg/l 0.034 0.029 0.0315 

 Phosphate mg/l 0.083 0.056 0.0695 

Source: Laboratory analysis data, 2018 
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Table 4.9: Heavy metals mean concentrations levels 

Irrigation Water 

Source 

Heavy 

Metals 

Values 1  Values 2 Mean 

concentrations 

(mg/l) 

Recommended 

maximum 

concentration 

(mg/l) 

Sangani(Dug-out) Mn 0.043 0.072 0.0575 0.4 

Fe 0.297 0.186 0.2415 0.3 

Cd 0.007 0.002 0.0045 0.003 

Ar 0.001 0.003 0.002 0.01 

Cu 0.02 0.02 0.02 2 

Zn 0.005 0.016 0.0105 3 

Pb 0.005 0.036 0.0205 0.01 

Kamina Baracks-

Zagyuri (Wastewater 

from septic tank) 

 

Mn 0.343 0.206 0.2745 0.4 

Fe 0.523 0.567 0.545 0.3 

Cd 0.009 0.002 0.0055 0.003 

Ar 0.001 0.001 0.001 0.01 

Cu 0.035 0.027 0.031 2 

Zn 0.014 0.004 0.009 3 

Pb 0.065 0.032 0.0485 0.01 

Water works 

(Gumbihini) 

(Household sewerage 

and Car wash) 

 

Mn 0.002 0.021 0.0115 0.4 

Fe 0.211 0.078 0.1445 0.3 

Cd 0.002 0.007 0.0045 0.003 

Ar 0.001 0.001 0.001 0.01 

Cu 0.45 0.011 0.2305 2 

Zn 0.005 0.005 0.005 3 

Pb 0.006 0.011 0.0085 0.01 

Source: Laboratory analysis data, 2018. 
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4.5.0 Physical Parameters  

           Irrigation water from all the three sources were slightly moderate with mean TDS 

ranging from 290.5mg/l to 426.5mg/l for irrigation according to FAO water quality 

guidelines of 400mg/l to 2000mg/l. Sangni recorded the lowest TDS due the source point 

of the irrigation. However, Kamina and waterworks source point were highly 

contaminated by domestic effluent from the military barracks close to Zagyuri 

community. Also, mean levels of pH of 6.84 and 7.79 were within the WHO threshold of 

6.5 to 8.5(WHO, 2007). Water samples from waterworks (Gumbihini) depicted high level 

of pH due to car washing activities from a nearby washing bay using materials affect the 

pH levels of the stream (Obuobie et al, 2006). Temperatures levels ranged between 

38.15°C and 41.5°C, this was a result of high temperatures within the city from 25°C to 

45°C during the periods from December to May. Mean turbidity of all the samples from 

the farming sites were 122NTU and 19NTU, this highly above the recommended 

maximum concentrations with 5NTU as a normal threshold. Sangani recorded the lowest 

mean TDS with 290.5NTU. The rest of the samples recorded 426.5NTU and 409.5NTU, 

respectively. From the researcher’s observation Kamina and waterworks water samples 

showed high levels of TDS due to its main sources of water. 

4.5.1 Nutrients  

            Mean levels of ammonia concentrations ranged from 0.0225 mg/l to 5.985mg/l 

from all three sites. These values are highly exceeded the WHO recommended levels 

(0.00 mg/l to 1.5 mg/l). Samples from Kamina irrigation sites recorded the highest 

concentrations of ammonia with 5.98 mg/l follow by waterworks and Sangani with 

concentrations of 0.636 mg/l and 0.0225mg/l, respectively, while mean nitrate levels 
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were slightly below the WHO limits of 10mg/l. From the results of the study, Sangani 

had the highest concentration of nitrates of 7.53 mg/l seconded by Kamina and 

waterworks respectively. The mean level concentrations of phosphate in all the sampling 

points were high above the WHO recommended limit of 0.005mg/l. Nitrite recorded 

lower levels of concentration from all the sample points. Moreover, nitrate and phosphate 

levels recorded in the study have the potential in causing eutrophication (Anim-Gyampo 

et al, 2012), this was confirmed by the researcher’s observation at study sites such as 

waterworks and sangani. The nutrient levels of all the study sites were suitable for 

vegetable growth, from the field survey vegetable vendors mentioned that vegetable 

products from wastewater were much greener and stay fresh for long as compared to 

vegetable products from pipe-born water. Thus, greener vegetables were considered 

healthy and good for consumption.  

4.5.2 Heavy metals concentration levels of irrigation water  

            Heavy metals are considered important crucial environmental pollutants and its 

toxicity is a problem for evolutionary, environmental, nutritional and ecological reasons. 

Contamination of surface water by industrial wastewater in cities in Ghana is not 

significant as compared to domestic wastewater and pathogenic contamination (Drechsel 

and Keraita, 2014). The mean heavy metals concentrations measured in all the sample 

sites were in the trend Ar ˃ Cd ˃ Zn ˃ Pb ˃ Cu ˃ Mn ˃ Fe (Table 4.4.2). The results of 

the study showed that mean concentrations of total iron, lead and cadmium slightly 

higher FAO recommended limits for vegetable irrigation. Considering the fact that about 

80 percent of vegetables products from wastewater irrigation are eaten raw, lead 

poisoning is more likely to affect those who consume raw vegetables without any proper 
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cleaning method. However, in terms of level of safety, WHO concludes that there is no 

known level of lead exposure that is considered safe. The organization is currently 

developing guidelines on prevention and management of lead poisoning. Though lead is 

not an important element for plants, it can contaminate soils and steadily accumulate in 

plants influence by pH and particle size. Excess uptake of Pb in plants causes toxicity 

such as stunted growth, chlorosis as well as the photosynthesis distract in plants (Sharma 

and Dubey, 2005). Total irons were another excess heavy metal recorded in the study, its 

importance is plant growth is very crucial. Fe response to both deficiency and excess of 

irons by inducing different expressions. Excess of total irons in irrigation water can result 

in accumulation of soils. As observed by Connolly and Lou Guerinot, plants absorption 

of excess Fe can damage plants lipids, proteins and DNA. The relatively higher 

concentration of heavy metals in the wastewater and well water is attributed to the 

influence of domestic activities from Kamina wastewater channel as observed by 

Obuobie et al. (2006).  Making inferences from the study, excess heavy metals in 

wastewater use for irrigation can further contaminate vegetables from the practice and 

can pose health problems. Consumers in the city are more skeptical and usually ask to 

find out the source of vegetable before buying from vendors. Others do not care about the 

source but uses a required cleaning method. However, some are ignorant of the sources of 

the vegetables they consume. The bar charts below depict the mean heavy metals that 

exceeded the recommended limits by WHO. 
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Figure 4.2: Mean concentration of Cd, Fe and Pb in wastewater use for vegetable 

irrigation. 

4.6 Bacteriological Quality of wastewater Use for Vegetable irrigation 

          Fecal indicators microorganisms are used to determine the levels of 

microbiological contamination in water. Fecal organisms are not necessarily pathogenic 

but point out the chance of potential presence of pathogens in water (Drechsel and 

Keraita, 2014). E. coli and Total coliforms levels for Sangani, Kamina and waterworks 

from the laboratory analysis were recorded as 3.2 × 103 CFU 100m/l and 5.5 × 102 CFU 

100m/l, 4.0 × 103 CFU 100m/l and 1 × 102 CFU 100m/l, and 2.1 × 103 CFU 100m/l and 

4.6 × 102 CFU 100m/l respectively (Table 4.5). Samples from Kamina recorded the 

highest E. coli and the lowest total coliforms. However, Sangani water samples recorded 

the highest total coliforms. The results presented in Table 4.5 outlines the presence of E. 

coli and Total coliforms. 
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Table 4.9.1: E. coli and Total Coliforms in irrigation water. 

Sample site E. coli CFU 100m/l Faecal coliforms   CFU/100m/l 

Sangni 3.2 × 103 5.5 × 102 

   
Kamina Barracks (Zagyuri) 4.0 × 103 1 × 102 

   
Water works (Gumbihini) 2.1 × 103 4.6 × 102 

Source: Laboratory analysis data, 2018 

          From the results above, all the sample points recorded higher E. coli and total 

coliforms levels more than the recommended threshold of 400 CFU 100m/l and 10 CFU 

100m/l, respectively by WHO (1989) guidelines. The source of the wastewater in Kamina 

is the main factor that influence the high levels of pathogens, the main water source that 

flows into the irrigation dam is from a septic tank during dry season. Samples from 

waterworks recorded the lowest E. coli. However, samples from Sangani though 

appeared protected from faecal waste both from animals, humans and any form of 

pathogen pollution, they showed high levels compared with waterworks samples which 

was more exposed to pathogen pollution by observation. Open defecation was observed 

to be taking place close to the sample site. To ensure the results were accurate, more 

samples were taken again from Sangani to confirm its difference with waterworks 

irrigation site.  The activities around the dugout as well as poor sanitation within the 

surrounding might have attributed to the presence of coliforms in the Sangani water 

samples.  

         The presence of coliforms in the irrigation water could contaminate vegetables 

products from the practice making it unwholesome for consumption. However, from the 

researcher’s interaction with people who buy food from “chop bars” and restaurant do 

much enquiries on the source of vegetables they consume. If these products are eaten 
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without any proper cleaning methods, it could cause food poisoning. More research is 

needed to find out whether vegetable products from wastewater irrigation can be 

contaminated through the practice. Moreover, the farmers were ignorant on the level of 

coliform contamination thus, the researcher observed that they were not protected to 

prevent contact with the water to prevent infection (Obuobie et al, 2006). 

4.7 Challenges face by regulatory institutions in monitoring the use of wastewater 

for agricultural productivity. 

          Institutions somewhat responsible for ensuring environmental and food safety with 

high quality suffered from different sections of challenges. Though most are not 

mandated by law, its guidelines and legislative instrument establishing it seeks for 

ensuring safe use of low-quality water for irrigation. For instance, Ghana standards Board 

are mandated to ensure quality goods including food consumed by Ghanaians. However, 

vegetables produced from wastewater/low-quality are not monitored simply because it is 

not covered by the institutions guidelines. Therefore, in my survey of institutions, two 

major challenges where unearth: (A) legislative and regulation challenges and (B) 

Administrative and financial challenges. 

4.7.0 Legislative and regulation challenges 

a) Regulatory and legislative issues on wastewater use for irrigation   

          The table below outlines regulations and legislations reviewed in the research to 

unearth its relevance or role in promoting the reuse of wastewater/low-quality irrigation. 

 

 



69 

 

Table 4.9.2: Ghana legislative, regulations and Agencies  

Legislative  Regulations Agencies 

• Supreme Military 

Council Decree (SMCD) 

85.    

• The National 

Redemption Council 

Decree (NRCD) 173. 

• Ghana Standards 

(Certification Mark) 

Rule, 1970 

 

• The Ghana Irrigation 

Development Authority 

Regulations 1987 (LI  

1350). 

• The Public Health Act, 

2012(Act 851). 

• The Environmental 

Assessment Regulations, LI   

1652. 

 

• Ghana Irrigation 

Development Authority. 

• The Environmental 

Protection Agency 

• Ghana Standard Board 

(Food, Drugs and Other 

Goods) 

Source: Author’s construction, 2018. 

The following guidelines below were also reviewed for the purpose of digging out its role 

in wastewater/low-quality water management for agricultural production. 

I. The Ghana Irrigation Development Authority’s Technical Guidelines for Irrigated 

Agriculture. This guideline spelled out measures for effective management of 

water. 

II. Environmental Protection Agency’s guidelines for ensuring environmental 

quality. 

III. The Environmental Sanitation Services Monitoring Guidelines (January 2003). 

IV. The Ministry of Health Policy and Guidelines for Health Institutions (2006). 
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4.7.1 National regulations and legislation challenges  

            The researcher’s documentary review of national legislations and regulations 

(Table 4.6) revealed no specific legislation that mandate state or any other institution to 

encourage and support the use of wastewater/low-quality water for productive purposes. 

For example, the legislation that established the National Irrigation Authority has not 

given it any mandate to encourage the use of low-quality water for irrigation. The only 

task mandated of the authority is to create plans and programs to accelerate the irrigation 

development in Ghana (section 2, of the SMCD 85). With this section, information is not 

clear on the use of low-quality water for irrigation purposes. The main issue on top of 

debate during the creation of the SMCD 85 was the dangerous and harmful effects of 

using wastewater/low-quality water for irrigation (Drechel et al, 2014). Moreover, Ghana 

Irrigation Authority regulation 1987 (LI1350) responsible for managing irrigation 

projects, has no mandate to promote low-quality water reuse. Consequently, the Irrigation 

Authority guidelines for irrigated agriculture issued in 2004 is also mute on the reuse of 

wastewater in line with WHO guidelines. Going further, Ghana National Irrigation 

Authority lacks the authority to implement the reuse of low-quality water policy 

formulated and adopted in 2010. Thus, the authority’s programs of actions do not include 

the use of low-quality water. Ministry of Food (MOFA) detected the legislation gap and 

currently pushing for review of the legislation to enhance low-quality water use (MOFA, 

2011). 

My further review of the NRCD 173 revealed that Ghana Standards Authority is 

responsible to ensure goods that produced in Ghana are of high standards. However, this 

legislation is also completely silence on the use of low-quality water. In the same vein, 
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the Public Health Act, 2012 which seeks to ensure the regulation of food, drugs and other 

supplements is also quite on the use of low-quality water for productive purpose. Due to 

the fact that the Public Health Act is silence on the reuse of wastewater, none of its 

guidelines support the use of low-quality water/wastewater. In furtherance of the above, 

the Environmental Protection Agency Act 490, which authorizes the institution to protect 

and sustain the environment in Ghana. The agency has no guidelines covering the use of 

low-quality water/wastewater for irrigation. From the study, legislations, guidelines and 

regulations under review in this study were formulated during the period when low-

quality water was regarded as a nuisance other than a resource capable of promoting food 

security.  

4.7.2 Administrative and financial challenges  

           From my interaction with relevant institutions identified in the methods of this 

study, institutions were restrained administratively and financially to monitor the use of 

low-quality water/wastewater for irrigation. The main administrative challenge of EPA 

was lack of adequate staff to ensure frequent field visits to all urban irrigation centers in 

the city. According to the human resource manager of the institute, the environmental 

impact assessment indicated that the individuals whose work might have an adverse 

effect on the environment. More so, these institutions are mostly financially handicap to 

purchase logistics to aid their work. Most of funding for monitoring are from NGOs and 

nothing is received from government to support monitor urban farming. Interaction with 

Ghana Irrigation Authority in Tamale revealed that the institute was not aware of low-

quality water for irrigation policy, therefore do not receive funding from the government 

to monitor those who use wastewater for irrigation. 
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4.8 Institutional Provision for monitoring and implementation of the low-quality 

water use policy  

Actors and institutions in irrigation sub-sector 

 

Figure 4.3: Institutional framework for policy implementation. Source: MoFA, 2010 

Ministry of food and agricultural cooperation with local government and other agencies is 

needed to implement the policy. This is important because the benefits and risk of 

supporting the use of wastewater cut across other subsectors and disciplines (including 

water, health, food, sanitation and agriculture). My analysis of the institutional 

framework revealed that, Food and Drugs Board, Ghana standards Authority and Water 

Research institute were not listed as major actors and regulatory agencies in the 

wastewater/low-quality water reuse policy implementation. The inclusion of these 

agencies will go a long way to holistically mitigate the risk of using wastewater since 

they ascribe to WHO guidelines strictly in the country. This was also pointed out in 

Drechsel et al, (2004) that Ghana Standard Board Authority was in better position as 

stakeholders in the policy formulation and implementation process. Thus, the institutional 
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framework (Fig 4.3) tends to concentrate much on irrigation development to the neglect 

of contamination pathways. Table 4.9.3 outlines local institutional perceptions and 

awareness on the use of wastewater/low-quality water for agricultural purposes. 

Table 4.9.3. Institutional perceptions and awareness on low-quality water reuse policy. 
Regional Level 

institutions 

 

Awareness of   the 

low quality water 

reuse policy 

Any promotional 

activities for 

wastewater reuse 

Institution’s perceptions 

 

Yes                   No Yes                      No 

Food and Drugs 

Authority, Tamale 

                        

                           √                               

 

                           

                            √   

 

Our institution is not aware of any policy 

promoting low-quality water use. Besides our 

guidelines will not permit us to get involve, 

however treating it before using for irrigation 

will be healthy for the general public. 

Waste management 

department 

 

                                  

                             √   

 

                             

                             √   

 

It is our responsibility to manage all waste in 

the assembly but we are not aware of 

regulation supporting the use untreated water. 

Environmental Health 

Department 

 

                                   

                             √   

 

                               

                             √   

 

Wastewater contains harmful pathogens which 

can contaminate vegetables produce from it. 

The use might require sophisticated 

technology to make it safe. 

Metropolitan Health 

Directorate 

 

                                  

                             √   

 

                               

                             √   

 

If there is any policy like that, then certainly 

we are not aware of it, let alone involve in its 

implementation. 

Ghana Standards 

Authority, Tamale 

 

                                

                             √   

 

                         

                             √   

    

Wastewater is harmful and should not be used 

for vegetable irrigation. 

Metropolitan 

Agricultural   

Development Unit 

 

                                   

                             √   

 

                                 

                             √   

 

Localizing WHO guidelines requires more 

technology and stakeholders like WRI, GSA 

etc. It will take time to review the policy to 

augment our food supply. 

Source: Author’s interview with key institutions, 2018. 
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           It was observed from the study that there were no activities roll out for proper 

implementation of the policy. Also, no communication plan was put in place to the 

disseminate the policy to the general and all stakeholders involved in the implementation. 

Negative perceptions about the policy are more likely to undermine its implementation, 

therefore mass public education is imperative if the policy should be reviewed again. 

Moreover, it is clearly shown from the study the lack of legislative support for low-

quality water use for agriculture purposes.  

4.8.0 Policy Sustainability Test  

            Results from the test revealed that the low-quality water/wastewater reuse policy 

supports Ghana’s socio-economic and cultural developing without destroying the 

environment. The test further revealed that the reuse of wastewater supports the 

livelihood of the poor and serve as an income generator for people who engage in 

productive use of wastewater for agricultural purposes. Amponsah et al (2015) noted in 

their research that low-quality water/wastewater reuse enhance water management and 

supports the preservation of groundwater.   
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Table 4.9.4. Policy sustainability test results. 

National Irrigation Policy 

Policy Action: Support best practices for the safe use of low quality water in accordance with WHO 

2006 edition of the guidelines for the safe use of low quality water, excreta and greywater in 

agriculture.          

SEA Sustainability Criteria (Aims/Objectives) 

Performance score 

0 1 2 3 4 5 

1. Natural resources  

1.1  Supports conservation and sustainable 

utilisation of water resources. 

            

1.2  Ensures the preservation of quality of 

groundwater and surface water resources 

suitable for intended purposes.   

            

1.3  Ensures retention of natural character and 

function of aquatic ecosystems. 

            

1.4  Ensures protection of biodiversity             

1.5   Ensures protection of endangered species of 

fauna and flora. 

            

1.6  
 Prevents discharges (liquid and solid) and 

disposal of low quality water that adversely 

affect water bodies       

            

1.7  Prevents land degradation and soil 

pollution/infertility          

            

1.8  

Promotes sustainable  consumption  of inputs-

recycling, reduction, reuse (energy, chemicals 

and other raw materials)   

          

  

  

  

1.9  Promotes prevention of floods and mitigation of 

effects of floods/droughts   

            

1.10  Promotes protection of water basin areas                

2. Socio-cultural conditions       

2.1  
Enhances access for all to water in sufficient 
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quantity and quality for basic needs     

2.2  

Promotes good hygiene and contributes towards 

the prevention of water-related diseases 

            

2.3  Promotes equitable distribution of (water 

policy) related benefits  

            

2.4  Guarantees the health of stakeholders               

3. Economic conditions    

3.1  Encourages strong and stable condition in 

economic growth 

            

3.2  Encourages the retention of capital and the 

development of downstream industries, utilising 

local raw materials 

            

3.3   Encourages the use of raw materials and 

services from local industries where possible 

            

Source: Indicators adopted from National Planning Commission, 2014.  

           From the sustainability test analysis, natural resources support of the policy had an 

average score of 4.25, this revealed that the policy promotes natural resources 

sustainability. This makes the policy consistent with other policy objectives and goals 

such as environmental policies. In the same vein, the policy also promotes socio-cultural 

conditions with an average score of 5. This indicates that full implementation of the 

policy will go a long way to support environmental hygiene, enhance access to water in 

sufficient quantities and quality. Furthermore, economic conditions scored 4 averagely 

meaning that the policy if properly implemented with all stakeholders will enhance 

economic ability of people of those who engage in the use of low-quality water for 

irrigation and other agricultural purposes.  
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CHAPTER FIVE 

SUMMARY 
5.0 SUMMARY  

          The study was conducted to examine the quality of irrigated water and overview of 

policies and regulations for wastewater reuse in Tamale metropolis. In this study 112 

respondents were selected for research as samples, they included 45 vegetable farmers, 

30 vegetable vendors, 30 vegetable consumers, 7 key informants from regulatory 

institutions. The study made use of both primary and secondary data. Primary dated was 

solicited from farmer’s vendors and consumer’s survey, also primary data was obtained 

from regulatory institutions. Secondary data was mined from documentary review of 

wastewater reuse policy, regulations, legislations, metropolitan by-laws and technical 

guidelines of various institutions. 

           The findings of research involved four objectives as follows; the first objective 

dealt with examining the quality (Heavy metals, nutrients and E. Coli) of wastewater use 

for vegetable irrigation. The study observed from laboratory analysis of irrigation sites 

that there were E. coli and heavy metals presents in all the water samples from the sites. 

The mean heavy metals concentrations measured in all the sample sites were in the trend 

Ar˃ Cd ˃ Zn ˃ Pb ˃ Cu ˃ Mn ˃ Fe. The mean concentrations of nutrients such as 

ammonia, nitrate, nitrite and phosphate were recorded as 0.022mg/l to 5.98mg/l for 

ammonia, 1.06mg/l to 7.52mg/l for nitrate, 0.031mg/l to 0.056mg/l for nitrite and 

0.037mg/l to 0.069mg/l for phosphate respectively. E. coli and Total coliforms levels for 

Sangani, Kamina and waterworks from the laboratory analysis were recorded as 3.2 × 103 

CFU 100m/l and 5.5 × 102 CFU 100m/l, 4.0 × 103 CFU 100m/l and 1 × 102 CFU 100m/l, 
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and 2.1 × 103 CFU 100m/l and 4.6 × 102 CFU 100m/l respectively. Physical parameters 

were recorded as mean turbidity values were 19NTU and 122NTU whiles mean TDS 

range between 290.5mg/l and 426.5mg/l. pH was between 6.84 and 7.79. The study 

revealed that total coliforms and E. coli were far above EPA and WHO guidelines for 

irrigation. Also, heavy metals were within the FAO limits accept lead and cadmium. 

         The second objective dealt with the perceptions on farmers, vegetable vendors and 

consumers on awareness of vegetable quality, source of wastewater use for irrigation. 

From the farmer’s survey within the three irrigation areas, 64.4% were using wastewater 

from domestic activities, whiles 33.3% of the famers use wastewater from septic tank to 

irrigate their vegetables. With regards to farmer’s awareness on policies, institutions and 

regulations 60% of farmers were not aware of institutions, regulations and the wastewater 

reuse policy, whiles 40% were aware of the regulatory instructions and policies. Vendors 

use vegetable appearance as criteria in determining vegetable quality. Like vegetable 

vendors, consumers also use the same standard criteria in determining vegetable quality. 

Moreover, both vendors and consumers revealed that sources of vegetables have 

influence on purchasing and consumers usually decline to buy if the known source is 

noted for contamination. The concluded that primary stakeholders in wastewater reuse 

were not involve in the implementation of the policy as they are not aware of it during the 

research. 

          The third objective aimed at obtaining challenges face by regulatory institutions in 

monitory the use of wastewater for irrigation. From the study, it was revealed that 

institutions face both legislative and administrative challenges in implementing and 

monitoring wastewater reuse policy. With legislative challenges, institutions such as 
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EPA, GIA and other regulatory institutions lacked legislative mandate to implement and 

monitor wastewater reuse. From the documentary review of regulations, guidelines and 

policy actions it was revealed that none of the institutions had activities put in place to 

monitor wastewater reuse. Thus, all guidelines reviewed in this research were all silent on 

the use wastewater for vegetable irrigation. Administratively, institutions lacked financial 

and were understaff to carry out its activities. 

           The final objective was to unearth local institutional provisions put in place to 

implement and monitor wastewater reuse policy. Many relevant institutions were not 

included as stakeholders such as Ghana Standard Board Authority, Water Research 

Institute etc. Results from institutional survey revealed that none of them had no clue to 

the existence of any water reuse policy, therefore no promotional activity was put in 

place to achieve the reuse of wastewater policy. Institutions had perceptions that the 

practice was not good and could spark the spread of diseases, however others maintained 

that the practice could be promoted by using sophisticated technology in treating water to 

acceptable levels permitted for irrigation. Sustainability policy test revealed that the reuse 

policy supported the socio-economic and cultural objectives of Ghana. 

5.1 Conclusion  

            Based on the study and analysis of findings, it can be concluded that total 

coliforms and E. coli present the water samples were high above the WHO recommended 

guidelines. This makes the water not safe for use and both farmers and consumers are 

expose to possible contaminations. The presents of nutrients in the water samples serve as 

potential opportunity for food production if the WHO guidelines are to be followed. Also, 

heavy metals concentrations are within the recommended limits of FAO with the 
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exceptions of lead and cadmium. From the results above, one can conclude that 

wastewater within the study areas are unfit for use unless treated in any minimal form. It 

is also observed that the practice is fuel by poor sanitation issues within the metropolis. 

          The study further created awareness on the key importance and potential of 

wastewater reuse for irrigation activities. This information is key in designing formal 

measures and plans in promoting the practice to achieved its full potentiality vital for 

food security and alleviating poverty. Also, the level of awareness on part of farmers, 

vendors and consumers shown in the study indicates there some reflection about the 

practice. This lays a strong foundation for educating them to fully understand the what 

they are doing and to adopt protective measures. 

             The low-quality water/wastewater policy is consistent with other sectoral policy 

and supports Ghana’s sustainable development agenda. The policy however lacks 

legislative and regulatory support for effective implementation, thus, it has not seen any 

effective implementation. Also, there is lack of commitment from other relevant 

institutions to support the implementation and monitor the use of wastewater. Also, many 

institutions and direct stakeholders in this practice are not aware of the wastewater reuse 

policy. Most institutions have negative perceptions about wastewater reuse for productive 

agricultural activities making difficult for full implementation of the policy. 

Administrative challenges restrain institutions in monitoring the use of wastewater for 

irrigation. 

5.2 Recommendation for Policy Consideration and Reforms  

 From the study the following were recommended; 
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i. The water quality analysis data from this study can be used as baseline 

wastewater quality framework for future monitoring of irrigation in Tamale 

metropolis. 

ii. Safe and protective methods of farming should be adopted my farmers wastewater 

to avoid contact.  

iii. Responsible agencies should develop a strategic communication system to 

disseminate policies to the general public and relevant institutions. Through this, 

the general public could be educated on potential hazards on the use of 

wastewater without any protection and minimal treatment.  

iv. The 2010 national irrigation policy should be reviewed to ensure ownership of 

wastewater reuse policy. 

v. Relevant institutions such as GSBA, WRI, Environmental Health Department, 

Waste management department, Food and Drugs Authority should be included in 

as stakeholders in the wastewater reuse policy. 

vi. The study will also recommend that wastewater be treated before discharge to 

reduce the risk posed by the use of wastewater (This is a long-term 

recommendation). 

vii. The metropolitan assembly should enact by-laws to monitor the use of wastewater 

in Tamale. 

viii. Waste water management department should be funded to include the liquid 

waste as well. 

ix. Mechanism should be put in place to include irrigation farmers to acquire 

environmental permit license. 
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x. The current urban farmer association should be reviewed to include informal 

farmers. 

5.3 Further Research Areas  

            The study was limited to wastewater quality analysis and review of regulations in 

support of wastewater reuse. However, more research is needed to determine the quality 

of soils and vegetables through laboratory analysis from the practice. Since farmers did 

not have much information about the environmental impact of the practice, an intensive 

environmental impact assessment is needed to ascertain the environmental impact of the 

practice.  Moreover, more research should be established to study the health risk of 

people consuming vegetables irrigated with wastewater.  
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Appendix A 

Questionnaire for analysis  

These questionnaire aims to access the perception of farmers on the use of 

wastewater/low quality water for vegetable irrigation in Tamale metropolis. It contains 

two sections; the first section is bio-data of respondents with the second section making 

up of main data for the study. Section B requires farmers to give their views on the use of 

wastewater/low quality-water for vegetable irrigation, section C, D and E seeks for 

economic benefits, awareness on policies and environmental impact respectively. 

Kindly complete this survey by picking the most appropriate answer to each question.  

Thank you 

SECTION A  

PERSONAL INFORMATON  

1. Farming section Area     ❍ Sagnani     ❍ Waterworks      ❍ Zagyuri(Kamina). 

2. Address (Phone number) ……………………………… 

3. Sex   ❍ Male      ❍ Female 

4. Age group    ❍ 16-30     ❍ 31-45     ❍ 46-60     ❍ >60 

5. Education level    ❍ No formal Education     ❍ Primary     ❍ Secondary     ❍ 

Tertiary   

6. Marital Status     ❍ Married    ❍ Never Married    ❍ Widowed    ❍ Divorce  

7. Farm Size (acres) ❍ 0.25    ❍ 0.50    ❍ 0.75     ❍ 1.00     ❍ 1.25  

8. Numbers years in farming     ❍ <5     ❍ 5-15     ❍ >25 

SECTION B  

Perception on wastewater/low -quality irrigation water for vegetable production.  

9. Do you know the source of water use to produce the vegetables you buy? 

A. Yes      B. No 

If yes mention the source………………………………………………………………… 

 

10. Is your source water available throughout the year for irrigation? 

B. Yes      B. No 
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Section C 

Economic Benefits of wastewater use for vegetable production 

11. How many sellers buy your products daily? 

        ❍ 1-10    ❍ 11-20   ❍ >21 

12. How much do you make from sells annually? 

       ❍ <GHC 100   ❍ GHC 100-500    ❍ > 600 

Section D 

Farmers awareness of policies and regulatory institutions monitoring the use of 

wastewater for irrigation. 

13. Are you aware of the use low-quality water use for irrigation policy? 

A. Yes    B. No 

If yes, are you part of any policy activity 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………… 

14. Do you know any institution responsible for monitoring the use of wastewater? 

A. Yes    B. No 

If yes name 

it………………………………………………………………………………... 

15. Are you aware about any by-law regulating the use of wastewater for vegetable 

irrigation? 

A. Yes B. No 

If yes mention them 

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

……………………………………………………………………………….. 
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Section E  

Perceptions on the and health risk of wastewater use for vegetable production  

16. Is there any health risk associated with the use of wastewater for vegetable 

production? 

A. Yes   B. No 

If yes mention 

any……………………………………………………………………………… 

 

QUESTIONNAIRE FOR VEGETABLE SELLERS 

This questionnaire is to assess the perceptions of vegetable sellers on the use of 

wastewater for vegetable farming. It contains two sections A and B.  

Kindly answer the question below with the most appropriate answer 

SECTION A 

PERSONAL INFORMATON  

17. Farming section Area     ❍ Sagnani     ❍ Waterworks      ❍ Zagyuri(Kamina). 

18. Address (Phone number) ……………………………… 

19. Sex   ❍ Male      ❍ Female 

20. Age group    ❍ 16-30     ❍ 31-45     ❍ 46-60     ❍ >60 

21. Education level    ❍ No formal Education     ❍ Primary     ❍ Secondary     ❍ 

Tertiary   

22. Marital Status     ❍ Married    ❍ Never Married    ❍ Widowed    ❍ Divorce  

 

SECTION B  

Perceptions of vegetable sellers on the quality of water vegetables, source and 

influence on buying and health risk of using wastewater for vegetable production. 

23. Where do you buy your vegetable from? 

A. From the field       B. From distribution point. 

24. Do you know the source of water use to produce the vegetables you buy? 

C. Yes      B. No 

If yes mention the source………………………………………………………………… 
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25. Do you have idea on the quality of the water use for the vegetable production from 

where you buy? 

A. Good quality    B. Poor quality   C. No idea 

 

26.  What criteria do you use to determine the quality of the vegetables you buy from 

the 

field?..............................................................................................................................

.......................................................................................................................................

..................... 

27. Do customers ask to know the geographical source of vegetables before buying? 

A. Yes      B. No 

28. Do customers sometimes refuse to buy after telling them the source of the 

vegetable? 

A. Yes      B. No 

 

29. What are the implications of consuming vegetables irrigated with wastewater? 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

 

QUESTIONNAIRE FOR VEGETABLE CONSUMERS 

This questionnaire is to assess the perceptions of vegetable sellers on the use of 

wastewater for vegetable farming. It contains two sections A and B.  

Kindly answer the question below with the most appropriate answer. 

SECTION A  

PERSONAL INFORMATON  

30. Address (Phone number) ……………………………… 

31. Sex   ❍ Male      ❍ Female 

32. Age group    ❍ 16-30     ❍ 31-45     ❍ 46-60     ❍ >60 
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33. Education level    ❍ No formal Education     ❍ Primary     ❍ Secondary     ❍ 

Tertiary   

34. Marital Status     ❍ Married    ❍ Never Married    ❍ Widowed    ❍ Divorce  

SECTION B  

35. Do you know the source of the vegetable before buying? 

A. Yes             B. No 

If yes 

where?...........................................................................................................................

.. 

36. Does the source of the vegetable influence your decision in buying the vegetable? 

A. Yes              B. No 

         If yes why? 

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................ 

37. Kindly tick below the method use in cleaning your vegetable. 

I. Washing with warm water in a bowl   

II. Washing with salty water in a bowl            

III. Washing with salty water and vinegar or potassium permanganate in a bowl    

IV. Washing with water and vinegar in a bowl    

V. Washing twice with tap water or with water in a bowl    

 

38. What are the implications of consuming vegetables irrigated with 

wastewater?.................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

................................... 

39. What criteria do use to determine the quality of the vegetables you buy from the 

field? 
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……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………… 

Guide for focus group discussions 

Key Informant Interview  

This questionnaire is design for key informants in various regulatory institutions monitoring the 

use of wastewater for vegetable production in tamale metropolis. It is aim at assessing the 

challenges they face in the implementation of low quality water use policy. Section A contains 

bio-data of respondents and the rest on the key challenges they face in the implementation of the 

use of low-quality water for vegetable production in urban cities. 

SECTION A 

BIO-DATA OF RESPONDENT 

Name of Respondent: 

……………………………………………………………………………… 

Name of Organisation: 

……………………………………………………………………………... 

Position in the Organisation: 

………………………………………………………………………. 

Address ……………………………. Phone 

Number……………………………………………. 

Email………………………………………………………………………………………

………. 

SECTION B  

Provisions for the implementation of low quality water use policy under the national 

irrigation policy. 

1. What are of the activities put in place for the implementation of low quality water 

use in the national irrigation policy? 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………



99 

 

………………………………………………………………………………………………

……………………………………………… 

2. Does your organisation work with other relevant government institutions/private 

to implement activities on low-quality water for irrigation? 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………… 

SECTION C  

Challenges regulatory instructions face in the implementation and monitoring the 

use of wastewater for vegetable production. 

3. What challenges hinders your organisation in the implementation process of the 

low-quality water use policy? (social and financial) 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………… 

Section D 

Sustainability test table use to access policies in line with the three core values of 

sustainability; 1. Natural resource sustainability, 2. Socio-cultural sustainability, 3. 

Economic sustainability. It has an interval scale from 0-5, 

The purpose of this is to access the sustainability of the low-quality water policy under 

national irrigation policy.  

0 1 2 3 4 5 

Not 

relevant 

Works strongly 

against the aim 

Works 

against the 

aim 

Has neutral 

Effects on    

the aim 

Supports  

the aim 

Strongly  

supports the  

aim 

No colour RED RED YELLOW GREEN GREEN 

Source: Adopted from National Development Planning Commission (2014) 

Kindly tick from below the most appropriate answer.   
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National Irrigation Policy 

Policy Action: Support best practices for the safe use of low quality water in 

accordance with WHO 2006 edition of the guidelines for the safe use of low 

quality water, excreta and greywater in agriculture.        

  

SEA Sustainability Criteria (Aims/Objectives) 

SEA Sustainability 

Criteria 

(Aims/Objectives) 

0  1  2  3  4  5  

1. Natural resources  

1.1  Supports conservation and sustainable 

utilisation of water resources 

            

1.2  Ensures the preservation of quality of 

groundwater and surface water resources 

suitable for intended purposes   

            

1.3  Ensures retention of natural character and 

function of aquatic ecosystems 

            

1.4  Ensures protection of biodiversity             

1.5   Ensures protection of endangered species of 

fauna and flora 

            

1.6   Prevents discharges (liquid and solid) and 

disposal of low quality water that adversely 

affect water bodies 

          

            

1.7  Prevents land degradation and soil 

pollution/infertility          

            

1.8  Promotes sustainable  consumption  of 

inputs-recycling, reduction, reuse (energy, 

chemicals and other raw materials)   

          

  

  

  

1.9  Promotes prevention of floods and 

mitigation of effects of floods/droughts   

            

1.10  Promotes protection of water basin areas  

   

            

2. Socio-cultural conditions       

2.1  Enhances access for all to water in sufficient 

quantity and quality for basic needs    

      

     

            

2.2  Promotes good hygiene and contributes 

towards the prevention of water-related 

diseases 

            

2.3  Promotes equitable distribution of (water             
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policy) related benefits  

2.4  Guarantees the health of stakeholders               

3. Economic conditions    

3.1  Encourages strong and stable condition in 

economic growth 

            

3.2  Encourages the retention of capital and the 

development of downstream industries, 

utilising local raw materials 

            

3.3   Encourages the use of raw materials and 

services from local industries where possible 

            

Institutional Perceptions and Awareness on Wastewater/Low Quality Water Reuse 

for Vegetable Irrigation 

This interview is to unearth local institutions awareness on wastewater reuse for 

vegetable irrigation and the possible promotional activities for it. 

Name of Decentralized Institution       

………………………………………………………………………………………………

……. 

Contact Address   

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………… 

1. Is there any promotional activity within your institute to promote the use of 

wastewater/low-quality water or regulate its activities? 

 

2. Is your institution aware of the low-quality water use policy? 

 

 

3. What perception do your institute hold on the use of wastewater for irrigation? 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………… 

 

Thank you for your time 
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Appendix B 

List of legislation reviewed in this research  

i. The   Supreme Military Council Decree (SMCD) 85 which establishes the   

Ghana Irrigation   Development Authority to formulate   and   execute plans and   

programmes to develop irrigation and improve livestock and   fish culture in 

Ghana. 

ii. The   Ghana Irrigation   Development Authority Regulations1987 (LI  1350). 

iii. The   National Redemption Council Decree (NRCD) 173. 

iv. The   Public   Health Act, 2012 (Act   851. 

v. The   Environmental Protection   Agency Act 490, 1994. 

vi. The   Environmental Assessment Regulations, LI 1652 The   Legislative 

Instruments for Environmental Impact Assessment. 

vii. LI   662   Ghana Standards (Certification Mark) Rule, 1970, 

viii. LI   1541 Ghana Standard Board (Food, Drugs   and Other Goods) General 

Labelling Rules, 1992, 

List of regulations reviewed in this research. 

i. The   Ghana Irrigation Development Authority’s ‘Technical Guidelines for 

Irrigated Agriculture’ which   gives more details on how to effectively manage 

water. 

ii. The   following   Environmental Protection Agency’s guidelines for ensuring 

environmental quality: (i) guidelines on environ-mental quality (ii)   guidelines 

on aquaculture, (iii)   guidelines   on environmental permitting process, and (iv) 

guidelines on strategic environmental assessment (SEA). 

iii. Environmental Protection Agency Manual on Health Promotion, (December 

2001), 

iv. Management of Environmental Sanitation Services Guidelines (March   2002) 

by the Ministry of Local Government and Rural Development (MLGRD). 

v. Manual for the Preparation of District Waste Management Plans in Ghana (July 

2002). 
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vi. Environmental Protection Agency/MLGRD Manual on Environ-mental Health 

Inspections (October 2002). 

vii. The Environmental Sanitation   Services Monitoring Guidelines (January 2003). 

viii. Health Care Waste Management in Ghana. 

ix. The Ministry of Health Policy and Guidelines for Health Institutions (2006). 

 

PAN AFRICAN UNIVERSITY 

INSTITUTE OF WATER AND ENERGY SCIENCE 

MASTER THESIS EXPENDITURE Report 

STUDENT CLEMENT KAMIL ABDALLAH 

FOREIGN EXCHANGE RATE $1 = GHS 4.00 

Item Description Quantity Unit 
Price 
(GHS) 

Total Price 
(GHS) 

Total Price ($) GHS/ 
Exchange Rate 

Domestic flight (Accra- Tamale) 2 449.00 + 
419.00 

868.00 217.00 

Laboratory Analysis for heavy metals. Two samples 
each from four sites, Heavy metals (Mn, Pb, Cu, Cd, 
Fe, and Zn).  

6 120.00 720.00 180.00 

Laboratory analysis for E. coli. And Total coliforms. 3 75.00 225.00  56.25 

Laboratory analysis for nutrients (Ammonia, 
Nitrate, Nitrite and Phosphate). Six samples from 
three sites.  

6 20.00 120.00 30.00 

pH  6 8 48.00 12.00 

Laboratory analysis for dissolve oxygen 4 40.00 120.00 30.00 

Sample Storage (Ice-chest) and Sample Collection 
Bottles 

  220.00 55.00 

Printing of questionnaire for data collection. 122 0.91 110.00 27.00 

Field work Transportation from 7th to 9th May, 2018 
(Fuel(Diesel) expenditure) 

44.05 4.54 200.00 50.00 

Field work Transportation from 11th to 13th May, 
2018 (Fuel(Diesel) expenditure) 

55.06 4.54 250.00 62.50 

Field work Transportation (Car rental fee from 7th 
to 13th) 

6 200.00 1200.00 300.00 

 Internet data Subscription for 6 months 
  

576.60 144.15 

Research assistant fee (Translation and 
transcription)  

1 833.00 833.00 208.25 

Printing of draft copy 5 111.00 555.00 138.75 
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Total 
   

1,510.90 

 
OTHER EXPENSES  
Return Flight ticket Algeria to Ghana                                                                                    $1350.00 
Flight ticket Algiers to Tlemcen                                                                                              $50.00 
Visa for Algeria                                                                                                                          $90.00 
Total                                                                                                                                           $1490.00 
 
 
Total Expenditure                                                                                                                   1490 
                                                                                                                                                +  1510.90 

                                                                                                                                          $3000.90 
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Source: Field survey, 2018. Water use by irrigation farmers in Zagyuri (Kamina) 

 

Water source for irrigation in Waterworks study site. Source: field survey, 2018 
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Water source for irrigation in Waterworks study site. Source: field survey, 2018 

 

 

 


