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ACRONYMS 

 

 

AGA   - AngloGold Ashanti 

AGORA  - Access to Global Online Research in Agriculture 

ARDEC  - Aquaculture Research and Development Centre 

BOD  - Biochemical Oxygen Demand  

CBFC   - Community Based Cage Fish Culture 

CC  - Climate Change 

CCAA  - Climate Change Adaptation in Africa 

CoCooN  - Conflict and Cooperation over Natural Resources 

COD  - Chemical Oxygen Demand 

CP   - Crude Protein 
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CSIR   - Council for Scientific and Industrial Research 
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CWSA  - Community Water and Sanitation Agency 
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DO  - Dissolved Oxygen  
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EPA   - Environmental Protection Agency 

FC   - Faecal Coliform  

FCR   - Food Conversion Ratio 

FSEF   - Food Security and Environment Facility 

GAMA - Greater Accra Metropolitan Assembly 

GFAASS  - Ghana Forum for Agricultural Advisory Services and Support 

GFRAS  - Global Forum for Rural Advisory Services 

GMet   - Ghana Meteorological Agency 

GWCL  - Ghana Water Company Limited 

GWSSA - Groundwater in Sub-Saharan Africa 

IAB   - Institute of Aquatic Biology 

IESS   - Institute for Environment and Sanitation Studies 

IGF  - Internally-Generated Funds 

IMC   - Internal Management Committee 

ITD   - Iodide Transport Defect 

IUCN   - International Union for Conservation of Nature 

IVM   - Ivermectin 

IWMI   - International Water Management Institute 

IWRM  - Integrated Water Resources Management 

KNUST - Kwame Nkrumah University of Science and Technology 
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MDG  - Millennium Development Goal 

MESTI - Ministry of Environment, Science, Technology and Innovation  

MLGRD - Ministry of Local Government and Rural Development 

MWRWH - Ministry of Water Resources, Works and Housing 

NGGL  - Newmont Gold Ghana Limited 
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NSEZ  - Northern Savannah Ecological Zone 
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WHO  - World Health Organisation  

WRC   - Water Resources Commission 

WRI   - Water Research Institute 

WRRI   - Water Resources Research Institute 

WSF   - Water Storage Facility 
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EXECUTIVE SUMMARY  

 

This report comprises an overview of research and development activities undertaken by the Water 

Research Institute of the Council for Scientific and Industrial Research in 2018. The Water Research 

Institute (WRI) is one of the 13 Institutes of the Council for Scientific and Industrial Research (CSIR). 

The overall goal of the CSIR-WRI is to conduct research into all aspects of water resources (both 

living and non-living) in order to provide scientific and technical information and services as well as 

strategies for the sustainable development, utilization and management of such resources for the socio-

economic advancement of the country.  

The 2018 Annual Report consists of three (3) chapters namely Introduction, Administration, and 

Research & Development Activities. The report has been compiled based on the research and 

development activities, commercialization of research and development activities through consultancy 

and advisory services, and administrative-related issues such as staff strength, appointments, 

promotions, as well as national service recruitment, students on attachment from tertiary instituions 

during the year 2018. 

During the 2018 reporting year, the Institute conducted 48 research projects. These includes Assessing 

the Impact of the Kpone Landfill on Groundwater Quality, Countdown Integrated Control Strategies 

to Eliminate Lymphatic Filariasis in Ghana, which aimed at assessing the primary causes of 

elephantiasis (neglected tropical disease - NTD) persistence in spite of long period of intervention; 

Kpeshie and Muni Lagoon Wetland degradation and Governance; Disaster Risk Reduction Practice 

Research and Capacity Building Support to ECOWAS which is to conduct a baseline study on trans-

boundary floods and disasters in the ECOWAS region. Assessment of Groundwater Resources of the 

Brong -Ahafo Region; Prevalence of Cryptosporidium species in the Ga South Municipality and the 

Lower Manya District of Southern Ghana;  Onchocerca volvulus forest-savannah ecotype 

differentiation using polymerase chain reaction, Baseline Study Prior to Expanded Access to 

Praziquantel and Albendazole against Epidemiology Of Cryptosporidium Sp upstream the water 

treatment plants in Kpong and Weija, Ghana; Escherichia coli antimicrobial resistance in the 

environment; Microbial water quality assessment of Sanso Community in Obuasi; Microbial water 

quality of boreholes and tap water from selected communities at Oyibi in the Damgbe West District; 

Coordination of the Integrated Monitoring of SDG 6 and SDG Policy Support System (SDG-PSS) 

Phase I. The Anthelminthic Response Map (Ar-Map) Of Ghana; Effect of varying dietary crude 

protein levels on length-weight relationship and condition factor of Nile tilapia, oreochromis niloticus 

fingerlings; Effect of keeping 17Ŭ-methyl Testosterone Hormonal Feeds at Different Ambient 

Temperatures on Mono Sex Male Tilapia Fingerling Production; Economic Performance of 

Commercial Tilapia Diets with varying crude Protein levels in Nile Tilapia (Oreochromis niloticus) 

Fingerling Production in Ghana; The Lake Volta fish resources in a changing climate, the use of 

predictive model, Ecopath with Ecosim; Mass Balanced Model Of Lake Volta Fisheries: the Use of 

Ecopath Model; CSIR/Modernizing Agriculture in Ghana (MAG); Survey of the evolution of 

livelihood avenues in the Lower Volta Area  Keta & Ada Wetland Resources & Livelihoods Project 

(TCP/GHA3604) conducted to increase and improve provision of goods and services from agriculture, 

forestry and fisheries in a sustainable manner; Assessment of metal levels and organic compounds in 

vegetables/foodstuff sold around e-waste sites in Ghana; Assessment of the levels of Polycyclic 

Aromatic Hydrocabons (PAHs) in óWeleô- a commercially-important cowhide from selected market 

centres in Tema-Ashaiman and Accra Metropolis; Water Infrastructure Solutions from Ecosystem 

Services underpinning Climate Resilient Policies and Programmes (WISE-UP to Climate); 

Schistosomiasis and Soil-Transmitted Helminthiases in Southern Ghana; Effects of Climate Change 

on Lake Volta Resources (VOLTRES) objectively to improve the understanding of the physical and 

biogeochemical functioning of Lake Volta and how the Lake and its resources will respond to climate 
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change; Multi-scale Flood Monitoring and Assessment Services for West Africa (MiFMASS); Design 

and Assessment of Resilient and Sustainable Interventions in Water-Energy-Food-Environment 

Mega-systems (FutureDAMS) ;UK-BRAVE 2- Building Understanding of Climate variability into 

planning of Groundwater supplies from low storage aquifers in Africa, Groundwater Assessment of 

the Upper-West Region of Ghana, Digitization of Groundwater-use maps for the 10 Regions of Ghana 

and  Pollution and Ecological Assessment of Mukwe and Songor Lagoons in Ghana; and Assessment 

of metal pollution in selected rivers.  Some Consultancy projects include Water Quality Assessment 

Of Sansu Community in Obuasi, Drilling, Rehabilitation and Photo-logging of selected boreholes for 

Anglogold Obuasi Mine; Final effluent quality monitoring; physico-chemical and bacteriological tests 

on potable and swimming pool waters; Intergrated Community Water, Sanitation and Hygiene 

Improvement Project (ICOWASH) - Hydrogeological Consultancy Services on Borehole Siting And 

Construction of Twenty-Six (26) boreholes in West-Mamprusi Districts of the Northern Region of 

Ghana; Treating high strength sewage using the activated sludge process; Surface water ecological 

studies / monitoring at the Akyem Mine, New Abirem and UNICEF Water Safety Plan- Endline Pilot 

Study.   

Scientists of the Institute collaborated with scientists worldwide to author 32 Journal papers, 30 

Conference papers, 19 Consultancy reports, 10 Technical reports and 1PhD thesis. 
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1.0 INTRODUCTION  

 

1.1 Establishment 

The Council for Scientific and Industrial Research-Water Research Institute (CSIR-WRI) is one of the 

thirteen (13) Research Institutes of the CSIR. It was established in 1996 as a public Institution through 

a merger of two Institutes of the CSIR - Aquatic Biology (IAB) and the Water Resources Research 

Institute (WRRI) which were established in 1965 and 1982 respectively. 

 

1.2 Vision 

To become a centre of excellence in the provision of scientific research into water and related resources 

for sustainable socio-economic growth 

 

1.3 Mission 

The mandate of the CSIR-WRI is to conduct research into all aspects of water resources (both living 

and non-living) in order to provide scientific and technical information and services as well as 

strategies for the sustainable development, utilization and management of such resources for the socio-

economic development of the country. 

 

1.4 Values 

Our core values include dedication to duty, commitment, loyalty to quality assurance and customer 

satisfaction. 

 

1.5 Key Objectives 

The key objectives of the Institute are: 

1. To generate, process and disseminate water and waste water quality information to end users  

2. To generate, develop and transfer appropriate technologies, information and services for 

sustainable development, utilization and management of surface water resources;  

3. To generate, process and disseminate information on the availability of groundwater, rate and 

volumes to be abstracted for various uses as well as the reliability and sustainability of its 

recharge; 

4. To enhance public health status through sound environmental management and water pollution 

control strategies; 

5. To increase local fish production through participatory research and technology transfer in 

aquaculture and sustainable management strategies in inland and coastal waters of Ghana; and 

6. To undertake commercialisation of research and development activities through consultancy 

and advisory services and the provision of water resources information, documentation and 

technical support services. 

 

1.6 Divisions 

The mandate of the Institute is achieved through the research and development activities of five (5) 

Technical Divisions and three (3) non-technical Divisions. These are:  

Technical Divisions:  

¶ Surface Water 

¶ Groundwater 

¶ Environmental Biology and Health 

¶ Environmental Chemistry and Sanitation Engineering  

¶ Fishery and Aquaculture  

The non-Technical Divisions are:  
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¶ Administration 

¶ Finance 

¶ Commercialization 

 

1.6.1 Environmental Biology and Health Division 

The Environmental Biology and Health Division has the mandate to enhance public health status of 

Ghanaians through sound environmental management, water pollution control strategies, and 

preventive and control strategies for water-borne and other infectious diseases. The Division has 

expertise in the areas of microbiology, parasitology, entomology, aquatic flora and fauna, molecular 

biology and public health.  Some Activities of the Division include: 

¶ Water quality monitoring through microbial, algal and macro-invertebrate analyses; 

¶ Microbiological analyses of drinking water, waste water and others; 

¶ Identification and management of invasive plants in Ghana; 

¶ Isolation and production of entomopathogenic bacteria used in biological control of disease 

vectors; 

¶ Environmental impact assessment and watershed management; 

¶ Research into water-related/borne parasitic diseases and other infectious diseases; 

¶ Research into water-related vectors of diseases of public health importance to develop 

innovative strategies for control and prevention; 

¶ Molecular epidemiology studies and understanding the mechanism and genetics of drug 

resistance and the development of DNA based diagnostic tools; 

¶ Consultancy in the establishment of science and medical laboratories; and 

¶ Training of scientists, technologists and students. 

 

1.6.2 Environmental Chemistry and Sanitation Engineering Division 

The mandate of the Environmental Chemistry and Sanitation Engineering Division is to generate 

process and disseminate water and wastewater quality information to end-users. Specific objectives 

are to: 

¶ perform quality and quantity assessments of industrial, agricultural and domestic discharges in 

both urban and rural areas and identify their impact on aquatic ecosystems; 

¶ collect, process and disseminate comprehensive high quality and reliable environmental data 

on surface and groundwater with regard to their chemical constituents; and 

¶ monitor pollution in coastal waters and lagoons in Ghana. 

Some major research activities of the Division comprise: 

¶ Water quality monitoring; 

¶ Industrial wastewater studies; 

¶ Environmental impact studies; and 

¶ Development of strategies for water pollution control. 

 

1.6.3 Fishery and Aquaculture Division 

The Fishery and Aquaculture Division has the mandate to generate scientific information that is 

applied to enhance sustainable management and development of Ghanaôs fish, fisheries and 

aquaculture resources. The goal of the Division is to increase local fish production to support 

livelihoods through increasing yield from existing fisheries and development of sustainable 

aquaculture and culture-based fisheries practices. 

 

Currently, the major research and development programmes of the Division are: 
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¶ Aquaculture development,  

¶ Environmental impact assessment  

¶ Monitoring of fish populations in relation to socio-economic development activities,  

¶ Fisheries enhancement and culture-based fisheries and  

¶ Modernisation of Agriculture activites. 

 

1.6.4 Groundwater Division 

The Groundwater Division has the mandate to generate, process and disseminate information on the 

availability of groundwater, quantity of water to be abstracted for various uses as well as the reliability 

and sustainability of its recharge.  

Presently, the Division conducts research into groundwater resources of Ghana, provides scientific 

information on groundwater resources to governmental and non-governmental agencies and the 

general public, undertake groundwater monitoring and assessment studies as well as groundwater 

database management. 

The Division therefore delivers technical services on groundwater development issues relating to 

geophysical investigation for borehole siting, borehole drilling supervision, pumping test, pump 

mechanization, pump repairs (submersible/hand-pumps), geophysical borehole logging (Geo-

logger/sondes), installation of treatment plants on boreholes (reverse osmosis, filters, iron removal 

etc.), provision of hydro-geological information, and production of hydro-geological maps and 

geotechnical services. Local and foreign students are also offered training related to groundwater 

development. 

 

1.6.5 Surface Water Division 

The mandate of the Surface Water Division is to generate, develop and transfer appropriate 

technologies, information and services for sustainable development, utilization and management of 

surface water resources for socio-economic development.  

The specific objectives include: 

¶ assessment of surface water resources of the country for socio-economic development; 

¶ assessment of sediment transport by streams/rivers and discharges into reservoirs for planning 

and management of water resources; 

¶ development and adaptation of appropriate technologies and water conservation techniques for 

water supply to households, communities, farms and industries; and  

¶ Assessment of climate change effects and adaptation strategies.  

 

1.7 Branches 

The Institute has three (3) branches. These are:  

¶ The main office is in Accra.     

¶ Tamale Branch office in the Northern Region 

¶ Aquaculture Research and Development Centre (ARDEC) branch  at Akosombo in the Eastern 

Region 

The location of the main and outstations of CSIR-Water Research Institute in different parts of the 

country is shown in Figure 1.1. 
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Figure 1.1: Location map showing the Main and outstations of CSIR-Water Research Institute 
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Overview of major activities of the Institute during 2018 is presented in this report. We will  be grateful 

to receive comments and suggestions on any aspects of our activities or the report through the 

following contact addresses: 

 

 

The Director, 

CSIR-Water Research Institute, 

P. O. Box AH 38, 

Achimota-Ghana 

 

or 

The Director, 

CSIR-Water Research Institute, 

P. O. Box M 32, 

Accra-Ghana 

 

Telephone : (233-302) 775352, 779514, 779515 

Fax  : (233-302) 777170, 761031 

E-mail  : info@csir-water.com; wricidss@yahoo.com 

Website :  www.csir-water.com 

 

  

mailto:info@csir-water.com
http://www.csir-water.com/
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2.0 ADMINISTRATION  

The Administration Division, in year 2018 provided services and support to staff, Divisions and 

Outstations of the Institute to ensure effective and well-organized work environment vital for the 

achievement of the objectives of the Institute. The Division also implemented policies, regulations and 

rules of the Council and decisions taken at Management meetings to improve upon staff performance. 

 

2.1 Management 

There was no Management Board in place during the 2018 calendar year. However, policies, 

regulations and rules of the Council as well as decisions taken at the Internal Management Committee 

(IMC) meetings were implemented. Membership of the IMC can be found in Appendix I. 

 

2.2 Staff Strength 

Staff strength at the end of the year 2018 stood at 203. This was made up of 50 Senior Members, 97 

Senior Staff and 56 Junior Staff. The list of Senior Members and Senior Staff and junior staff 

distribution are presented in Appendix II. 

 

2.3 Statistics on Human Resource Activities 

The number of appointment, secondment, promotion/upgrading, leave without-pay, transfer, 

compulsory retirement, termination of appointment, resignation sabbatical leave and death are shown 

in Appendix III. 

 

2.4 Human Resources Development 

Members of staff had the opportunity to obtain the essential skills and knowledge through local and 

international training for the enhancement of their performance in the Institute and in conformity with 

the policy of CSIR to provide relevant training for staff. The statistics are presented in Appendix IV. 

 

Short-term training programmes attended by some staff of the Institute were: 

V GOGIS-GITA Workshop on the Implementation of Section 93 of the Fisheries Act 625 ï 

Fisheries Impact Assessment, Aseda Resort Hotel, 10 ï 11 May 2018 

V GOGIS-GITA Workshop on the Implementation of Section 93 of the Fisheries Act 625 ï 

Fisheries Impact Assessment, Coconut Grove Regency Hotel, 12 June, 2018. 

V Ghana Biodiversity Clearing House Mechanism Workshop, 21-22 August, 2018. National 

Biosafety Authority Conference Room, Accra. 

V  Ghana Biodiversity Clearing House Mechanism Workshop, 15-16 October, 2018. National 

Biosafety Authority Conference Room, Accra. 

V Workshop on Developing Aquaculture as Part of the Fish for Development Programme, Civil 

Service Training School Conference Hall, 23 October 2018. 
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V FutureDAMS water-energy-food-environment model and software co-development 

workshop: Part one ï water system simulation, 18 ï 19 October 2018, CSIR-STEPRI, Accra, 

Ghana. 

 

V Water Africa & West Africa Building and Construction 2018 Conference at Kempensi Gold 

Coast Hotel, 13th ï 15th June 2018. Seminar Presenters (Patrick A. Mainoo and Anthony A. 

Duah) : Groundwater Exploration in Voltaian  Basin in Ghana ï Landmark. 

 

V Three-Day Workshop on WASH Development collaboration between Desert Research 

Institute (DRI), Nevada, Canada and University for Development Studies (UDS) at UDS 

International Conference Centre, Tamale, from 17th-19th January 2018. 

V e-Learning Course on Wastewater Treatment with the Hydroaid- water for Development 

Management Institute, Italy (May- July 2018) 

V African Union Inter Africa Bureau for Animal Resources (AU-IBAR) to an expert validation 

workshop for harmonised regional cross border fish trade corridor mapping studies in Africa. 

12th to 14th December 2018. Naivasha, Kenya. 

 

V African Union InterAfrican Beareau for Animal Resources expert consultative meeting on 

harmonisation of methodologies for cross border fish trade corridor mapping in Africa. 3rd to 

5th October 2018 in Naivasha, Kenya. 

 

V African Union InterAfrican Bureau for Animal Resources meeting of the Task Force on 

African Ornamental Fisheries in Rwanda from 18th to 20th July 2018. Kigali, Rwanda. 

 

V African Union InterAfrican Bureau for Animal Resources expert consultative workshop on 

formulation of continental strategy for rational management of Africa Inland Fisheries from 

26th to 29th March 2018in Kampala, Uganda.. 

 

2.5 Participation in Scientific Meetings 

Some research and technical staff participated in workshops, seminars and conferences held at the 

national, regional and international levels during the year. Amongst them were: 

¶ RECIRCULATE Knowledge Exchange and Engage Engagement Training Workshop 

organised by Lancaster University, UK from 8th to 12th January 2018, Accra at both Golden 

Tulip Hotel and Lancaster University, Ghana. 

¶ Validation Workshop on Integrated Monitoring of SDG 6.  Organised by SDG 6 Technical 

Committee on the 12th July 2018 at Coconut Grove Regency Hotel, Accra, Ghana. 

¶  ñWater in the World We Want: A framework for national action on water-related Sustainable 

Development Goals, Final Workshop organised by UNU-INWEH and hosted by Global 

Affairs Canada from 19th to 20th September 2018 at Ottawa, Canada. 
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¶ Launching of Sustainable Development Goals (SDGs) Baseline Report organised by National 

Development Planning Commission on 6th September 2018 at the Accra International 

Conference Centre. 

¶ 3rd anniversary of the Sustainable Development Goals (SDGs) in Ghana and launch of Africa 

Development Partners Awards. Organised by National Multi-stakeholder committee on the 

25th September 2018 at the Accra International Conference Centre. 

¶ Workshop on Access to Clean Drinking Water and Sustainable Water Management in Ghana 

organised by the delegation of German Industry & Commerce in Ghana on Tuesday 13th 

November 2018 at Accra City Hotel. 

¶ Committee Meetings on International Conference on controlled atmosphere and fumigation in 

stored products. 

¶ Validation workshop for harmonised regional cross border fish trade corridor mapping studies 

in Africa organized by African Union Inter Africa Bureau for Animal Resources (AU-IBAR) 

12th to 14th December 2018 in  Naivasha, Kenya 

¶ Consultative meeting on harmonisation of methodologies for cross border fish trade corridor 

mapping in Africa organized by African Union Interafrican Beareau for Animal Resources, 3rd 

to 5th October 2018 in Naivasha, Kenya. 

¶ African Union InterAfrican Bureau for Animal Resources meeting of the Task Force on 

African Ornamental Fisheries in Rwanda from 18th to 20th July 2018. Kigali, Rwanda. 

¶ Consultative workshop on formulation of continental strategy for rational management of 

Africa Inland Fisheries in Kampala, Uganda. Organized by African Union InterAfrican Bureau 

for Animal Resources 26th to 29th March 2018. 

¶ Aquaculture Stakeholders Workshop on Genetically Improved farmed tilapia (GIFT) 

strain in Ghana, The Rufford Foundation/Virginia Tech/CART 4D, 29th October, 

2018, Akosombo. 

¶ 17th World Lake Conference, 15th ï 19th October, 2018, Ibaraki, Japan. 

¶ Stakeholders Validation workshop on daft dissemination Technical materials on CSIR 

Technologies for Modernizing Agric. in Ghana, 13th-14th June, 2018, Koforidua. 

¶ Aquaculture Seminar: Optimizing fish farming practices, 12th April, 2018, Akosombo. 

¶ Workshop on Validation of protocols for inspection and certification: WARFP/World 

Bank/Fisheries Commission, 12th January, 2018, Accra. 
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¶ ñElectronic Waste Recycling in Ghana and Interventions to Reduce its Impact on Human 

Health and Environmentò at the Pan Africa Chemistry Network Congress orgainised by Royal 

Society of Chemistry, UK , from 6th to 8th November, 2018 in Nairobi, Kenya. 

¶ Participatory assessment of flood-related disaster prevention and development of an adapted 

coping system in Ghana (PARADeS), 13 September 2018, WASCAL Conference room, CSIR 

Office Complex, Accra. 

¶ 2018 SWAT workshop/conference and presentation the paper "SWAT-based simulation of 

climate change impact on water and sediment inflow to Lake Volta in West Africa", 17-21 

September 2018, Vrije University, Brussel, Belgium. 

¶ Mining and the future of our Water Resources Presentation at the Founders Week of Ghana 

Academy of Arts and Sciences 27-30 Nov, 2018 under the theme: ñWater Resources Policy, 

2018 to 2063, Impact of Chance: Mining, Development and Global Warming etc.ò 

¶ Workshop on South Africa-Ghana Flagship Project on cyanide and mercury abatement 

technologies appropriate for mine effluent organized by University of Johannesburg, South 

Africa from 25th to 27th July, 2018 at the Department of Applied Chemistry, University of 

Johannesburg, South Africa. 

¶ Workshop on ñDeveloping a Global Monitoring Plan for Exposure to and Environmental 

Concentration of Mercury organized by the United Nations Environment Programme 

(UNEP)ò, 13th to 14th February, 2018 at the Research National Council of Italy- Institute of 

Atmospheric Pollution Research (CNR-IIA), Rome, Italy. 

¶ Research Councils UK GCRF Global Engagement meeting, 31st January to 2nd February, 2018 

in Nairobi.  

¶ Bi-ennial Global Interlaboratory Assessment on Persistent Organic Pollutants coordinator (4th 

Round ï IL2018-POP) in November, 2018. 

¶ Meetings of the Hazardous Chemicals Committee at the Environmental Protection Agency, 

Ghana. 

¶ Assessment of flood-related disaster prevention and development of an adapted coping system 

in Ghana (PARADeS), 13 September 2018, WASCAL Conference room, CSIR Office 

Complex, Accra. 

¶ United Nations Industrial Development Organization (UNIDO) on 3rd July, 2018 

representative form the CSIR-Water Research Institute, as a member of the Technical Working 

Group on their Health and Pollution Action Plan (HPAP) Project.  
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¶ International Conference on Water Africa and West Africa Building & Construction 2018, 

held at Kempinski Gold Coast Hotel, 13-15 June, 2018. (Presented a paper on, ñArresting the 

destruction of Water Bodies by Illegal Small Scale Mining activities in Ghana - Are we on 

Course?ò 

 

¶ Town Hall Meetings on the Impact of Galamsey Activities on the Environment organized by 

the Media Coalition Against Galamsey/ National Commission for Civic Education. Made 

presentations at twelve (12) meetings in six (6) regions in 2018 

 

¶ ECOWAS Hydromet Forum and DRR Platform, 19-21 September, 2018, Abidjan, Cote 

dôIvoire. Presented a paper on Transboundary Floods in ECOWAS countries, what should 

national and regional basins authorities do to reduce the risks? 

 

¶ Two-day Technical Working Group meeting orgasined by United Nations Industrial 

Development Organization (UNIDO) at the Royal Senchi Hotel at Senchi from 14th and 16th 

November, 2018. 

 

¶ Two-day Technical Working Group meeting organized by United Nations Industrial 

Development Organization (UNIDO) at the Royal Senchi Hotel at Senchi on 11th and 12th 

October, 2018, 19th and 20th July, 2018. 

 

¶ Workshop for Ghanaôs Minamata Initial Assessment Report organized by Environmental 

Protection Agency (EPA), Ghana a day National Validation Workshop held on the 10th July, 

2018 at the La Palm Royal Beach Hotel in Accra. 

 

¶ Project Inception Meeting on ñMitigating the Health Impacts of Toxic Pollution in Low- and 

Middle-Income Countriesò by United Nations Industrial Development Organization 

(UNIDO), Wednesday, 23rd May, 2018 at the Alisa Hotel, Accra 

 

2.6 Membership of Committees and Boards 

Staff continued to serve on several committees and boards including: 

Á United Kingdom Research and Innovations Peer Review College; 

Á African Union Aquaculture Development working group of the African Fisheries Reform 

Mechanism; 

Á Natural Resources Committee of the Ghana Environmental Protection Agency; 

Á World Aquaculture Society Honors and Awards Committee; 

Á CSIR Committee on International Conference on Research &Development; 

Á CSIR-WRI Awards Committee; 
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Á Hazardous Chemicals Committee at the Environmental Protection Agency, Ghana. 

Á Committee on International Conference on controlled atmosphere and fumigation in stored 

products; 

Á National Technical Committee of SDG 6; 

Á CSIR Water Research Instituteôs Intellectual Property Right Committee; 

Á CSIR Provident Fund Management Committee; 

Á Investment Advisory Committee (IAC) of the CSIR Provident Fund; 

Á Committee for the revision of Rules and Regulations of the CSIR Provident Fund; 

Á CSIR Water Research Proposal Writingand Internally Generated Fund Committee; 

Á MESTI Representative on the Technical Experts Sub-Committee of the MLNR Ad Hoc 

Committee on Combating the Activities of Illegal Small-Scale Mining; 

Á Ghana Science Association; 

Á Ghana Chemical Society; 

Á Ghana Forum for Agricultural Advisory Services and support (GFAASS); 

Á National Planning Committee on World Environmental Day 2017 Celebration; 

Á CSIR-Research Staff Association; 

Á Ghana National Committee of Intergovernmental Oceanographic Commission (GNC-IOC); 

Á Advisory Panel of the United Nations Food and Agriculture Organisation; 

Á African Union Aquaculture Development working group of the African Fisheries Reform 

Mechanism; 

Á Fisheries Advisory Committee of the Bui Power Authority; 

Á Natural Resources Committee of the Ghana Environmental Protection Agency; 

Á World Aquaculture Society Honors and Awards Committee ; 

Á MESTI Technical Experts Sub-Committee of the MLNR Ad Hoc Committee; 

Á CSIR-WRI Estate Committee; 

Á CSIR-WRI Editorial Committee; 

Á CSIR-WRI Awards Committee  

Á CSIR-WRI Internal Review Committee; 

Á CSIR-WRI Internally Generated Funds (IGF) Committee; 

Á CSIR-WRI Transport Committee; 

Á CSIR-WRI Disciplinary Committee; 

Á CSIR-WRI ARDEC Annual Publication and brochure committee; 

Á CSIR-WRI Training Committee; 

Á CSIR-WRI Internal Management Committee; 

Á CSIR-WRI Staff Welfare Management Committee; 

Á CSIR Superannuation Management Committee; 

Á CSIR-WRI, Housing & Office Allocation Committee; 
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2.7 Employee Relations 

 

2.7.1 Long Service Recognition 

The 2018 Long Service Awards took place during end-of-year party on Wednesday 19th December, 

2018. Staff who were honoured for their contributions to the Institute are shown in Table 2.1. 

 
Table 2.1: Long Service Recognition in 2018 

 

No. Name(s) Years Served 

1 Dr. Barnabas A. Amisigo  27 

2 Mr. Sampson S. Krodua 29 

3 Mr. Sena Niapoma 36 

4 Mrs. Esther Asomani  39 

5 Ex. W.O.1 David S. N. Kotei  7 

6 Mr. Charles Okwaning 34 

7 Mr. Alfred A. Ankomah 27 

8 Mr. Solomon K. Mensah 28 

9 Mr. Daniel Kokloe 31 

 

 

2.8 National Service and Industrial Attachment 

The Institute supported tertiary institutions to train some students as part of its corporate social 

responsibility and national capacity building activities. The duration of the training programs was 

eleven (11) months for national service and between four (4) to twelve (12) weeks for industrial 

attachment. The details are presented in Appendix V.  

 

2.9 Visitors to the Institute 

The underlisted institutions/individuals visited the Institute during the year 2018: 

 

No. Name/Institution Date of Visit 

1 CSIR Team (Council Committee on Commercialization) 06-Jun.-2018 

2 

Professor Samuel Nii Odai  & Team (Regional Water & 

Environmental Sanitation Center, Kumasi - RWESCK, 

KNUST) 

29-Jun.-2018 

3 
University for Development Studies, Faculty of Applied 

Sciences ( Department of Applied Biology), Navrongo 
08-Feb.-2018 
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A section of Masters Students from KNUST and CSIR ïCouncil Chair Directors from sister 

Institutes visit. 

 

2.10 Staff Publications 

Scientist produced several journal and conference papers, technical and non-technical reportsduring 

the year under review. Most of these reports/papers are deposited at the Instituteôs Library as reference 

materials. The details are given in Appendix VI. 

 

2.11  CSIR SIXTIETH (60th) ANNIVERSARY  CELEBRATIONS  

2.11.1 Open Day Celebration Presentations 2018 

As part of the CSIR @ 60 anniversary celebrations with the theme; CSIR 60 years of Research with 

impact for sustainable development, the Institute organized an open day with a sub theme: Quality 

Research on Ghanaôs Water Resources for Posterity. Scientists from allied institutions, stakeholders 

and the mass media attended. The time table for the presentations is presented in Table below: 
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Table2.2: Timetable for Open day Presentaions 

DATE PRESENTERS/SPEAK

ERS 

DIVISION  TOPICS 

19th June 

2018 

Dr. Mike Y. Osei-

Atweneboana 

Biomedical and Public 

Health Research Unit  

Overview of the Division 

19th June, 

2018 

Dr. Anthony Duah Groundwater  Activities & Achievements 

19th June, 

2018 

Dr. Emmanuel O. Bekoe Surface Water  Goal, Mandate, Activities and 

Major Achievements 

19th June, 

2018 

Dr. Ebenezer D.O. Ansa Environmental Biology 

& Health  

Mission, Research Activities, 

Achievements and Future 

Activities 

19th June, 

2018 

Dr. Francis Amevenku Fishery and Aquaculture Mandate, Activities, 

Achievements and Future 

Projections 

19th June, 

2018 

Dr. Collins Tay Environmental 

Chemistry and 

Sanitation Engineering 

Mandate, Activities and 

Achievements 

 

 
A group of students at the Fishery and Aquaculture stand at the Open Day Celebration. 

 

 

2.11. 2 CSIR SIXTIETH  (60TH) Anniversary Celebration Fun Games 

As part of the CSIR 60th Anniversary celebrations, fun games were organized, and they were hosted 

by the Institute of Industrial Research.  WRI teams took the first position in the football, Ludo and 

Volleyball. Below are some pictures from the fun games:  
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2.12. CONSULTANCY AND OTHER SERVICES  

2.13.1 Consultancy and Advisory Services 

Several consultancy and advisory services for various donor agencies, corporate bodies, governmental 

and non-governmental organizations, universities and polytechnics, public and private sector 

institutions as well as individuals were carried out by the Institue. The significant ones included: 

 

ü Integrated Community Water, Sanitation and Hygiene improvement Project (ICOWASH, 

2018); Hydrogeological investigations for Borehole Siting and Construction of 20 Boreholes 

in the West Mamprusi District in the Northern Region of Ghana. Project funded by the Catholic 

Relief Services (CRS). 

ü Siting and Drilling supervision of Six (6) Boreholes in West-Mamprusi District of the Northern 

Region of Ghana under the Catholic Relief Services (CRS) - funded ICOWASH 2018. 

ü Hydrogeological studies to select drilling sites for Gentle Giants Co. Ltd at Gomoa Mpota in 

the Central Region.  

ü Drilling, Pumping test and Water Quality analysis of water sample from borehole at Gomoa 

Mpota in the Central Region.  

ü  Geophysical survey for borehole siting at Nsakyi in the Eastern Region for Gentle Giants 

Limited. 

ü Environmental Consultancy Services: Assessment of the state of Water Bodies affected by 

Galamsey activities in 8 regions in Ghana. Consultancy services done for the Media Coalition 

against Galamsey (MCAG) funded by Star-Ghana. 

ü Consultancy Advisory Services for the Media Coalition against Galamsey: Provided research 

input on the destruction of Water Bodies and the Environment by Illegal Small Scale Mining 

in the Mining Communities throughout the country at the Town Hall Meetings organized by 

the Coalition. In 2018 Twelve Town Hall Meetings and Editorsô forum took place in 

Tamale/Tongo in the Northern region, Wechiau and Wa in Upper West Region, Obuasi and 

Patriensa in the Ashanti Region, Osino and Kibi in the Eastern Region, Takoradi and Nsuaem 

in the Western Region, Talensi and Gbane in the Upper East Region. 

ü Contributor to Ghana Biodiversity Clearing House Mechanism website (Client: Ghana 

Biodiversity Clearing House) 

ü Training assistance was given to tertiary students on attachment. (Clients: All Universities in 

Ghana) 

ü Advisory services to enquirers to the Fishery & Aquaculture Division (Client: general public) 

ü Surface water ecological studies/monitoring (Client: Newmont Golden Ridge Limited, 

Akyem) 

ü Ecological study of the Water Storage Dam (Client: Newmont Golden Ridge Limited) 

ü Apensu Lake profile water quality assessment (Client: Newmont Ghana Gold Limited). 

ü Physico-chemical and Bacteriological Quality Assessment of Boreholes and Tap Water for the 

Oyibi Area Water and Sanitation Development Board. 

ü Final Effluent Quality Assessment for Pioneer Food Cannery Limited. 

ü Final Effluent Quality Assessment for Phyto-Riker (GIHOC Pharmaceuticals).  

ü Potable Water Quality Assessment for Pioneer Food Cannery Limited. 

ü Water quality assessment of Sansu community in Obuasi (Client: AngloGold Ashanti Ghana  
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2.13.3 Training  services 

The institute, through the technical divisions, individual research and technical staff, offered trainingin 

capacity building/human resources development activities in various forms to individuals, groups, 

non-governmental organizations and students of the universities and technical universities. These 

include: 

1. Supervision of PhD (Aquaculture and Environment) Thesis ï Effects of climate change on fish 

production in the Volta Lake. 

 

2. Pond and Tank Fish Farming Training (for 20 farmers) ï Ministry of Fisheries and Aquaculture 

Development/WARFP Sponsored Training Program, 21st ï 25th May, 2018 

 

3. Pond and Tank Fish Farming Training (for 20 farmers) ï Ministry of Fisheries and Aquaculture 

Development/WARFP Sponsored Training Program, 30th April ï 4th May, 2018 

4. Pond and Tank Fish Farming Training (for 20 farmers) ï Ministry of Fisheries and Aquaculture 

Development/WARFP Sponsored Training Program, 16th ï 20th April, 2018 

 

5. Pond and Tank Fish Farming Training (for 20 farmers) ï Ministry of Fisheries and Aquaculture 

Development/WARFP Sponsored Training Program, 5th ï 9th March, 2018 

 

6. Teaching at the CSIR College of Science and Technology (Mphil. Aquaculture Programme in 

Fish Nutrition and Fish Feeds). 

 

7. Selection and Management of fish diets (3 training sessions for selected tilapia and catfish 

farmers in Ghana, with an average of 16 participants per session). 

 

8. Supervision of mini projects of student from University of Ghana, Legon, and another from 

Kwame Nkrumah University of Science and Technology, Kumasi during their Industrial 

Attachment at ARDEC, Akosombo. Some of these Supervisory rolesinclude: 

 

i. Supervisor of Laboratory services for PhD candidate for the University of Western Ontario, 

Canada on the Topic óThe impact of small-scale mining on waterbodies and treatment in 

Ghanaô 

ii.  Mr. Albert Elikplim Agbenorhevi, MSc student, Institute of Water and Energy Sciences 

(Including Climate Change), Pan African University. Thesis: Impact of Climate Change on 

Groundwater Resources of the Atankwidi Basin in Ghana, West Africa. 

iii.  Mr. Frank Owusu Adjei, PhD student, Kwame Nkrumah University of Science and 

Technology. Thesis: ñRemote Sense-Based Evapotranspiration for hydrological modelling in 

the Densu River Basinò; ongoing. 
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iv. Mr. Isaac Larbi, PhD student of the Climate Change and Water Resources programme, 

University of Abomey-Cavali, Benin. Thesis: ñAssessment of environmental change impacts 

on groundwater recharge in the White Volta river basin, West Africaò; ongoing. 

v. Mr. Eugene Ansah, PhD student at the Chemistry Department, Kwame Nkrumah University 

of Science and Technology, Kumasi, Ghana. Thesis: ñHeavy metals and xenobiotics in water 

and soil/sediment from the informal economic sector of Ghana: distribution, transport, 

modelling and risk assessmentò; ongoing. 

vi. Examination of PhD thesis of Ms. Christine Okae Asare, Candidate in the Department of 

Environmental Science, and University of Ghana on the thesis topic ñMainstreaming and 

Measuring Sustainability in the Development Planning Process: The use of Strategic 

Environmental Assessment as a Tool in Ghanaò. 2018. 

vii.  A semester-long supervision of a mini project work of a student from the University of Energy 

and Natural Resources, Sunyani. 

viii.  External Assessor for undergraduate and Graduate Students of the Department of Chemistry, 

University of Ghana, Legon. 

ix. Appointment as a Technical Advisor and Co- Supervisor to Mr. Iddrisu Bukari, a Master of 

Public Health Student of School of Public Health (UHAS) on a Research Work entitled 

ñMicrobial Contamination of Sachet Water and Environmental Pollution of Sachet Water at 

Hohoe Munipality of Ghanaò 
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SENIOR MEMBERS OF THE CSIR-WATER RESEARCH INSTITUTE  (CSIR-WRI)  

 
  

Dr. Kwabena Kankam-Yeboah 

(Chief Research Scientist/ 

Deputy Director / Acting 

Director) 

Dr. Isaac O. A. Hodgson 

(Chief Research Scientist/ Head 

of Environmental Chemistry and 

Sanitation Engineering 

Division) 

Dr. Mike Yaw Osei-

Atweneboana 

(Principal Research Scientist/ 

Head of Environmental 

Biology and Health Division) 

 
  

Dr. William A. Agyekum 

(Principal Research Scientist) 

Dr. Anthony Y. Karikari 

(Principal Research Scientist) 

Dr. Collins Tay 

(Principal Research Scientist) 

 

 
 

 

Dr. Kwadwo A. Asante 

(Principal Research Scientist) 

Dr. Ebenezer O. Ansa 

(Principal Research Scientist 

Dr. Barnabas A. Amisigo 

(Principal Research Scientist/ 

Head of Surface Water 

Division)) 



Annual Report 2018  R & D Activities 

CSIR-Water Research Institute 28 

 
 

 
Dr. Francis Amevenku 

(Senior Research Scientist/ 

Head of Fishery and 

Aquaculture Division) 

Dr. Seth K. Agyakwah 

(Research Scientist/ 

OIC-ARDEC) 

Dr. Anthony A. Duah 

(Senior Research Scientist/ 

Head of Groundwater Division) 

  
 

Mrs. Charity Offei Mensah 

(Senio Accountant/ Head of 

Finance Division) 

Dr. Felix Akpabey 

(Senior Research Scientist/ 

OIC-Tamale) 

Dr. Emmanuel Obeng Bekoe 

(Senior Research Scientist) 

   

Dr. Ruby Asmah 

(Senior Research Scientist) 

Dr. Gloria Naa Dzama Addico 

 (Senior Research Scientist) 

Mr. Mark Osa Akrong 

(Senior Research Scientist) 
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Mr. Theodore Quarcoopome 

(Senior Research Scientist) 

Dr. George T. Mensah 

(Research Scientist) 

Mrs. Marian A. Jiagge 

(Senior Librarian) 

  
 

Dr. Frederick Amu-Mensah 

(Senior Research Scientist) 

Dr. Emmanuel Obuobie 

(Senior Research Scientist) 

Mr. Humphrey F. Darko 

(Senior Research Scientist) 

  
 

Mrs. Regina Banu 

(Research Scientist) 

Mr. Michael Kumi 

(Senior Research Scientist) 

Mrs. Marian Amu-Mensah 

(Research Scientist) 

 

   
Mr. Etornyo Agbeko 

(Research Scientist) 

Dr. Francis A. Anani 

(Research Scientist) 

Ms. Saada Mohammed 

(Research Scientist) 
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Mr. Emmanuel Tetteh-Doku Mensah 

(Research Scientist) 

Mrs. Claudia Bentum  

(Administrative Officer) 

Mr. Solomon A. Owiredu  

(Research Scientist) 

  

 

 

 
Mr. Gerard Quarcoo 

(Research Scientist) 

Mr. Collins Okra 

(Senior Research Scientist) 

Mr. Patrick A. Mainoo 

(Research Scientist) 

   

   

 

 

  
Mr. Edward Jenner Tettevi 

(Research Scientist) 

Mrs. Zita Naangmenyele 

Abuntori 

(Research Scientist) 

Mr. Evans Manu 

(Research Scientist) 
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Mr. Fred Logah 

(Senior Research Scientist) 

Mrs. Debora Darko  

(Research Scientist) 

Mr. Carl Ofori-Agyeman 

(Research Scientist) 

 
 

 

Mr. Osei-Mensah Kwame 

(Accountant) 

Dr Samuel Armoo 

(Research Scientist) 

Mr. Benson Kwabena Owusu 

(Scientific Secretary) 

 
 

 

 
Dr. Franklin Obiri - Nyarko  

(Research Scientist) 

Mr. William Ekow Arko 

|(Research Scientist) 

Michael Dorleku 

(Research Scientist) 
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3.0 RESEARCH AND DEVELOPMENT ACTIVITIES  

 

3.1 FOOD SECURITY AND POVERTY REDUCTION  

 

3. 1.1 FISHERIES AND AQUACULTURE  
 

3.1.1.1 Effect of varying dietary crude protein levels on length-weight relationship and 

condition factor of Nile tilapia, oreochromisniloticus fingerlings 
 

(Project Staff: Anani, F. A., Tornyeviadzi, E. N. and Akpakli, B. K.) 

 

For grow-out production of farmed fish, it is essential that healthy and well conditioned fingerlings 

are stocked. Production of good quality fingerlings would among other factors depend on quality of 

fry to be nursed and the diet they are fed with. This study was carried out to investigate the effect of 

varying dietary crude protein levels (30.0, 33.0, 38.0 and 40.0%) on length-weight relationship and 

condition factor of Nile tilapia, oreochromisniloticus fingerlings produced in hapa-in-pond system till 

the fish in any dietary treatment and all its replicates attained a mean weight of at least 5.0 g. The 

results obtained showed negative allometric growth of fingerlings in all the dietary treatments with 

regression coefficient, b values (2.98, 2.82, 2.62 and 2.89 respectively) < 3.00. The results are shown 

in Table 1.1 below 

Table 1.1: Shows results from the allometric growth of fingerlings 

Parameters  Minimum Maximum Mean (± SD) 

Temperature,  °C 27.2 33.4 30.4 ± 0.2 

pH 5.61 7.20 6.38 ± 0.28 

DO, mg L-1 3.7 8.8 6.3 ± 1.2 

Nitrite, mg L-1 0.011 0.016 0.010 ± 0.003 

Total ammonia, mg L-

1 

0.42 0.67 0.53 ± 0.07 

Total alkalinity, mg L-

1 

71.0 89.0 83.0 ± 0.6 

 

Strong correlations r 2(0.97, 0.89, 0.89 and 97) were observed between the lengths and weights of the 

fingerlings.The computed condition factor, K values for O. niloticus in the various dietary treatments 

were 2.05, 2.77, 3.94 and 2.38 for dietary crude protein levels 30.0, 33.0, 38.0 and 40.0% respectively.  
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Findings from this study indicated that crude protein level of a diet did not appear to have any effect 

on the length-weight relationship and condition factor of O.niloticus fingerlings as there was no 

definite trend in computed b and K values for the various dietary protein levels. Since the values of K 

were greater than 1.00, it suggests O. niloticus fingerlings produced using diets of crude protein levels 

30.0, 33.0, 38.0 and 40.0% were in good condition and the fish were suitable for grow-out production.  

The length-weight relationship are shown in figure 3.1.1, 3.1.2, 3.1.3, 3.1.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.1Scatter diagram showing length-weight 

relationship of O. niloticus 

fingerlings fedwith 30.0% crude protein diet 
 

 

Figure 3.1.2 Scatter diagram showing length-weight 

relationship of O. niloticus 

fingerlings fed with 33.0% crude protein diet 

 

 

Figure 3.1.3Scatter diagram showing length-weight 

relationship of O. niloticus 

fingerlings fed with 38.0% crude protein diet 

 

 

Figure 3.1.4 Scatter diagram showing length-weight 

relationship of O. niloticus 

fingerlings fed with 40.0% crude protein diet 
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Table1.2.Descriptive statistics and length-weight relationship parameters of O. niloticus fed with diets 

containing varying crude protein levels 

 

CP of 

diet (%) 

 

N 

Wet  Weight (g) Total Length (cm)  

a 

 

b 

 

R2 Mean ± 

SD 

Min-Max Mean ± 

SD 

Min-

Max 

30.0 109 4.7 ± 1.9 1.0-10.8 6.2 ± 

0.81 

3.7-8.3 -4.71 2.98 0.97 

33.0 102 5.2 ± 2.1 1.3-12.2 6.4 ± 

0.85 

4.1-8.6 -4.41 2.82 0.89 

38.0 117 4.5 ± 1.9 1.5-11.9 6.1 ± 

0.87 

3.7-8.4 -4.05 2.62 0.89 

40.0 109 5.5 ± 2.2 2.7.15.7 6.6 ± 

0.97 

5.1-9.5 -4.54 2.89 0.97 

 

Hence, any of the diets could be used to nurse O. niloticus fry for its fingerling and food fish 

production. Keywords: Condition factor, dietary crude protein levels, hapa-in-pond system, length-weight 

relationship, Nile tilapia fingerlings 

 

3.1.1.2 Effect of keeping 17Ŭ-methyl Testosterone Hormonal Feeds at Different Ambient 

Temperatures on Mono Sex Male Tilapia Fingerling Production 

 
(Project Staff: Anani, F. A., Tornyeviadzi, E. N., Atsakpo, P and Agyapong, C.) 

 

Early expansion of tilapia culture was limited because tilapia sexually matures at an early age, which 

results in overcrowding in the culture system and in stunted growth. Methods for culturing exclusively 

mono sex male tilapia have been developed to address these problems and so far the commonest of 

these is by treating fry with a male hormone, such as methyl testosterone (MT) or ethyl testosterone 

(ET) before the primal gonadal cells of females are differentiated into ovarian tissue. This study was 
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carried out to determine the effect of keeping 17Ŭ-methyl testosterone hormonal feeds at different 

ambient temperatures on mono sex male tilapia fingerling production.The hormonal feeds with 60 mg 

kg-1 of 40% crude protein commercial feed were kept separately in a refrigerator, in a room and in the 

field/sun throughout the fry treatment period.  Swim-up Nile tilapia fry with an initial mean weight of 

0.03 ± 0.00 g were stocked in 12 net hapas each of dimensions 1 x 1 x 1 m at 1 500 fry per hapa. The 

Fry in the hapas were randomly put into 4 groups, each consisting of 3 hapas. Fry in the first 3 groups 

were separately fed with each feed type whilst the last group was fed with a non-hormonal feed at 20% 

of their body weights at a two-hour time interval for 28 successive days. The treated and the control 

fry were transferred to 12 larger (5 x 2 x 1.2 m) hapas and the fry were fed with a non-hormonal feed 

at adlibitum until they attain the sizes Ó 20 g for sexing. The hormonal feed kept in the refrigerator (4 

°C) had the highest (92.49 ± 0.42%) proportion of males, whilst that of the room had the least (90.24 

± 2.01%). However, no significant differences (ANOVA, P> 0.05) were found among treatments. The 

proportion of males recorded in the hormonal treated feeds were significantly higher (Tukeyôs HSDT, 

P< .05) than that (64.90 ± 3.32%) of the non-hormonal. Hence,keeping 17Ŭ-methyl testosterone 

hormonal feeds at different ambient temperatures did not have effect on mono sex male tilapia 

fingerling production. The study showed the following results: 

 

Storage of Hormonal Feeds 

The temperature of the refrigerator was maintained at 4 °C throughout the feed storage period during 

the study. However, recorded temperatures in the room (RHF) and in the field/sun (SHF) varied 

throughout the study period. The minimum values recorded were 25.5 and 23.7 °C for room and field 

respectively whilst the maximum values were 36.1 and 40.7 °C respectively (Table 1.3).  

 

Table 1.3 Minimum, maximum and mean values (± Standard Deviation) of the ambient 

temperatures (°C) recorded in the room and in the field/sun during the 28 days of hormonal 

feeding to Nile tilapia fry  

¶ Location ¶ Minimum  ¶ Maximum ¶ Mean (± 

SD) 

¶ Room 

(RHF) 

¶ 25.5 ¶ 36.1 ¶ 30.4 ± 2.4 

¶ Field/Sun 

(SHF) 

¶ 23.7 ¶ 40.7    ¶ 29.2 ± 1.9 
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Water Quality Parameters 

The minimum, maximum and mean values (± Standard Deviation) of water quality parameters 

recorded during the feeding of the mixed sex O. niloticus fry with the hormonal and the non-hormonal 

feeds are shown in Table 1.4 Temperature ranged from 27.9 to 33.8 °C, pH ranged from 5.73 to 7.00, 

DO ranged from 3.5 to 8.5 mg L-1, Nitrite ranged from 0.012 to 0.018 mg L-1, Total Ammonia ranged 

from 0.44 to 0.63 mg L-1 and Alkalinity from 73.0 to 87.0. The mean values were 31.2 ± 0.03, 6.41 ± 

0.33, 6.3 ± 1.6, 0.010 ± 0.002, 0.50 ± 0.04 and 81.0 ± 0.4 for Temperature, pH, DO, Nitrite, Total 

Ammonia and Alkalinity respectively. There were no significant differences (ANOVA, P> 0.05) 

among measured water quality parameters within and among the various treatments. 

 

Table .1.4 Minimum, maximum and mean values (± Standard Deviation, SD) of the water quality 

parameters recorded in the various hormonal feed treatments during the 28 days of feeding to Nile 

tilapia fry 

¶ Parameter ¶ Minimum  ¶ Maximum ¶ Mean (± SD) 

¶ Temperature,  °C ¶ 27.9 ¶ 33.8 ¶ 31.2 ± 0.3 

¶ pH ¶ 5.73 ¶ 7.00 ¶ 6.41 ± 0.33 

¶ DO, mg L-1 ¶ 3.5 ¶ 8.5 ¶ 6.3 ± 1.6 

¶ Nitrite, mg L -1 ¶ 0.012 ¶ 0.018 ¶ 0.010 ± 0.002 

¶ Total ammonia, mg L-

1 

¶ 0.44 ¶ 0.63 ¶ 0.50 ± 0.04 

¶ Total alkalinity, mg L -

1 

¶ 73.0 ¶ 87.0 ¶ 81.0 ± 0.4 

 

Growth Performance and Feed Utilizations of Nile Tilapia Fry  

The growth performance of mixed sex Nile tilapia fry fed with both the non-hormonal and the 

hormonal feeds in terms of final mean weights, mean weight gains, specific growth rates, feed intake, 

feed conversion ratios, feed efficiency and survival rates are shown in Table 1.5. The recorded values 

for each parameter among the treatments were similar and there were no significant differences 

(ANOVA, p> 0.05) among them. Final mean weights ranged from 0.28 to 0.30 g, mean weight gain 

ranged from 0.25 to 0.27 g, specific growth rate was the same (0.08 % day-1) in all treatments, feed 

intake ranged from 0.28 to 0.31 g fish-1 and survival ranged from 70.6 to 73.2%.  
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Table.1.5 Growth performance and feed utilization of mixed sex Nile tilapia fry fed with a non-

hormonal feed (NHF) and hormonal feeds kept separately in a Refrigerator (FHF), in a Room (RHF) 

and in the Sun (SHF) for 28 days 

 

Parameter Feeds 

NHF RHF RHM FHD 

Initial Mean Weight  (g) 0.03 ± 0.0 0.03 ± 0.0 0.03 ± 0.0 0.03 ± 0.0 

Final Mean Weight (g) 0.29 ± 0.0 0.29 ± 0.0 0.28 ± 0.0 0.30 ± 0.0 

Mean Weight Gain (g) 0.26 ± 0.2 0.26 ± 0.1 0.25 ± 0.1 0.27 ± 0.3 

Specific Growth Rate (% 

day-1) 

0.08 ± 0.0 0.08 ± 0.0 0.08 ± 0.0 0.08 ± 0.0 

Feed Intake (g fish-1) 0.29 ± 0.1 0.31 ± 0.1 0.28 ± 0.2 0.30 ± 0.1 

Feed Conversion Ratio 1.1 ± 0.1 1.2 ± 0.2 1.1 ± 0.2 1.1 ± 0.2 

Feed Efficiency (%) 90.9 ± 0.1 83.3 ± 0.1 90.9 ± 0.1 90.9 ± 0.1 

Survival Rate (%) 71.4 ± 

11.2 

72.8 ± 13.9 70.6 ± 10.4 73.2 ± 7.2 

 

At the end of the 28 days of feeding with the feeds to the fry, the recorded mean weights were 0.29, 

0.29, 0.28 and 0.30 g for the non-hormonal feed (NHF), hormonal feed stored in the refrigerator (FHF), 

in the room (RHF) and in the field/sun (SHF) respectively (Figure 3.1.5).  
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Figure 3.1.5 Growth performance of mixed sex Nile tilapia fry fed with non-hormonal feed (NHF) 

and hormonal feeds kept separately in a Refrigerator (FHF), in a Room (RHF) and in the Field/Sun 

(SHF) for 28 days 

 

Sex Ratio of Nile Tilapia  

The results of the study indicated that the proportion (90.24 to 92.49%) of males in the hormonal 

treated groups deviated significantly (Tukeyôs HSDT < .05) from that (64.90%) of the non-hormonal 

treated group. However, there was no significant differences (ANOVA, p> 0.05) among percentage 

of males obtained from the hormonal treatments in which the feeds were kept at different ambient 

temperatures, namely in a refrigerator, in a room and in the field/sun (Table1.6).The percentage of 

males and females is graphically shown in Figure 3.1.6 

 

 

¶ Table 1.6 Percentage (± standard deviation, SD) of males observed in each treatment 

¶ Treatment ¶ Number of Fish 

Examined*  

¶ Percentage  Males ± 

SD 

¶ Refrigerator  ¶ 858 ¶ 92.49 ± 0.42a 

¶ Room ¶ 1 640 ¶ 90.24 ± 2.01a 

¶ Field/Sun ¶ 1 149 ¶ 91.34 ± 0.95a 

¶ Non-Hormonal ¶ 1 266 ¶ 64.90 ± 3.32b 

¶ *Represents the total number of fish which survived during the post hormonal treatment 

nursing of fry in hapas 
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Figure 3.1.6 Percentage of males and females Nile tilapia obtained following feeding the fry with 

non-hormonal feed (NHF) and hormonal feeds kept separately in a Refrigerator (FHF), in a Room 

(RHF) and in the Field/Sun (SHF) for 28 days 
 

In the study, the hormonal feed kept in the refrigerator had the highest (92.49 ± 0.42%) proportion of 

males, whilst that of the room had the least (90.24 ± 2.01%). However, no significant differences 

(ANOVA, p> 0.05) were found among treatments. The proportion of males recorded in the hormonal 

treated feeds were significantly higher (Tukeyôs HSDT, p< 0.05) than that (64.90 ± 3.32%) of the non-

hormonal feed. Hence, keeping 17Ŭ-methyl testosterone hormonal feeds at different ambient 

temperatures did not have effect on mono sex male tilapia fingerling production. 

Keywords: Ambient temperature, hormonal feed, mono sex male tilapia, non-hormonal feed, 17Ŭ-methyl 

testosterone, tilapia fingerling 

 

3.1.1.3 Economic Performance of Commercial Tilapia Diets with Varying Crude Protein 

Levels in Nile Tilapia (Oreochromis niloticus) Fingerling Production in Ghana 
 

(Project Staff: Anani, F. A., Tornyeviadzi, E. N. and Akpakli, B. K.) 

 

For economical tilapia fingerling production, the use of appropriate diet in terms of cost and crude 

protein level is inevitable. The economic performance of the most used brand of commercial tilapia 

diet in Ghana with varying (30.0, 33.0, 38.0 and 40.0%) crude protein levels; designatedA, B, C and 

D respectively in Nile tilapia (Oreochromisniloticus) fingerling production in hapa-in-pond system 

was investigated for 9 weeks. The protein and lipid contents of the diets as declared by the producer 

were compared with analyzed values. A stocking density of 50 fry m-2, with initial mean weight 0.03 

± 0.00 g and two replicates of each dietary treatment were studied. The fish were fed at 20% of their 
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body weight five times a day at 2-hour time interval. Analyzed crude protein contents of the diets were 

30.6, 32.8, 36.5 and 38.1 for A, B, C and D respectively whilst those of lipids were 2.2, 2.5, 3.5 and 

3.4% as against 5.0, 6.0, 6.0 and 7.0% respectively. Fry in the various dietary treatments attained final 

mean weights 4.69 ± 1.92g, 5.21 ± 2.11g, 4.42 ± 1.94g, and 5.47 ± 2.19g for diets A, B, C and D 

respectively, with values for B and D being significantly higher (Tukeyôs HSDT, P< 0.05). Diet A 

recorded the highest profitability index and benefit cost ratio and also the least investment cost analysis 

and incidence cost. Hence, the 30.0% crude protein level of the studied commercial tilapia diets is 

recommended for Nile tilapia fingerling productionThe study showed the following results: 

Comparison between the Declared and the Analyzed Crude Protein and Lipid Contents of the Diets 

The declared and the analyzed crude protein and lipid contents of the various diets are shown in Table 

1. The values for chemical analyses of the crude protein contents of three of the diets (B, C and D) 

showed negative deviations from their expected values. The mean deviation was 2.8 ± 1.9 with diet D 

(40.0% CP) showing the highest (-4.8%) deviation whilst diet B (33.0% CP) showed the least (-0.6%). 

The analyzed lipid values (2.2 to 3.5%) in all the diets were lower than the declared values (5.0 to 

7.0%), with a mean deviation of 51.85 ± 7.35%. The gross energy contents of the diets were similar 

and the values ranged from 15.93 to 16.46 kJ g-1.  

 

Table .1.7: Percentage deviations of the observed from the expected crude protein and lipid contents, 

gross energy and prices per kilogramme of the various commercial tilapia diets  

Parameter Attribute  Diet 

A (30.0%) B (33.0%) C (38.0%) D (40.0%) 

 

Crude protein (%) 

Declared 30.0 33.0 38.0 40.0 

Analyzed 30.6 32.8 36.5 38.1 

Deviation  +2.0 -0.6 -3.9 -4.8 

 

Crude lipid (%) 

Declared 5.0 6.0 6.0 7.0 

Analyzed 2.2 2.5 3.5 3.4 

Deviation  -56.0 -58.3 -41.7 -51.4 

Gross energy (kJ g-1) 15.98 15.93 16.32 16.46 

Price (GHS kg-1)   3.75 3.85 4.30 5.50 

 

A unit (1 kg) cost of the diets ranged from Gh ¢3.75 to Gh ¢ 5.50 with the least protein content diet, 

A (30.0% CP) being least expensive whilst that of the highest protein content, D (40.0% CP) being 

most expensive. The current prices are highly unstable as they are affected by the exchange of the 

local currency to the USA dollar. 

 

Water Quality 
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The minimum, maximum and mean values (± Standard Deviation) of water quality parameters 

recorded during the feeding of the O. niloticus fry with the various crude protein level diets are shown 

in Table1.8. Temperature ranged from 27.2 to 33.4 °C, pH ranged from 5.61 to 7.20, DO ranged from 

3.7 to 8.8 mg L-1, Nitrite ranged from 0.011 to 0.016 mg L-1, Total Ammonia ranged from 0.42 to 0.67 

mg L-1 and Alkalinity from 71.0 to 89.0. The mean values were 30.4 ± 0.020C, 6.38 ± 0.28, 6.3 ± 1.2, 

0.010 ± 0.003, 0.53mg L-1 ± 0.07 and 83.0 ± 0.6mg L-1 for Temperature, pH, DO, Nitrite, Total 

Ammonia and Alkalinity respectively. There were no significant differences (ANOVA, p> 0.05) 

among measured water quality parameters within and among the various treatments and the open pond 

water.  The expected impact of uneaten diet and waste from fish excreta caused no any noticeable 

water deterioration during the study. Hence, dietary treatments did not impact negatively on the quality 

of water in the culture systems as values observed were comparable with those of the open pond water. 

The results is shown in Table 1.8 

 

Table 1.8 Minimum, maximum and mean values (± Standard Deviation, SD) of the water quality 

parameters recorded in the various crude protein treatments during the nursing of Nile tilapia fry  

Parameter Minimum  Maximum Mean (± SD) 

Temperature,  °C 27.2 33.4 30.4 ± 0.2 

pH 5.61 7.20 6.38 ± 0.28 

DO, mg L-1 3.7 8.8 6.3 ± 1.2 

Nitrite, mg L -1 0.011 0.016 0.010 ± 0.003 

Total ammonia, mg 

L -1 

0.42 0.67 0.53 ± 0.07 

Total alkalinity, mg 

L -1 

71.0 89.0 83.0 ± 0.6 

 

Growth Performance of O. Niloticus Fry based on Dietary Crude Protein Levels 

The target mean weight of Ó 5.0 g was attained at the end of the ninth week (Figure 1). Both B (33.0% 

CP) and D (40.0% CP) diets recorded mean values greater than 5.0 g whilst those of A (30.0% CP) 

and C (38.0% CP) were less than the expected 5.0 g. Growth was slow from the first to the third week 

in all dietary treatments. However, growth peaked after the fourth week in all the treatments, but 

highest in fry fed with diets B and D till the ninth week. Fry fed with D recorded the highest final mean 

weight of 5.47 g whilst those fed with A gave the least of 4.42 g at the end of the feeding trials. 
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Figure 3.1.7:.Growth performance of Nile tilapia fry fed with a commercial diet of 4 different crude 

protein levels for 9 weeks 

 

The growth performance of the O. niloticus fry fed with the different crude protein level diets is shown 

in Table1.8. The results showed that the final mean weight gains were significantly higher (Tukeyôs 

HSDT, p< 0.05) in diets B and D. Highest (5.44 g) mean weight gain was recorded in fingerlings fed 

with diet D whilst the least (4.39 g) was recorded in those fed with diet C. There were no significant 

differences (ANOVA, p> 0.05) in feed intake, specific growth rate, mean daily weight gain, feed 

conversion ratio, survival rate and harvested biomass among dietary treatments.  

 

Table 1.8. Growth performance of O. niloticus fry fed with commercial tilapia diets of varying crude 

protein contents for 9 weeks 

Parameter Diet  

A (30% CP) B (33% CP) C (38% CP) D (40% CP) 

Initial mean weight (g) 0.03 ± 0.00a 0.03 ± 0.00a 0.03 ± 0.00a 0.03 ± 0.00a 

Final mean weight (g) 4.69 ± 1.92a 5.21 ± 2.11b 4.42 ± 1.94a 5.47 ± 2.19b 

Mean weight gain (g) 4.66 ± 1.92a 5.18 ± 2.11b 4.39 ± 1.94a 5.44  ± 2.19b 

Feed intake (g) 17.65 ± 6.49a 18.04 ± 2.42a 15.61 ± 2.29a 17.53 ± 1.60a 

Specific growth rate (% day-1) 8.04 ± 0.17a 8.19 ± 0.15a 8.19 ± 0.15a 8.26 ± 0.11a 

Mean daily weight gain (g day-

1) 

0.08±0.01a 0.08±0.01a 0.07±0.01a 0.09±0.01a 

Feed conversion ratio  3.79 ± 0.99a 3.48 ± 0.17a 3.56 ± 0.11a 3.22 ± 0.25a 

Survival rate (%) 72.67 ± 20.03a 68.00 ± 4.00a 78.67 ± 19.63a 72.67 ± 5.03a 

Harvested biomass (g) 170.2 ± 39.55a 177.07 ± 5.72a 173.53 ± 29.50a 198.73 ± 0.46a 

Values are means ± standard deviations of three replicates. Means within the same row with 

different superscripts are significantly different (Tukeyôs HSDT, p< 0.05) 

 

Economic Performance 

Generally, there were no significant differences (ANOVA, p> 0.05) in computed economic 

performance parameters among dietary crude protein levels (Table 4). The costs of the various diets 

which were based on their crude protein levels affected the price worth of the fingerlings produced 
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and hence, the overall production costs in the various dietary treatments. Investment cost analysis 

(ICA) values ranged from GHS 4.71 to 5.61 whilst Incidence cost ranged from 13.90 to 15.80 with 

the least values in both indices occurring in diet A (30.0% CP). The profit index values ranged from 

3.14 to 4.75 whilst that of benefit cost ratio was 1.74 to 2.12; with the highest values in each case 

occurring in fingerlings produced using diet A. For profitability of aquaculture investment, it is 

important to use economically viable fish diets. Investment cost analysis (ICA) was highest (GHS 

5.61) in fry fed with diet D. Although there was no significant differences (ANOVA, p> 0.05) among 

dietary crude protein levels, the use of diet A was more economical than any of the other ones (B, C 

or D). From the results of this study, an economic dietary crude protein level is evident in diet A. 

 

Table 1.9: Economic analysis of varying crude protein diets of Oreochromis niloticus fry.  

Parameter Diet 

A (30.0%) B (33.0%) C (38.0%) D (40.0%) 

Investment Cost Analysis 

(GHS) 

4.71±0.56 5.22±0.21 5.24±0.45 5.61±0.24 

Net Production Value     (GHS) 9.75±2.69 9.13±0.54 10.55±2.62 9.76±0.67 

Gross Profit     (GHS) 5.04±3.18 3.91±0.75 5.31±2.25 4.14±0.68 

Profit Index  4.75±2.07 3.38±0.46 3.83±0.56 3.14±0.29 

Incidence Cost (GHS kg-1) 13.90±6.62 15.33±0.72 15.80±0.50 15.67±1.24 

Benefit Cost Ratio 2.12±0.75 1.75±0.17 2.00±0.38 1.74±0.13 

Values are means ± standard deviations of three replicates. There were no significant differences, P < 

0.05 among all parameters 

 

The results of the current study indicated that although Nile tilapia fry fed with diets of crude protein 

levels 33.0 and 40.0% attained the targeted mean weight of Ó 5.0 g at the end of the ninth week culture 

period, the use of the 30.0% crude protein level of the commercial diet to produce Nile tilapia 

fingerlings is recommended as it gave the best economic performance in terms of production cost and 

profitability. 

Keywords: Commercial tilapia diet, Economic performance, Nile tilapia fingerlings production, Nile tilapia 

fry, varying crude protein levels. 
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3.1.1.4. Assessment of Fish Fauna, Socio-Economics and Water Quality of Dawhenya 

Reservoir 
 

(Project Staff: Ruby Asmah, Francis Amevenku, Anthony Karikari, Amedorme, E., Daniel Amoah, Serapis 

Appiah, Acheampong Addo, Bright Awunor) 

(Collaborating Institutions: Department of Biosciences, Aarhus University, Denmark) 

Dams and reservoirs are fundamental requirements for the socio-economic development of many 

nations. In view of their importance, the Government of Ghana has come out with a one-village-one-

dam policy. Information generated from this study will support the one-village-one-dam agenda as 

well as provide the basis for sustainable management of the Dawhenya Reservoir and invariably other 

reservoirs in Ghana for sustainable socio-economic development. The Dawhenya Reservoir was 

purposely created for irrigation, though now supports fisheries. Alhassan (2011) identified 12 fish 

species belonging to 8 genera in the Dawhenya Reservoir out of which 7 genera were fin fish while 

one genus was a shell fish. Despite its relatively long existence, very little information is available on 

its current fish and fisheries, water quality, ecology and socio-economics of the Dawhenya Reservoir.  

The Objectives of the project is to determine the status of fish and fisheries of the Dawhenya Reservoir, 

determine the water quality trends of the Dawhenya Reservoir and to determine the socio-economic 

status of fishers in riparian communities of Dawhenya Reservoir 

Dawhenya Reservoir (Fig. 3.1.8) was constructed between 1975 and 1978 by damming River 

Dechidaw purposely for irrigation. The Dawhenya Reservoir is located within latitudes 50 04ô N and 

60 00ô N and longitudes 0010ô W and 00 05ô E in the Ningo-Prampram District. The Dawhenya Reservoir 

has a total irrigable area of 450 ha with 200 ha so far developed and a capacity of 5.8 mm3. At the time 

of construction, the reservoir had a mean depth of 5.4 m within a 500 km2 catchment area entirely 

within the Accra Plains (IDA, 1992). The vegetation is coastal savanna with mean annual rainfall of 

737 mm. The reservoir is bounded in the North by the Akuapem mountains which extends northeast 

to southwest and in the South by the Accra-Aflao road. In the East, it shares boundaries with the Volta 

Basin and in the West with the Densu Basin. Reconnaissance survey was conducted during which 

sampling points and hired labour was identified. 
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Fig. 3.1.8: Map of Dawhenya Reservoir showing sampling stations 

Water quality sampling and method of data analysis 

The three sites where fish sampling took place were also sampled for water quality assessment (Fig 

3.1.8). The depth of the water at each site was determined using an echo sounder. Water samples were 

collected from the surface and bottom using a Van Dorn water sampler. The samples were transferred 

into pre-cleaned IL Nalgene sample bottles, preserved on ice and transported to laboratory for 

analyses. Both physical and chemical parameters were determined. The depth profiles of the physical 

parameters namely pH, water temperature, turbidity, conductivity, chlorophyll-a and salinity were 

measured in-situ using the EXO II sonde. Dissolved oxygen was measured at 1m interval using the 

YSI DO meter. The major ions and nutrients were determined according to methods described in the 

standard methods for the examination of water and waste water (APHA 2001). 

Fish sampling and data collection 

The Dawhenya Reservoir was divided into 3 sampling stations namely Adzimador (upstream), 

Abbeykorpe (midstream) and Dam site (downstream) for the purpose of effective sampling. 

Multifilament (12.5 ï 40.0 mm) and monofilament (38.1 ï 177.8 mm) gill nets of laterally stretched 

mesh sizes were deployed in monthly sampling of fish. At the end of each sampling session each 

individual fish was identified using keys by Paugy et al. (2003a, b) and Dankwa et al. (1999), sorted 

into species, weighed and measured for standard length and total length. The catch of local fishermen 

was observed to augment experimental catch data.  

Methods of fish data analysis 

The fish species composition of the fish community is determined based on the identification of each 

fish in each monthly sample. The importance of each species in the fish community both in terms of 
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number and weight were measured by the relative abundance which is determined by computing the 

percentage composition of each species with respect to the total sample. 

Based on length measurements of major fish species, the length frequency distribution (LFD) which 

describes the population structure is determined by computing the number of fish in each length group 

and presenting it graphically as relative frequency (%) against total length (cm).  

Length-weight relationship (LWR) describes the relationship between length and weight as well as the 

growth pattern for each species using the equation W = aLb (Ricker, 1975) where W is the weight (g), 

L is the total length (cm) with the constants óaô and óbô as the intercept and growth constant (slope) 

respectively. The correlation coefficient órô for each species is computed to determine the degree of 

relationship between length and weight. 

Condition factor describes the well-being of fish populations and the suitability of their aquatic 

environments for growth based on the formula K= W x 100/L3 (Tesch, 1971) where K is the condition 

factor; W is weight in grammes; and L is the total length in centimetres. 

Based on fish catch and effort, the catch per unit effort (CPUE), computed in terms of number and 

weight of fish per 100 m2 net per night, is used as an index of fish stock abundance based on the 

relationship CPUE = W 100/L n d (Lévêque et al., 1988) where W is weight (g) of fish, L is standard 

length (mm), n is number of days of sampling and d is depth of net (m). The mean CPUE in terms of 

weight and number is computed and presented graphically. 

Based on fish feeding habits, trophic groups and their relative abundance in terms of number and 

weight as percentage composition in relation to the total sample, the Forage/Carnivore (F/C) ratio is 

used to establish the state of ecological balance of the fish community based on the ratio of forage fish 

to piscivorous fish in terms of number and weight. 

The potential fish yield (PFY) is computed as an estimate of the weight of fish the reservoir can 

potentially produce in kilogrammes per hectare or tonnes per annum using the morpho-edaphic index 

(MEI). MEI is computed in µS cm-1 by dividing mean conductivity by mean depth (Ryder et al., 1974). 

The potential fish yield is obtained using the relationship: Y = 14.16 MEI0.4581 (Henderson & 

Welcomme, 1974) where Y is the potential fish yield in kg ha-1. Fish yield in t yr-1 is obtained by 

multiplying by the area of the reservoir and converting to tons.  

The biodiversity parameters describe the diversity status of the fish community using the following 

formulae:  

i) Shannon-Weiner diversity index (Hô) expressed as: Hô = - × Pi log Pi where Pi is the proportion of 

individuals in the ith species (Dahlberg & Odum, 1970).   

ii) Species richness (D) computed using the formula: D = (S-1)/ log N (Margalef, 1968) 

where S is the number of species in the sample and N is the total number of individuals. 

iii) Species evenness (J) computed using the formula: J = Hô/log S (Pielou, 1969) 
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where Hô is the diversity index and S is the number of species. 

Socio-economics assessment sampling design/methodology 

Socio-economic survey of fishers to determine the socio-economic status of fishers will be conducted 

using mixed methods involving both primary and secondary data. Primary data sources include 

information from fishers, fish sellers and processors, and opinion leaders while secondary data sources 

include Dawhenya community, literature review, observations, and interviews. 

Data on individual households formed the basic unit of data collection and analysis for the study. The 

community, however, was  also be considered since public services, systems of social sharing and the 

general environment of the community affect the welfare of individual households.  

The primary data focused on variables such as occupational structure, family size and age structure, 

cash and non-cash incomes, consumption expenditure, education, house and other consumer durables 

while secondary data consisted of public services and social amenities. To determine what form 

interventions should take and what factors will account for income differences among fishing 

households and between themselves and other socio-economic groups, primary data covering 

ownership of factors of production, ownership of boat, engine and fishing gear as well as fishing and 

non-fishing income were collected. For fishing incomes, data was  be collected on fish prices, quantity 

and weight of fish caught, quantity and cost of purchased fishing input as well as quantity and cost of 

owned inputs. 

The following are Preliminary results so far : 

Water quality assessment 

During the sampling period the Dawhenya Reservoir water depth ranged from 2.8 m at site 1 to 3.3 m 

at site 3 (mean of 3.05 m). The pH of the water was about neutral and remained fairly stable ranging 

from 6.99 to 7.21 (Table 1.10). At all the three sites, the pH of the bottom water was only slightly 

higher than that at the surface. The water temperature ranged from 23.6 to 27.7 ºC. The reservoir water 

is fairly well oxygenated with DO concentrations ranging from 5.4 to 5.7 mg l-1 at the surface and 3.66 

to 4.97 mg l-1 at the bottom. Both conductivity and TDS were very low and typical of values expected 

for freshwater. Turbidity of the water was also low.  

The levels of nutrients in the reservoir were generally low (Table 1.10). Nitrite concentrations were 

the least ranging from 0.010 to 0.018 mg L-1. Of the various nutrients, ammonia concentrations were 

the highest with values ranging from 0.21 to 0.32 mg L-1. Phosphorus is a limiting nutrient for primary 

production in most tropical waters. The concentrations in the reservoir ranged from 0.32 to 0.56 mg 

L-1.  

 

Fish fauna assessment 

Fish species composition 
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A total of 167 fish specimen weighing 4932.6 g were obtained from three (3) months of sampling 

based on which 16 species belonging to 12 genera and 7 families have been identified, which included 

one shell fish, Macrobrachium species(Table 1.11). Four (4) more species than that recorded by 

Alhassan (2011) have been recorded so far while the species Ctenopoma pethereci (family 

Anabantidae) and Nematogobius maindroni (family Gobidae) have not been sampled yet. 

Table 1.10: Mean values of selected Water Quality Parameters of Dawhenya Reservoir. (October - December 2018) 

Parameter Site 1 Site 2 Site 3 

 Surface Bottom Surface Bottom Surface Bottom 

pH 7.14 7.21 7.07 7.1 6.99 7.09 

Temperature (ºC) 23.6 23.6 24.3 24.7 24.7 27.7 

Conductivity (µScm-1) 195 194 195 195 188 186 

DO (mg l-1) 5.77 4.97 5.71 4.71 5.40 3.66 

Turbidity (NTU) 17 16.7 17.3 19.3 18.3 19.2 

TDS (mg l-1) 117 116 117 117 113 112 

 

 

 

 

Table 1.11: Mean nutrient concentrations in the Dawhenya Reservoir (October - December 2018) 

 Site 1 Site 2 Site 3 

Parameter Surface Bottom Surface Bottom Surface Bottom 

Nitrite(mg l-1) 0.011 0.010 0.013 0.018 0.014 0.012 

Nitrat(mg l-1)e 0.023 0.022 0.025 0.029 0.029 0.025 

Phosphate(mg l-1) 0.046 0.038 0.044 0.047 0.038 0.052 

Ammonia(mg l-1) 0.25 0.26 0.32 0.26 0.26 0.21 
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Relative abundance 

The most important fish species based on number were H. fasciatus (16.77 %), B. macrops (14.97 %), 

B. niger (14.97 %), B. brachyistius (13.17 %), and H. bimaculatus (6.59 %) in that order (Fig.3.19). 

Based on weight, the most important fish species in order of importance were H. niloticus (30.5 %), 

H. fasciatus (12.07 %), P. annectens (8.01 %), and B. niger (6.65 %) (Fig.3.1.9). In terms of number, 

the most important fish families were Cichlidae (48.5 %), Mormyridae (31.14 %) and Cyprinidae 

(14.97 %) altogether making up over 90.0 % of the total sample (Fig.3.1.10). Based on weight, the 

most important fish families were Cichlidae (38.07 %), Osteoglossidae (30.5 %), and Mormyridae 

(13.31 %) in that order (Fig.3.10). 

Table 1.12 below shows Checklist of Fish Species from Dawhenya Reservoir (October ï December, 

2018) 

Species Genera Family Common Name 

Brienomyrus brachyistius Brienomyrus Mormyridae Mormyrid electric fish 

Barbus macrops Barbus Cyprinidae Blackstripe Barb 

Brevimyrus niger Brevimyrus Mormyridae Mormyrid 

Clarias gariepinus Clarias Clariidae African catfish 

Hemichromis bimaculatus Hemichromis Cichlidae Jewel Cichlid 

Hemichromis fasciatus Hemichromis Cichlidae Banded Jewelfish 

Heterotis niloticus Heterotis Osteoglossidae African bonytongue 

Marcusenius brucii Marcusenius Mormyridae Mormyrid 

Macrobrachium Macrobrachium Palaemonidae Fresh water prawn 

Oreochromis niloticus Oreochromis Cichlidae Nile tilapia 

Protopterus annectens Protopterus Protopteridae West African Lungfish 

Sarotherodon melanotheron Sarotherodon Cichlidae Black-chinned tilapia 

Tilapia dageti Tilapia Cichlidae Tilapia 

Tilapia guineensis Tilapia Cichlidae Guinean tilapia 

Tilapia zillii  Tilapia Cichlidae Red belly tilapia 
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16 12 7  

 

Fishery 

Observations show an artisanal fishery involving fishermen who have unregulated access and entry 

into the reservoir except for no fishing day observed on Fridays. The prominent species in the catch 

of fishermen is tilapia species with few H. niloticus. There is a vibrant fishery of the freshwater prawn 

(Macrobrachium spp) involving about half of the fishermen population (fishermen, personal 

communication). The prawn is caught with cane traps which can be seen at the only landing site of the 

reservoir.  

 

Fig. 3.1.9 Relative Abundance Based on Number and Weight of Fish Species from Dawhenya 

Reservoir (October ï December, 2018) 

 

Fig. 3.1.10 Relative Abundance Based on Number and Weight of Fish Families from Dawhenya 

Reservoir (October ï December, 2018) 

Socio-economics assessment 

Questionnaires were developed, pre-tested and finalized for field administration. 

Preliminary Conclusion 

From the preliminary results based on total number of fish sampled, the most important fish families 

were Cichlidae (mainly H. fasciatus) accounting for almost half followed by Mormyridae (mainly B. 

niger and B. brachyistius) constituting almost one-third and Cyprinidae (mainly B. macrops) 
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constituting about 15 % of the total sample. Water in the reservoir was uniformly mixed with very 

minimal spatial variation, generally low levels of nutrients and about neutral and fairly stable pH. 

 

3.1.1.5 The Lake Volta fish resources in a changing climate, the use of predictive model, 

Ecopath with Ecosim 
 

( PROJECT STAFF: Emmanuel T.D. Mensah (Research Scientist); Dr. H.R. Dankwa (Prin. Research Scientist); Dr. 

Ruby Asmah (Snr. Research Scientist); Dr. L.L. Torben (Snr. Scientist, Aarhus Univ., Denmark), Dr. Denis Trolle (Snr. 

Scientist, Aarhus Univ., Denmark), Prof. Villy Christensen (British Columbia University) Edem Amerdome (Snr. 

Technologist), Bright Awonor (Technician). 

 

Collaborating Institutions: CSIR-Water Research Institute; Aarhus University, Denmark 

 

The Ecopath with Ecosim (EwE) in addition to simple linear regression model approaches were 

employed to understand the influence of climate change on fish production in Lake Volta. Time series 

of fish catch data on selected species of economic importance (Bagrus, Chrysichthys, Alestes, 

Synodontis and Tilapia) and environmental variables including water temperature, primary production 

and water level spanning from 1991-2045 were developed to predict the impact on fish catch and how 

management practices may impact the fisheries.The objective of the study was to use the time-dynamic 

analyses using Ecopath with Ecosim model to assess the possible impacts of fishing effort and climatic 

indices on fish catch of Lake Volta. Historical fish catches and fishing effort data were acquired from 

the Fisheries Commission in Ghana whiles data on environmental variables were generated using 

GOTM-FABM-ERGOM Model. In all scenarios, total catch of fish species was expected to increase 

from varying fishing effort except for Alestes and Synodontis species which responded to changes in 

the fishing effort. This effect is gradually leading to fishing down the ófood webô as considerable large 

sizes of fish species are exploited. Model prediction of environmental variables showed a rise in water 

temperature together with primary productivity and a decline in water level. However, they showed 

positive but weak correlations (temperature and primary productivity) with fish catch and a weak 

negative correlation with water level.The Ecopath with Ecosim (EwE) approach was used to assess 

the response of Lake Volta fisheries in a future climate scenario based on climatic indices such as 

temperature, primary productivity and water level.  The increase in primary production in the lake is 

however, expected to favour the proliferation of Tilapia and Chrysichthys species which are able to 

feed at lower trophic levels and on a wide range food sources. Although the climate scenario predicts 

temperature increase for the lake, it is possible species will not be affected unlike temperate fishes as 

they have high thermal ranges (22 ºCï35 ºC) to cope with the rising temperatures. Better management 

measures must be considered for sustainable exploitation.  

 

The time series plot, Figure 3.1.11, showed an increasing trend in fish catch in Lake Volta with several 

seasonal changes over the years. There was a gradual increment in catch from 1969 to 1993 and a 

rapid increase from 1994 to 2015. The year 2010 recorded the highest catch of 96,110 metric ton 

whiles the lowest catch, 36,000 metric ton was recorded in 1972. Frame survey on fishing effort 

(number of fishermen) on the lake based on available data and its projection is shown in Figure 3.1.12. 
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There has been an increase in fishermen from 18,358 in 1970 to 71,861 in 1998. Projections made 

based on historical data indicate a total of about 160,000 fishermen by the year 2045, indicating that 

more people are likely to be engaged in fishing in the future, hence increasing pressure on stocks. 

The historical (1988-2016) and predicted (2017-2045) trends in surface water temperature (Figure 

3.1.12) for Lake Volta shows an increasing trend with some seasonal effects. Temperature increased 

from 28.5 to 30.3 °C in the historical years and it is expected to fluctuate between 29.0 and 30.3 °C in 

the predicted years. The temperature in the lake region however fluctuated around a mean of 29.5 °C. 

Time series plot of historical and predicted trends in chlorophyll-a (used as a surrogate for primary 

productivity) in the lake shows an increasing trend with some seasonal changes over the years (Figure 

3.1.13). A value of 3.34 mg l-1 was recorded as the highest chlorophyll-a concentration in 2010 and 

the lowest 2.67 mg l-1 in 1997 in historical years. Predicted levels of chlorophyll-a concentration from 

2017 to 2045 showed a gradual increase from 2.94 to 3.44 mg l-1 respectively although there were 

fluctuations in some years.  

 
Figure3.1.11: Trend in fish catch in Lake Volta from 1969 to 2015Figure3.1.12: Historical and future projection in the number of                                        

 Fishermen in Lake Volta (modified from MOFA, 2003) 

 

Figure 3.1.13: Historical and predicted trends in surface water                Figure 3.1.14: Historical and predicted trends in primary 

temperature in Lake Volta from 1988 to 2045                                  productivity in Lake Volta from 1988 to 2045. 

 

The historical trend in water level of the lake is shown in Figure 3.1.15. It showed a decreasing trend 

with several seasonal changes over the years. There was a rapid increase in water level from 64.6 m 

to 82.8 from 1965 to 1975 followed by a gradual decrease from 1977 to 1983. Since 1984, there have 

been fluctuation in the level until 2011 when it rose to a high peak of 82.5 m and decreased again the 

following year till 2016.  
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The relationship between fish catch-water temperature, fish catch-primary production and fish catch-

water level show a weak correlation as depicted by the coefficients of determination, r², 

whichindicated that 9.4%, 18.1% and 2.8% of the variation in fish production was explained by water 

temperature, primary production and water level respectively. Although these environmental variables 

are useful in the ecosystem (Lake Volta) for fish production, its effect in fish catch is minimal. 

 

 
Figure 3.1.15: Trend in water level in Lake Volta at Akosombo dam from 1965 to 2016 

 

The GOTM-FAMB-ERGOM model was capable of reproducing historical and predicted trends in fish 

catch for the period, 1991ï2045. Figure 3.1.15 shows fluctuating trends in historical (1991-2015) and 

predicted (2016-2045) fish catch with seasonal changes over the years as a consequence of increasing 

fishing effort. Chrysichthys (b) and tilapia (e) species were predicted to increase whiles Alestes (c) and 

Synodontis (d) species to decline over the years. It is expected that levels of Bagrus (a) species will 

stabilize in the predicted years. 

The Figure 1.1.16 shows the historical and predicted trends in fish catch as a results of decreasing 

fishing effort over the years (from 2016-2045). There was a gradual rise in trends of Chrysichthys and 

tilapia species in both historical and predicted years. Bagrus species showed a slight increment while 

Alestes and Synodontis species was predicted to decline. Alestes species is expected to recover and 

increase in the predicted years (from 2019) after levels in the historical years showed a downward 

trend. 

Trends from historical and predicted catches for stabilizing effort show an increasing trend with 

several changes over the years for Bagrus, Chrysichthys, Synodontis and tilapia species (Figure 

3.1.16). However, there is a decline in the trend of Alestes species. 
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Figure 3.1.16: Predicted biomass from the Ecosim model for species in Lake Volta, assuming an increase in fishing effort 

with associated sums of squares of the fit, 108.4. 
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Figure 3.1.17: Predicted biomass from the Ecosim model for species in Lake Volta, assuming a decrease in fishing effort 

with associated sums of squares of the fit, 108.4. 
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Figure3.1.18: Predicted biomass from the Ecosim model for species in Lake Volta, assuming a stability in fishing effort 

with associated sums of squares of the fit, 108.4. 

 

The catch trend of fishery in the lake has seen an increase since 1969 primarily ascribed to an increase 

in fishing effort (fishermen and gears). However, catch per unit effort has declined. Due to this 

development, fishermen on the lake have resorted to the use of efficient but illegal active gears, 

catching all fish sizes leading to overfishing.  

Fishing impact was expected to vary among species as a result of varying efforts and gears employed 

on the lake. Most gears used for fishing (e.g. fishing lines, traps) are active and unselective targeting 

all species. All species forecasted by the model were calibrated using historical data and were expected 

to have similar biomass dynamics. The simulations generally predicted an increase in catches of 
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Chrysichthys and tilapia species, stabilization of Bagrus species and varying effects on Alestes and 

Synodontis species as an outcome of changes in fishing effort.  

Chrysichthys and tilapia species have high fecundities and the ability to reproduce at small size classes, 

hence found to be the most dominant species of the lake with high biomass levels contributing more 

than 70% of catch composition. The ability of these fish species to increase their biomasses was also 

probably due tothe proliferation of primary productivity of the lake for which their food is dependent.  

Inland waters where multispecies fishing is practiced can lead to ófishing down the food webô 

involving the gradual sweeping of vast fish species in a diversity of fish assemblage and their 

substitution by smaller species, which are often at low trophic levels. This leads to an increase in the 

total catch with reductions in body and maturation size followed by a decline in total catch. Inland 

ecosystems support this general model and Lake Volta may be experiencing this as Bagrus, Alestes 

and Synodontis species have reached low biomass limits probably as a result of overfishing. 

The effect of climate warming was reflected in the rising temperature of the lake which showed 

anincrease of between 0.3 ï 0.5 ºC in average annual recordings from 1988 ï 2010.  Future climate 

projections (up to 2045) suggest a warming between 0.5 ï 0.8 ºC. This trend is expected to rise between 

2 ï 4 ºC by 2100 as compared with global increase of 6.0 ºC by end of the century, 2100  

Species such asBagrus, Chrysichthys, Tilapia, Alestes and Synodontis have high thermal ranges 

between 22 ï 35 ºC and are able to cope wide ranges in temperature. Although climate change scenario 

predict temperature increase for the lake, its relationship with fish production showed a weak 

correlation hence it is possible that species will not suffer the effects of temperature rise in the lake 

region. 

The lake level from projected scenario is expected to decline from current historical trends. This may 

be as a result of the Volta basin experiencing a significant reduction (average of 5 mm per year) in 

annual rainfall over the years from 1961. Based on models analyzed, the annual rainfall was projected 

to change by -23% to +20% and this will impact negatively on major rivers that flow into the 

lake.However, persistent low water levels resulting from climate change (temperature increase) could 

lead to low productivity or yields and could have profound impacts on the Lake fisheries. 

Keywords: Ecopath with Ecosim, management practices, model prediction, temperature 

 

 

3.1.1.6. MASS BALANCED MODEL OF LAKE VOLTA FISHERIES: THE USE OF 

ECOPATH MODEL  
 

Project Staff: Emmanuel T.D. Mensah (Research Scientist); Dr. H.R. Dankwa (Prin. Research Scientist); Dr. Ruby 

Asmah (Snr. Research Scientist); Dr. L.L. Torben (Snr. Scientist, Aarhus Univ., Denmark), Dr. Denis Trolle (Snr. 

Scientist, Aarhus Univ., Denmark), Prof. Villy Christensen (British Columbia University) Edem Amerdome (Snr. 

Technologist), Bright Awonor (Technician). 

 

COLLABORATING INSTITUTIONS: CSIR-Water Research Institute; Aarhus University, Denmark 
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A mass-balanced model of trophic interactions among 10 key functional (producer and consumer) 

groups of Lake Volta was constructed using the Ecopath model to study the energy flows and species 

interactions in Lake Volta.  The study aims to develop a mass-balanced model of Lake Volta using the 

Ecopath to reveal the energy pathways and trophic interactions of the food web and to analyze the 

maturity of the ecosystem. It was based on secondary and primary data on fish catch, diet composition, 

phytoplankton and zooplankton biomasses, collected in 2015 and 2016. Additional information on 

growth parameters of major species required for balancing the Ecopath model were obtained from 

sampling and FishBase. The functional groups were detritus, phytoplankton, zooplankton, benthos, 

prey fish, Tilapia, Bagrus, Chrysichthys, Alestes and Synodontis species. In this ecosystem, four 

trophic levels were identified and the energy flow mainly occurred within the first three levels. The 

calculated ecotrophic efficiency value of the primary producers (phytoplankton: 0.17; detritus: 0.22) 

showed that they were least exploited compared to the secondary producers, zooplankton (0.80) and 

benthos (0.50). All secondary consumers had ecotrophic efficiency values higher than the primary 

producers indicating that they are exploited in the system. The main energy flows in the lake were 

from phytoplankton and detritus at trophic level I and Bagrus species, the top predator at a level of 

3.30. The network analysis showing the connectance index (0.43) and omnivory index (0.06) of the 

system indicated that the ecosystem is unstable, somewhat immature and still at a developing stage. 

The results is showed that the estimatedtotal fish biomass of the lake was 11.56 metric ton km-2 year-

1 in a fishing zone of area 8,500 km² with Chrysichthys and Tilapias having high biomasses of 3.94 

and 3.75 mertric ton km-2 year-1, respectively. The output results (Table 2) showed estimated EE values 

(< 1) varying considerably for the different functional groups in the lake ranging from 0.13 to 0.90. 

The EE values for the top predators (Bagrus and Chrysichthys) were low as compared to the primary 

consumers (Alestes, Tilapia, Prey fish, zooplankton) as this illustrates the small fraction of production 

available for top predators. The EE values for phytoplankton and detritus were also low at 0.17 and 

0.22 respectively. 

 

 
 

 
Figure 3.1.19: Percentage diet composition of fish species sampled through stomach content analysis in Lake Volta 
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Table .1.13: Basic estimated parameters in Ecopath for Lake Volta 

Group name TL  B (t/km²) P/B (/year) Q/B (/year) EE P/Q 

Bagrus 3.30 1.82 1.00 18.50 0.13 0.05 

Chrysichthys 2.96 3.94 2.50 16.50 0.23 0.15 

Alestes 2.80 1.18 2.60 17.40 0.79 0.15 

Synodontis 2.59 0.87 1.50 20.90 0.46 0.07 

Tilapias 2.03 3.75 2.00 113.0 0.76 0.02 

Prey fish 2.50 5.76 4.00 20.00 0.90 0.20 

Zooplankton 2.00 10.62 8.43 28.11 0.80 0.30 

Benthos 2.00 17.40 10.00 33.33 0.50 0.30 

Phytoplankton 1.00 18.10 200.00  0.17  

Detritus 1.00 10.00   0.22  

Note: TL = Trophic level; B = Biomass; P/B = Production biomass; Q/B = Consumption biomass; EE = Ecotrophic 

efficiency; P/Q = Production consumption  

 

Analysis of the trophic structure showed that the lake can be categorize into 4 main trophic levels 

(Figure 3.1.13). The size of bubbles represents the biomass of each functional group in the lake. 

Biomass estimates for phytoplankton and Synodontis were the highest and least respectively in the 

lake. Most of the functional groups were confined to trophic level II and III. The biomasses of 

functional groups at the base of the trophic level were high as compared to the other levels. The highest 

trophic level was 3.3 for Bagrus which is typical of top predators described as low-order secondary 

consumer.  Chrysichthys, Alestes, Synodontis, and prey fish were between 2.5 and 3.0 belonging to 

high-order primary consumers. The low-order consumers with trophic levels 2 to 2.5 were Tilapias, 

benthos and zooplankton whilst the primary producers, phytoplankton and detritus were in trophic 

level I.  

 

 
Figure 3.1.20: Flow diagram of the trophic structure and the functional groups in Lake Volta. 
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The network analysis revealed trophic flows between two primary energy pathways in the lake (Figure 

3.1.20): phytoplankton and detritus pathways which showed similar flow of energy to all other 

functional groups. The system characteristics and degree of ecosystem maturity is shown in Table 1.14 

(column on Lake Volta). A TPP/TR value of 3.88 was recorded indicating that the lake system is still 

in a developmental stage. Connectance index and System omnivory index values which reflect the 

complexity of the relationships among internal systems were 0.43 and 0.06 respectively. These values 

show that the complexity of feeding activity of different trophic levels in the Lake were at low levels.  

 

Table .1.14: Comparison of the system statistic estimated by Ecopath for Lake Volta and other tropical lakes. 

Parameter Lake Volta 

Lake 

Awassa Lake Malawi Lake Kariba  

Lake 

Victoria 

Sum of all consumption (t/km²/yr.) 1554.84 2382.14 2620 2423 2214 

Sum of all exports (t/km²/yr.) 2686.25 6808.07 950 6.6 672 

Sum of all respiratory flows (t/km²/yr.) 933.75 1442.70 1617 1575 1210 

Sum of all production (t/km²/yr.) 3930.12 8881.00 3059 13926 2441 

Mean trophic level of the catch (t/km²/yr.) 2.70 2.57 2.94 2.97 2.99 

Calculated total net primary production (t/km²/yr.) 3620.00 - 2568 13561 1879 

Total primary production/total respiration 

(TPP/TR) 3.88 9.84 1.59 8.61 1.55 

Net system production (t/km²/yr.) 2686.25 6974.10 950 11986 669 

Total primary production/total biomass (TPP/TB) 57.07 28.67 66 45.7 22.2 

Connectance Index (CI) 0.43     

System Omnivory Index (SOI) 0.06  0.15 0.13 0.19 

 

Chrysichthys and Tilapia species are the most abundant species in the lake during the study period 

constituting about 38.1% and 34.4% respectively.The lake is also dominated, in terms of biomass, by 

lower trophic organisms, particularly phytoplankton, benthos and zooplankton.This is an indication 

that the food availability in the lake is mainly primary producers based. 

The ecotrophic efficiency values which is the fraction of production used in the system, for the top 

predators (Bagrus and Chrysichthys) were low as compared to the primary consumers (Alestes, 

Tilapia, Prey fish, zooplankton) as this illustrates the small fraction of production available for top 

predators. 

The diet matrix constructed for the model revealed that fish groups were composed of three main 

feeding habits: carnivorous/piscivorous, omnivorous and herbivorous. Hence, fish species such as 

Bagrus, Chrysichthys, Synodontisand Alestes have the ability to switch to different feeding behaviours 

depending on food availability.  
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The food web structure of the Lake consisted of four trophic levels with Bagrus species feeding at the 

highest trophic level.Most of the functional groups were confined to trophic level II and III. The 

highest trophic level was 3.3 for Bagrus which is typical of top predators described as low-order 

secondary consumer.  Chrysichthys, Alestes, Synodontis, and prey fish were between 2.5 and 3.0 

belonging to high-order primary consumers. The low-order consumers with trophic levels 2 to 2.5 

were Tilapias, benthos and zooplankton whilst the primary producers, phytoplankton and detritus were 

in trophic level I.  

The four trophic levels identified is typical of other reservoir ecosystems in temperate regions such as 

Fenshuijiang and Manwan Reservoirs in China and tropical lakes such as Lakes Awassa, Kariba, 

Victoria and Malawi. 

The ratio of TPP/TR and TPP/TB which are indicators of the degree of system maturity were higher 

than one (1) which suggests an early developmental stage for the lake. The CI and SOI values for the 

lake were low, indicating a close feeding relationship in multispecies trophic conditions as also 

exhibited by most tropical lakes. 

The total consumption for Lakes Awassa (Ethiopia), Malawi (Malawi), Kariba (Zimbabwe) and 

Victoria (Tanzania) were quite similar as compared to Lake Volta (Ghana). However, the total sum of 

production for Lakes Kariba and Awassa were much higher as compared to Lakes Volta, Malawi and 

Victoria. This indicates a high productivity but not fully utilized by the fish species. The mean trophic 

levels showed quite similar values for the lakes, suggesting that species in these lakes exhibit similar 

feeding patterns.However, the differences in the network analysis observed may be as a result of 

differences in the surface area of the lakes and productivity levels.  

 

Keywords: ecotrophic efficiency, functional groups, mass balanced model, trophic interaction 

3.1.1.7. CSIR/Modernizing Agriculture in Ghana (MAG)  
 

(Project Staff: Dr. Francis K. Y. Amevenku ï Principal Investigator) 

 

The CSIR/Modernizing Agriculture in Ghana (MAG) is a 5-year budgetary programme, which started 

in 2107 and ends in 2022. It is a support initiative facilitated by the Canadian Government aimed at 

the creation and strengthening of a bridge between Research, Extension, Farmers and Agribusinesses. 

It is to facilitate the functioning of agriculture production along a value chain in Ghana. The project 

aims broadly at offering research support towards increasing the efficiency of local farmers through 

value chain development and developing enabling environments to agricultural productivity and 

competitiveness. 

Underlying the programme is a Memorandum of Understanding signed between the Ministry of 

Agriculture (MoFA) and the Council for Scientific and Industrial Research (CSIR). The specific 

Objective is to link research and extension agents on the use of relevant technologies by farmers along 

the agricultural value chain from farms to processors. 
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As part of Component 3 of the MAG program designed to help improve extension delivery through 

scientific and evidence-based technology and management practices with modern extension service 

delivery approaches, the CSIR Water Research Institute (CSIR-WRI), worked closely with the 

Ministry of Food and Agriculture (MoFA) through the current arrangements for Research, Extension, 

Farmer Linkage Committees (RELCs) and under the direct auspices of the MAG Coordination Unit, 

CSIR Head Office Accra. The participation of the CSIR WRI is in relation to the immediate Outcome 

2 of the program namely,increased access to relevant technologies along the agriculture value chain 

through annual regional participatory planning processes. This report is on three communication 

materials prepared by the CSIR WRI team at the institute during the year. The technologies are 

basically on Water Conservation and Fish Value addition improvement. The three Technical 

Communication Materials, produced by the CSIR WRI are Manuals on the following:  

1. Sustainable water harvesting technologies for crop production; 

As stakeholders, scientists of the CSIR- SRI were collaborators on the Technologies. Some of the 

technologies of focus included  

i. For Shallow wells and Tube wells (Keta District, Atankwidi, Anyari River and Paga);  

ii.  Riverine:  Vea (Upper East Region);  

iii.  Riverine Alluvial Dugouts:  Upper East; 

iv. Recession irrigation:  Upper Manya Krobo District;  

v. SAWAH irrigation schemes (Biemso in Ahafo Ano District in Ashanti Region); and  

vi. Valley bottom rice development schemes (Tolon Kumbungu (NR), Gbi Godenu (VR 

The manual produced on the above technologies covered four major modules. These included: 

i. SAWAH; 

ii.  Tubewell; 

iii.  Riverine Alluvial Dugout; 

iv. Shallow well.  

2. Value addition technologies to harvested fish to increase profitability; 

i. This done in collaboration with relevant stakeholders including CSIR-FRI and women in 

Agriculture Developemnt (WIAD) and Post ïHarvest Division of the Fisheries Commision. A 

manual titled ñValue addition technologies to harvested fish to increase profitability ñwas 

produced. Modules covered in the Manual included  

ii.  Acceptable practices in fish culture ïpond , cage , pen and open water management 

pratices;Fish feed storage and handlingAquatic animal health management 

iii.  Harvesting practices to ensure good quality of produce  

iv. Post ïharvest management practices.  

v. An Audio-visual documentary on water related management for crop production as a climate-

smart agriculture technology has been produced and is currently being 
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The team has also produced an Audio-visual documentary on water related management for crop 

production related management for crop production as a climate ïsmart agriculture technology and 

made these avalble to MAG Secretariat  

The immediate outcome of these communication materials is to contribute towards improved access 

to sustainable production practices for food security purposes and quality fish production for men and 

women along the value chain. 

 

3.1.1.7. Survey of the evolution of livelihood avenues in the Lower Volta Area 
    

(Project Staff: Francis K Y Amevenku & Silvia Amponsah) 

 

The study constitutes a documentation of livelihood sources as presented by 10 selected communities 

within the Lower Volta area. Focused group discussion through a participatory approach was used to 

identify livelihood sources that prevailed prior to the commissioning of the two dams. It also explored 

what avenues evolved following the operational phase of the dams to date and finally assessed the 

possibilities of introducing new livelihood avenues from the perspectives of the communities. 

 Remedial measured were also proposed. The discussions left no doubts that the construction of dams 

across the Volta River had influenced a number of livelihood avenues anchored on fishing and 

floodplains farming in the Lower Volta Basin area. It was not however clear, whether there had been 

a shift from fishing-anchored to farming-anchored livelihoods. One of the thriving livelihood activities 

reported extensively existing during the pre-dam construction phase but completely lost in many 

locations post-dam phase was shellfish fishery. This comprised of clam/oyster, shrimp, prawn and 

crab trapping. On finfish fishery, dwindling catches in terms of quantity and diversity as well as the 

inability of fishers to use specified gears and practices were their major concerns. On the farming 

front, the cessation of the annual floods that left behind alluvial deposits rich in nutrients used for 

drawdown cropping of varieties of staples and vegetables, were the misfortunes of inhabitants. 

Proliferation of weeds, alteration of the flow rate of the river and the build-up of sandbar at the estuary 

of the river were mentioned among others as culpable for these shortcomings. Consequently, the 

removal of aquatic weeds from the main course of the river and creeks, improvement upon the flow 

rate of the river, removal of the sandbar formed at the estuary and controlling pollution of the river 

were mentioned as the solutions to their difficulties. Post-dam intermediations notably, hospitality and 

water based tourism, fish culture in cages, irrigation agriculture and textile industry have not trickled 

down to the ordinary folks confirming assertions of recent studies that none of the recent interventions 

in the Lower Volta have led to improvements in livelihoods. Cottage based agroindustry modelled on 

small-scale basis for shell and finfish culture, irrigated farming, composting, livestock rearing and 

agroforestry practices supported by transfers of available technologies and appropriate resource 

allocations could improve the livelihood avenues of the inhabitants of the communities on a 

sustainable basis. 

The survey was undertaken to meet the specific objectives of finding out fishery related livelihoods 

that existed before the creation of the dam, that have been lost (and why); currently in existence;   

and consider the restoration of lost livelihood sources; prevention of losing existing sources and 

possibly the introduction of new related environmentally-friendly avenues. 

Community livelihood sources identification and ranking 
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Focused group discussions through participatory prioritization of livelihood sources and identification 

of intervention measures were conducted at Big Ada (Pediatorkope), Sokpoe, Adidome, Anyanui, 

Adidome, Volivo, Mepe, Kpong, Adomi and Amedeka (Figure 3.1.20) from July 15, 2018 to July 26, 

2018. 
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Figure.3.1.20 Map of the Study Area 

 

The objective of the exercise was to discuss and determine jointly with communities priority fishery 

related livelihoods as well as fishery and/or agricultural interventions for implementation. It was also 

to prioritize and agree on specific activities to be undertaken within the communities towards the 

restoration of identified livelihoods on sustainable basis. 

 

Twenty-five people comprising both males and females from each of the 10 selected communities 

were invited to participate in the exercise through their respective village heads. From the study sites, 

41, 29, 12, 20, 24, 24, 25, 34, 12 and 24 participants respectively honored the invitation from 

Pediatorkope, Adidome, Sokpoe, Anyanui, Agordome, Volivo, Amedeka, Kpong, Mepe and Adomi.  

 

Procedure for problem and intervention identification 

A general overview of relevant livelihoods in the study area was presented to the participants in Ga-

Adangbe, Ewe and Akan by the team leader. The importance of the lake to the livelihoods of 

participants and land use problems in the area was discussed to set the context for the identification of 

priority problems and corresponding solutions in a participatory manner with participants.  
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Figure 3.2.21 1a& 1b: Presentations on the purpose of the project pertaining to fishery 

livelihoods at Amedeka and Adomi respectively  

 

Identification of priority/key livelihoods lost or aspects of livelihoods of grave defect to inhabitants 

This was done through brainstorming with participants in the following manner: 

1. A list of fishery related livelihoods that existed before the creation of the two Volta dams was 

generated from the discussions at each of the ten sites; 

2. A list of related livelihood avenues that have been lost or gravely affected and why (reasons 

adduced) was generated; 

3. A list of fishery related livelihoods existing now and how to strengthen them was generated; 

4. Common livelihood concerns were grouped resulting in 5 main lost livelihood avenues and these 

were sketched pictorially to aid ranking/scoring by each participant privately/individually; 

5. Priority livelihoods lost that needed to be restored were determined from the list of 5 by each 

participant weighting or scoring with 20 match sticks. The highest score representing the most 

important and the least score being the least important from the participantôs perspective; 

6. The scores for each participant was recorded and mean values computed to determine priority 

concerns; 

7. The trend in the results was discussed and agreed upon by all. 

 

Identification of options for addressing priority/key interventions 

For each of the priority concerns of participants identified above, the most practical 

measures/interventions (in their opinion) for addressing them were listed and discussed. This exercise 

was undertaken to enhance a bottom-up approach of introducing the fishery component of the project 

and to ensure higher adoption of project interventions. 

 

The results and outputs achieved so far include the following:  

 

Background of participants 

A total of 245 persons comprising 200 males and 45 females constituted the participants from whom 

responses were solicited. In terms of their stated ages the distribution had a mean of 56.8 within a 

range of 19 ï 93 years with the 50.5 to 60-year group dominating. Participants who were at least five 

years old and resident in the study area before the commissioning of the Akosombo Dam in 1966 

formed the majority of participants at 66.7 per cent (n = 160). Participants who could not have 

witnessed the era prior to the commissioning of the Kpong dam in 1982 fell within the 19 ï 40 group 

and had 15 per cent representation.        
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Livelihood trajectories identified by communities 

The focus group discussions highlighted the following key fishing, agriculture and lake resource use 

of inhabitants of the selected communities prior to the creation of the dams. The feedback obtained 

from the communities indicated that before the creation of the first dam, the Volta River was 

characterized by annual floods that normally begun by July ï August and peaked by September and 

subsiding by November. Inhabitants of the area benefitted immensely from the floods deriving 

incomes from sources stated in Table 1.0. The results represent the major livelihood activities of 

households. They do not show the activities of individual members of the households nor do they 

indicate the scale of activities and their labour relations. However,participants reported that as a 

benefit, the annual floods that watered the low lands and creeks not only deposited fertile alluvial soils 

but completely eliminated labour needs and attendant costs (whether kin or hired) because their plots 

were ready to be planted when the flood waters receded. 

 

These assertions confirmed the versions provided by Tsikata (2012); Geker (1999); Moxon (1984) and 

Lawson (1972) whose account stated that before the creation of the dams, the major livelihood 

activities in the riverine communities of the Lower Volta were farming, fishing and clam-picking. 

They also stated other activities as petty trading, processing and selling of cassava and other staples 

being surpluses of farm produce, craftwork, cotton spinning, native soap making, gin distillation, 

basketwork and manufacture of nets and fish traps. Women collected firewood and made pottery in 

few pockets of the area.  Thus, the vast majority of persons (male and females) considered fishing 

(main-stream, creek and clams) and farming to be their main or secondary activities in the 1950s and 

60s. In 1954, Lawson estimated that together they represented 70 per cent of the total real income of 

the riverine population (Lawson, 1968).  

 

 

 

Table .1.15 Pre-dam fishery related livelihood avenues 
Location No. Livelihood avenues 

Pediatorkope 

(Big Ada) 

1 River Fishery using variety of gears 

2 Creek fishery using variety of gears 

3 Estuary fishery using variety of gears 

4 Floodplain agriculture producing cassava, sugarcane, vegetables and fruits 

5 Palm tapping and alcohol distillation 

6 Fish trade  

7 Trade in fuel wood (red and white mangrove)  

  

Adidome  1 Clam/oyster fishery  

2 River Fishery using variety of gears 

3 Creek fishery using variety of gears 

3 Floodplain agriculture producing maize, cassava and vegetables 

Sokpoe 

    

1 Clam/oyster fishery  

2 River Fishery using variety of gears 

3 Creek fishery using variety of gears 

4 Floodplain agriculture producing maize, cassava and vegetables 

5 Cattle breeding 

6 Fish trade 
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7 Water transport/haulage of goods 

Anyanui 

    

1 Crab (trapping) fishery  

2 Estuary fishery using variety of gears 

3 Creek fishery using variety of gears 

4 Floodplain agriculture producing maize, cassava and vegetables 

5 Trade in fuel wood (red and white mangrove) 

6 Fish trade 

7 Water transport/haulage of goods 

Agordome 

    

1 Pottery 

2 Reed mat weaving 

3 Clam/oyster fishery  

4 River fishery using variety of gears 

5 Creek fishery using variety of gears 

6 Floodplain agriculture producing maize, cassava and vegetables 

7 Crab (trapping) fishery  

8 Fish trade 

9 Water transport/haulage of goods 

 

 

 

 

 

Table 1.16 Pre-dam fishery related livelihood avenues (continuation) 
Location No. Livelihood avenues 

Volivo 

1 River Fishery using variety of gears 

2 Creek/pond fishery using variety of gears 

3 Clam/oyster fishery  

4 Floodplain agriculture producing cassava, sugarcane, vegetables and fruits 

5 Fish trade  

  

Kpong  1 Clam/oyster, prawns and other shell fishery  

2 Water transport/haulage of goods 

3 River Fishery using variety of gears 

4 Creek fishery using variety of gears 

5 Ceramics (pottery) 

3 Floodplain agriculture producing maize, sugarcane, cassava, plantain and vegetables 

Amedeka 

    

1 Clam/oyster fishery  

2 River Fishery using variety of gears 

3 Creek fishery using variety of gears 

4 Floodplain agriculture producing maize, cassava and vegetables 

5 Warehousing of goods 
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6 Fish trade 

7 Water transport/haulage of goods 

Mepe 

    

1 Clam/oyster and other shell fishery  

2 River fishery using variety of gears 

3 Creek fishery using variety of gears 

4 Floodplain agriculture producing maize, cassava and vegetables 

5 Fish trade 

6 Water transport/haulage of goods 

Adomi/Atimpoku  

    

1 Clam/oyster fishery  

2 River fishery using variety of gears 

3 Creek fishery using variety of gears 

4 Floodplain agriculture producing maize, cassava and vegetables 

5 Fish trade 

6 Water transport/haulage of goods 

Source: Filed data compiled by team 

Post-dam situations of livelihoods revealed by communities (Table 3.1.15) exemplify environmental 

change shaping livelihood routes as clam/oyster/prawn or shell fish in general, became prominently 

absent or lost as one moves away from Ada. Similarly, the proliferation of aquatic weeds and the 

formation of sandbar across the estuary became important reasons adduced for the loss of this 

livelihood source. It is worth noting that fishing and farming in the Lower Volta area, cannot be said 

to be completely lost. Indeed, fishing was reported to be an all year round activity which is undertaken 

on a daily basis. The concerns of the communities about creek and mainstream fishery are about the 

dwindling quantities and the diversity of their catches and the limitations posed to the usage of certain 

gears by post-dam environmental conditions. They mentioned specific riverine fish species as being 

missing in their catches post-dam construction. Among reasons adduced for these predicaments were 

altered flow rate of freshwater downstream, aquatic weed proliferation and poor incursion of seawater 

into the river at high tides.  These complaints could be expected because the livelihoods of many rural 

folks are based on the natural resource endowments within their immediate surroundings and that 

environmental change affects livelihood trajectories is widely accepted (Tsikata, 2012; Kinsey 2002; 

Ellis, 2001). The loss of water transportation and haulage of goods was also of concern to most of the 

communities. According to them the once cheap and reliable river transportation between towns and 

village had been eliminated. 

 

Table 1.17 Livelihoods lost or gravely affected following the commissioning of the dams 
Location No. Livelihood sources lost or gravely 

affected 

Reasons adduced by participants 

Pediatorkope 

(Big Ada) 

1 River Fishery using variety of gears Weeds proliferation and altered flow of freshwater into the sea 

2 Creek fishery using variety of gears Weed infestation of creeks 

3 Estuary fishery using variety of gears Sandbar formation and distortions in tidal flows 

4 Floodplain agriculture Soils becoming increasingly saline and unfertile 

5 Palm tapping and alcohol distillation Salinity and proliferation of Neem trees 

6 Fish trade  Low fish yields and reduced variety of elements in catches 

7 Trade in fuel wood (red and white 

mangrove)  Decimation of mangrove population 

  

Adidome  1 Clam/oyster fishery  Distortions in the flow of freshwater and loss of breeding sites   

2 River Fishery using variety of gears Weed infestation and destruction of breeding sites of fishes 

3 Creek fishery using variety of gears Reduced inflow from flooded river and weed infestation 
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4 Floodplain agriculture 

Loss of fertile floodplains and termite infestation of current 

farmlands 

Sokpoe 

    

1 Clam/oyster fishery  Reduction of inflow of saline water 

2 River Fishery using variety of gears Disturbances of the ecosystem due to restricted flows  

3 Creek fishery using variety of gears Reduction in volumes and disturbances of the ecosystem 

4 Floodplain agriculture Influx of aquatic weeds  

5 Cattle breeding Loss of luxuriant fodder grazed upon by cattle 

6 Fish trade Low fish yields and diversity in catches of fishers 

7 Water transport/haulage of goods Physical barrier posed by the dam structures 

Anyanui 

    

1 Crab (trapping) fishery  Reduction in natural food in both fresh and marine waters 

2 Estuary fishery using variety of gears Disturbance of the environment due to formation of sandbar 

3 Creek fishery using variety of gears Drying of creeks due to low inflows 

4 Floodplain agriculture  Increased salinity of soils  

5 Water transport/haulage of goods Drying of creeks 

Agordome 

    

1 Pottery Creeks drying up making it impossible to exploit clay deposits 

2 Reed mat weaving Creeks drying up reduced growth of reeds 

3 Clam/oyster fishery  Aquatic weed proliferation 

4 River fishery using variety of gears Aquatic weeds proliferation 

5 Creek fishery using variety of gears Drastically reduced influx of adequate water to sustain creeks  

6 Crab (trapping) fishery  Sand lining of beaches washed away 

7 Water transport/haulage of goods Physical barriers posed by the dam structures 

Source: Filed data compiled by team 

 

 

 

 

 

Table 1.18   Livelihoods lost or gravely affected following the commissioning of the dams 

(continuation) 
Location No. Livelihood sources lost or 

gravely affected 

Reasons adduced by participants 

Volivo 

1 

Clam/oyster/shrimp fishery 

Destruction of breeding sites and aquatic weed 

proliferation 

2 Creek/pond fishery using variety 

of gears Weed infestation of creeks 

3 River Fishery using variety of 

gears Weeds proliferation and altered flow of water 

4 Floodplain agriculture No influx of nutrient-rich top soils from seasonal floods  

  

Kpong 1 Clam/oyster/prawn and other shell 

fishery Distortions in flow of water and pollution from industry 

2 River Fishery using variety of 

gears 

Weed infestation and destruction of breeding sites of 

fishes 

3 Ceramics Inundation of clayey lands by water permanently 

3 Creek fishery using variety of 

gears Serious weed infestation of creeks 

      

4 Floodplain agriculture Permanent inundation of floodplains  

Amedeka 

    

1 Clam/oyster fishery  Reduction of inflow of saline water 

2 River Fishery using variety of 

gears Disturbances of the ecosystem due to restricted flows  
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3 Creek fishery using variety of 

gears Reduction in volumes and disturbances of the ecosystem 

4 Floodplain agriculture Permanent inundation of lands and aquatic weed influx  

Mepe 

    

1 Clam/oyster/prawn and other shell 

fishery Distortions in their preferred habitats 

2 Creek fishery using variety of 

gears Persistent low annual inflows 

3 River Fishery using variety of 

gears Disturbances of the ecosystem due to restricted flows  

4 

Floodplain agriculture  

Absence of annual flooding and its attendant fertile top 

soil 

5 Water transport/haulage of goods Drying of creeks that act as passages 

Adomi/Atimpoku  

    

1 Clam/oyster/prawn and other shell 

fishery Aquatic weed infestations of their preferred habitats 

2 River fishery using variety of 

gears Aquatic weeds proliferation and reduced flow of water 

3 Flood plain farming Low inflow of alluvial materials 

    

Source: Filed data compiled by team 

With the exception of Big Ada, where a post dam livelihood source, attributable to ecological factors, had 

reportedly evolved (Table 3.1.18), all other interventions notably, fish culture in cages, water based tourism, 

irrigation agriculture and textile industry benefited the proprietors of these businesses who invariably do not 

live in the area and repatriated their profits elsewhere. According to them only few inhabitants benefit as 

employee from these avenues. Clearly the skills and capital involved in venturing into these avenues were 

beyond the means of many inhabitants. Indeed, none of the recent studies of the Lower Volta have suggested 

that there have been improvements in livelihoods. They have instead confirmed continuing environmental and 

socioeconomic problems with adverse impacts on livelihoods (Tsikata, 2012; Amoah et al. 2008; Yeboah, 

1999; Geker, 1999). Thus, one of the aims of the Lower Volta Environmental Impact studies conducted was 

to identify measures that would lead to the revival of the creek fisheries, clam industry, agriculture and health 

(Yeboah, 1999). While farming in the Lower Volta has changed from being flood-based to rain-fed, it had not 

recovered from its post dam decline because of the unreliability of rainfall and the decline in soil fertility. 

Table 1.19 Livelihood avenues evolved following the commissioning of the dams 
Location No. Livelihood source(s) evolved  Measure(s) suggested by participants to strengthen 

evolved livelihood source(s) Pediatorkope 

(Big Ada) 

1 

Clam/oyster fishery 

Removal of aquatic weeds; prevention of excessive 

influx of seawater 

2 Hook and line fishing Removal of weeds 

3 Water based tourism Removal of weeds and pollution control 

  

Adidome  1 Nil Nil 

Sokpoe 

    

1 Fin fish culture in cage and 

pens Provide subsidized inputs 

2 Irrigated farming of vegetables 

and fruits 

 

 

Train youth; provide inputs to enhance small-scale 

activities; 

3 Sand winning Supervise to ensure sound exploitation 

Anyanui 
    

1 Nil Nil 

Agordome 
    

1 Nil Nil 

Volivo 
    

1 Nil Nil 
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Kpong 
    

1 Nil Nil 

Amedeka 
    

1 Nil Nil 

Mepe 

    

1 Fin fish culture in cage and 

pens  

 

Provide subsidized inputs to reduce costs involved; 

Train youth and provide inputs for small-scale 

activities; 

Adomi/Atimpoku  

    

           

1 

Water based ecotourism 

Hospitality industry players should avoid disposing 

wastes in the water and comply by laid down 

environmental rules and regulations; 

    

2 Cage fish culture 

Improve general sanitation along the beaches and in 

the town; 

          

3 Industries ï textiles, toilet 

rolls, Banana plantations 

 

Factories should comply by environmental 

management measures; Banana plantations should 

reduce effluents and comply by environmental 

management measures; 

Source: Filed data compiled by team 

Some remedial measures suggested by communities (Table 1.18), the popular livelihood avenues mentioned 

for restoration were mainstream (river) and creek fishery enhancement, floodplain farming promotion and 

clam/oyster/shrimp/prawn (shell fishery) regeneration. In this regard, the communities, whilst admitting it 

was impossible without an outside intervention, suggested drastic restructuring of the environment directed at 

addressing the identified livelihood problems or circumventing their current socioeconomic circumstances. 

Interestingly, they also acknowledged that these interventions were beyond the means of their 

respectivedistrict administrative authorities. The measures included but were not limited to the removal of 

aquatic weeds from the main course of the river and creeks, improvement upon the flow rate of the river, 

removal of the sandbar formed at the estuary and controlling pollution of the river. However, the specificities 

of affected communities imply that each community required particular measure(s) and full attention needed 

to be paid to the feedbacks stated in Table 1.19. For example in the peculiar case of Amedeka, the inundation 

of the 57 hectare Aku farmland required due consideration. Similarly, sanitation and pollution controls in the 

relatively bigger settlements ï Sogakope/Sokpoe, Kpong, Atimpoku/Adomi required serious responses. 

Among the people of these communities, it is their anticipation that these interventions will transform their 

financial and economic fortunes. 

 

Table1.20 Livelihood sources prioritized by communities for corrective measures to be 

implemented for restoration/improvement   
Location No. Key Livelihood source(s) Average Score  Rank 

 
Pediatorkope 

(Big Ada) 

 

 

 

 

 

 

 

  1 Estuary and creek fishery improvement 7.8 1 

2 Cassava farming 4.6 2 

3 
Vegetable farming 3.0 3 

4 Crab trapping 2.8 4 

  5 

Water transport/haulage 2.0 5 

 

 

 

 

Adidome 

 

    

1 

 

River and creek fishery improvement 

 

4.5 

 

1 

2 
Staple food (Cassava and maize) farming 3.7 2 

3 
Clam/oyster fishery 3.6 3 

4 
Crab trapping  3.4 4 

   5 
Water transport/haulage 2.0 5 

     



Annual Report 2018  R & D Activities 

CSIR-Water Research Institute 72 

 

 

 

 

        Sokpoe 

                        

1                                                            

Creek and riverine fishery 5.8 1 

2 General farming  4.1 2 

3 
Clam/oyster/shellfish fishery 3.0 3 

4 
Water transport 2.8 4 

5 Cattle rearing 2.0 5 

 

 

 

 

     Anyanui  

    

1 Riverine and creek fishery improvement 6.3 1 

2 
Crab trapping 5.7 2 

3 Water transport 4.0 3 

4 
Flood plains farming of vegetable 3.5 4 

5 Mangrove development 2.0 5 

 

 

 

 

 

    Agordome 

    

1 Creek and riverine fishery 6.8 1 

2 General farming 5.5 2 

3 Clam/oyster/shellfish fishery 4.0 3 

4 Water transport 3.0 4 

5 Water based ecotourism 2.0 5 
Source: Filed data compiled by team 

 

Table1.21 Livelihood sources prioritized by communities for corrective measures to be 

implemented for restoration/improvement (continuation)   
Location No. Key Livelihood source(s) Average Score  Rank 

 

Volivo 

 

 

 

 

 

 

 

  1 River and creek fishery improvement 7.3 1 

2 
Clam/oyster/shell fishery 4.8 2 

3 
Floodplain agriculture 4.7 3 

4 
Water transport/haulage 2.8 4 

  5 
Crab trapping 1.5 5 

 

 

 

 

Kpong 

 

    

   1 
Staple food (Cassava, maize, rice) farming 5.5 1 

2 
River and creek fishery improvement 4.9 2 

3 
Clam/oyster/prawn/shell fishery 2.6 3 

4 
Water transport/haulage 1.4 4 

   5 
Pottery 1.0 5 

 

 

 

 

 

Amedeka 

    

                        

1                                                            

Staple food (Cassava, maize, rice) farming  11.6 1 

2 
Creek and riverine fishery 6.8 2 

3 
Clam/oyster/shellfish fishery 4.7 3 

4 
Water transport 1.6 4 

   5 

Crab trapping 1.0 5 

 

 

 

 

 

    

1 Clam/oyster/shellfish fishery 8.9 1 

2 
Riverine and creek fishery improvement 5.4 2 
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Mepe 

3 

Flood plains farming of vegetable and 

staple crops including rice 

2.5 3 

4 
Water transport 1.6 4 

5 
 Water based ecotourism 1.0 5 

 

 

 

 

 

Adomi/Atimpoku  

    

1 Creek and riverine fishery 10.9 1 

2 
General farming 5.8 2 

3 
Water transport 4.9 3 

4 
Crab trapping 3.5 4 

5 Clam/oyster/shellfish fishery 2.0 5 

Source: Filed data compiled by team 

The above measures were seen by the communities as a panacea to address their difficulties however, 

from a pessimistic standpoint, one could submit that the development of cottage based agroindustry 

on the models mentioned (Table 3.1.20) through transfers of available technologies and appropriate 

resource allocations could improve the livelihood avenues of the inhabitants of the communities on a 

sustainable basis. For instance, various demonstrations had been held to show communities in the 

Lower Volta basin area the processes involved in using the aquatic weeds removed from the river/lake 

for mat weaving (Ofori, 2000) and composting (Annang, 2008). Whilst many participants 

acknowledged mat weaving from reeds as a feasible means of making a livelihood, the potential of 

compost making from aquatic weeds was not equally appreciated during the study, though various 

demonstrations had been held to show communities in the Lower Volta basin area the processes 

involved in using the weeds for compost. These communities accepted that composting could enhance 

soil nutrients, agricultural lands and rejuvenate such lands/soils for increased food production in an 

environmentally-friendly manner. Composting, using aquatic plants can be done at different levels; 

small-scale at community/household levels for subsistence farming or on commercial scale (Annang, 

2008). But surprisingly, it was only in one community ï Kpong - that it came up as a potential 

livelihood source. Perhaps this is due to the current weed removal effort on-going at Kpong and the 

realization by the people that commercial farming outfits actually purchased the material removed for 

composting and usage in producing organic fruits. Thus, the mention of this source came up because 

immediate financial returns to be derived were real to them. Efforts to extend this to other communities 

are recommended. 

 

 

 

Table1.22: Prioritized  remedial measures suggested by communities 
Location Key livelihood avenue(s) to 

restore 

Community suggested remedial measures  

Pediatorkop

e (Big Ada) 

Estuary and creek fishery 

improvement 

1. Dredge estuary; 

2. Remove aquatic weeds from main water course and blocked 

creeks; 

3. Improve flow of nutrient rich freshwater downstream; 

 

Cassava farming 

Vegetable farming 

Adidome River and creek fishery improvement 1. Improve flow of nutrient rich freshwater downstream; 

2. Remove aquatic weeds from blocked creeks; 

 Staple food (Cassava and maize) 

farming 

Clam/oyster fishery 

Sokpoe Creek and riverine fishery 1. Improve flow of nutrient rich freshwater downstream; 

2. Remove aquatic weeds from blocked creeks; 

3. Dredge sandbar at estuary; 

 

General farming  

Clam/oyster/shellfish fishery 
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Anyanui Riverine and creek fishery 

improvement 

1.Improve flow of nutrient rich freshwater downstream; 

2. Dredge sandbar at estuary and erect defence wall; 

3. Remove aquatic weeds from blocked creeks; Crab trapping 

Water transport 

Agordome  1.Provide of small-scale irrigation facilities; 

2.Strengthen of beach of Agordome to enhance water based ecotourism; 

3.Remove aquatic weeds from blocked creeks; 
Creek and riverine fishery 

General farming 

Clam/oyster/shellfish fishery 

 

Source: Filed data compiled by team 

 

 

 

 

 

 

 

 

 

 

 

Table 1.23.: Prioritized  remedial measures suggested by communities (continuation) 
Location Key livelihood avenue(s) to 

restore 

Community suggested remedial measures  

Volivo River and creek fishery improvement Remove aquatic weeds from main water course and blocked creeks; 

Dredge river banks around Volivo; 

Improve flow of nutrient rich freshwater downstream; 

 

Clam/oyster/shell fishery 

Floodplain agriculture 

Kpong 

 

Staple food (Cassava, maize, rice) 

farming 

Remove aquatic weeds; 

Control pollution/waste disposal into the Akosombo - Kpong stretch of 

the Volta Lake; 

Reduce volume of water behind Kpong dam; 

Increase tree cover and create buffer zones; 

River and creek fishery improvement 

Clam/oyster/prawn/shell fishery 

 Amedeka  

Staple food (Cassava, maize, rice) 

farming  

1.Drain of the 57- hectare inundated farmland of Amedeka (known as 

Aku); 

2. Improve flow of nutrient rich freshwater downstream; 

3. Comply with an earlier promise to recycle outflowing water; 
Creek and riverine fishery 

Clam/oyster/shellfish fishery 

 

 

 

Mepe 

 

 

Clam/oyster/shellfish fishery 1. Dredge sandbar at estuary; 

2 .Remove aquatic weeds from main water course and blocked creeks; 

3. Improve flow of nutrient rich freshwater downstream; 

4. Compost aquatic weeds removed for farming purposes; 

Riverine and creek fishery 

improvement 

Flood plains farming of vegetable and 

staple crops including rice 

Adomi/Atim

poku 
 1. Remove aquatic weeds from blocked creeks; 

2. Provide appropriate inputs and skills for deep water fishing; 

3. Increase tree coverage and create buffer zone along the banks of the 

lake; 

4. Control pollution and ensure sanitation in the town and along the 

beaches. 

Creek and riverine fishery 

General farming 

Water transport 

 

Source: Filed data compiled by team 
 

Water/fishery related alternative livelihood avenues suggested by communities for promotion are 

presented in Table 6.0. Efforts to perfect and transfer shell fish culture of native species of the Volta 

Clam, Galatea paradoxa (Ofori-Danson and Amoah, 1999) and the Pink Shrimp, Penaeus notialis 
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(Atsu and Akorlor, 1999) in pond should be encouraged to support a future industry based on these 

species. In the interim, however, the cultivation of the commercial Tiger Shrimp, Penaeus monodon 

that is currently present in our waters must be exploited to create the basis for the industry. Also, 

homestead crab culture of lagoon-land crab (Ofori et al, 2008 and Addo et al, 2008) is remarkable and 

deserving further thought as a livelihood avenue in the Lower Volta Basin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.24 Prioritized Water/fishery related alternative livelihood avenues suggested by 

communities for promotion  
Location Rank Livelihood intervention to promote 

Pediatorkope 

(Big Ada) 

1 Shell and finfish culture 
2 Irrigated agriculture to support vegetable and fruit farming  

  

Adidome  1 Irrigated agriculture to support vegetable and fruit farming  
2 Finfish culture 
  

Volivo 

1 Cage/pen as well as pond fish culture 

2 
Livestock raising 

  

Kpong 

1 Cage/pond culture of fin fish 
2 Water storage upland for farming purposes 
3 Composting aquatic weeds for agricultural purposes 

Adomi/Atimpoku  

  

1 Sugarcane cultivation 
2 Vegetable farming 
3 Water transport 
  

Sokpoe 
  Nil 

  

Anyanui 

    

1 Culture estuarine shell and fin fish fishery 
  

Mepe 

  

1 Integrated fish-vegetable farming models 

  

Amedeka 
  

1 Cage and pen as well as pond fish culture 
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2 Sand winning 

Agordome 

    

1 Water based ecotourism 

2 Irrigation to facilitate small-scale farming 

3 Cage/pen as well as pond fish culture  

4 Agroforestry using cashew and other suitable species 

  

Source: Filed data compiled by team 

 

 

CONCLUSIONS AND RECOMMENDATIONS  

Theconstruction of dams across the Volta River had no doubt influenced a number of livelihood 

avenues anchored on fishing and floodplains farming in the Lower Volta Basin area. One of the 

thriving livelihood activities reported extensively existing during the pre-dam construction phase but 

completely lost in many locations post-dam phase was shellfish fishery. This comprised of 

clam/oyster, shrimp, prawn and crab trapping. On finfish fishery, dwindling catches in terms of 

quantity and diversity as well as the inability of fishers to use specified gears and practices were major 

concerns. On the farming front, the cessation of the annual floods that left behind alluvial deposits rich 

in nutrients used for drawdown cropping of varieties of staples and vegetables, were the misfortunes 

of inhabitants.   

 

Proliferation of weeds, alteration of the flow rate of the river and the build-up of sandbar at the estuary 

of the river were mentioned among others as culpable for these shortcomings. Consequently, the 

removal of aquatic weeds from the main course of the river and creeks, improvement upon the flow 

rate of the river, removal of the sandbar formed at the estuary and controlling pollution of the river 

were mentioned as the solutions to their difficulties.     

Post-dam intermediations notably, hospitality and water based tourism, fish culture in cages, irrigation 

agriculture and textile industry have not trickled down to the ordinary folks confirming assertions of 

recent studies that none of the recent interventions in the Lower Volta have led to improvements in 

livelihoods. 

 

Cottage based agroindustry modelled on small-scale basis for shell and finfish culture, irrigated 

farming, composting, livestock rearing and agroforestry practices supported by transfers of available 

technologies and appropriate resource allocations could improve the livelihood avenues of the 

inhabitants of the communities on a sustainable basis. 

 

3.1.18. Keta& Ada Wetland Resources & Livelihoods Project (TCP/GHA3604) 

 

(Project Staff: Francis K. Y.  Amevenku) 

 

Promoting and Enhancing Sustainable Management of Wetland Resources for better Ecosystem 

Services and Resilient Livelihoods of Keta and Ada Coastal communities is a project that aims 

ataddressing issues militating against lagoons through a holistic approach with the overall goal of 

enhancing the management of lagoon resources while promoting livelihood options and resiliency of 

Keta and Ada Coastal community dwellers.  The objectives of the current project are: 
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1. To increase and improve provision of goods and services from agriculture, forestry and fisheries in 

a sustainable manner; 

2. To reduce rural poverty. 

It is foreseen that, through achieving these project objectives, Ghana will be contributing to the Food 

and Agriculture Organizationôs Strategic Framework of ensuring sustainable management of natural 

resources while at the same time ending hunger.  

During the reporting period, no major activity involving the CSIR WRI team was undertaken. 

Some Major Constraint include delay in the signing of Letters of Agreement between the Food and 

Agriculture FAO, Ghana, on one part, and the CSIR WRI on the other hand. Contacts to assigned 

personnel at the FAO were unresponsive thus, it has been difficult for the Institute to be proactive in 

the activities of the project. 

 

 

3.1.1.9: Assessment of metal levels and organic compounds in vegetables/foodstuff sold around 

e-waste sites in Ghana 

 
(Project staff: Dr. Kwadwo Ansong Asante, Mr. William Ekow Arko and Mr. Samuel Obiri of BRRI. )  

The objective of the study is to assess the levels of metals, polychlorinated biphenyls and 

organochlorine pesticides from vegetables/food stuff sold around e-waste sites at Agbogbloshie 

(Accra) and Kumasi to evaluate the likelihood impact on human health. 

Sampling is designed quarterly for one year (4 quarters). The second sampling was undertaken in 

December, 2018 and analyses are currently on-going. 

 

3.1.1.10: Assessment of the levels of Polycyclic Aromatic Hydrocabons (PAHs) in óWeleô- A 

commercially important cowhide from selected market centres in Tema-Ashaiman and Accra 

Metropolis. 
 

(Project Staff: Dr. Collins Tay, Saada  Mohammed, Dr. Louis Doamekpor, Grace Dartey, Richard Kuddy, 

Emmanuel Fianyaglo, Mavis Mawuena.) 
(Collaborating Agencies: Department of Chemistry, University of Ghana, Legon) 

 

One of the oldest and most common ways of preserving meat and meat products for consumption is 

smoking. Smoking is used to conserve meat for longer period of time before consumption. Smoking 

of meat is done mainly for the purpose of dehydration and to incorporate antibacterial properties of 

phenols and other chemicals into the meat (Wikipedia Contributors.; 2018). This gives the meat and 

meat products higher shelf lives and prevents microbes and enzymes from causing food decay. 

However, smoking is associated with, incomplete combustion which introduces toxic organic 

compounds such as PAHs on to the smoked meat and meat products and it is believed to originate 
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from the fire and smoke rather than from heat-induced reaction in the foods (Garrigues et. al, 1987). 

According to Dennis et al., (1984), smoked products contain the highest PAHs. However, due to 

interaction with light and other compounds in the environment, the concentration of PAHs in smoked 

products may decrease due to photochemical decomposition (Simko et al., 1991). Notwithstanding, 

PAHs are also known to permeate into smoked meat and meat products once formed, hence escape 

decomposition by light. Due to their mutagenicity and carcinogenic nature, PAHs have been 

extensively researched worldwide (Andrée et al., 2010). Worldwide Organizations such as the US 

Agency for Toxic Substances and Disease Registry (ATSDR, 2009), the International Agency for 

Research on Cancer (IARC, 2005), the Department of Health and Human Services (DHHS), the 

National Occupation Safety and Health Administration (OSHA, 2010) and the U.S Environmental 

Protection Agency, have been able to demonstrate the carcinogenic nature of PAHs in humans and 

experimental animals. 'Wele' is produced from the skin of a cow. The cowhide is burnt at very high 

temperatures. This gets rid of all the hair and fur on the skin and also softens the hide for easy 

consumption. The process by which cowhide is burnt is called the singeing process. It is important 

that all the hair are burnt off the cowhide for safe and easy consumption. During the singeing process, 

different types of fires generated from wood can be used for the burning process. In the olden days, 

people relied on firewood as the source of fuel for burning hairs off the skin of slaughtered animals. 

Currently, the high-cost of firewood has led to the use of worn-out car tyres, scraps, discarded 

electronic devices, engine oil, plastic and organic rubbish, etc. as source of fuel to generate heat for 

the singeing process of slaughtered animals (Obiri-Danso et. al., 2008).  Some small percentage of 

processors of wele for commercial purposes also rely on methane gas as source of fuel for the burning 

process. According to Obiri-Danso et. al., (2008), local butchers in Ghana asserted to the claim that, 

the flame produced during the burning of the scraps, lorry tyres etc. were of much intensity than that 

of firewood and the cost of acquiring them were relatively cheaper. They also claimed that, these fires 

did not break the hide but rather burnt off all the hairs from the skin of the animal conveniently. It is 

therefore generally common in Ghana amongst the processors of wele for commercial purposes to 

process it using worn-out car tyres and thus, the end products which is commercially available for 

consumption in the market centres are suspected to contain high levels of probable human carcinogens.  

It is in line with this background that, this project seeks to assess and compare the levels of 

contamination as well as examine the main sources of PAHs using molecular ratios of some specific 

hydrocarbons and their probable potential human carcinogens in some selected markets within the 

Tema-Ashaiman and Accra Metropolis. 

 

MATERIALS AND METHODS  

During reportingperiod, a total of twenty-seven (27) samples of commercially-important cowhides 

(Wele) were bought from four different markets in the Accra metropolis. The markets are Mallam Atta 

(Malata) market, Accra Central market, Agbogbloshie market and Odawna (Nkrumah Circle) market. 

Sampling was carried-out between November 2018 and February 2019. For each market, four samples 

were bought from four different vendors located at different points within the market,. The samples 

were wrapped in aluminum foils with sample identification codes. The Global Positioning System 

(GPS) Coordinates were determined for each sampling point. The samples were then stored on ice in 

an ice-chest and transported to the Organic section of the Environmental Chemistry and Sanitation 
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Engineering of the Council for Scientific and Industrial Research-Water Research Institute (CSIR-

WRI) at Accra, where they were stored in a refrigerator at -19°C until analysis. The major constraintof 

this project is the availability of funds to enable us cover other markets within the Tema-Ashaiman 

and Accra Metropolis for a comprehensive assessment of the probable human carcinogens associated 

with the consumption of commercially available wele in the Ghanaian Markets. 

 

RESULTS AND OUTPUTS:  

ThePAHdominanceisinorder of: In(1,2,3-cd) 

PιFluιAntιPAιPyrιChrιB(a)AιB(B)FιB(a)PιAcPyιFlιB(GHI)PιB(k)FιNapιAcpιDB(ah)A.T

he total PAHs in Wele from the Accra Central Market ranged336-802.0µg/kg with significant lower 

molecular weight PAHs (LMW-PAHs) with 2-4 rings and higher molecular weight PAHs (HMW-

PAHs) with 5-6 rings. The total PAHs in Wele from the Malata Market ranged290.0 ï 1.041.0µg/kg 

with significant lower molecular weight PAHs (LMW-PAHs) with 2-4 rings and higher molecular 

weight PAHs (HMW-PAHs) with 5-6 rings. The total PAHs in Wele from the Agblogbloshie Market 

ranged 287 ï 887 µmg/kg with relatively lower molecular weight PAHs (LMW-PAHs) with 2-4 rings 

and higher molecular weight PAHs (HMW-PAHs) with 5-6 rings. The total PAHs in Wele from the 

Kwame Nkrumah Market ranged 435 ï 2377µg/kg with significant lower molecular weight PAHs 

(LMW-PAHs) with 2-4 rings and higher molecular weight PAHs (HMW-PAHs) with 5-6 rings. The 

total PAHs in Wele from the Tema market ranged 134 ï 1406 µmg/kg with significant lower molecular 

weight PAHs (LMW-PAHs) with 2-4 rings and relatively lower molecular weight PAHs (HMW-

PAHs) with 5-6 rings. The total PAHs in Wele from the Ashaiman Market ranged314 ï 1589 µg/kg 

with varied lower molecular weight PAHs (LMW-PAHs) with 2-4 rings and higher molecular weight 

PAHs (HMW-PAHs) with 5-6 rings.he total PAHs in Wele from the Tema Newtown Market ranged 

512 ï 1428 µg/kg with varied lower molecular weight PAHs (LMW-PAHs) with 2-4 rings and higher 

molecular weight PAHs (HMW-PAHs) with 5-6 rings. Fig 3.1.21 presents the Lower Molecular 

Weight (LMW) and Higher Molecular Weight (HMW) PAH dominance in commercially available 

wele in the selected markets in Accra. Fig1 shows that, there are significant higher molecular weight 

PAHs in commercially available Wele in the selected markets.  Fig 3.1.22 presents the Lower 

Molecular Weight (LMW) and Higher Molecular Weight (HMW) PAH dominance in commercially 

available wele in the selected markets in Accra. These results suggests human health effects due to 

carcinogenicity of the seven common PAH compounds identified by the USEPA (1993) as óóprobable 

human (Group B2) carcinogensôô 
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 Fig 3.1.22: Lower Molecular Weight (LMW) and Higher Molecular Weight (HMW) PAH  

          dominance in commercially available wele in some selected markets in Accra. 

 
Fig 3.1.23: Lower Molecular Weight (LMW) and Higher Molecular Weight (HMW) PAH 

Dominance in commercially available wele in some selected markets in the Tema-Ashaiman Metropolis. 

According to the US National Academy of Science (1972), strongly carcinogenic PAH compounds 

include benzo(a)pyrene [B(a)P], benzo(b)fluoranthene [B(b)F] and dibenzo(a,h)anthracene 

[DB(ah)A]. B(a)P contents in wele from the four market centres  in Accra ranged 121 ï129.0µg/kg 

benzo (b)fluoranthene [B(b)F] contents ranged 114.0 -126.0.µg/kg, and dibenzo(a,h)anthracene 

[DB(ah)A] contents in wele ranged from below detection to 132 µg/kg, while, results show that, wele 

from the Ashaiman- Tema area did not contain dibenzo(a,h)anthracene [DB(ah)A]  while,  B(a)P 

contents ranged 120 ï 128 µg/kg and benzo (b)fluoranthene [B(b)F] contents ranged 108 -131µg/kg. 

These results suggest that, in terms of carcinogenicity, commercially available wele within the 

GreaterAccra Region can be considered as highly moderate carcinogenic and therefore possses threats 

to consumers.  

Source analysis using molecular ratios of some specific hydrocarbons show that, the Flu/Pyr ratios in 

wele from the Accra Central Market could not be calculated since both PAH compounds were not 

detected. The Flu/Pyr ratios for MA-200 and MA-202 were 1.68 and 1.64 respectively, suggesting 

that, the sources of PAHs are characteristics of pyrolitic origin. Similarly, the Flu/Pyr ratios for NK-

502 and NK-503 were 2.0 and 2.4 respectively, suggesting that, the sources of PAHs are characteristics 

of pyrolitic origin while, the Flu/Pyr ratio for NK-501 was 0.95, suggesting a petrogenic origin. The 
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Flu/Pyr ratio for AM-212 was 1.75, suggesting a pyrolitic origin, while, the Flu/Pyr ratios for AM-

210, AM-211 and AM-213 were not determined either fluoranthene or pyrene for these samples were 

not determined.  The Flu/Pyr ratios in T-1, T-2, T-3 and T-4 were 0.88, 1.8, 0.87 and 1.0 respectively, 

while, Flu/Pyr ratios in A-1, A-3 and A-4 were 1.64, 1.32 and 1.76. The ratios of Flu/Pyr in TN-2, 

TN-3 and TN-4 were 3.9, 3.7 and 0.92. This suggests that, the sources of PAHs in wele from the Tema-

Ashaiman Metropolis are characteristics of both pyrolytic and petrogenic origins. The Flu/Pyr ratios 

for A-2 and TN-1were not calculated because either fluoranthene or pyrene for these samples could 

not be determined.    

Similarly, PA/Ant ratios for MA-200, MA-201 and MA-202 were 0.93, 0.9 and 0.92 respectively, 

while, AC-221 had PA/Ant ratio of 0.51, NK-501and NK-503 had PA/Ant ratios of 0.95 and 0.93 

respectively. The study also shows that, AM-212 and AM-213 had PA/Ant ratios of 0.93 and 0.94 

respectively. The PA/Ant ratios for T-1, T-2 and T-3 were 0.90, 0.94 and 0.91 respectively, while the 

PA/Ant ratios for A-3 and A-4 were 0.85 and 0.93 respectively. The PA/Ant ratios for TN-2, TN-3 

and TN-4 were 0.93, 0.95 and 0.92 respectively.  The PA/Ant ratios for T-4, A-2, A-3 and TN-1 were 

not calculated because either phenanthrene or anthracene for these samples could not be determined. 

These PA/Ant ratios are all < 10 suggestive of petrogenic sources. Thus, the PAHs in commercially 

available wele from the selected market centres within the Tema-Ashaiman and Accra Metropolis 

could mainly petrogenic.This could due to the processing methods and petroleum /organic heat 

sources.  

Results from this study also showed that the sum of the seven carcinogenic PAHs (×7c-PAHs) ranged 

114.0 ï 131 µg/kg in commercially available wele in the markets in Accra, while, sum of the seven 

carcinogenic PAHs (×7c-PAHs) ranged 120.0 ï 703.0µg/kg in commercially available wele in the 

markets within the Tema-Ashaiman Metropolis. The total carcinogenicity represented by the seven 

common PAHs compound as ñprobable human carcinogen for each commercially available wele from 

the selected markets in Accra is presented in Fig 3.1.24. From Fig 3.1.24, NK-501 purchased from the 

Kwame Nkrumah Market is most carcinogenic, while AC-233, AM-211 and AM-213 purchased from 

the Accra Central Market and Agblogbloshie Market are the least carcinogenic.  

 

 
Fig 3.1.24: Human health effects of commercially available Wele in Accra Markets   
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Similarly, the total carcinogenicity represented by the seven common PAH compound as ñprobable 

human carcinogen for each commercially available wele from the selected markets within the Tema-

Ashaiman Metropolis are presented in Fig 3.2.25 From Fig 3.1.26, T-1  and A-3 purchased from the 

Tema and Ashaiman Markets respectively were the most carcinogenic, while, T-2 and T-4 purchased 

from Tema, A-4 purchased from Ashaiman and TN-1, TN-2  and TN-3 purchased from Tema 

Newtown market had no probable human (Group B2) carcinogens. 

 

 
Fig 3.1.25: Human health effects of commercially available Wele in the Tema-Ashaiman Metropolis. 

 

Comparison of the concentrations of ×7c-PAHs reported in wele from the Accra (range 114 ï 131 

µg/kg) and Tema-Ashaiman (range 120 ï 703 µg/kg) Metropolis the probable human carcinogenic 

PAHs in wele from the Tema-Ashaiman Metropolis are relatively lower and therefore are less 

carcinogenic.  

The study showed that, the total PAHs in Wele from the Accra Central Market, Malata Market, 

Agblogbloshie Market, Kwame Nkrumah Market, Tema Market, Ashaiman Market and the Tema 

Newtown Market ranged 336- 802 µg/kg, 290 ï 1041 mg/kg, 287 ï 887 µg/kg, 435 ï 2377 µg/kg,134 

ï 1406 µg/kg, 314 ï 1589 µg/kg  and 0512 ï 1428 µg/kg  respectively with varied lower molecular 

weight PAHs (LMW-PAHs) with 2-4 rings and higher molecular weight PAHs (HMW-PAHs) with 

5-6 rings. Source analyses using molecular weight of specific hydrocarbons show that, the sources of 

PAHs in commercially available wele from the selected market centres within the Tema-Ashaiman 

and Accra Metropolis primarily petrogen.  The results further showed that the sum of the seven 

carcinogenic PAHs (×7c-PAHs) ranged 114 ï 1310.1 mg/kg in commercially available wele in the 

markets in Accra, while, sum of the seven carcinogenic PAHs (×7c-PAHs) ranged 120 ï 703µg/kg in 

commercially available wele in the markets within the Tema-Ashaiman Metropolis. 

 

3.2 CLIMATE CHANGE, ENVIRONMENTAL MANAGEMENT AND GREEN 

TECHNOLOGY  

 

3.2.1:. POLLUTION AND WASTE MANAGEMENT  

 

3.2.1.1 Water Infrastructure Solutions from Ecosystem Services Underpinning 

ClimateResilient Policies and Programmes (WISE-UP to Climate) 
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(Project research and technicalstaff: Dr. Emmanuel Obuobie (Project Coordinator), Dr. K. Kankam-

Yeboah, Dr. E. Obeng-Bekoe, Dr. Barnabas Amisigo, Mr. Frederick Logah, Ms. Sylvia Amponsah, and Mr. Frank 

Oblim) 

Collaborating agencies: International Union for Conservation of nature (IUCN), University of Nairobi (ACCES), 

International Water Management Institute (IWMI), Basque Centre for Climate Change (BC3), Manchester 

University (MoU), and Overseas Development Institute (ODI) 

The objective of the project is to increase adaptive capacity in the Volta basin through recognition and 

inclusion of ecosystem services provided by natural infrastructure in investment strategies for climate 

change adaptation and through optimization with built infrastructure planning and development. 

The project ended in June 2018 after 4 and half years of implementation. Activities executed in the 

reporting period were (a) field visit for data collection and maintenance of hydrological and 

meteorological equipment in the Pwalugu area, and (b) preparation of manuscripts for publication.  

Field visit for data collection and maintenance of equipment: During the reporting period, field visit 

to the project instrumented sites at Pwalugu, Bissigu and Arigu in the Northern and Upper East 

Regions to collect hydrological (streamflow, groundwater level, dam water level and soil moisture) 

and meteorological (e.g. rainfall, temperatures) data from equipment installed at those 

loations.Also,regular maintenance and functionality checks on all the equipment were conducted to 

ensure they were working properly. Two of the soil moisture sensors were not functioning properly 

because their sources of power (dry cells) had gone bad. The batteries were replaced to ensure the 

sensors worked properly. 

Preparation of manuscripts for publication: The CSIR-WRI team contributed to the preparation of two 

manuscripts under this project in the reporting period. The manuscripts were submitted to the Journal 

of Energy Research and Social Science, and the Journal of European Association of Environmental 

and Resource Economics, for publication.  

 

 

3.2.1.2. Surface water ecological studies / monitoring at the Akyem Mine, New Abirem. 
 

Project Staff: Dr. Ruby Asmah, Dr. Kwadwo Ansong Asante, Dr. Mike Osei Atweneboana, Dr. Gloria Addico, Dr. E. 

D.O. Ansa and Mr. Solomon Owiredu. 

 

The main objectives of the study were to assess the ecological status of the water storage dam (WSD) 

and to reduce the density of fish stock in the facility.For water quality assessment, the specific 

objectives were to determine and establish the quality of water in the WSD as well as that of the main 

sources of water to the WSD; namely the Pra and Mamang Rivers;  water from pit dewatering and 

how these vary seasonally.The study also determined the quality of sediment in the WSF and the Pra 

and Mamang Rivers and how these vary seasonally. 
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Findings on the water quality aspect of the work was as observed in the other previous sampling 

campaigns, the pH values of the WSD in the wet season monitoring were slightly above neutral, 

ranging from 7.16 pH units (Site 1, bottom) to 7.62 pH units (Site 3, surface). The measured WSD pH 

values fell within EPA range and are therefore acceptable. The pH values have remained fairly stable 

over the period of investigation. Temperatures varied between 27.1°C and 28.1°C, and these values 

were lower than values reported for the dry season in the WSD. It must however be noted that the 

season and time of sampling accounted for temperatures recorded.  

Turbidity values in the WSD ranged between 15.0 and 19.0 NTU, significantly higher (p< 0.05) than 

the 2018 dry season. Soil erosion in the catchment, surface runoffs and domestic wastes mainly 

contributed to increased turbidity of reservoir. The measured turbidity values in this current sampling 

campaign were however far below the EPA guideline of 75 mg/L and therefore satisfactory. In placing 

the TDS values side by side the EPA guideline value of 1,000 mg/L, low TDS values were encountered 

in the present samples which could be as a result of the low conductivity of the WSD. Concentrations 

of total suspended solids (TSS) ranging between 8.00 and 16.0 mg/L were significantly higher (p< 

0.05) than the 2018 dry season values but below the EPA guideline of 50 mg/L making it satisfactory. 

Chloride was low in concentration and fluoride was not detected at any of the WSD sites as 

predominantly has been the case in previous surveys. The other ions such as calcium, magnesium, 

potassium and sodium were all low in concentrations even in relation to drinking water guidelines. 

Dissolved oxygen concentrations varied between 7.68 and 8.36 mg/L for the surface waters and 0.690 

and 0.940 mg/L for the bottom waters. The WSD therefore seems oxygenated and can support aquatic 

life. BOD values ranged between 2.47 and 7.02 mg/L while COD varied from 33.6 to 48.0 mg/L. Both 

BOD and COD concentrations were far below the respective EPA thresholds of 50 and 250 mg/L and 

therefore satisfactory. Nitrate (0.028 ï 0.243 mg/L) and total phosphorus (0.560 ï 1.21 mg/L) 

concentrations were low when placed alongside the EPA guidelines of 50 and 2 mg/L, respectively. 

The sulphate concentrations in the WSD were in the range of 13.1 to 13.6 mg/L but no EPA guideline 

value exists to compare the results with. The low nutrient content could probably be due to its 

utilization as nutrient by the algal community. Free cyanide was not detected at any of the three sites 

in the WSD but total cyanide ranged between 0.006 and 0.028 mg/L, lower than the EPA guideline 

value of 1.0 mg/L. As observed in previous samplings, concentrations of all the analyzed trace metals 

were either low or below the detection limits and hence below the available EPA effluent quality 

guidelines.  
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The pH values of the Pra River fell between 7.21 and 7.49 pH units, while the Mamang River ranged 

from 7.24 to 7.42 pH units with all values falling within the range of 6.0 to 8.5 characteristic of natural 

freshwater bodies. The pH values were also within the WHO range of 6.5 to 8.5 stipulated for drinking 

and domestic uses. Turbidity values (58.0 to 110 NTU) measured for the Pra River and (34.0 ï 41.0 

NTU) recorded from the Mamang River exceeded the water quality guideline value of 5 NTU. The 

total dissolved solids (TDS) values for the Mamang River were between 91.2 and 159 mg/L and the 

Pra River recorded TDS values of 91.8 ï 98.4 mg/L. All the measured values were far below the WHO 

water quality guideline limit of 1,000 mg/L.  

Both rivers measured low nitrate concentrations (0.058 ï 0.186 mg/L from the Pra River) and (0.083 

ï 0.186 mg/L for the Mamang River) with all values falling well below the WHO water quality 

guideline value of 50 mg/L for nitrate. The resuts were comparable with the wet season levels of 2017. 

Sulphate concentrations for both rivers were also far below the water quality guideline value of 250 

mg/L but no EPA guideline exists to compare results with. The DO values for the River Pra ranged 

from 5.65 to 7.25 mg/L and between 4.02 and 6.26 mg/L for the Mamang River. BOD values 

determined for the Pra River were between 2.71 and 3.78 mg/L and for the Mamang River, values 

varied from 2.42 to 6.50 mg/L, comparable with the dry season. Iron and manganese were exceeded 

in all the collected samples from the Pra River while the iron levels at all the three sites of Mamang 

River in addition to the manganese concentration at the Mamang-Pra confluence also exceeded the 

guidelines. Free cyanide was not encountered at any site of the two rivers. However, total cyanide was 

detected in the two rivers but at low levels. For the sediments, only copper at all the three sites of the 

WSD exceeded the available TEC limit. For the Pra River, mercury in the sediments from Ofoase 

Praso and Pumping Station as well as chromium from Ofoase Praso exceeded the TEC values. For 

Mamang, only chromium concentration from the Mamang-Pra confluence was over the TEC value. 

None of the analyzed residues was detected in any of the samples from the WSD, Pra and Mamang 

Rivers. 

3.2.1.3. UNICEF Water Safety Plan- Endline Pilot Study 

 

(Project Staff: Dr. Ebenezer D.O. Ansa, M.O. Akrong, Selorm Borbor and Mohammed Bello) 

Risks assessment of drinking-water safety involving regular monitoring of water quality forms a key 

part of Water Safety Plans (WSP) and this may indicate the effectiveness of a WSP. An endline 

study was conducted to document any changes in water quali ty that has taken place since the 

baseline study of water quali ty was conducted in 2017. The objective was to determine the 
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microbial and residual chlorine concentration of water samples collected in selected communities 

in the Northern, Upper West, Upper East, Volta and Central Regions of Ghana for comparison with 

similar data collected in November, 2017. 

A total of fifteen (15) communities (10 WSP communities and 5 Control communities) were 

sampled for the quality of the sources of their drinking water.Water samples (500mL) were obtained 

from standpipe outlets (after flaming with absolute ethanol to sterilize) and also from households. 

Water samples obtained from these communities were analysed for Residual Chlorine, Total 

Coliform, and Faecal Coliform and Escherichia coli counts. Other relevant information was also 

obtained. 

Water collection points that are not frequently in use as well as those that run intermittently had 

highcoliformcounts. Dosing with the appropriate concentration of chlorine seems to be a challenge 

for the managers of the Water Safety Plan in the pilot communities. Only two (2) water samples out 

of the total of 150 samples (1.3%) hadresidual 

chlorineconcentrationconformingtotheGhanaStandardsAuthorityrecommended minimum value of 

0.2mg/L. Forty-eight (48) water samples representing 32% of all water samples analysed had 

significant (Ó 20cfu/100mL) coliform contamination. This however is an improvement over the 

baseline results which showed 72% of water samples having significant coliform contamination.  

Intervention measures need to be strengthened by increasing knowledgebase on microbial risks. 

Technical Operators of the Water Treatment Systems may need further training in chlorine dosing. 
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Figure 3.2.1.Technicians conducting test on the field.  

 

3.2.1.4 Assessing Impact of the Kpone Landfill on Groundwater Quality  
 

Project Staff: Dr. Franklin Obiri -Nyarko, Dr. Anthony Duah, Mr. Evans Manu, Mr. Ralph Tagoe 

In Ghana, disposal of solid waste in landfills is a common practice as it is the cheapest and easiest way 

of solid waste disposal. These dump sites, however, have the potential of polluting the groundwater 

with an array of hazardous contaminants, especially when the sites are not properly constructed or 

situated on pervious or incompetent geologic material. In this report, a summary of observations made, 

information gleaned from interactions with site operators and managers, and work done so far at the 

Kpone landfill site to assess its impact on soil and groundwater quality during the year under review 

is presented.The principal objective of this study is to investigate the possible impact of the Kpone 

landfill on the quality of the groundwater in the vicinity. The specific objectives are:  

1. To use electrical resistivity (ER) and induced polarization (IP) methods to detect possible 

contamination of the groundwater at the site by the leachate emanating from the waste pile and to 

delineate the vertical and horizontal extent of the contamination.  

2. To perform chemical analyses of the groundwater for assessment of its quality.   For detailed report 

on the various activities undertaken in specific quarters of the year under review, readers are requested 

to refer to the various quarterly reports on this project submitted to the Division.  
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During the year under review, the study site was visited on a number of occasions to undertake a 

number of research activities, including site reconnaissance, levelling, and geophysical survey. The 

reconnaissance survey was performed as an initial activity to familiarize ourselves with the site 

conditions, obtain some information germane to our work, as well as identify structures, operations or 

events that may interfere with the safety of the research team as well as our work on the site. The 

levelling was done to help establish the groundwater flow direction as well as inform the siting of a 

third monitoring well at the site. It became necessary for the latter to be done during the reconnaissance 

survey.  The levelling was done using a level instrument and a handheld Global Positioning System 

(GPS). A suitable reference point was established after which five (5) profile levels were taken on the 

natural ground immediately around the heaped landfill using the level instrument.  Four (4) profile 

levels were also taken perpendicular to the landfill to the fence of the area and one (1) level profile 

was taken parallel to one end of the heaped landfill.  The GPS was also used to establish both the 

positions and elevations of the points. The geophysical investigations using electrical resistivity (ER) 

and induced polarization (IP) techniques in the Schlumberger configuration were carried 

simultaneously out to: help identify a suitable location for drilling a third monitoring well; detect 

possible contamination of the groundwater due to leachate emanating from the waste pile; and to 

delineate the vertical and horizontal extent of the contamination at the site.The resultsachieved so far 

during reconnaissance survey showed that the activities observed being undertaken at the site are 

characteristic of landfill sites. No major challenges to our work vis-à-vis the operations at the site are 

expected to be encountered except interference from the compactors, escalators, dozers, and garbage 

trucks working on the site. The site operators provided us with some information but could not furnish 

us with data on the monitoring wells for our review. These data, together with environmental quality 

standards/guidelines, are to serve as a baseline against which results from our investigations will be 

evaluated. Regarding the deposition, composition and management of waste, pollution of air by gases 

exuding from the waste, and leachate management at the site, the survey revealed that, there is a 

general need for an improvement in the management of waste at the site.  The fig.3.2.2, 3.2.3,3.2.4 

shows the researchers working at the site.  

 



Annual Report 2018  R & D Activities 

CSIR-Water Research Institute 89 

   
Fig 3.2.2: A team member 

observing the leachate 

collecting around the base 

of the waste pile during the 

reconnaissance survey 

Fig 3.2.3. Current working 

surface showing different 

composition of waste dumped 

at the site  

Fig 3.2.4. Team members using the 

level instrument and GPS to 

determine the elevation and 

coordinates of some points at the 

working surface  

 

Figure 3.2.5 below is a Google Earth map of the Kpone Landfill site with a superimposed topographic 

contour map showing the elevations and inferred groundwater flow directions which are indicated by 

the green, blue, and red arrow lines. As shown in Fig. 3.2.5, groundwater flow at the site, as determined 

from the elevation measurements, occurs in three different directions, i.e.toward the North ï Eastern, 

Eastern, and South ï Eastern axis of the study area. This information together the results from the 

geophysical studies will allow us to determine the appropriate location for drilling the third monitoring 

well.  

 

Fig 3.2.5. Google Earth map showing the elevations and the inferred groundwater flow directions at 

the Kpone Landfill site. 
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Figure 3.2.6 below shows where the electrical resistivity and induced polarization soundings were 

carried out on the site. In all, five profile lines A ï D, marked by the blue lines, were established.  

Work, however, could not be carried out at the back side of the site due to difficulty accessing that 

area. The results obtained so far from the geophysical investigations revealed high to low conductivity 

values, which corresponded to high to low chargeability values from the soil surface to depths of about 

30 m in some parts of the site. These preliminary observations, though inconclusive, suggest possible 

contamination of the upper layers of the soil by the leachate in those parts of the site. Detailed analyses 

of the data obtained are currently being done to allow further interpretation of the results.    

 

 

Fig 3.2.6:  Aerial map of the Kpone Landfill project site showing the positions of the ER and IP 

tomographies.  

Research is still in progress, and will continue until the mid of next year. For details of the various 

results presented in this report, readers are requested to refer to the quarterly reports submitted in the 

year under review to the Division. Based on the results obtained so far, the following recommendations 

are made:   

1. The remit of the research should be expanded to include impact assessment of the landfill on 

soil quality.  

2. In line with the foregoing recommendation, it is also recommended that soil samples should 

be taken from different parts of the site including the areas shown in the geophysical survey to be 

Road to Kpone Township 

Leachate Pond 
Refuse dump area 

Profile A 

Profile B 

Profile E 

Profile D 

Profile C 
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possibly contaminated by the leachate for chemical analysis to corroborate or prove otherwise the 

results of the geophysical investigations. 

 

Keywords: Landfill, leachate, groundwater, contamination 

 

 

3.2.1.5.: FINAL EFFLUENT QUALITY MONITORING  
This activity was undertaken as a consultancy for Golden Tulip Hotel. The objective of the study was to 

undertake quarterly effluent quality monitoring. The Activities during the period include sampling of 

treated effluent (sewage) and final effluent (a mixture of sewage and laundry effluent) quarterly, at the 

point of discharge from premises of thehotel. 

 The following parameters were analyzedin the laboratory: Chemical Oxygen Demand Dissolved oxygen, 

total dissolved solids, suspended solids, phosphate, nitrate-nitrogen, ammonia-nitrogen, nitrite-nitrogen, 

oil and grease, pH, and conductivity. Four (4) quarterly reports were written and submitted to the client 

during the reporting year.  

 

3.2.1.6. PHYSICO-CHEMICAL AND BACTERIOLOGICAL TESTS ON POTABLE AND 

SWIMMING POOL WATERS  

 

The project was undertaken for Golden Tulip Hotel. The Objective is to monitor quarterly, the water 

quality to determine its suitability for potable and swimming purposes. 

Activities undertaken comprised collection of water samples quarterly from different locations within the Hotel 

premises, including: Tap water (GWCL), filtered water, swimming pool water, reservoir water, kitchen cold 

and hot waters. Physico-chemical and bacteriological tests were carried out on the samples. Four (4) reports 

were written and submitted to the client during the reporting year. 

The findings are summarised as follows: The results of water from various sources in the hotel examined 

indicated that the waters were fit for drinking and other purposes as the physico-chemical characteristics were 

all within WHO limits.  

¶ Low levels of total and faecal coliforms were sometimes observed in the GWCL water, 

reservoir and filtered water samples from the hotel. Coliform bacteria were not detected in the 

waters during most of the sampling periods indicating that the waters were suitable for potable 

use. 

Four (4) quarterly reports were submitted to the client.  
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3.2.1.7. ASSESSING THE EFFICACY OF ZEOLITE IN REMOVING FLUORIDE FROM 

GROUNDWATER  
 

Project Staff (Research and Technical): Dr. Emmanuel Obeng Bekoe (Leader), Mr. Stephen Asugre Jnr, Mr. 

Victor Manteter Harvesting Component) 

The projectôs Objectives was to determine the capability of zeolite to remove fluoride from ground water 

in the Bongo township. The project commenced in July 2018. Some activities carried out during reporting 

period includes. Literature review, and the mobilization of laboratory materials and equipment required 

for the study Procurement processes require for the acquisition of zeolite  have commenced while,  the 

District Engineer of  Bongo District  in the  Upper East Region  have been contacted  to sensitize him on 

the project and for relevant information and assistance during in the course of the project.  

 

3.2.1.8. UK-BRAVE 2 PROJECT: Building Understanding of Climate variability into 

planning of Groundwater supplies from low storage aquifers in Africa 
 

Project staff:  Dr. William A. Agyekum (CSIR-WRI), Mr. Collins Okrah (CSIR-WRI), Mr. James Sorensen (BGS, 

UK), Prof. David Macdonald (BGS, UK), Prof. Rosalind Cornforth (UoR, UK), Prof. Anne Verhoef 

(UoR, UK) 

The project is acollaboration with British Geological Survey (BGS), Africa Climate Exchange 

(AfClix), University of Reading (UoR, UK), CSIR-Water Research Institute (CSIR-WRI), Ghana 

Meteorological Agency (GMet), CARE International, WASCAL and University of Ouagadougou to 

identify a study catchment within northern Ghana and undertake baseline physical surveys, install and 

maintain monitoring equipment and undertake necessary additional measurements throughout the 

project. The objectives of the project are: 

i. contribute to the regional mapping of groundwater supply vulnerability to climate change in 

northern Ghana, including assistance with the sourcing of relevant datasets as required; 

ii.  contribute to the development of conceptual models of groundwater recharge and flow in 

basement aquifers in northern Ghana; 

iii.  assist in the identification and instrumentation of groundwater monitoring sites to be 

incorporated into the RainWatch-AfClix as Drought Early Warning System; 

iv. attend one international conference in Africa to present the outputs of the project; 

v. provide the University of Reading Principal Investigator with information necessary to meet 

the reporting requirements of the UPGro Programme funders 

 The results of activities carried out during the Year 2018 are:Data on run-offs, rain gauge 

measurements, data from infiltrometers, porometers, data loggers etc continued to be collected on 

WRIôs behalf by WASCAL. In addition, visits were made to Garu Tempane and Jawani in the East-

Mamprusi District to obtain manual water level measurement data that had been recorded by the field 

data collection officers.  
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Within the next few weeks (January/February, 2019), it is expected that 5-day long-duration pumping 

test would be conducted on each four (4) deep recently-drilled boreholes at the project site at Anaibisi. 

This is to pave way for Magnetic Resonance Survey (MRS) to be carried out at the site.  Since MRS 

geophysical equipment is not available in Ghana, a team from the Republic of Benin has been 

contracted by the Principal Investigators in the UK to carry out the MRS survey. MRS is a major 

geophysical investigative tool that is used to quantify the volume of groundwater stored within the 

subsurface. The results of this survey would be used as a major input to calibrate the various sub-

surface water groundwater models that are being run on the project.       

In addition to the upcoming survey, automatic recorded data would continue to be downloaded by 

WASCAL and transferred to the project headquarters in the UK.  In addition, manual groundwater 

level measurements would continue to be recorded by the local field officers at Jawani and Garu 

Tempane in the East-Mamprusi Distirct of the Northern Region 

 

3.2.1.9:.Groundwater Assessment of the Upper West Region of Ghana 
 

(Project Staff:  Dr. William Agyekum and Mr. Evans Manu) 

 

The Groundwater Division of the CSIR Water Research Institute (WRI) has been embarking upon the 

groundwater Assessment of Ghana over the last few years.  This assessment has been carried out on 

the basis of the various Regions of the country.  So far, the assessment has been completed in six (6) 

regions of the country.  The Upper West Region is one of the remaining four regions whose 

groundwater assessments are being carried out.  Hydrogeological data on 2,458 boreholes that have 

been generated by various drilling agencies since 1974 were compiled, collated and analysed for the 

groundwater potential assessment study of the region.    The main objectives of the assessment study 

are as follows:   

i) To assess the availability, quantity, quality, suitability and movement of groundwater 

resources in the Upper-West Region 

ii.) Develop single-parameter groundwater maps to show the spatial distribution and variation of 

groundwater characteristics in the region. 

iii.)  Develop a composite hydrogeological map for the region comprising the integration of all the 

single-parameter groundwater and water quality maps. 

iv.) Produce a comprehensive groundwater assessment report for the region.  

v) Assess the future trends of groundwater resources sustainability, suitability and water 

development and utilization in the region 

The activities carried out during the reporting period are the following: 

a) Compilation of borehole data from various governmental and private organizations as well as 

drilling companies in the region. 

b) Analysis of borehole data to obtain present and future trends in groundwater                    

resources utilization in the region. 
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 c) Preparation of single-parameter groundwater and water quality maps such as borehole yield maps, 

borehole depth map, static water level (SWL) map, maps of chloride and iron concentration in 

groundwater etc.  Figures 3.2.6 ï 3.2.9 are a few of the maps developed within the reporting year: 

 

 

Figure 3.2.6District Map of Upper West Region 

 

Figure 3.2.7Geological Map of Upper West Region 

 

 

 

 

 

Figure 3.2.8 Borehole yield map of Upper West Region.  

 

 

 

Figure 3.2.9: Map of Static Water Levels  ï Upper West 

Region 
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3.2.1.10. Digitization of Groundwater-use maps for the 10 Regions of Ghana 
 

(Project Staff:  Dr. Anthony A. Duah, Patrick A. Mainoo, Harison Komladzei, Sandra V. Asare) 

 

The Groundwater Assessment Project of the Groundwater Division of the CSIR Water Research 

Institute was initiated in 1992 on a regional basis to cover all the 10 regions of Ghana. The groundwater 

assessment reports were to provide information on groundwater availability in terms of quantity and 

quality, suitability and sustainability for possible future development and utilisation for domestic, 

agriculture and small-scale industries. The reports for 6 regions including Upper East, Ashanti, 

Western, Eastern, Central, and Greater Accra Regions were completed in 1996. The remaining  4 

regions did not have the requisite data to make any meaningful assessment at the time. Since then Staff 

turnover and lack of logistical support have hampered the completion of the remaining 4 regional 

reports. Notwithstanding these obstacles the assessment report for the Northern Region was completed 

in 2017 whiles that of the Brong Ahafo and the Upper West regions are also in advance stage. The 

Volta region report which was started in the 90s but couldnôt be completed when the staff left the 

Institute will re-started in the second quarter of 2019. Accompanying these reports are groundwater-

use maps however, the maps were generated manually and printed. In 2017, the Groundwater Division  

begun the digital reproduction in order to have a dynamic  system where the maps can be updated 

regularly with the generation of more data and information and can also be produced and printed in 

any required scale and extent. The digitization of these groundwater-use maps will continue till all the 

relevant maps for the regions have been produced. 

 

The project objectives are to: 

¶ Produce groundwater-use maps in digital format which can be updated regularly when more 

data and information become available. 

¶ Produce maps that can be printed at all map scales as and when needed. 

¶ Produce useful maps that can be exported digitally together with reports and documents.  

¶ Produce demand-driven maps that can be modified to display required attributes at all times.   

 

During the reporting year (2018) the following activities of the project were completed. 

¶ Data editing and quality assurance checks through digital plotting using regional and district 

base maps continued for the Eastern and Ashanti Regions. 

¶ Conversion of data to the required coordinate system for map plotting was done for the 

Eastern and Ashanti regions. Data conversion for Brong Ahafo region also started within the 

year. 

¶ Development of Groundwater-use maps for the Eastern and Ashanti Regions together with 

that for the Brong Ahafo Region began. 

 

MAJOR CONSTRAINTS:  
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The project had the following major constraints during the course of the year: 

¶ The staff who was responsible for the data editing and conversion is still on study leave while the 

one who returned from study leave was re-assigned to the Scientific Secretary role. This was a 

big handicap for the Division. We began some training for the National Service Personnel to 

assist the Cartographer in the Data editing and coordinate conversion.  

¶ Most of the data collected from other Institutions and reports didnôt have GPS coordinates 

making it difficult to use them without editing while others were unusable. 

¶ Data conversion to the required coordinate system was done manually which required several 

man-hours to accomplish. This was due to the different formats in which they were recorded. 

 

Figures 3.2.10 and 3.2.8 are some of the digital maps which were completed during the period  

 

Fig 3.2.10: Iron concentration map of groundwater in the Eastern 

Region 

Fig 3.2.11: pH concentration of 

groundwater in the Ashanti Regionure  

 

3.2.1.11: INTERGRATED COMMUNITY WATER, SANITATION AND HYGIENE 

IMPROVEMENT PROJECT (ICOWASH) - Hydrogeological Consultancy Services Borehole Siting 

and Construction of Twenty-Six (26) Boreholes in West Mamprusi Districts of the Northern Region 

of Ghana 

 

(Project staff: Patrick Amankwah Mainoo (Project Hydrogeologist), Dr. Anthony A. Duah, Dr. 

William Atuobi Agyekum, Evans Manu, Carl Ofori-Agyemang, , Edem Kennedy Ayegbe) 

 

Catholic Relief Services Ghana (CRS) is a faith-based international development organization 

established in Ghana in 1958. CRS-Ghana had been working with local partners to tackle poverty on 

several fronts with the passion of improving the living standards of rural poor through: 



Annual Report 2018  R & D Activities 

CSIR-Water Research Institute 97 

¶ Improvement of health and nutrition 

¶ Increasing access to safe water supply and sanitation  

¶ Promotion of agricultural activities to enhance food security 

¶ Increasing financial assets through Savings and Internal lending communities. 

 

CSIR-Water Research Institute through competitive bidding was contracted to provide 

Hydrogeological Consultancy services leading to the establishment of sources of water supply in some 

water-stressed communities in West Mamprusi District of Ghana. The project is a Collaboration 

between Community Water and Sanitation agency (CWSA), Northern Region Catholic Relief 

Services (CRS/Ghana) and West and East Mamprusi Districts Assemblies. The mainobjectives is to 

delineate most promising sites for the drilling of sustainable boreholes in Twenty-Six (26) 

communities in West and East Mamprusi Districts of the Northern Region of Ghana 

The specific objectives of the assignment are summarized below: 

¶ To ensure  established suitable sites of high groundwater potential to guarantee high drilling 

success using appropriate hydrogeological and geophysical techniques, 

¶ To ensure the drilling, construction and development of high yielding boreholes to guarantee 

optimal yields of boreholes, 

¶ To ensure that appropriate pumps could be secured and installed to guarantee optimal pumps 

operations 

¶ To ensure that the beneficiary communities are adequately empowered to maintain the hand-

pumps to guarantee sustainable water supply to the communities.  

Major activities carried out within the reporting period are:- 

¶ Desk Studies. 

¶ Reconnaissance survey and geophysical studies using 2D Electrical Resistivity Tomography 

(ERT) methodology to delineate zones of high groundwater potential for drilling. 

¶ Supervision of borehole drilling, pumping test and water quality analysis 

¶ Analysis of pumping test data to ascertain sustainability of production boreholes. 

 

Eighteen (18) text holes had been drilled during the reporting period by Messrs Jengor Ventures 

Limited using Rotary drilling method, with air as the drilling fluid.  Although, the drilled yields are 

relatively low, they ranged between 7 and 17 l/min.All the boreholes could sustain constant pumping 

rate of 10 l/min for a six-hour constant pump test. By extension, these boreholes could supply 

sustainable water supply to these water-stressed communities.  Drill depths varied widely from 50.0 

and 100.0 m with an average value of 81.7 m.The Drilling Contractor is having some technical 

challenges, which has a telling effect on project completion. The results have been shown by: 

¶ Geology map (Figure 3.2.14) 

¶ Sample 2D Electrical Resistivity Tomography (ERT) [Summary of drilling results (Table2.1) 

Table 2.2 provides a summary of the drilling details in the all the eighteen (18) communities whiles, 

Table 3.2.2 presents the statistical details of some selected parameters. Figures 3.2.15 and 3.2.16 
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presents the 2D ïApparent Resisitivity pseudo-sections obtained at Guabulinga and Suhuluya 

respectiviely. 

 
Figure  3.2.1 2: Geological m ap of Northern Region of Ghana study area (Red circle)   

 

 

Figure 3.2.13: 2D-Apparent Resistivity pseudo-sections obtained at Guabulinga 

 

Figure 3.2.14: 2D-Apparent Resistivity pseudo-sections obtained at Suhuluya 

 

 

 

Study 

area 
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Table.2.1: Summary of drilling data of 18 Communities 

 

Plain PVC

Overburden 

(m) 

Hard rock 

(m)

Total 

Depth

(m)

Screen 

sections 

(m)

Screen 

length (m)

Plain 

length (m)

1 WMMA Sakori 26/04/18 2.8 89.20 92.00 Marginal

2 WMMA Fungu 27-04-18 2.9 67.10 70.00 Wet 12 15-21 6 15 03-06-18 65 1.03 10 64.36 34.5

3 WMMA Tinguri Pope John Prim. 05-04-18 3.5 97.70 101.20 Marginal 7 18-27 9 18 21-05-18 90 6.83 10 89.62 56.92

4 WMMA Zanguga 05-06-18 3 89.00 92.00 Marginal 15-27 12 15

5 WMMA Shelinvoya Prim 05-09-18 3.2 47.40 50.60 Wet 12 24-30 6 24 21-05-18 48 6.89 10 39.3 10.93

6 WMMA Guabuliga CHPS 12-05-18 4.2 87.80 92.00 Wet 12 30-42 12 30 22-05-18 90 9.21 10 60.22 25

7 WMMA Suhulaya 14/05/18 1 91.00 92.00 Wet 12 48-54 6 48 28-05-18 70 14.84 10 64.94 36.02

8 WMMA Sumniboma 16/05/18 3 67.00 70.00 Wet 10 30-36 6 30 30/502018 65 1.73 10 64.42 45.27

9 WMMA Zangu Voga Prim. 17-05-18 1.1 68.90 70.00 Marginal  12-15 3 12

10 WMMA Zangu Yakura Prim. 18/05/18 1.10 73.90 75.00 Marginal  12-15 3 12

11 WMMA Mshio 18/05/18 1.00 74.00 75.00 Wet 12 15-21 6 15 30-05-18 50 7.24 10 59.49 50.01

12 WMMA Nasia CHPS 19/05/18 1.00 74.00 75.00 Marginal 0 0 12 31-05-18 72 31.29 10 69.29 51.01

13 WMMA Loagri Marakaz Prim 21/05/18 4.10 70.90 75.00 Marginal 21-27 6 21 02-06-18 70 8.52 10 69.16 44.01

14 WMMA Loagri Community 21/05/18 4.00 71.00 75.00 Wet 13 21-27 6 21 01-06-18 70 10.56 10 25.24 47.16

15 WMMA Sooba Community 23/05/18 2.60 72.40 75.00 Marginal 21-27 6 21

16 WMMA Sooba Prim. School 23/05/18 2.60 72.40 75.00 Marginal 18-24 6 18

17 WMMA Daboya chps 24/05/18 0.75 74.25 75.00 Marginal

18 WMMA Saligu 28-05-18 18.00 57.00 75.00 Wet 17 30-36 9 27 03-06-18 70 11.18 10 69.47 44.29

Dynamic 

Water Level 

after 6 hours 

pumping (m)

Recovery 

depth 

after 3 

hours 

(m)

Airlift 

Yield 

(l/min)

Screen PVC

Pump test 

date

Pump 

Setting 

(m)

 Static 

Water 

Level 

(m)

Pumping 

Test 

Yield 

(l/min)

BOREHOLE DRILLING AND CONSTRUCTION MONTHLY REPORT - CRS ICOWASH PROJECT FY18

S/N District Community / Institution

Borehole Drilling and Construction Details Pumping Test Details

Date drilled

Borehole depth (m)
Borehoel 

Status 

(Wet, 

Marginal, 

Dry)



 

Table 2.2: Statistical details of some selected parameters 

Parameter 
Entire Project  

Range (Average) 

Depth (m) 
50.6 ï 101.2 

(77.83)  

Depth-to-Bedrock 
0.75 - 18 

(3.93) 

Est. Yield (l/min) 
7 - 17 

(11.91) 

The following are Conclusionand recommendations  

¶ The Electrical Resistivity Tomography geophysical (ERT) techniques had proven 

successful in previously classified hydro-geologically difficult area. 

¶ Notwithstanding, the above-stated success, it can  be concluded that groundwater potential 

of Bimbilla, Panabaako, Poubogou and Kodjari stratigraphical units that are  associated 

with the Voltaian supergroup are relatively  low.   

¶ ERT is therefore being recommended for hydro-geophysical studies in similar geological 

settings in Ghana to secure sources of sustainable water supply. 

 

3.2.1.12. ASSESSMENT OF GROUNDWATER RESOURCES OF THE BRONG AHAFO 

REGION 
 

(Project Staff: Mr. Patrick Amankwaah Mainoo (Research Scientist), Mr. Collins Okrah (Research Scientist), 

and Mr. Carl Ofori-Agyeman (Research Scientist) 

This on-going project was initiated in September 2013 and is expected to end in 2018, but 

circumstances have compelled an extension of completion to 2019. The objective of the study is 

to assess the general groundwater potential and availability in the various rock types in the region 

and also develop an updated composite hydro geological map of the region. The assessment forms 

part of the research program being undertaken by the Institute. Its specific objectives are to: 

¶ Assess the availability, quantity, quality, suitability and movement of groundwater 

resources in the Brong Ahafo Region of Ghana through the analysis of data and on hydro 
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geological information compiled and collated on drilled boreholes in the region over the 

years 

¶ Develop single-parameter groundwater-use maps to show spatial distribution and variation 

of groundwater characteristics in the region 

¶ Develop an updated composite hydro geological map for the region comprising the 

integration of all the single-parameter groundwater and quality maps 

¶ Produce a comprehensive groundwater assessment report for the region; and 

¶ Assess the future trends of groundwater resources sustainability, suitability, development 

and utilization in the region.  

Activities carried out during the reporting year are as follows: -  

a) Completed the computation of Statistics on Single Aquifer Parameter of the boreholes for 

the districts and municipalities in the Brong Ahafo region (example Percentage Success of 

Boreholes, Borehole Yield Range and Mean Yield, Borehole Depth range and Mean Depth  

of boreholes in the districts and municipalities of the Brong Ahafo Region of Ghana) 

b) Completed the computation of the Statistics on Single Aquifer Parameters such as the Mean 

and Ranges of Static Water Levels (S.W.L.), Dynamic Water Levels (D.W.L.), Depth-to-

Aquifer of the boreholes in the districts and municipalities of the Brong Ahafo of Ghana. 

c) Completed the computation of the Specific Yield Ranges of Boreholes in the 27 districts 

and municipalities of the Brong Ahafo region of Ghana. 

d) Commenced the development of Borehole Yield Maps, Borehole Depth Maps, Depth-to-

Aquifer Maps, S.W.L. Maps, D.W.L. Maps, for the various districts and municipalities of 

the Brong Ahafo Region and regional Maps of the various single aquifer parameters, Water 

Quality Maps for the various districts and municipalities, as well as regional Water Quality 

Map. 

Some constraints during the period have been: 

a. Acquisition of water quality data of boreholes from some non- governmental organizations 

and other stakeholders in the water sector was of a major challenge 

b. Lack of water quality results on some district boreholes 

c. Funds have still not obtained to pursue research though  proposal submitted  
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3.2.1.13: Effects of Climate Change on Lake Volta Resources (VOLTRES) 

 

(Project research and technical staff: Dr. Ruby Asmah (Project Coordinator), Dr. Hendrick 

Dankwa, Dr. Emmanuel Obuobie, Dr. Deborah Darko, Dr. Emmanuel Tetteh, and Mr. Mark 

Osei-Owusu) 

(Collaborating agencies: Aarhus University, Denmark.) 

The objectives of this Project: are: (i) improve the understanding of the physical and 

biogeochemical functioning of Lake Volta and how the Lake and its resources will respond to 

climate change (CC); (ii) strengthen local research capacity through the use of new research 

approaches such as ecosystem and biophysical modelling; iii) ensure early preparedness and 

response to CC effects in the Lake environment; and (iv) contribute to effective management of 

the entire Lake system. The project started in 2014 and expected to end 2019.  

Activities carried out during reporting period: activities undertaken in the period under review 

were: (i) finalization of biophysical modelling; (ii) presentation of paper in an international 

conference; and (iii) preparation of journal manuscripts/publication of papers. 

Finalization of biophysical modelling: The biophysical modelling component of the project, 

which consisted of simulating and analyzing the impacts of climate change on discharge, sediment 

and nutrient into Lake Volta was finalized in the period under review. This included forcing the 

calibrated SWAT model with various climate scenarios to determine the impacts of climate change 

on water-sediment-nutrient flow into Lake Volta.  

Presentation of paper at international conference in Belgium: Based on the results of the 

modelling work, the project coordinator presented the paper ñSWAT-based simulation of climate 

change impact on water and sediment inflow to Lake Volta in West Africaò at the 2018 

International SWAT Conference at Vrije Universiteit Brussel (VUB) in Belgium, from 19 to 21 

September 2018. 

Preparation of Manuscripts: During the reporting period, the project prepared two journal 

manuscripts in draft form and guided Mr. Mark Osei-Owusu to prepare a draft manuscript based 

on his work in the project. The three manuscripts will be revised early 2019 and submitted to 

already identified Scopus journals for publication.  
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3.2.1.14. Kpeshie and Muni Lagoon Wetland degradation and Governance 
 

(Project Staff: Marian Amu-Mensah (Rs), Michael Dorleku, Technical; Atikatu Mohamadu and Jerfferson Lloyd -

Obeng) 

Through ineffective governance of Muni and Kpeshie Lagoons, activities and attitudes of people 

have contributed to the destruction of wetlands, which supports the prospective increase in 

commercial fish catch of the lagoons and the sea. Studies show that indigenous knowledge (IK) 

has helped to protect lagoons and other water resources in the past. Hitherto perceptions created 

about IK, coupled with disregard and misunderstanding of local knowledge on lagoons and 

wetlands conservation has brought about a disruption in lagoon conservation leading to its poor 

water quality. Meanwhile conservation practises towards the use, control and ownership of lagoons 

has also contributed to the disruption in the conservation of waterbodies (lagoon and wetlands). 

Subsequent governance practices, approaches and educational system did not help to build on or 

preserve local watershed knowledge, structures and practices, confirming the concerns of other 

writers.  

Such activities are accomplished irrespective of the central local mechanisms for controlling 

human activities. The objectives of the project are 1. To identify institutional roles and 

responsibilities around the lagoon.  2. Examine Institutional challenges around the Lagoons  

A descriptive survey approach was applied in the study, using a structured and semi-structured 

questionnaire to interview respondents around Muni and Kpeshie communities, based on a 

sampling frame. A total of 40 respondents were randomly selected from Akosua Village and used 

in the survey. Results indicated that most government interventions in the area, have destructive 

effects on local systems that used to support wetlands.  

Land use changes 

It is observed from the results that, 65% of the respondents from Kpeshie pointed to the fact that 

the lagoon have been shrinking (reducing in size) with time, followed by 20% who asserted that 

there has been land reclamation and a further 15% who have witnessed flooding of the lagoon. 

Moreover, 55% of the Muni respondents indicated that the lagoon has reduced in size followed be 

36.7% who have observed flooding of the lagoon over the past years. It could be inferred from the 

above that there have been lots of changes to the lagoon but these are viewed separately by the 

respondents. 

The most common activity around both lagoons was found to be infrastructure construction as 

indicated by 45% and 50% resprenting Kpeshie and Muni. Muni also indicated farming as one of 

the major activities around the lake although Kpeshie explained there was no land left for farming 

activities. Fishing as usual followed the construction activity in each lagoon area as well as waste 

disposal by residents. 
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Of course, respondents from both Kpeshie and Muni lagoon area were in the known that these 

activities that they engage in affect the lagoon in many ways as 73.3% and 63.3%  Muni and 

Kpeshie respectively indicated they are aware. 

It is recommended that the enforcement of rules and structural developments should take into 

consideration the applied meaning of existing practices of locally established institutions and / or 

customs, to ensure the conservation of the lagoons. 

A major constraint encountered was unavailability  funding to conduct a research with results 

that can contribute to improved and sustained lagoon and wetland conservation and water quality.  

CONCLUSION AND RECOMMENDATION  

There are clear similarities in the type of land use and land use changes around the two lagoons. 

The implication is that, lagoons serve similar purpose irrespective of where they are found and that 

there are similarities in their use along the coast based on the system of governance towards the 

conservation of the resource. It is recommended that continuous monitoring studies and key 

policies on sustained wetland use are ensured in these protected areas and public awareness 

educational programs are conducted to educate the locals within the contrxt of local systems  of 

their conservation 

3.2.1.15: Disaster Risk Reduction Practice Research and Capacity Building Support to 

ECOWAS. 
(Consultancy Staff: Dr. Emmanuel Obuobie (Leader), Mr. Frederick Logah, Dr. Anthony Duah, Dr. Richard 

Ampadu-Ameyew (CSIR-STEPRI), and Dr. Nelson Obirih-Opareh (Retired staff of CSIR-STEPRI) 

The assignment which is expected to end in 2019 has the following objectives:  

(a) Conduct a baseline study on trans-boundary floods and disasters in the ECOWAS region; 

(b) Develop a regional flood forecasting system integrating existing regional and national systems 

and provide guidance on open data management; 

(c) Develop a policy note on a regional (ECOWAS) approach for post disaster recovery and 

reconstruction planning (including Post Disaster Needs Assessments), capacity building and 

support through institutions in the region, such as universities; 

(d) Facilitate training and capacity enhancement for the ECOWAS Commission and experts from 

member states related to flood forecasting, disaster preparedness and post disaster recovery 

planning  

(e) Provide guidance on strengthening the academic network related to disaster risk management 

across different disciplines in West Africa and contribute to relevant regional conferences 

CSIR-WRI is the lead consortium member for the delivery of objectives (a) and (c). 
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Consortium members: WASCAL (Ghana/Burkina Faso), FUTA (Nigeria), HKV (Netherlands), 

UNITAR (Switzerland/Kenya). 

Activities conducted in the reporting period were: (a) preparation of inception report; (b) 

preparation of data collection questionnaire; and (c) country missions and data collection.  

 

(a) Preparation of inception report: The CSIR-WRI team contributed to the preparation of 

the overall consultancy inception report submitted to the World Bank in September 2018. 

Specifically, the team co-developed with WASCAL and FUTA the methodology for delivering on 

objective (b) and developed methodology for Objective (c). Two members of the team represented 

the team at a World Bank/ECOWAS hydromet forum in Abidjan, 19-21 September 2018, and 

presented our components of the report in a technical session organized by the consortium. 

Feedback and suggestions obtained from the World Bank, ECOWAS and participants of the 

technical session held in Abidjan were used to revise and finalize the report. 

(b) Preparation of data collection questionnaire: Field data collection instrument in the 

form of questionnaire was prepared in the reporting period and used for data collection in country 

missions to 15 of the ECOWAS countries.  

(c) Country missions and data collection: Between October and December 2018, missions 

were conducted for data collection in 15 ECOWAS countries by the CSIR-WRI and FUTA teams. 

The CSIR-WRI team visited eight countries (Burkina Faso, Cape Verde, Senegal, Liberia, Gambia, 

Cote DôIvoire, Guinea and Ghana) while the FUTA team visited seven countries. In each of the 

countries, separate meetings were held with the Disaster Management Organization, 

Meteorological Agency, Hydrological Agency and other organizations such as the Red Cross, 

relevant University Faculties and Departments.  

 

 

3.2.1.16: Multi -scale Flood Monitoring and Assessment Services for West Africa 

(MiFMASS) 
(Project Research and Technical Staff: Dr. Emmanuel Obuobie (Coordinator), Mr. Mark Osei-Owusu, Mr. 

Frederick Logah and Dr. Deborah Darko) 

Collaborating Institutions:Centre for Space Science and Technology Education (Nigeria), Department of Earth 

Sciences - University of Ghana (Ghana); Institut Sup®rieur dôEtudes Spatiales et T®l®comunications (Burkina 

Faso); Volta Basin Authority (Burkina Faso), Centre Universitaire de Recherche et Application en Teledetection - 

University Félix Houphouët-Boigny (Cote DôIvoire) 

The key objectives of this project are: (i) to develop a regularly updated regional scale flood event 

database for Ghana, Nigeria, Burkina Faso, Benin and Cote dôIvoire; (ii) establish a flood 

forecasting system to provide near real-time information on impending floods to allow for ample 

planning; (iii) establish an image acquisition, processing and analysis system to map flood extent 

during/immediately after, flood events from RS data; (iv) develop a damage assessment module 
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that will assist DMOs evaluate the degree of damage after flood events; and (v) enhance the 

capacities of DMOs to take over the service after the completion of the project. 

Two major activities were undertaken in the reporting period. These were: (a) stakeholder 

consultation and engagements and (b) online desk review of existing national flood event database.   

 

(a) Consultations/engagements with stakeholders: Initial consultative meetings were held 

with the three key Disaster Management Organizations (DMOs) at the national levels in Ghana. 

These were the National Disaster Management Organization (NADMO), Hydrological Services 

Department (HSD) and the Ghana Meteorological Services (GMET). Two meetings were held 

with NADMO. The first took place on 22nd November at their premises in Accra while the second 

was held on 5th December at the premises of CSIR-WRI, Accra. Separate meetings were held with 

the other organizations on 5thDecember 2018 at their premises. The objectives of the meetings 

were: (i) to introduce the MIFMASS project to the DMOs; (ii) discuss and understand how the 

project fits into existing and ongoing flood disaster management initiatives in the country; and (iii) 

obtain support for implementation of the project. The consultations and engagements were 

extremely fruitful.  

 

(b) Review of existing national flood event database 

One of the objectives of the MIFMASS project is to conduct a review of existing national flood 

event database. This consist of 3 phases: (i) online desk study; (ii) country information/data 

collection via meetings with key DMOs in the five project countries; and (iii) full write-up of the 

review. In the period under review, extensive desk study including online data collection of 

relevant documents and flood/disaster event databases was conducted for the five project countries 

(Ghana, Burkina Faso, Benin, Cote DôIvoire, and Nigeria). The results of the desk study was 

prepared into an initial draft review. The initial report will be revised into a full review after 

country visits have been conducted to collect detail data from the disaster management 

organizations 

 

 
 
3.2.1.17. Design and Assessment of Resilient and Sustainable Interventions in Water-

Energy-Food-Environment Mega-systems (FutureDAMS) 
(Project Research and Technical Staff: Dr. Emmanuel Obuobie (Coordinator), Dr. Deborah Darko, Mr. Mark 

Osei-Owusu, Sylvia Amponsah, and Clarrisa Nutsugah.) 

Collaborating agencies (if any): University of Manchester, Institute of African Studies-University of Ghana, Centre 

for Ecology and Hydrology, University of Southampton, and several other UK Academic institutions. 

The overarching objective of this project is to create knowledge base, capacity and capability for 

a future in which dams built in developing countries are selected, designed and operated to support 

resilient and sustainable development. 

Major activities executed in the reporting period were: (a) preparation of a draft Ghana background 

paper; (b) organization of the first project symposium and project inception meeting (c) 

organization of project annual technical meetings and first training workshop; and (d) organization 

of second Ghana symposium  
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(a) Preparation of a Ghana background paper/FutureDAMS working paper series: In 

the period under review, the CSIR-WRI team, in collaboration with the team from the Institute of 

African Studies ï University of Ghana (IAS), studied and prepared a report on the technical and 

socio-political aspects of major hydroelectric dams in Ghana. The report is titled ñThe Context and 

Politics of Decision-Making on Large Dams in Ghana: An Overviewò and is intended to provide 

a background to rethinking the design and implementation of dams in Ghana for water-energy-

food-environment security. Together with an IAS team member, the project coordinator the report 

at the second Ghana FutureDAMS symposium held on 17October 2018 at the CSIR-STEPRI. In 

the same reporting period, the CSIR-WRI and the IAS teams worked to revise and transform the 

background paper into a draft FutureDAMS working paper series.  

 

(b) Organization of first symposium, project inception meeting and stakeholder 

consultation: in the reporting period, the CSIR-WRI futureDAMS team organized the first Ghana 

FutureDAMS symposium on 11 June 2018 at the ISSER conference hall, University of Ghana. 

The purpose was to create opportunity for exchanging cross-disciplinary and novel ideas on how 

to better design and operate new dams to maximize benefits and minimize negative social and 

environmental impacts. The symposium was attended by researchers and people from academia in 

Ghana and was facilitated by the water engineering and social science experts from the University 

of Manchester and CSIR-WRI. 

Following the symposium, an inception meeting of the FutureDAMS project was held on 12 June 

2018, at the CSIR-STEPRI conference hall. The objectives of the inception meeting were: (i) to 

introduce participants to the FutureDAMS research concepts, methodological framework, 

expected outputs, outcomes and impacts; (ii) build interactions and establish relationships between 

participants and the project team; (iii) Jointly identify how the project outputs can support relevant 

decision makers, planners and managers to address future dam decisions for improved economic, 

social and environmental impacts; and (iv) create public awareness of the project. Participants of 

the meeting were drawn from the water, energy, environment and private sectors of Ghana. 

The water and energy engineering teams from CSIR-WRI and the University of Manchester held 

further meetings with key energy institutions in Ghana (Energy Commission, Volta River 

Authority, Bui Power Authority, and Ghana Grid Company Limited) on 13 June 2018, at their 

office premises. One of the key issues discussed was the practical way by which the project could 

work with the energy institutions in the implementation of the project. It emerged from the 

meetings that the best way to work together was via co-development of the energy and water 

integrated models and joint testing of the models in Ghana. These will be achieved through series 

of online engagements and model co-development workshops to be organized in 2019, 2020 and 

2021. 

 

(c) Hosting of annual project meetings and second Ghana FutureDams symposium: in 

the period under review, the CSIR-WRI team, in collaboration with the Manchester team, 



Annual Report 2018  R & D Activities 

9 

 

organized and hosted the 2018 annual planning meetings of the FutureDAMS project. The 

meetings took place at the CSIR-STEPRI in Accra, from 15-16 October 2018. The meetings were 

used for presenting progress made with both the biophysical/engineering and social science work 

streams, discuss how and what to integrate between the two work streams and planned work for 

the 2018/2019 project year. The meetings were attended by project partners from the UK, Ghana, 

Ethiopia and Sudan.    

Again, in the period under review, the CSIR-WRI FutureDAMS team organized a second Ghana 

FutureDAMS symposium on 17 October 2018 at the CSIR-STEPRI. The objective was to present 

the FutureDAMS approach in detail and to demonstrate the relevance of the approach to water 

investment decisions in Ghana. The symposium was attended by experts, practitioners and 

managers from multiple sectors (water, energy, environment, and agriculture) in Ghana. There 

were also participants from the water and energy sectors in Burkina Faso and the Volta Basin 

Authority based in Ouagadougou. 

 

(d) Organizing the first FutureDAMS trainingworkshop: this training workshop was the 

first of three planned for 2018, 2019 and 2020. It was conducted over 2 days (18-19 October 2019) 

at the CSIR-STEPRI.The objective was for participants (mainly those from the key energy 

institutions in Ghana) to learn to use an online interface to build the water component of the 

FutureDAMS water-energy integrated model and to provide feedback and suggestions to inform 

future development. The training was attended by participants from the Volta River Authority, 

Ghana Grid Company Limited, Energy Commission, Bui Power Authority, Water Resources 

Commission, Ghana Water Company, Ghana Irrigation Development Authority, University of 

Cape Coast, Kwame Nkrumah University of Science and Technology and CSIR-Water Research 

Institute, among others.  

 

3.2.1.18. Water Quality Assessment of Sansu Community in Obuasi 

(Project Staff: Dr. Kwadwo Ansong Asante (Leader), Dr. William A. Agyekum, Mr. William 

Arko, Mr. Mark O. Akrong) 

At the request of the Sustainability Unit of AngloGold Ashanti (Ghana) Limited (AGAG), the 

CSIR- Water Research Institute was invited to carrry out a one-year monitoring programme to 

assess the environmental quality of the Sansu community. The monitoring programme would be 

carried out every other month starting from August, 2017 and a report submitted at the end of each 

sampling campaign. The scope of work includes field data collection, in-situ measurement of 

physical parameters and laboratory analyses of water and sediment samples. The objectives are to 

undertake an assessment of the water and sediment quality to determine the likelihood of 

environmental impact of the mining operations on the Sansu community or through analysis of 

boreholes, control boreholes, surface water and sediment in the Sansu community, in addition to 

providing the Environmental Department of AGAG with a reliable study report to address the 

issues raised by the Sansu community. This sixth and final sampling was undertaken between 11th 

June and 13th June, 2018. The specific objectives were to undertake an assessment of the water 
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and sediment quality to determine the likelihood impact on the Sansu community or lack thereof 

through analysis of active boreholes, control boreholes, surface water and sediment in the Sansu 

community, provide the Environmental Department of AGAG with a reliable study report to 

address the issues raised by the Sansu community. 

A total of 12 water samples comprising groundwater (active and inactive boreholes including 

controls) and surface water were collected from the following categories: hand pump boreholes 

(8), mechanised boreholes (2) and surface water (2). Also, 2 sediment samples were taken from 

River Bidiesua, in addition to QA/QC & travel blanks (5). Physico-chemical, bacteriological and 

metal analyses were carried out on the samples following the American Standard Methods for the 

Examination of Water and Wastewater (2012).  

The pH values of the groundwater samples fell between 5.04 (Site SAB) and 6.90 (Site SMB 2) 

pH units, with only SMB 2 satisfying the GSA drinking water guideline range of 6.5 ï 8.5 as has 

been  observed throughout the six times samplings. Having assessed the borehole waters for almost 

a year spanning six times sampling, it can be deduced that the pHs of the waters have been quite 

stable and predominantly lower than the drinking water guideline range. This however cannot be 

attributed to the operations of AGAG as ground waters in general, typically have low pH values. 

The control boreholes which are far from mining operations recorded pH values ranging between 

5.55 (ADB 1) and 6.30 (WCB), similar to earlier sampling results and these attest to the statement 

made that groundwater typically have low pH values.  

Throughout the study, the lowest conductivity value was encountered at the site ADB 1 and the 

highest also measured at site WCB and both are control sites. In this final sampling, seven of the 

12 boreholes including the duplicates (58.3%) exceeded the GSA drinking water guideline value 

of 1 NTU for turbidity with a control borehole (WCB, 43.0 NTU) grossly exceeding the guideline. 

In general, the turbidity values have reduced substantially considering the initial sampling 

campaigns. This could be due to the continuous use of the water by the inhabitants as well as 

purging of the inactive boreholes. Total hardness values have been erratic but all the levels 

measured throughout the study have been within the prescribed guideline value of 500 mg/L, 

making the borehole waters soft.  Judging by the physical parameters, the levels measured in the 

boreholes are not alarming to be attributed to the operations of AGAG. 

Generally, all the measured nutrients were either low in concentration or not detected. Nitrate and 

sulphate levels in all the samples were below the GSA water quality guideline values of 50 mg/L 

for nitrate and 200 mg/L for sulphate. As a confirmation, concentrations of nitrate at site SZB and 

its duplicate (SZB-D) have consistently been relatively high throughout the study period. Levels 

measured in this six sampling at this site were within 33.1 mg/L and 34.0 mg/L for its duplicate, 

albeit below the GSA guideline value of 50 mg/L. Our engagement with the residents at the SZB 

site revealed that the place was hitherto used as a refuse dumping site and a place of convenience. 

This therefore explains why the nitrate levels have been consistently high at this particular site due 
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to nitrification process. Albeit some of the samples measured nitrite and ammonia, no GSA 

guideline values exist for total phosphorus, nitrite and ammonia. 

In general, concentrations of most metals were below the drinking water guideline values. Mercury 

was detected in the earlier sampling campaigns but considering the last 3 surveys, the levels have 

been low with most sampling sites recording values below the guideline value of 0.001 mg/L. Iron 

has been a problem in most of the groundwaters probably because some of the boreholes were 

unused at the start of the project but continuous use and purging saw improvement over time. In 

this last sampling, only samples from sites SNB2, MAN-B and WCB (control site) conformed to 

the WHO guideline value of 0.30 mg/l for iron in drinking water. The low As concentrations in 

the groundwater samples could be due to the low pH in the groundwater. This is also coupled with 

the fact that in Obuasi, the guideline value for arsenic in waters is 0.297 mg/L which is higher than 

the WHO/GSA drinking water guideline value of 0.010 mg/L. In this last sampling, free, total and 

WAD cyanide were not detected in any of the collected samples.  

In this sixth sampling, two of the active boreholes (SNB1-D and WCB) and an inactive borehole 

(SZB) together with its duplicate (SZB-D) representing 28.6% and 40% of the total active and 

inactive boreholes, respectively were devoid of total coliform. All the borehole samples with the 

exception of MAN-B were devoid of faecal coliform and E. coli bacteria. The bacteria counts of 

these samples conform to the WHO drinking water guideline and GSA recommended level of zero 

(0) cfu/100ml for faecal coliform and E. coli bacteria in drinking water. In general, about 54% of 

the sampling points were devoid of faecal coliform throughout the study and E. coli bacteria were 

absent in all the boreholes during the 3rd, 4th and 5th sampling regimes. Predominantly, lower total 

coliform counts in the ground water were recorded during the 2nd, 3rd and 6th sampling regimes. 

The lower coliform counts recorded during the 6th sampling regime could be attributed to the 

purging of the boreholes over the sampling period. 

Piper Trilinear diagram was plotted for the physico-chemical results of the borehole water samples. 

The purpose of the trilinear plot was to determine the nature of hydrochemical facies and the type 

of groundwater that underlies Sansu area. The Trilinear diagram obtained did not differ from the 

results obtained for the plots from the previous sampling regimes. The contents of the boreholes 

mainly plotted in the Ca-Mg-HCO3section of  the diamond trilinear field, suggesting  that the 

boreholes in the Sansu area are typically of shallow fresh groundwaters with active recharge and 

of short residence time. This means that it takes a very short time for rain water to recharge the 

groundwater system, and this has been accelerated by the intense and inter-connected fracture 

system of rocks underlying the Obuasi and surrounding communities. 

The pH values of the surface waters ranged between 7.26 (River Bidiesua upstream) and 7.80 pH 

unit (River Bidiesua downstream) and all values fell within the range of 6.0 to 8.5 typical of natural 

freshwater bodies. Comparing the pH values for the six sampling campaigns, the pH values for 

River Bidiesua (upstream and downstream) can be said to be neutral with the least value of 6.88 

pH unit.The turbidity at Bidiesua upstream was 7.00 NTU while the downstream registered a value 
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of 66.0 NTU. The activities of illegal miners upstream largely account for the high turbidity 

measurements downstream throughout the study. It was observed that the illegal miners had 

encroached on a section of the Bidiesua river upstream, resulting in the turbid nature of the river. 

 

In this last assessment, concentrations of all the analyzed metals were below the prescribed EPA, 

2012 Akoben criteria. However, when placed alongside the WHO, 2011 water quality guideline, 

the levels of total metals in the surface water samples exceeded the guideline for Fe. Furthermore, 

the upstream of River Bidiesua slightly exceeded the WHO guideline value for Cd. Considering 

the background water quality value of 0.297 mg/L for As in Obuasi, concentrations obtained are 

all acceptable. None of the three forms of cyanide was detected in the surface water samples in 

this last assessment. 

 

Concentrations of nitrate, nitrite, ammonia and total phosphorus were all below the EPA, 2012 

Akoben criteria and the WHO 2011 water quality guideline. No clear pattern was observed for the 

nutrients as the levels fluctuated during the study but it was established that the sulphate levels in 

River Bidiesua were predominantly higher than the WHO guideline value of 250 mg/L despite 

satisfying the EPA Akoben criteria. Considering the first sampling for which the DO levels were 

about 7.0 mg/L, subsequent DOs in River Bidiesua have hovered between 4.3 mg/L and 5.5 mg/L 

with this sixth sampling measuring DO values of 4.28 mg/L (upstream) and 5.19 mg/L 

(downstream). Judging by the last sampling results, the measured BOD values do not indicate any 

serious pollution.  

 

Generally, the total coliform counts recorded in all the sampling points during sampling regimes 

1, 2, 3, 4 and 5 were higher than sampling regime 6.  The low coliform counts could be attributed 

to dilution of the water source as a result of the rains. Similarly, higher faecal coliform counts were 

recorded during the 1st, 2nd, 3rd, 4th and 5th sampling regimes. However, the faecal coliform count 

during the 4th sampling regime was very high. The increase in the bacteria count could be attributed 

to the creation of dam at the bank as noticed during that sampling.Lower counts of E. coli bacteria 

were recorded during the 3rd, 5th and 6th sampling regimes, reason being same as faecal coliform. 

The highest bacteria counts were recorded during the 1st and 4th sampling regimes. 

 

Comparing the sediment metals results with the available threshold levels, Cd, Cu, Cr, As and Hg 

exceeded either the Threshold Effect Level (TEL) or Threshold Effect Concentrations (TEC) or 

both for both River Bidiesua. For Hg, results could stem from the fact that the river is in close 

proximity to illegal mining activities. In this last assessment of the surface waters, percentages of 

organic matter measured in the sediments were: 5.23% (River Bidiesua upstream), 5.15% 

(duplicate of River Bidiesua upstream) and 7.65% (River Bidiesua Downstrem). 

 

The control sites did not reveal any remarkable difference, as for some parameters the levels were 

even higher than the study locations. Boreholes from Mantukwa, Nakabamu and Mangoase (high 



Annual Report 2018  R & D Activities 

13 

 

iron) were identified to be high yielding and these could be treated and supplied to the township 

to address their plight. Efforts should also be made to dissuade the illegal miners from operating 

along the Bidiesua river. To conclude, the results of the entire study did not point to the likelihood 

of environmental impact of the mining operations on the groundwaters in Sansu community. We 

however recommend that in the interest of AGAG, a similar study be carried out if the company 

resumes its mining operations 

 

3.2.1.17: Drilling, Rehabilitation and Photo-logging of selected boreholes for Anglogold    

Obuasi Mine. 

(Project Staff: Dr. William A. Agyekum,E. A. Ayizemi, Jeffrey Ofosu and Eric Darko) 

Anglogold Ashanti (Ghana) Limited (AGAG) decided to upgrade its groundwater monitoring 

system to cover its catchment within the mine concession.  As part of the monitoring strategy, 

rehabilitation and replacement of the existing damaged monitoring wells were identified as 

feasibility options by AGAG.  In line of these objectives, management of Anglogold Obuasi Mine 

contracted the CSIR -Water Research Institute (WRI) to drill ten (10) new boreholes and to carry 

out pumping test on them and further to rehabilitate eight (8) existing boreholes, which had no 

information on them and to carry out photologging on them to determine their construction 

profiles. 

The main objectives of the project are to:  

¶ Rehabilitation of 8 No. existing monitoring wells in bad condition  

¶ Carrying out photo-logging of 8 No. existing wells without documented drilling logs after 

rehabilitation,  

¶ Drilling and construction of 10 No. replacement monitoring boreholes; and  

¶ Providing protective casing and platforms for the ten (10 No.) newly-drilled monitoring 

boreholes.    

Activities carried out during the reporting period include the following: 

a) Rehabilitation and photo-logging of existing boreholes:  There were eight (8) existing monitoring 

boreholes under this contract that required rehabilitation. WRI redevelop these boreholes and cleaned them 

of all debris. Since the boreholes were without any information, borehole logging was conducted using the 

Dual Induction log, which is capable of penetrating through installed Upvc pipes into the formation. Again, 

High Resolution Flow meter (HRFM) logging tool, which is capable of  locating  inflow zones was also 

used.   
 

b) Drilling, construction, development and Pumping test: Ten (10) new test wells were drilled at 

ten (10) pre-selected locations within AGAG mining concession. After drilling was successfully 

completed, each of the completed borehole. Screen pipes were appropriately provided at the 
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productive sections of each borehole to enhance smooth flow of water into the constructed 

boreholes. In addition, Six (6)-hour constant discharge test was conducted on each of the 

boreholes.  This would be followed by a 3-hour recovery test.  The pumping and recovery data 

collected were analyzed using the classical Cooper-Jacob method to determine the aquifer 

characteristics.Figure 3.2.15 presents the borehole development while fig. 3.2.16 show pumping 

test conducted on a borehole.  

 
Fig 3.2.15 Borehole Development Fig 3.2.16Conducting Pumping test on a borehole  

 

c) Supply of Well head and Concrete Pad/Platform construction  

Upon completion of the drilling and pumping test works, well head was constructed on each 

borehole. The height of each well head was 1m, where 0.2m was buried and the stick-out was 

0.8m high. Again, concrete platform measuring 0.3m x 0.3m x 0.2m was constructed around 

each borehole in accordance with agreed specifications.  Figure 3.2.17 presents the supply of 

concrete pad and concrete platform.  

 

 

 

 

 

 

 

 




















































































