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EXECUTIVE SUMMARY 

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

Research Institute of the Council for Scientific and Industrial Research in 2019. 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 2019 Annual Report consists of three (3) chapters, namely: Introduction, Administration, and 

Research/ Development Activities. The report has been compiled from reports of research and 

development activities; commercialization of research and development activities through consultancy 

and advisory services; and administrative matters such as staff strength, appointments, promotions, as 

well as national service recruitment during the year 2019. 

The Institute, in partnership with local and international collaborators, implemented a total of 33 research 

projects during the year.  Some of these include: (1) Climate Change Effects on Volta Lake Resources 

(VOLTRES), which aimed at improving the understanding of the physical and biogeochemical 

functioning of Lake Volta and how the Lake and its resources may respond to climate change; (2) 

Building climate resilience into river basin management (CREAM), which aimed at creating a 

knowledge base and capacity for integrating climate change, shared socioeconomic pathways, land-use/-

cover change and other future development scenarios into river basin management to enhance climate 

resilience, livelihood, water-food-energy security, and environmental conservation; (3) Multiplex Real-

time PCR Assay for the Diagnosis of Soil-Transmitted Helminthes, which aimed at developing and 

testing a multiplex real-time PCR diagnostic assay for detection of soil-transmitted helminthes 

infections; (4) An Assessment of the Burden of Urinary Schistosomiasis in the Ga-South District using 

Coproscopy and Biochemical URIT (10V) Dip Sticks, which aimed at determining the burden of urinary 

schistosomiasis using coproscopy and biochemical URIT (10V) dipstick; (5) The Anthelminthic 

Response Map (AR-Map) of Ghana, which aimed at assessing the prevalence and intensity of hookworm 

infections in selected communities in the Volta  and Greater Accra  Regions of Ghana, prior to and 12 

days after treatment with albendazole (ALB) and determine the in-vitro susceptibility of hookworms to 

ALB; (6) Increased Resilience to Climate Change in Northern Ghana Through the Management of Water 

Resources and Diversification of Livelihoods: The Role of Fish Farming, which aimed at increasing fish 

production through cage culture with the fast growing óAkosombo strainô of Oreochromis niloticus to 

ensure food security and alleviate poverty; (7) Backyard Farming of the African Catfish, Clarias 

gariepinus for Sustainable Livelihood and Food Security for Rural and Urban Communities, which 

aimed at introducing and testing different improvised systems for backyard African catfish culture; (8) 

Human Exposure Risks Assessment of Heavy Metals in Groundwater Within the Amansie and Adansi 

Districts in Ghana, which aimed at identifying and quantifying the human exposure risks of selected 

heavy metals likely to be associated with the consumption of surface and groundwater resources; (9) 

Preliminary Cultivation and Growth of Selected Seaweeds of Economic Importance Under Laboratory 
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Conditions in Ghana, which aimed at investigating the growth of red and brown seaweeds of economic 

importance; and (10) Assessment of Groundwater Resources in the Brong Ahafo Region of Ghana, 

which aimed at assessing the general groundwater potential and availability in the various rock types in 

addition to  updating composite hydrogeological map of the region. 

A total of 44 Journal papers, 1 book chapter, 22 conference papers, 26 consultancy reports, 8 technical 

reports and 1 newspaper article were authored by scientists of the Institute in collaboration with scholars 

worldwide.   
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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 is a public Institution established in 1996 from the merger 

of the former Institute of Aquatic Biology (IAB) and the Water Resources Research Institute ( WRRI), 

both of the CSIR, 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 

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 

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: 

Å To generate, develop and transfer appropriate technologies, information and services for sustainable 

development, utilization and management of surface water resources;  

Å 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; 

Å To generate, process and disseminate water and waste water quality information to end users; 

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

control strategies; 

Å 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 
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Å 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/Unit 

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

Technical Divisions, one (1) Technical Research Unit and three (3) Non-technical Divisions. The 

Technical Divisions/Unit are:  

Å Environmental Biology and Health 

Å Environmental Chemistry and Sanitation Engineering  

Å Fishery and Aquaculture  

Å Groundwater 

Å Surface Water 

Å Biomedical and Public Health Research Unit  

The Non-Technical Divisions are:  

Å Administration 

Å Commercialization and Information 

Å Finance 

1.6.1  Environmental Biology and Health Division 

The main objective of the Environmental Biology and Health Division is to enhance public health status 

of Ghanaians through sound environmental management, water pollution control strategies, 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. 

Activities of the Division include: 

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

Å Microbiological analyses of drinking water, waste water and other samples; 

Å Identification and management of invasive plants in Ghana; 

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

vectors; 

Å Environmental impact assessment and watershed management; 

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

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

innovative strategies for control and prevention; 
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Å Molecular epidemiology studies and understanding the mechanism and genetics of drug 

resistance and the development of DNA based diagnostic tools; 

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

Å Training of scientists, technologists and students. 

1.6.2  Environmental Chemistry and Sanitation Engineering Division 

The long-term objective 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: 

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

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

Å collect, process and disseminate comprehensive high quality and reliable environmental data on 

surface and groundwater with regard to their chemical constituents; and 

Å monitor pollution in coastal waters and lagoons in Ghana. 

Currently, the major research programmes of the Division are: 

Å Water quality monitoring; 

Å Industrial wastewater studies; 

Å Environmental impact assessment studies; and 

Å Development of strategies for water pollution control. 

1.6.3  Fishery and Aquaculture Division 

The mandate of the Fishery and Aquaculture Division is to generate scientific information, the application 

of which would enhance sustainable management and development of Ghanaôs fish, fisheries and 

aquaculture resources. The Divisionôs goal is to increase local fish production to support livelihoods 

through increasing yield from existing fisheries and development of sustainable aquaculture and 

culturebased fisheries practices. 

Currently, the Divisionôs major research and development programmes are in the areas of aquaculture 

development, environmental impact assessment and monitoring of fish populations in relation to 

socioeconomic development activities, fisheries enhancement and cultured fisheries  

1.6.4  Groundwater Division 

The long-term objective of the Groundwater Division is 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.  
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Currently, 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, undertakes groundwater monitoring and assessment studies as well as groundwater database 

management  

The Division therefore provides 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. Local and foreign 

students are also offered training on groundwater development. 

1.6.5  Surface Water Division 

The long-term objective 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: 

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

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

and management of water resources; 

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

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

Å assessment of climate change effects and adaptation strategies. 

  

1.6.6  Biomedical and Public Health Research Unit 

The main objective of the Biomedical and Public Health Research Unit is to conduct bio-medical 

research into communicable and non-communicable diseases, to develop technologies that will 

significantly increase knowledge to develop strategies towards the control and elimination of various 

diseases. Core diseases of interest include: 

Å Onchocerciasis 

Å Schistosomiasis 

Å STH 

Å Elephantiasis 

Å Malaria 

Å Fish diseases 

Upcoming diseases of interest include: 

Å Cancer 
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Å Buruli ulcer 

Å Diabetes 

Å Hypertension  

1.7    Branches 

Å Main office in Accra in the Greater Accra Region  

Å Branch office at Tamale in the Northern Region 

Å Aquaculture Research and Development Centre (ARDEC) at Akosombo in the Eastern Region 

The location of branches 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 branches of CSIR-Water Research Institute 

An overview of the major activities of the Institute during the year 2019 is herein presented. We shall 

be grateful to receive comments and suggestions on any aspects of our activities or report. The contact 

addresses are: 

The Director, The Director, 

CSIR Water Research Institute,          or CSIR Water Research Institute, 

P. O. Box AH 38, 

Achimota-Ghana 

P. O. Box M 32, 

Accra-Ghana 
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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  
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2.0 ADMINISTRATION 

The Administration Division in 2019 provided services and support to staff, Divisions and Outstations 

of the Institute to ensure effective and efficient work environment required 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 2019 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 2019 stood at 237. This was made up of 58 Senior Members, 113 

Senior Staff and 66 Junior Staff. The list of Senior Members and Senior Staff and 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 

Some members of staff were given the opportunity to acquire the necessary 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: 

Å Legionella isolation from environmental samples, National Health Laboratory Services- 

Infection Control Service Wits Medical School South Africa, 1st - 30th October 2019 

Å How to Publish in Peer Review Journals - Elsevier, Kumasi, 11th February 2019 

Å How researchers store, share and use data - Elsevier, Kumasi, 19th February 2019 

Å How to write case reports, E -Learning, Elsevier, 1st March 2019 

Å Training on the evaluation of EPA Governing Board performance and Committees, Accra, 13th 

March and 16th May, 2019 

Å Certificate- Global Atmosphere Watch Training and Education Centre (GAWTEC) Training  

Course, Environmental Research Station Schneefernerhaus (UFS), Zugspitze, Germany, 

October 13th - 26th 2019 
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Å Farm Data Management, Sharing and Services for Agriculture Development, Accra, 18th 

November ï 15th December 2019 

Å RainWatch Training Workshop on ñScenario Planning & Toolsò, Accra, 14th November, 2019 
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Training workshop on using the Long-range Energy Alternative Planning system (LEAP) and the 

Water Evaluation and Planning system (WEAP) software tools, Accra, 11th ï 15th March, 2019 

Å Training workshop to advance the integration of WEAP/LEAP models and introduce the 

Renewable Electricity Variability, Upscaling and Balancing (REVUB) mode, Accra, 30th October 

ï 1st November, 2019 

Å Training workshop on SPSS and STATA, Accra, 1st and 8th February, 2019 

Å Training Course for Small-Scale Inland Aquaculture, Japan and Philippines, 11th July - 24th August 

2019.  

Å Training on óIntegrated Decision Support System (IDSS) ï SWAT/APEX/FARMSIM, Accra,  

12th ï 17th August 2019 

Å A regional awareness training on flood forecasting and early warning systems, Lome, Togo, 26th 

ï 28th August 2019 

2.5 Participation in Scientific Meetings 

A number of research and technical staff participated in workshops, seminars and conferences held at the 

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

Å Meeting of the Technical Committee on Environmental Protection Standards for discussion of the final 

draft of the Ghana Standard Requirements for Effluent Discharge, Accra, 29th January  

2019 

Å Conference on WASH Sustainability, Challenges and Prospects and the Way Forward, Tamale, 16th-

18th January 2019 

Å International ILLBM workshop, Abidjan, C¹te dôIvoire, 16th-19th January, 2019 

Å Certificate (E-learning): How to Publish in Peer Review Journals. How researchers store, share and 

use data.  Research Academy Elsevier. 11th February, 2019 

Å Project inception meeting on Tilapia Seed Project: ñAccelerating aquaculture development in Ghana 

through sustainable Nile tilapia seed production and dissemination, Accra, 19th February, 2019 

Å Stakeholdersô roundtable discussion on óGalamsey Menaceò in Ghana: The way forwardô, Accra, 11th 

February, 2019 

Å UKRI-GCRF Global Engagement Meeting, Cairo, Egypt, 5th - 7th February 2019 

Å DANIDA Fellowship Center/ National Screening Committee meeting, Accra, 26th ï 28th March, 2019 

Å African Union Research Grant kick-off Workshop, Entebbe, Uganda, 5th ï 9th March 2019 

Å Partners meeting for COUNTDOWN Consortium in Monrovia, Liberia, March 2019 

Å Beyond the Pipe Forum, Accra, 20th March 2018, Accra 

Å One-day stakeholder workshop on National Invasive Species Strategy and Action Plan (NISSAP), 

Accra, 2nd April 2019 

Å RECIRCULATE Knowledge Exchange and Engagement workshop, Lilongwe, Malawi, 25th to 29th 

March, 2019. 
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Å Science Policy Forum on Water Security, Accra, 1st ï 2nd April, 2019 

Å AMR stakeholdersô workshop on The Role of Diagnostics and Global Point Prevalence Survey in the 

fight against Antimicrobial Resistance (AMR), Accra, 2nd April 2019 

Å EPA data review workshop for mapping environmentally sensitive areas within the four sedimentary 

basins of Ghana, Sogakope, 3rd ï 5th April, 2019 

Å Consultative meeting on regional flood management, Dakar, Senegal, 1st ï 2nd April 2019 

Å SETAC/AP focus meeting on environmental pollution and health in coastal zones along the 21st 

Century Maritime Silk Road, Guangzhou, China, 23rd - 26th April, 2019 

Å Steering Committee of the IWAVE Project, Accra, 7th May, 2019 

Å National Drinking Water Quality Management Coordinating Committee Meeting, Accra, 4th April, 

2019 

Å Roundtable discussion on groundwater policy formulation and AGM on UK-BRAVE PROJECT, 

Accra, 14th - 16th May, 2019 

Å General meeting for the Technical Leads and focal points working on AMR in the three sectors 

(Human, Animal and Environment Sectors) as part of the National Action Plan on AMR for Ghana to 

introduce the SORT IT training, Accra, 15th May 2019 

Å First in-house meeting of the Safe Fish Project: ñDevelopment of bacteriophages cocktails as disease 

biocontrol agents for improved aquaculture productivity, food and nutrition safety in Ghana and 

Ugandaò, Accra, 23rd May, 2019 

Å WHO Expert Meeting to Finalize the ESBL E. coli Tricycle Protocol, the Integrated Multisectoral 

Surveillance, One Health Project, Geneva, Switzerland, 26th - 28th June, 2019 

Å Strategic Environmental Research meeting, Accra, 7th June, 2019 

Å Meeting on Water and Sanitation and West Africa Building and Construction, Accra, 26th - 27th June, 

2019  

Å 9th International Conference on Algal Biomass Biofuel & Products, Boulder Colorado, USA, 17th ï 19th 

June, 2019 

Å Water Africa and West Africa Building and Construction 2019 Exhibition and Seminar, Accra, 26th ï 

28th June, 2019 

Å Workshop on biology of vector-borne disease, Idaho, USA, June 2019  

Å AWARD gender program, Accra, 10th June 2019 

Å 2nd National Development forum, Accra, 27th June 2019 

Å National Workshop on the Implementation of the IWAVE Methodology to Water Resources 

Management in Ghana, Accra, 15th ï 19th July, 2019 

Å Annual Scientific Conference, WACCBIP UG, Accra, July 2019  

Å Emergency stakeholder consultative meeting of the Regional Interagency Coordinating Committee on 

Sanitation (RICCS) in response to the Public Health Emergency alert by the Ghana Health 

Service/Ministry of Health upon detection and confirmation of the Poliovirus Type 2 in the Tamale 

Metropolis, Tamale, 24th July 2019 
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Å United Kingdom Research and Innovation (UKRI) Global Challenges Research Fund GCRF Cultures, 

Behaviours and Histories of Agriculture, Food and Nutrition Proposals, Assessment  

Panel meeting, London, United Kingdom, 10th July, 2019 

Inception meeting of the CREAM Project, Koforidua, 30th July, 2019 

Å Africa Plasmodium vivax Consortium, First international Meeting, Accra, August 2019 

Å Co-design and co-production workshop of the LIRA2030 funded EnsureWEF project, Accra, 25th - 

26th August 2019  

Å Second Inter-Ministerial meeting on Anti-Microbial Resistance, Accra, 21st August 2019 

Å Final dissemination meeting of the COUNTDOWN Consortium in Accra, Ghana, August 2019 

Å Regional Awareness training on flood forecasting and early warning systems, Lome, Togo, 26th ï 28th 

August 2019 

Å 2019 Annual National Conference of the Ghana Institution of Geoscientists, 13th ï 16th August, 2019 

Å MiFMASS first regional stakeholders and technical meeting, Université Felix HouphouetBoigny, Cote 

dôIvoire, 14th ï 16th August 2019 

Å African Research Universities Association (ARUA) hosted by the United Kingdom Research and 

Innovation (UKRI) Global Challenges Research Fund GCRF centres of excellence partnership 

programme call assessment panel meeting, Brussels, Belgium, 10th September 2019 

Å Helminth Bioinformatics workshop, West Africa Center for Cell Biology of Infectious Pathogens, 

September 2019 

Å FutureDAMS annual forum and technical meetings, Manchester, UK, 16th ï 20th September 2019 

Å Stakeholder Forum on Sustainable Sand Mining Option, Tamale, 19th September 2019 

Å Annual meeting of the RECIRCULATE PROJECT, Lancaster University, UK, 16th ï 18th  

September, 2019 

Å First Africa SORT IT Operational Research Course Module 1& 2, Uganda Entebbe, 2nd -14th 

September, 2019 

Å Eco-Innovation (Eco-I 2019) Conference, Lancaster University, UK, 19th - 20th September 2019 

Å Multi -stakeholder meeting on ILSSI, Accra, 24th October, 2019 

Å Annual Planning Meeting of the CREAM Project, Accra, 4th ï 6th November, 2019 

Å Tamale Water Security Stakeholders forum, Tamale, 19th September 2019 

Å Modernising Agriculture in Ghana (MAG) sponsored stakeholderôs meeting of Research, Extension 

Farmer Linkage Committee (RELC), North East and Savannah Regions, Tamale, 7th ï 8th October 

2019. 

Å Modernising Agriculture in Ghana (MAG) sponsored stakeholderôs meeting of Research, Extension 

Farmer Linkage Committee (RELC), Northern Region, Yendi, 14th - 15th October 2019. 

Å Modernising Agriculture in Ghana (MAG) sponsored stakeholderôs meeting of Research,  

Extension Farmer Linkage Committee (RELC), UWR, Wa, 21st - 22nd October, 2019 
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Å Modernising Agriculture in Ghana (MAG) sponsored stakeholderôs meeting of Research, Extension 

Farmer Linkage Committee (RELC), UER, Bolgatanga, 24th - 25th October 2019. 

Å ECO-1 2019 Conference, University of Lancaster, UK, 19th-20th September, 2019 

Å Workshop on improving Water Quality Assessment in Ghana, Ho, 24th ï 27th September 2019 

Å Ghanaian-German Water Week and the 7th West African Clean Energy and Environment (WACEEô 

19), Accra, 5th - 8th November, 2019 

Å Meeting on Draft Chemical Weapons and Industrial and Consumer Chemicals Bill, Accra, 17th 

December, 2019 

Å Stakeholder consultation on Institutional situational analysis for the Sound Management of Chemicals 

and Waste (SMCW) in Ghana, Accra, 18th December, 2019 

Å Meeting on trace metal contamination including Lead (Pb) in boreholes purported to have originated 

from pats of pumps and drilling inputs, Accra, 6th August 2019 

Å Validation Workshop on draft action Plan for Integrated Water Resources Management (IWRM) in 

Ghana in response to the Sustainable Development Goal 6, Target 6.5, Accra, 20th June 2019  

Å Stakeholder Strategic Water Workshop, Accra, 27th June 2019  

Å 31st Biennial Conference of the Ghana Science Association (GSA), Cape Coast, 29th July ï 1st  

August, 2019 

Å Water First! Workshop for African Women in Water Research and Policy, Accra, 8th ï 10th September 

2019 

Å International Climate Chance Summit - Africa 2019, Accra. 22nd October 2019 

Å 4th National Development forum, Accra, 29th August 2019 

Å Climate Chance Summit ï Africa 2019, Accra, 16th ï 18th October 2019 

Å Policy stakeholder meeting on the environmental guidelines for mining in production forest reserves, 

Accra, 30th of October 2019 

Å Conference on ñGender Mainstreaming in higher Education and Research: Behind the Scenesò, 

Kumasi, 6th ï 7th December 2019 

Å Aquaculture manual review workshop under the Tilapia Seed Project, Accra, 14th ï 16th October, 2019 

Å Bridging the gap: Science for the public workshop, Accra, 10th ï 11th October, 2019 

Å 30th Annual General Meeting & 2nd Scientific Conference of CSIR RSA, Kasoa, 22nd ï 25th October, 

2019 

Å Ghana Academy of Arts and Sciences, Annual Lecture in the Sciences 2019, óIs Ghana on the brink of 

Ecological Suicide?ô, Accra, 10th October, 2019 

Å 2nd IAEG Africa Regional Congress & 4th NAEGE Annual International Conference, Abuja, Nigeria, 

27th ï 30th October, 2019 

Å 15th Annual Meeting of African Science Academies (AMASA 15), Accra, 13th ï 15th November 2019 

Å 7th West Africa Clean Energy and Environment, Accra, 6th ï 8th November, 2019 
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Å Ghana Academy of Arts and Sciences, 2019 Founderôs Week Celebration, óBeyond 60 Years of 

Scholarly Excellence ï New Frontiers and Prospectsô, Accra, 11th ï 15th November, 2019 

Å Pan-African Policy Research Network for Fisheries & Aquaculture Meeting for the formulation of 

policy briefs on integrating women and youth in fisheries and aquaculture value chains and business 

development, Libreville, Gabon, 13th - 16th November 2019 

Å MCAG/STAR Ghana Terminal Workshop, Accra, 21st November, 2019 

Å NMIMR 40th Research and Scientific Anniversary Conference, Accra, November 2019 

Natural Resources Technical Committee Review meeting, Accra, 18th December 2019 

Å Workshop on ñSmall fish for Nutrition Worldfish.ò, Phnom Penn, Cambodia, 3rd ï 4th December 2019 

2.6  Membership of Committees and Boards 

Staff continued to serve on various committees and boards such as:  

Å Committee for the revision of Rules and Regulations of the CSIR Provident Fund. 

Å Committee on CSIR Staff allowances 

Å Council of Ghana Institution of Geoscientists 

Å CSIR Provident Fund Management Committee 

Å CSIR Research Staff Association (CSIR-RSA)  

Å CSIR Water Research Institute Internal Management Committee 

Å CSIR Water Research Institute Awards Committee 

Å CSIR Water Research Institute Editorial Committee 

Å CSIR Water Research Institute Intellectual Property Right Committee. 

Å CSIR Water Research Institute Staff Welfare Management Committee 

Å CSIR Water Research Institute Estate Committee 

Å CSIR Water Research Institute Transport Committee 

Å CSIR Water Research Institute Housing and Office Allocation Committee 

Å CSIR-WRI Training Committee 

Å CSIR Water Research Institute Fish Fingerlings Production Taskforce 

Å CSIR-WRI Strategic Planning Committee  

Å CSIR-WRI Internally-Generated Fund (IGF) Committee 

Å Entity Tender Committee of the Ghana Geological Survey Authority 

Å Ghana National Screening Committee 

Å Ghana Science Association 

Å Investment Advisory Committee (IAC) of the CSIR Provident Fund 

Å IWRM National Task Force 

Å Management Board of CSIR Mineral Water Company 
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Å National Coordinating Committee on Drinking Water Quality Management 

Å Natural Resources Technical Review Committee 

Å Research, Extension Farmer Linkage Committee (RELC) 

Å Steering Committee on IWAVE Methodology in Water Resources Management in Ghana 

Å Steering Committee of the GNPC Research Chair in Petroleum Geoscience 

Å Sub-Committee of the CSIR @ 60 Anniversary Planning Committee on Scientific Symposium 

Å Technical Committee on Environmental Protection Standards on Effluent Quality 

Å World Water Day 2019 Planning committee  

2.7 Employee Relations  

2.7.1  Long Service Recognition  

The 2019 Long Service Awards took place during end-of-year party on Thursday, 20th December, 2019. 

Some staff were honoured for their contributions to the Institute as shown in Table 2.1. 

Table 2.1: Long Service Recognition in 2019 

No. Name(s) Years Served 

1. Dr. K. Kankam ïYeboah 32 yrs 7mths 1day 

2. Mrs. Charity Mensah Ofei 37 yrs 2mths 20days 

3. Dr. Frederick Amu-Mensah 30 yrs 28days 

4. Mr. Emmanuel Alungo Ayizemi 39  yrs 6mths 18days 

5. Mr. Edem Amedorme Kwami 27 yrs 19days 

2.8  National Service  

The Institute supported tertiary institutions towards training of 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  Industrial Visits  

The underlisted institutions/individuals (Table 2.2) visited the Institute during the year under review. 

Table 2.2: Visitors to the Institute in 2019 

No. Name/Institution Date of Visit 

1. Visit to the Institute by Dr. J.O Fening 13- March,  2019 

2. Andson Travel Consult  12- Jun. -2019 
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3. Shield International School 26- Feb. -2019 

4. 
University of Lagos, Akoka Lagos Nigeria, Department of 

Marine Sciences 
24th March,2019 

5. 
Presbyterian University College, Ghana, Faculty of Development 

Student. 
29th March, 2019 

6. PrimeTime Limited 19th to 30th June, 2019 

7. Legacy Girls College 21st June, 2019 

8. 
Visit by Trustees of the public Sector Workers Employeesô 

Pension Scheme 
15th May, 2019 

9. Shield International School 12th June,2019 

10. Crown Prince Academy 28th June, 2019 

11. RWESCK 23rd August, 2019 
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No. Name/Institution Date of Visit 

12. 
Abomey ï Calavi, Benin Laboratoire dôHydrologie Appliquee  

Campus Universitaire dô Abomey ï Calavi 
1st April to 30th June, 2019 

13. Perpetual Help School 6th Nov, 2019 

14. Yilo Krobo Senior High School 13th Dec, 2019 

2.10  Staff Publications 

Several journal and conference papers, technical and non-technical reports were produced by staff during 

the reporting year. Most of these reports/papers have been placed at the Instituteôs Library as reference 

materials. The details are given in Appendix VI. 

2.11  Internal Seminars 2019 

Internal seminars were organized during the reporting year to provide fora for participants to discuss and 

bring into the public domain current research activities of the Institute. 2019 Seminars were generally 

targeted at Technologists of the Institute with the aim of building their capacities to become Researchers 

in the near future. Presentations on various research topics were made (Table 2.3). Scientists from allied 

institutions attended. 

Table 2.3: Internal seminar presentations during 2019 

Date Presenters/Speakers Topic 

17th July, 2019 

Mr. Franz Alex Gaisie- 

Essilfie 

Comparison of Markov Random Field 

SuperResolution Mapping and Maximum 

Likelihood  

Classifier 

Mr. Ralph Tagoe 

Groundwater  Potential  Assessment 

 Using  

Integrated Geophysical methods (EM&VES) 

Mr. Mark Osei-Owusu 
Assessment of Sediment Inflow to Lake Volta  

Under Present and Future Climate Scenarios 

27th August, 2019 

Mr. Stephen Asugre 
Assessing the Efficacy of Zeolite in Removing  

Fluoride from Groundwater 

Ms. Hawa Ahmed 

Pathogens Associated with Diseased Oreochromis 

niloticus and Control Practices in Selected Cage 

Farms in Asuogyaman District, Eastern Region 

Mr. Faisal A. Nuru 
Diagnosis of Schistosomiasis: The Case of 

KatoKatz Coproscopy. 
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31st October, 2019 

Mr. Serapis Appiah 

Efficiency of Wastewater Treatment Plants of the 

Food and Beverage Industry in Ghana: A Case 

Study of Pioneer Food Cannery and Cocoa  

Processing Company Limited 

Mrs.  Abigail  Nunoo  

Akuetteh 

Hydrogeochemical Characteristics of Aquifer in the 

Greater Accra Region  

Mrs. Lady A. Adomako 

Bacterial Loads and Antibiotic Resistance Profiles 

of Wastewater Released into the Onyasia Stream by 

Sewage Treatment Plant in Accra, Ghana 

26th November, 2019 Mr. Emmanuel Adu-Ofori 

Assessment of Suitability of Sludge and 

Wastewater Quality in Waste Stabilization Pond 

System in  

Accra, Ghana for Agriculture Purposes 

11th December, 2019 

Mr.  Christopher 

 Yom  

Nfojoh 

An Assessment of the impact of Modern Waste 

Treatment Plants on Industrial Wastewater from the 

Beverage Industry. (A case study of Accra Brewery 

Limited). 

Ms. Sylvia Amponsah 
Bridging the gap: Communicating Research to the 

public using social media. 

Mr. Isaac Owusu Frimpong 

A Comparative Study between LAMP Assay and 

PCR- based Assays for the Diagnosis of 

Schistosome Infection at Tomefa in the Greater 

Accra Region of Ghana. 

2.12  Consultancy And Other Services  

2.12.1 Consultancy and Advisory Services  

The Institute carried out a number of 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. The significant ones included: 

Å Monitoring and maintenance of water treatment facility (Client: Bank of Ghana, Tamale) 

Å Reverse osmosis wastewater treatment plant discharge monitoring (Client: Newmont Goldcorp 

Ghana Limited ï Ahafo Mine) 

Å Surface water ecological studies/monitoring at the Newmont Golden Ridge Limited - Akyem 

Mine, New Abirem (Client: Newmont Golden Ridge Limited - Akyem Mine, New Abirem) 

Å Monitoring the quality of water and sediments samples (Client: West Africa Fish Aquaculture 

Company ï Asikuma Eastern Region) 

Å Hydrogeological investigations to select prospective sites for drilling, construction and 

development of 20 Boreholes (Client; Catholic Relief Services) 
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Å Hydrogeological studies to select drilling sites (Clients: Emmanuel Caitoe, Gentle Giants Co. Ltd., 

Prime Poultry Limited) 

Å Pumping tests and Water Quality analysis for 9 Boreholes (Client: Accra Technical University) 

Å Spring survey (Client: Ice Spring Water Ltd.) 

Å Assessment of the state of Water Bodies affected by Galamsey activities in 8 regions in Ghana ( 

Client: Media Coalition Against Galamsey (MCAG ) 

Å Advisory services on the development of groundwater for domestic and industrial use (Client: 

Households and individuals) 

Å Advisory services on research and development activities on the destruction of water bodies and 

the environment by illegal small-scale mining in the mining communities at various fora and 

interviews (The media and civil society) 

Å Provision of Consultancy Services for mechanized borehole construction with treatment facilities 

at selected SSNIT Offices in the Northern and Southern sectors of Ghana (Client: SSNIT) 

Å Hydrogeological Advisory Services (Clients: Individuals, institutions and organizations) 

Å Monitoring the quality of water systems for legionella (Clients: Marriot Hotel and Golden Tulip 

Hotel)  

Å Monthly assessment of effluent quality and physico-chemical analysis of drinking water (Client: 

China Harbour Engineering Company (Ghana) Limited) 

Å Monthly assessment of surface and borehole samples (Client: Environmental Services Limited) 

Å Quarterly Assessment of Effluent Quality (Client: West Hills Mall Limited) 

Å Monthly Assessment of Effluent Quality (Client: Junction Shopping Mall Limited) 

Å Quarterly assessment of water and sludge samples (Client: West African Fish Ltd., Asikuma) 

Å Monthly assessment of effluent quality (Client: Tema Lube Oil Co. Ltd.) 

Å Assessment of sludge quality (Client: Volta River Authority) 

Å Advisory services on microbial water quality (Clients: Private Individuals)  

Å Ecological Monitoring of the Water Storage Facility (WSF), Rivers Pra and Maman, and the 

tributaries that feed the WSF (Client: Newmont Mining Company) 

Å Advisory services on challenges of algal pollution (Client: Packaged Water Produces) 

Å Drinking Water Quality Assessment in the Central Region of Ghana (Client: Public Utilities 

Regulatory Commission (PURC) 

Å Assessment of Legionella spp. from water systems (Client: Golden Tulip Hotel) 

Å Assessment of Legionella spp. from engineered water system (Client: Marriot Hotel) 

Å Physico-chemical and bacteriological tests on potable and swimming pool waters (Client: Golden 

Tulip Hotel) 

Å Final effluent quality monitoring (Client: Golden Hotel Limited) 

Å Physico-chemical and bacteriological tests on potable and swimming pool waters (Client: Fiesta 

Residences) 
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Å Monthly assessment of effluent quality (Client: Cocoa Processing Company Company Limited)  

Å Monthly assessment of effluent quality (Client: Kasapreko Company Limited)  

Å Monthly assessment of Effluent Quality (Client: Accra Brewery Limited)  

Å Physico-chemical and Bacteriological Quality Assessment of Boreholes and Tap Water (Client: 

Oyibi Area Water and Sanitation Development Board) 

Å Final Effluent Quality Assessment (Client: Phyto-Riker, GIHOC Pharmaceuticals) 

Å Drinking Water Quality Assessment in the Central Region of Ghana (Client: Public Utilities 

Regulatory Commission (PURC) 

Å Consultancy service to produce Four Hundred and Twenty Thousand (420, 000) mono-sex male  

Nile tilapia fingerlings (Client: Dagan Farms Ghana Limited) 

2.12.2 Training Services  

The Institute, through the Technical Divisions/Unit, individual research and technical staff, offered training 

in various forms to individuals, groups, non-governmental organizations and students of the Universities 

and Polytechnics. Among them were: 

Å In-service training for service personnel and students on industrial attachment/internship 

Å Laboratory training on microbiological techniques to detect AMR in the environment, Tropical Disease 

Research Center, Ndola, Zambia 

Å Supervision of a PhD student at the Kwame Nkrumah University of Science and Technology, 

Department of Theoretical and Applied Science 

Å Supervision of MSc. Student of Kwame Nkrumah University of Science and Technology (KNUST) on 

a Project work entitled óSpatio-temporal Analysis of Water Quality Trends in the Densu River Basin 

Å Training of aquaculture pond and cage farmers 

Å Supervision of a PhD student from the Department of chemistry, KNUST, Kumasi on the title 

ñFabrication of CNTs-metal oxide/polymer chemical sensors for gas sensor application and 

computational studiesò 

Å Supervision of a PhD student from the Department of Applied Chemistry, University of Johannesburg-

South Africa on the title ñIntegrated bone and biochar bed for contaminant removal from groundwaterò 

Å Supervision of an MSc student from the Department of Chemical Engineering, KNUST, Kumasi on 

the title ñSynthesis of polysulphide intercalated layered double hydroxides for adsorption processesò 

Å Supervision of an MSc student from the Department of Applied Chemistry, University of 

Johannesburg-South Africa on the title ñImproving the thermoelectric performance of zinc oxide with 

Al 3+, In3+ and 2D materials through the formation of superlattice structuresò 

Å Supervision of an MSc student from the Department of Applied Chemistry, University of 

Johannesburg-South Africa on the title ñIsolation and characterization of Drimia delagoensis 

phytochemicals and their application in diabetic foot ulcer treatmentò 
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Å Supervision of a student from the Department of Chemistry, University of Ghana, Legon on the title 

ñAssessment of the levels of Polycyclic Aromatic Hydrocarbons (PAHs) in ôWeleô- A commercially 

important cowhide from selected markets in Accraò 

Å Supervision of a student from the Department of Chemistry, University of Ghana, Legon, on the title 

ñAssessment of the levels of Polycyclic Aromatic Hydrocarbons (PAHs) in ôWeleô- A commercially 

important cowhide from selected markets in Temaò  

Å Supervision of a PhD student from Kwame Nkrumah University of Science and Technology; thesis - 

óRemote Sense-Based Evapotranspiration for hydrological modelling in the Densu River Basinô 

Å Supervision of a PhD student of the Climate Change and Water Resources programme, University of 

Abomey-Cavali, Benin; thesis ï óAssessment of environmental change impacts on groundwater 

recharge in the White Volta river basin, West Africaô 

Å Supervision of a PhD student from the Chemistry Department, Kwame Nkrumah University of Science 

and Technology, Kumasi, Ghana; thesis ï óHeavy metals and xenobiotics in water and soil/sediment 

from the informal economic sector of Ghana: distribution, transport, modelling and risk assessmentô 

Å Supervision of a PhD student from the University of Ghana; thesis ï óAquifer chracterisation and 

numerical modelling for groundwater resources assessment in the Densu Basinô 

Å Supervision of a PhD student from Kwame Nkrumah University of Science and Technology; thesis ï 

óImproving Multiple ENSEMBLES climate change projections over Pra and DENSU river basins for 

hydrological impact modelingô 

Å Supervision of a PhD student from the University of Ghana; thesis ï óEvaluating the dynamics of water 

related ecosystem services in the Densu River Basinô 

Å Supervision of a PhD student from Kwame Nkrumah University of Science and Technology; thesis ï 

óImpacts of changes in climate and land-use/-cover on hydrology of the Pra River Basinô 

     SENIOR MEMBERS OF THE CSIR-WATER RESEARCH INSTITUTE (CSIR -WRI)  
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Dr. William A. Agyekum  
(Principal Research Scientist/Deputy 
Director/ 

Ag. Head, Commercialization 

Division) 

Dr. Kwabena  
Kankam-Yeboah 

 (Chief Research 

Scientist) 

Prof. Mike Yaw Osei- 
Atweneboana 

(DIRECTOR / Principal Research 

Scientist) 

 

 

Dr. Emmanuel Obeng Bekoe 
(Senior Research Scientist/Ag. 

Head, Surface Water 

Division) 

 

 

Dr. Anthony A. Duah 
(Senior Research 
Scientist/ 

Ag. Head, Groundwater 

Division) 

 

 

Mrs. Charity Offei Mensah 
(Senior Accountant/Ag. Head,  

Finance Division) 

Dr Samuel Armoo 
(Research Scientist/Ag. Head,  

Biomedical and Public Health Unit) 

Dr. Kwadwo A. Asante 
(Principal Research Scientist) 

Dr. Collins Tay 
(Principal Research Scientist) 
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Dr. Felix K. Y. Akpabey 
(Senior Research Scientist/OIC-
Tamale) Dr. Isaac O. A. 
Hodgson 

 (Chief Research Scientist) 

 

 

Mr. Theodore Quarcoopome  
(Senior Research Scientist/Ag. 

Head,  
Fishery and Aquaculture 
Division) 

 

 
Dr. Seth K. Agyakwah 

( Research Scientist/ 
OIC-ARDEC, Akosombo) 

 

Dr. Anthony Y. Karikari 
(Principal Research Scientist/Ag.  

Head, Environmental Chemistry and  
Sanitation Engineering Division 

Dr. Gloria Naa Dzama Addico 
(Senior Research Scientist/Ag. Head,  

Environmental Biology and Health Division) 
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Dr. Francis Amevenku 
( Senior Research Scientist ) 

Dr. Ebenezer O. Ansa
 Dr. Ruby Asmah 

(Principal Research Scientist) 
(Principal Research Scientist) 

 
(Senior Research Scientist) ( 

Senior Research Scientist ) 

 
Mr. Humphrey F. Darko 
(Senior Research Scientist) 

Mr. Collins Okra 
(Senior Research 

Scientist) 

Dr. George T. Mensah 
(Research Scientist) 

Mr. Mark Osa Akrong 
( Senior Research 

Scientist ) 
(Research Scientist) (Senior Research 

Scientist) 
(Research Scientist) ( Research Scientist ) 

 
Mrs. Claudia Bentum 

Dr. Frederick Amu-Mensah Dr. Emmanuel Obuobie  
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(Research Scientist) (Research Scientist) (Research Scientist)   ( Administrative Officer ) 

  

Mr. Solomon A. Owiredu   Mr. Gerard Quarcoo 
(Research Scientist)   (Research Scientist)   (Research Scientist) ( Research Scientist ) 

  

Mr. Edward Jenner Tettevi   Mrs. Zita Naangmenyele Abuntori 
(Research Scientist)   (Research Scientist)   (Research Scientist) ( Senior Research Scientist ) 

  

Mrs. Debora Darko   Mrs. Marian A. Jiagge 
(Research Scientist)   (Senior Librarian)   (Accountant) ( Principal Adminstrative Officer ) 

Mrs. Regina Banu Mr. Michael Kumi Mrs. Marian Amu-Mensah  Mr. Etornyo Agbeko  Dr. Francis A. Anani Ms. Saada Mohammed Mr. Emmanuel Tetteh-Doku Mensah  

Mr. Carl Ofori-Agyeman Mr. Patrick A. Mainoo  

Mr. Evans Manu Mr. Fred Logah  

Mr. Osei-Mensah Kwame Mr. Sampson K. Boateng  
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Mr. Kwabena Owusu Benson   Dr. Franklin Obiri - Nyarko 

(Scientific Secretary)   (Research Scientist)    (Research Scientist) ( Research Scientist ) 

 
(Research Scientist) (Research Scientist) ( Research Scientist ) 

 

Ralph Tagoe  
(Principal Technologist   (Principal Technologist) (Principal Tchnologist) ( Principal Technologist ) 

Dr. William W. Anku  Dr. Pennate Bruce-Vanderpuije  Dr. Elias Asuming-Brempong Dr.  Ruth Ayanful Togby  

Mr. William Ekow Arko Michael Dorleku  

Stephen Asugre (Jnr) Ayesha Algade Amadu  Mark Osei Owusu  
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(Principal Technologist) (Principal Technologist) ( Principal Technologist ) 

3.1  FOOD SECURITY AND POVERTY REDUCTION  

3. 1.1   FISHERIES AND AQUACULTURE  

3.1.1.1  Increased Resilience to Climate Change in Northern Ghana Through the Management  of

 Water Resources and Diversification of Livelihoods: The

 Role of Fish Farming 

       (Project Staff: Dr. Felix J. Akpabey, Martin Asogro Adakpeya and Yaa Asabea Agadzi) 

The United Nations Development Programme (UNDP) in collaboration with the Ministry of Environment, 

Science, Technology and Innovation (MESTI) launched an initiative dubbed the ñAdaptation Fundò 

project. The initiative seeks to increase resilience to climate change through the management of water 

resources and diversification of livelihoods. The main objective of the programme is to enhance the 

resilience and adaptive capacity of rural livelihoods to climate impacts and risks on water resources in the 

five (5) northern regions of Ghana, namely Upper East, Upper West, Savannah, North East and Northern 

regions, which have high degree of exposure to climate variability and change characterized by increasing 

temperatures and decreasing and erratic rainfall. Hence, in collaboration with UNDP and MESTI, the study 

was undertaken to increase fish production through cage culture with the fast growing óAkosombo strainô 

of Oreochromis niloticus to ensure food security and alleviate poverty.  

In the year under review, five sites were selected in the Upper West Region (Table 3.1.1). Project 

sensitization workshop was organised and fish farmer groups, each consisting of 10 females and 10 males 

for each project site, were formed. Four fish cages of dimensions 3x3x2 m were constructed for each group 

and hands-on training on cage fish production techniques (e.g. feeding regime, maintenance of cage, record 

keeping, etc.) was organised for participants. Each installed cage was stocked with 1000 all male 

Oreochromis niloticus fingerlings of about 5 g body weight. The fishes were fed with the United Nations 

Development Programme (UNDP) in collaboration with the Ministry of Environment, Science, Technology 

and Innovation (MESTI) launched an initiative dubbed the ñAdaptation Fundò project. The initiative seeks 

to increase resilience to climate change through the management of water resources and diversification of 

livelihoods. The main objective of the programme is to enhance the resilience and adaptive capacity of 

rural livelihoods to climate impacts and risks on water resources in the five (5) northern regions of Ghana, 

namely Upper East, Upper West, Savannah, North East and Northern regions, which have high degree of 

exposure to climate variability and change characterized by increasing temperatures and decreasing and 

Mr.  Franz Alex Gaisie-Essilfie  Mr. Akurugu Bismark Awinbire Mr. Hawa Ahmed  
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erratic rainfall. Hence, in collaboration with UNDP and MESTI, the study was undertaken to increase fish 

production through cage culture with the fast growing óAkosombo strainô of Tilapia Oreochromis niloticus 

to ensure food security and alleviate poverty.  

In the year under review, five sites were selected in the Upper West Region (Table 3.1.1). Project 

sensitization workshop was organised and fish farmer groups, each consisting of 10 females and 10 males 

for each project site, were formed. Four fish cages of dimensions 3x3x2 m were constructed for each group 

and hands-on training on cage fish production techniques (e.g. feeding regime, maintenance of cage, record 

keeping, etc.) was organised for participants. Each installed cage was stocked with 1000 all male 

Oreochromis niloticus fingerlings of about 5 g body weight. The fishes were fed with pelleted fish feed of 

approximately 30 ï 32 % crude protein to supplement the natural food in the reservoir. Six (6) wooden 

canoes were constructed, one for each of the sites and each site was also supplied with six  

(6) Life Jackets.  

The fish in the Nadowli/Kaleo District were harvested after 201 days and the results shown in Table 3.1.2. 

At the end of the reporting period, about 100 people benefited directly from the project, 100 households had 

access to fish from the project and about 620 kilograms of fish were produced from the project. It was 

recommended that implementation of the project should be extended to other communities in the northern 

part of Ghana.  

th pelleted fish feed of approximately 30 ï 32 % crude protein to supplement the natural food in the 

reservoir. Six (6) wooden canoes were constructed, one for each of the sites and each site was also supplied 

with six (6) Life Jackets.  

The fish in the Nadowli/Kaleo District were harvested after 201 days and the results shown in Table 3.1.2. 

At the end of the reporting period, about 100 people benefited directly from the project, 100 households had 

access to fish from the project and about 620 kilogrammes of fish were produced from the project. It was 

recommended that implementation of the project should be extended to other communities in the northern 

part of Ghana.  

Table 3.1.1: Sites selected for project implementation 

District  Sites/Co mmunities Number of cages 

Nadowli/Kaleo District 1. 2.

  

3.  

Goli 

Nanvilli 

Takpo 

4 

2 

4 

Nandom District 1.  Ko-Bukong 2 

Sissala East District 1. Wellembelle 

2. Kong 

4 

Cages were not installed as some group of 

people prevented the installation due to 

chieftaincy dispute 



R & D ACTIVITIES  

29 

Table 3.1.2: Results of harvested fish in the Nadowli/Kaleo District  

District  Site/Communities 
Number of  

Cages 

Average Total  

Weight/Cage 

Average Total  

Weight 

Nadowli/Kaleo Goli  4  75.0 kilos 300  kilos 

 Nanvilli 2 65.0 kilos 130  kilos 

 Takpo 4 47.5 kilos 190  kilos 

Total    620  kilos 

Impact of the Study on National Economy  

The Fisheires and Aquaculture sector in Ghana plays a significant role in the national economy. It 

contributes about 3 to 5% to the Gross Domestic Product (GDP) and provides employment opportunities to 

the populace (Bank of Ghana, 2008). Ghanaôs current fish production from aquaculture is 52,470.49 metric 

tonnes a year (The Republic of Ghana, 2016). The most important source of animal protein in every part of 

the country, poor or rich, village or cities comes from fish in Ghana (Anon, 2003). 

Northern Ghana, comprising the Northern, North East, Savannah, Upper East and Upper West Regions, is 

endowed with several water storage reservoirs. As of 2005, there were 539 storage reservoirs in Northern, 

North East and Savannah Regions, over 200 storage reservoirs in the Upper West Region and the Upper 

East Region has more than 300 storage reservoirs (MoFA, 2005).  

These reservoirs lend the area to a great potential for fish culture and capture fisheries. The development 

of cage fish culture with fast growing óAkosombo strainô of Tilapia (Oreochromis niloticus) in the rivers 

and reservoirs in Northern Ghana would thus contribute to the crucially needed and more affordable fish 

to ensure fish availability for food security and improved nutritional health of the citizenry.  

3.1.1.2    Bacteriophage Cocktails as Disease Bio-Control Agents for Improved  

AquacultureProductivity, Food and Nutrition Safety in Ghana and Uganda ï SafeFish 

(Project Staff: Dr. Etornyo Agbeko, Dr. Francis A. Anani, Dr. E. T. Doku-Mensah, Mr. Evans 

Agbemafle, Dr. Jesca Nakavuma; Dr. Isaac Okyere; Mrs. Deborah L. Narh Mensah; Mr. Papa 

Toah- Akornor; Dr. Susan Damanka; Dr. John Walakira; Dr. Samuel Wamala; Mr. Deus 

Kamya; Dr. Stephen Alafi, Dr. Martha Nalweyiso; Dr. Claire M. Mugasa; Dr. Maureen 

Mayanja; and Dr. Martha Clokie) 

High fish mortality among Tilapia species during culturing periods has become a major challenge in the 

aquaculture industry. Deterioration in water quality, coupled with incidence of pathogenic diseases may 

erode gains being achieved in the production of Nile tilapia, Oreochromis niloticus in Africa. Fish farmersô 

increased reliance on antibiotics seemed to have resulted in anti-microbial resistance in most farmed Nile 

tilapia. In 2018, over 100 metric tonnes of fish kills were reported within a period of two months on Lake 

Volta in Ghana. It was against this background that the study was conducted in collaboration with Makerere 

University (CoVAB), Uganda; CSIR-Food Research Institute; University of Cape Coast (UCC); Noguchi 

Memorial Institute for Medical Research; National Agriculture Research Organisation (NARO) ï National 

Fisheries Resources Research Institute (NAFIRRI), Uganda; and University of Leicester, UK. The broad 
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objectives of the study were to develop bacteriophage cocktails against bacterial infections in fish as disease 

bio-control agents for improved aquaculture production in Ghana and Uganda. Phages (Bacteriophages) 

are naturally occurring tiny antimicrobial entities that infect bacteria cells and are auto-dosing, whilst 

antibiotics require continuous sequential application to completely eliminate the target pathogenic host 

bacteria cells. The specific objectives were to:  

i. determine the microbial safety of the inputs and outputs, and the prevalent bacterial disease agents 

on the tilapia fish farms 

ii.  establish local host cell banks and seed banks for bacteriophages isolated against the most common 

and economically significant fish bacterial disease agents 

iii.  formulate and evaluate bacteriophage cocktail product(s) at laboratory scale 

iv. establish the performance of the phage products on selected fish farms, the consumers 

acceptability and adoption by the fish farmers 

In the reporting year, project meetings were held to review progress of project activities and plan for the 

next phases of the project. One regional project meeting was held in Uganda for co-investigators under the 

auspices of the African Union (AU) for research grant awardees Interaction of the research teams from 

different countries promoted team building and strengthen the collaboration between the participating 

Institutions. This enabled proper evaluation of the project as well as prepare procurement plans for project 

materials for field activities. Pre-testing of questionnaire and recognisance survey was carried out using 

purposive sampling. This involved active Nile tilapia (O. niloticus) farmers from three regions in southern 

Ghana viz. Eastern, Volta and Greater Accra Regions. Observation of clinical signs on fish and secondary 

data on farmers were collated. Descriptive statistics using SPSS (version 23) was performed. For 

participatory, sustainability and advancement of this study, a PhD student in microbiology and a BSc. 

student (top-up) in statistics are being trained on the project as part of the capacity building process. 

A general overview of the Safefish project was presented to fish farmers during sensitization seminars in 

Uganda and during preliminary survey in Ghana (Figure 3.1.1). From these interactions, awareness for bio-

control of fish diseases particularly for farmed Nile tilapia was shared.  

 

 Figure 3.1.1: (a) Presentations at Central and Southern Regions of Uganda and (b) Engagement                   

with some aquaculture farms in Volta Region of Ghana during tilapia harvesting time 

The Socio-demographic status of tilapia farmers from the Eastern, Volta and Greater Accra regions of Ghana 

indicated that most farms were being operated by óabsentee farmersô (i.e. caretakers) representing 64.3% in 

a .   b .   
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terms management status ofsurvey results show that most of the farms were managed by persons considered 

as caretakers on behalf of their owners considered as absentee farmers. Age class range of these caretakers 

were between 21 - 40 years. representing 50% of the productive work force was a good indicator for the 

tilapia industry. The sample was dominant by males (85.7%), and most of the respondent fish farmers 

(57.1%) have had secondary education. The preliminary survey revealed that only 21.4% of the fish farmers 

sourced fingerlings from ñcertifiedò or recognized commercial hatcheries. Hence, access to healthy and 

improved strains of tilapia could be compromised. Fish farm operators that reported using anti-biotics 

constituted 35.7% of the respondents.   However, 50% of fish farmers admitted using drugs or chemicals in 

their aquaculture operations. The use of drugs or chemicals in recent times could be due to the high 

occurrence of unhealthy tilapia and its cascading effects of high fish mortality of farmed tilapia in Ghana 

(Figure 3.1.2). There are varying perceptions on the causes of high fish mortality in farmed tilapia in 

southern Ghana with 21.4% of the fish farmers attributing it to bacteria infection (Figure 3.1.3). This 

corroborates the increasing use of anti-biotics by some fish farmers.   

It was concluded from the study that high fish mortality (about 70%) occured on fish farms surveyed and 

most of the fish farmers in Eastern, Greater Accra and Volta regions did not have proper quarantine systems 

and fish health management plans. Also, the fish farms surveyed were using drugs and/or combination of 

various antibiotics on their fish farms inappropriately. The study recommended that further in-depth studies 

be carried across Ghana and Uganda to also include sampling of healthy and diseased O. niloticus as well 

as water samples from randomly selected farms and other water bodies.   

 

Figure 3.1.2: Farmersô perception on fish

 health and mortality  levels in Eastern, Volta and 

Greater Accra Regions of Ghana 
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 Figure 3.1.3: Fish farmersô perception on cause of cultured tilapia mortality in 

Eastern, Volta and Greater Accra Regions of Ghana 

Impact of the Study on National Economy  

The benefits of Bacteriophage-based technology would help reduce the usage of antibiotics in tilapia 

aquaculture farms, thereby reducing the financial burden on smallholder farmers as well as the levels of 

antibiotic resistant bacteria in fish farms. It is expected that the introduction of these products onto the 

Ghanaian and Ugandan aquaculture industry will contribute to the fight against antibiotic resistant bacterial 

pathogens in aquaculture facilities. 

3.1.1.3   Bioinformatics for Growth, Reproduction, Food and Feeding Habit of African Bonytongue 

Fish, Heterotis niloticus (Cuvier, 1829) for Sustainable Culturing -  

Preliminary Studies  

(Project Staff: Dr. Etornyo Agbeko, Dr. Francis A. Anani, Dr. E. T. Doku-Mensah, Dr. Seth 

K. Agyakwah, Mrs. Mercy Johnson-Ashun, Mrs. Patience D.K.  Atsakpo, Mr. K.K.N Atsakpo 

Mr. Eric Kretsi, Mr. Evans Danquah, Mss. Khadijah Alhassan Salis, Mr. Kelvin Kweku 

Donkor, Mr. Richard Odaano, Mr. Felix Ayariga, Mr. Selorm Rocky Gliff, Mr. Wisdom Sekley, 

Mr. Abraham Terkpetey) 

For ecological and economic diversification of aquaculture in Africa, the African bonytongue fish could be 

a suitable candidate. The African bonytongue, Heterotis niloticus (Pisces: Osteoglossiformes: 

Osteoglossidae) is one of the largest omnivorous fish species of high commercial value in African 

freshwater fisheries. It is reported to have a good growth rate and can reach individual weight of 5800 g to 

5838g. Heterotis has the ability to colonize most freshwater systems. However, recruitment overfishing 

and anthropogenic activities seem to be endangering its ecology (niche) for spawning and reproduction in 

the wild. Comparatively, Heterotis has some similar flesh qualities like the Tilapiine such as white meat, 

high protein levels, lean fat and great taste. Due to these and other factors including high mortality in the 

farmed tilapia industry, demand for Heterotis fingerlings had increased from 3000 in 2017 to over 50,000 

in 2019. Previous attempts had been made to domesticate Heterotis niloticus for commercial production.  

However, some challenges exist over its survival, food and feeding especially with regard to its acceptance 

of artificial food and reproduction under culture systems. The main objective of the study was to investigate 

and understand the growth and reproductive health status of the African bonytongue fish (Heterotis 
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niloticus) for sustainable culturing towards commercial production in CSIR-WRI ARDEC earthen ponds 

in Akosombo 

In the year under review, a total of 30 individuals of African bonytongue fish (Heterotis niloticus) were 

randomly selected from designated earthen pond for heterotis production at CSIR-WRI, Aquaculture 

Research and Development Center (ARDEC), Akosombo. Sampling was done during the minor rainy 

season (October, 2019). Morphological and meristic measurement such as total length (TL), standard length 

(SL), gut length, and pyloric caeca length were measured to the nearest 0.1 cm with corresponding body 

weight, head weight, viscera weight, liver weight, gonad weight, gut weight, pyloric caeca weight, and 

stomach content weigh to the nearest 0.1g. The stomach content were sorted into categories and identified 

for food and feeding habits by dissection out and its degree of fullness estimated. Fulton condition factor, 

K, was calculated as: K = W/L3 x 100. Where W = fish weight (g) and L = Fish length (cm). Sexual variation 

(gender determination), Gonadosomatic index (GSI) = (Gonad weight (g) / Fish weight (g)) × 100, and 

Hepatosomatic index (HSI) = (Liver weight (g) / Fish weight (g)) × 100. 

At the end of the study period, it was observed that for growth, the minimum and maximum range for 

length-weight (L-W) characteristics of Heterotis niloticus encountered was 26 cm ï 39.20 cm and 131.70 

g - 456.60 g.  A mean of 31.94 cm and 257.25 g (L-W) corresponding to a head weight of 93.56 g indicates 

possible good carcass quantity (Table 3.1.3). From the length-weight relationship, the condition factor (K) 

of 1.07 revealed physiologically healthy fish with an allometric growth.  

Table 3.1.3: Morphometric parameters of Heterotis niloticus from ARDEC, Akosombo 

 Mean SD Mode 
 

Skewness Range Min  Max 

Total length (cm) 31.94 0.67 30.40 12.92 0.27 13.20 26.00 39.20 

Standard length (cm) 28.65 0.58 29.50 9.72 0.13 11.90 23.30 35.20 

Weight (g) 257.25 14.82 30.80 6366.41 0.71 324.90 131.70 456.60 

Buccal Cav. length (cm) 2.37 0.06 2.00 0.10 0.12 1.20 1.80 3.00 

Gut length (cm) 35.14 1.20 35.30 41.58 0.11 24.50 23.00 47.50 

Gill raker (cm) 18.78 0.95 19.30 26.10 0.42 23.10 8.20 31.30 

Gut weight (g) 3.20 0.25 2.60 1.83 0.55 5.50 1.00 6.50 

Head length (cm) 7.49 0.22 7.20 1.45 -2.25 7.30 2.50 9.80 

Head weight (g) 93.56 4.51 96.30 589.02 0.61 88.00 58.50 146.50 

Liver weight (g) 0.21 0.01 0.24 0.01 0.49 0.30 0.07 0.37 

Viscera weight (g) 12.14 0.77 10.80 17.13 0.90 20.30 4.30 24.60 

Stomach fullness (g) 3.74 0.31 1.70 2.85 0.63 7.40 1.00 8.40 

Stomach empty (g) 2.86 0.27 3.70 2.08 0.11 5.00 0.70 5.70 

Gonad (g) 0.97 0.17 1.60 0.88 0.40 2.90 0.00 2.90 

Spleen (g) 0.57 0.03 0.50 0.02 0.60 0.60 0.30 0.90 

Where: cav means cavity 
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It was observed that average 257.25 g H. niloticus could ingest 3.74 g of feed per feeding session (Figure 

3.1.4). The food and feeding habit of heterotis is presented in figure 2.1. A total of 53% females and 47% 

males (Figures 3.1.5 and 3.1.6) with a sex ratio of 1.31:1.14 (F:M) were recorded. Most of the females of 

H. niloticus had maturing or mature gonad (gonads ripped) while the males had single testis containing milt 

(Figure 3.1.7). The reproductive health status as a function of the Gonadosomatic index (GSI) was 0.38  

and the Hepatosomatic index (HSI) was  0.082. 

It was concluded that the Heterotis niloticus studied had good growth traits but needed improvement to 

boost its reproduction. The old brood stocks of H. niloticus should be replaced and in-breeding avoided. 

Juveniles of H. niloticus from various water bodies should be sourced, their reproductive performance 

evaluated and compared with the existing stock at ARDEC.  Further studies on the meristic and other 

morphological parameters will help bridge the knowledge gap towards sustainable culture of the African 

bonytongue fish.  

Impact of the Study on National Economy  

The successful breeding of Heterotis under culture systems will serve as an alternative to Nile tilapia. This 

is expected to provide additional candidate fish for culture thus contributing in making the aquaculture 

industry resilient.  

  

Figure 3.1.4: Dietary habit of Heterotis  Figure 3.1.5: Sex rate of Heterotis niloticus niloticus in 

earthen pond at ARDEC encountered in earthen pond at ARDEC 
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Figure 3.1.6: Heterotis niloticus being examined for sex 

determination before dissection 

 

Figure 3.1.7: Ventral view of gonad after dissection (a) male with testis ( b) 

female with ovary (Oocytes ) 

3.1.1.4  Assessment of Fish Fauna, Socio-Economics and Water Quality of Dawhenya Reservoir 

(Project Staff: Mr. Theodore Quarcoopome, Ruby Asmah, Francis Amevenku, Anthony 

Karikari, Acheampong Addo, Bright Awunor, Daniel Amoah, Serapis Appiah) 

Dams and reservoirs have been part of the aquatic environment for many decades and have played an 

important role in the socio-economic development of many nations, including Ghana. The 2.2 km2 

a.  b.  
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Dawhenya Reservoir in Ghana has been in existence since 1974, was purposely created for irrigation but 

supports fisheries and estimated to potentially produce 20 tons of fish per annum (Balarin, 1988). Alhassan 

(2011) identified 12 fish species belonging to 8 genera, one of which was a shell fish. Little information is 

available on the current state of fish and fisheries, water quality, and the socio-economic characteristics of 

riparian communities of the Dawhenya Reservoir. Information from this study is expected to provide 

scientific basis for the sustainable management of the Dawhenya Reservoir for sustainable socio-economic 

development. The objectives were to determine the: 

i. status of fish and fisheries of the Dawhenya Reservoir 

ii.  water quality trends of the Dawhenya Reservoir 

iii.  socio-economic status of fishers in riparian communities of Dawhenya Reservoir 

Fish sampling, data collection and analysis 

Monthly fish sampling was undertaken at 3 stations namely Adzimador (upstream), Abbeykope (midstream) 

and dam site (downstream) (Figure 3.1.8) using multifilament (12.5 ï 40.0 mm) and monofilament (38.1 ï 

177.8 mm) gill nets of laterally stretched mesh sizes. Each fish specimen was identified and measurements 

of standard length, total length and weight were taken. Based on fish identification, length and weight 

measurements as well as the number of fish in each species, the following parameters were estimated: 
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Figure 3.1.8:Map of Dawhenya Reservior showing sampling stations 

Species composition: described fish populations that comprised the fish community by fish identification. 

Relative abundance: described the importance of each species in the fish community in terms of number 

and weight by computing the percentage composition of each species with respect to the total sample. 

Length frequency distribution (LFD): determined the population structure by showing the number of fish 

in each length group represented by a graph of relative frequency (%) against total length (cm). Length-

weight relationship (LWR): showed growth pattern for fish species using the equation W = aLb (Ricker, 

1975) where W was weight (g), L was total length (cm) with the constants óaô and óbô as the intercept and 

growth constant (slope) respectively.  
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Condition factor (CF): described the well-being of fish populations and the suitability of their aquatic 

environment for growth using the formula K= W x 100/L3 (Tesch, 1971) where K was condition factor; W 

was weight in grammes; and L was total length in centimetres.  

Forage/Carnivore ratio: established the importance of each fish trophic group and state of ecological 

balance of the fish community using the ratio of forage fish to piscivorous fish based on number and weight. 

Catch per unit effort (CPUE): was computed in terms of number and weight of fish per 100 m2 net per 

night as an index of fish stock abundance by using the relationship CPUE = W 100/L n d (Lévêque et al., 

1988) where W was weight (g) of fish, L was standard length (mm), n was number of days of sampling and 

d was depth of net (m).  

Potential fish yield: was computed as an estimate of the weight of fish the reservoir could potentially 

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

relationship: Y = 14.3136 MEI0.4581 (Henderson & Welcomme, 1974) where  

Y was the potential fish yield in kg ha-1. MEI was morpho-edaphic index. Fish yield in t yr-1 was obtained 

by multiplying by the area of the reservoir in hectares and converting to tons. MEI was calculated in µS 

cm-1 by dividing mean conductivity by mean depth (Ryder et al., 1974). 

Fish diversity: determined the diversity status of the fish community in the reservoir using the following 

parameters and 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) where 

Hô is the diversity index and S is the number of species. 

Water quality sampling and data analysis 

The three sites where fish sampling took place were also sampled for water quality assessment (Fig 1). 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 and transferred into pre-cleaned IL Nalgene sample 

bottles, preserved on ice and transported to the 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). 

Socio-economics assessment sampling design and methodology 

A survey was conducted using mixed methods involving both primary and secondary data. Primary data 

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

included literature review of relevant materials. Data on individual households formed the basic unit of 

data collection and analysis for the study. The community, however, was considered since public services, 

systems of social sharing and the general environment of the community affect the welfare of individual 

households.  
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Primary data focused on variables such as occupational structure, family size, age structure, cash and 

noncash incomes, consumption expenditure, education, house and other consumer variables while 

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

should take and what factors would 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 was also collected. 

For fishing incomes, data was 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. 

Results  

Fish species composition: During the year under review, twelve (12) months of sampling was completed 

yielding 1,078 fish specimen based on which 20 fish species belonging to 13 genera and 8 families were 

identified (Table 3.1.4). This includes two shell fish, Macrobrachium vollenhovenii and Macrobrachium 

macrobrachium, and eight (8) more species than Alhassan (2011) reported. The species Ctenopoma 

pethereci (family Anabantidae) and Nematogobius maindroni (family Gobiidae) reported by Alhassan 

(2011)  were, however, not sampled indicating changes in fish species composition. 

Table 3.1.4: Fish Species Composition of Dawhenya Reservoir (October 2018 ï September 2019) 

Species Genera Family Common Name 

Awaous lateristriga Awaous Gobiidae West Africa Freshwater  

Goby 

Brienomyrus brachyistius Brienomyrus Mormyridae Mormyrid Electric Fish 

Barbus macrops Barbus Cyprinidae Blackstripe Barb 

Brevimyrus niger Brevimyrus Mormyridae Mormyrid 

Clarias anguillaris Clarias Clariidae African Catfish 

Clarias gariepinus Clarias Clariidae African Catfish 

Hemichromis letourneuxi Hemichromis Cichlidae Jewel Cichlid 

Hemichromis fasciatus Hemichromis Cichlidae Banded Jewelfish 

Heterotis niloticus Heterotis Osteoglossidae African Bonytongue 

Marcusenius brucii Marcusenius Mormyridae Mormyrid 

Macrobrachium macrobrachium Macrobrachium Palaemonidae Freshwater Prawn 

Macrobrachium vollenhovenii Macrobrachium Palaemonidae Freshwater Prawn 

Oreochromis niloticus Oreochromis Cichlidae Nile Tilapia 

Protopterus annectens Protopterus Protopteridae West African Lungfish 

Sarotherodon galileus Sarotherodon Cichlidae  

Sarotherodon melanotheron Sarotherodon Cichlidae Black-chinned Tilapia 

Coptodon dageti Coptodon Cichlidae Tilapia 

Coptodon discolour Coptodon Cichlidae  

Coptodon guineensis Coptodon Cichlidae Guinean Tilapia 
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Coptodon zillii Coptodon Cichlidae Red belly Tilapia 

20 13 8  

Relative abundance: The most dominant fish species based on number were B. niger (31.54 %), B. macrops 

(23.19 %), and H. fasciatus (14.75 %) (Fig. 2). Based on weight, the most dominant fish species were H. 

niloticus (24.16 %), C. gariepinus (20.33 %), B. niger (11.97 %) and H. fasciatus (10.16 %). The most 

dominant fish families based on number, which altogether accounted for 91.37 % of the total sample were 

Cichlidae (34.32 %), Mormyridae (33.86 %) and Cyprinidae (23.19 %). Based on weight, the most dominant 

fish families were Cichlidae (28.73 %), Osteoglossidae (23.43 %), Clariidae (20.59 %) and Mormyridae 

(13.07 %) (Figure 3.1.9).  

 

Figure 3.1.9: Relative Abundance of a) Fish Species 

 b) Fish Families of Dawhenya Reservoir (Oct 18 ï Sept 19) 

Catch per unit effort: The highest CPUE based on number and weight were recorded in March and April 

2019 respectively whereas the least CPUE based on number and weight were recorded in December and 

October 2018 respectively (Figure 3.1.10).  
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Figure 3.1.10: Monthly Fish Catch Per Unit Effort of  Dawhenya Reservoir                                                         

Based on Stations, Weight and Number (October 2018 ï September 2019) 

Condition factor: Condition factor values for fish species of Dawhenya Reservoir were expected for tropical 

fish (Table 3.1.5). 

Table 3.1.5: Condition Factor of Fish Species of Dawhenya Reservoir (October 2018 ï September 2019) 

Species N TL 

Range 
TL Mean SL Range SL Mean CF TL Range CF TL Mean CF SL Range CF SL Mean 

Awaous lateristriga 17 11.5-

15.6 
13.45±1.349 9.5-13.1 11.23±1.128 1.089-1.958 1.498±0.214 1.926-3.455 2.579±0.419 

Brienomyrus brachyistius 20 8.6-11.5 10.03±0.852 7.3-9.8 8.409±0.779 0.87±1.38 1.053±0.122 1.39-2.908 1.811±0.375 
Barbus macrops 250 7.2-10 8.76±0.446 5.5-8 6.738±0.377 0.7-1.599 1.233±0.122 1.487-3.558 2.703+0.326 
Brevimyrus niger 340 7.4-14.3 9.855±1.073 6.1-12.0 8.34±0.941 0.649-1.432 1.106±0.108 1.115-2.324 1.816±0.264 
Coptodon dageti 67 5.4 - 16.2 9.671±2.646 4.2 - 12.2 7.121±1.931 1.116 - 2.604 1.922±0.242 3.047 - 5.816 4.386±0.51 
Clarias gariepinus 17 11.3-65 28.62±14.01 9.7-57 25.28±12.17 0.0639-0.927 0.773±0.084 0.913-1.35 1.135±0.106 
Coptodon guineensis 17 6.7 - 16.5 8.85±2.665 5.2 - 12.2 6.629±1.914 1.663 - 2.481 1.95±0.23 3.554 - 5.547 4.454±0.508 
Coptodon zillii 21 6.1 - 21 9.095±3.105 4.5 - 16.2 6.896±2.34 1.707 - 2.518 1.891±0.184 2.497 - 5.487 4.179±0.579 
Hemichromis bimaculatus 47 6.2-9.1 7.643±0.881 4.9-6.9 5.915±0.655 1.168-2.518 1.72±0.237 2.566-5.04 3.696±0.436 
Hemichromis fasciatus 157 7.5-15.7 10.71±1.814 5.5-12.1 8.836±1.441 1.041-2.782 1.478±0.193 2.216-5.109 3.066±0.366 
Heterotis niloticus 13 31.3-

52.2 
43.73±6.141 28-46 37.01±5.776 0.782-0.999 0.891±0.07 1.185-1.347 1.275±0.049 

Macrobrachium vollenhove n 32   5.1 - 12.8 8.59±2.129   0.928-2.778 1.475±0.45 
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Oreochromis niloticus 16 4.3-29.5 13.68±6.831 3.2-23.3 10.36±5.079 0.194-2.236 1.757±0.498 1.343-4.74 3.922±0.877 
Polypterus annectens 10 23.5-

36.8 
28.45±5.223 28.5-44.5 34.05±7.209 0.245-0.345 2.93±0.041 0.319-0.518 0.400±0.085 

Sarotherodon galileus 13 8.9-20.9 13.72±2.864 6.7-161 10.34±2.2621 1.864-2.241 2.057±0.129 4.179-5.995 4.834±0.448 
Sarotherodon melanotheron 17 7.4-14.0 11.58±2.036 5.6-10.8 8.847±1.508 1.27-2.23 1.892±0.242 2.893-5.07 4.248±0.576 

16          

Forage/Carnivore ratio 

Based on number, benthic omnivores (mainly B. brachyistius) were dominant followed by semi pelagic 

omnivores (mainly B. macrops), piscivores (mainly H. fasciatus) and aufwuch-detritus and omnivores 

(predominantly C. dageti). Piscivorous fish were not strict carnivores but opportunistic feeders whose diets 

changed according to season, size of fish, and availability of prey. Based on weight, piscivores (mainly C. 

gariepinus and H. fasciatus) were dominant followed by semi pelagic omnivores (mainly H. niloticus), 

aufwuch-detritus and herbivores (mainly C. dageti and O. niloticus), and benthic omnivores (mainly B. 

niger). F/C ratio values of 3.65 and 2.13 based on number and weight respectively were within 1.4 ï 10.0 

for suitable ecological balance indicating ecological stability in the food web of Dawhenya Reservoir 

(Figure 3.1.11).  

 
Fish diversity: Species diversity index for Dawhenya Reservoir was very high (0.91) while species 

evenness (0.7) and species richness (6.27) were moderate indicating ecological balance and stability ( Table  

3.1.6). 

Table 3.1.6: Fish Diversity Parameters of Dawhenya Reservoir (October 2018 ï September 2019) 

Diversity Parameter Range Value 

Species Diversity Index (Hô) 0 ï 1 0.91 

Species Richness (D) 1 ï 10 6.27 

Species Evenness (J) 0 ï 1 0.70 

Potential fish yield: was estimated at 225.14 tonnes p.a. based on reservoir area of 22 km2, and MEI of  

73.26 compared to 20 tonnes estimated by Balarin (1988).    

Figure 3.1.11: Forage/Carnivore ratio  
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Water quality assessment 

Water quality of the Dawhenya Reservoir varied from slightly acidic to slightly alkaline conditions. The 

minimum and maximum pH values recorded at the Dam Site, Abbeykope and Adzimador sampling sites 

were 6.94 ï 7.99; 6.89 ï 7.87 and 6.74 - 7.80, respectively.  The overall mean values showed minimal 

spatial variation (Figure 3.1.12). The turbidity of the reservoir water was generally quite low. Overall 

mean values at the sites ranged from 20.6 NTU to 25.7 NTU at Dam Site and Adzimador respectively. 

This again showed minimal changes spatially. 

                              

 
                                              Figure 3.1.12: Spatial variation in pH 

Dissolved oxygen concentrations (Figure 3.1.13) were moderately high at the surface and reduced with 

depth which is typical of most lakes and reservoirs. Mean surface water concentrations ranged from 7.45 

mg/l to 7.14 mg/l respectively. Dissolved oxygen levels at the bottom ranged from 1.72 mg/l at Dam site 

to 1.98 mg/l at Abbeykope. Nutrient levels in the reservoir were generally low. Mean total nitrogen 

concentration was virtually the same at all the sampling sites (2.16 ï 2.17 mg/l) while total phosphate 

concentrations ranged from 1.7 mg/l to 1.17 mg/l, respectively. 

 

                           Figure 3.1.13: Dissolved oxygen levels in Dawhenya Reservior  
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It was concluded that the Dawhenya Reservoir comprised 20 fish species, the most important of which were 

B. niger, B. macrops, H. fasciatus, H. niloticus, and C. gariepinus based on number and weight. The species 

were well suited to their environment and the fish community was highly diverse, moderately species rich 

with individual fish moderately evenly distributed among species, and ecologically stable. Two shell fish 

and two fin fish have potential for aquaculture. The fishery is unregulated, open access, thriving and capable 

of producing 225.14 tonnes of fish annually. The water quality is unpolluted, mesotrophic and suitable for 

fish survival, growth, and reproduction. 

Impact of the Study on National Economy 

The state of the fish and fisheries of the reservoir shows a species diverse and ecologically stable fish 

community with unpolluted water. The periurban fishery on the reservoir constitutes a source of livelihood 

for a number of households. Hence the information and specific interventions can be tailored to ameliorate 

or prevent pollution.    

3.1.1.5  Backyard Farming of the African  Catfish, Clarias gariepinus 

for Sustainable Livelihood and Food Security for Rural and Urban Communities 

(Project Staff: Dr. Emmanuel T. D. Mensah, Dr. Etornyo Agbeko, Dr. Francis A. Anani, Dr.  

Seth K. Agyakwah, Mr. Justus Teye, Mr. Ken Atsakpo, Ms. Patience Atsakpo, Mr. Godfred 

Yeboah, Mr. Evans Danquah and Mr. Kwabena Yeboah) 

Backyard fish farming is fundamental to the livelihoods and food security of millions of people throughout 

the world. Fisheries from the marine ecosystems are facing unprecedented pressures, hence there is a critical 

need to diversify and alternate fishery livelihoods to reduce pressure on resources. Fish is recognized as the 

main source of animal protein in Ghana, contributing about 70% of protein intake. Presently, production 

from the marine, freshwater and aquaculture sectors has been fluctuating around 440,000 metric tons over 

the last ten years with a deficit of about 600,000 metric tons currently met with imports. Both marine and 

inland waters are overfished with a reduction in the catch per unit effort over the years.  Ghana is making 

strides in addressing years of declining capture fish production, which has resulted in a supply deficit, but 

it is envisaged that recovery will take several years. Aquaculture is seen as one sector that could help bridge 

the production gap in the short to long term, even though production figures have been modest. Due to the 

decline in capture fisheries, over-reliance on marine resources for survival and the need to diversify 

livelihoods to reduce pressure on resources, rural and urban communities could take advantage of the culture 

of this species. In recent years, the African catfish, Clarias gariepinus production has gained considerable 

importance in a number of countries on the continent. The species has several desirable attributes that make 

it attractive for aquaculture development. It is the second most cultured species in Africa after tilapia. The 

potential of catfish in aquaculture to increase and sustain national fish production has long been recognized 

in Ghana. However, its culture is on a limited scale in Ghana. The African catfish has the ability to survive 

in waters with low dissolved oxygen and high carbon dioxide content which makes it an excellent fish for 

culture. It can be cultured at high densities and result in high production per unit area. The fish is highly 

suitable for farming because it is relatively easy to spawn and grow in improvised systems such as concrete 

tanks, poly-containers, fibre tanks, plastic-lined ditches with little technological requirement. Hence, the 
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objective of the study was to introduce and test different improvised systems for backyard African catfish 

culture. 

In the year under review, spawning of the African catfish was conducted in different improvised systems 

namely concrete tanks, fibre tanks, and polytanks (Figure 3.1.14). Mature broodstocks devoid of any 

external deformities were selected into water holding facilities such as tanks and poly-containers. Pituitary 

extract was prepared from the male and injected into the female at a dose of 0.5 ml per kg of body weight 

into the intramuscular tissue, above the lateral line, toward the dorsal section of the body. Stripping of eggs 

took place within 6 to 8 hours after injection at a mean temperature of 28 °C. Milt prepared from the male 

was used to fertilize the eggs. The period of hatching ranged from 18 ï 24 hours at a temperature of 28 °C. 

Newly hatched fry was fed with artemia at the early stages of growth. The fry was then transferred into 

improvised nursery facilities (concrete tanks, fibre tanks, polytanks) to be fed  

 
At the end of the experiment, it was concluded from the study that Catfish readily accepts artificial feed, 

tolerates high stocking densities and grows rapidly even under poor water quality conditions and above all 

it is highly sought after in local markets and thus, its culture promises to be is economically viable. Home-

based fish farming could be a lucrative business that not only provides food security but also financial 

returns. 

Impact of the Study on the Economy 

i. Developed local technology for backyard farming. 

ii.  Alternate livelihood source for income generation and poverty alleviation 

iii.  Increase in the consumption of animal protein thereby assuring food security 

with starter powdered feed for a period of six to eight weeks to produce fingerlings.  

    

Figure   3.1.14:   Improvised   systems   for    culture   of   the   African    catfish  
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3.1.1.6 Food Preferences of Some Major Fish Species in Stratum III of the Lake Volta, Ghana 

(Project Staff: Dr. Emmanuel T. D. Mensah, Dr. H. R. Dankwa; Dr. Torben L. Lauridsen; Dr. 

Ruby Asmah) 

The Lake Volta is recognized as sustaining high numbers of species and also known as important nursery 

grounds and feeding sites for fish. The Lake currently serves as home for about 121 species. Currently about 

90% of the inland freshwater fish in Ghana is produced from the lake. In terms of feeding, the Lake sustains 

different community of fish species ranging from herbivorous, insectivorous feeders and predators. Large 

fish predator species also exist in the lake. Occasionally, species are found to be opportunistic insect feeders, 

feeding on swarms of migrant locusts when they struck the water surface. The main environmental factors 

that affect the trophic relationships of tropical floodplain fish are those related to changes in physical habitat 

structure, which are affected by seasonal changes in these environments. Phytoplankton are primary 

producers providing energy for a vast number of primary consumers, which in turn provide energy for 

secondary consumers and decomposers. The lakeôs productivity is mainly driven by seasonal flooding 

which is the major driver of the biotic productivity of river-floodplain systems. The main primary producer 

in the lake is the carpet of benthic algae, mainly diatoms. Substrates available to periphyton are significant 

due to the abundance of flooded trees and vegetation. Rooted aquatic vegetation is patchy, occurring inshore 

only in the more sheltered areas. However, a feature of growing importance is the annually flooded shore 

in the drawdown area. Many invertebrates abundant on drowned trees are now colonizing this vegetation 

and flooded leaves are often eaten by fish. It is clear that drawdown vegetation is an increasingly important 

source of nutrients for the lake. Many freshwater fish are omnivores and show ontogenic diet shift by 

feeding on different trophic levels depending on age, food availability and season. There are few studies on 

food preferences and feeding habit of fish species in the Lake Volta with most studies limited to stratum IV 

and the Afram arm of the lake. There is, however, limited information on the feeding habit and food 

preferences of species in stratum III described as the transition zone of the lake, hence investigating the 

food preferences of fish species would be of ecological importance. The objective of the study was to 

contribute to the biological information on the food preferences of some commercially important fish 

species of Lake Volta for sustainable management. 

During the study period, samples of fish were collected monthly from June 2015 to May 2016 using two 

different gill net series: monofilament and multifilament nets. The nets were set overnight and retrieved at 

8.00 in the morning. Total catches were identified and sorted into fish family groups. The five species 

among the dominant family groups, including Chrysichthys nigrodigitatus, Tilapia zillii, Bagrus bajad, 

Alestes baremoze and Synodontis velifer were selected. The stomach contents of at least five individuals of 

each species were removed, stored and analyzed at the laboratory each month. Analysis of stomach content 

was carried out using the frequency of occurrence and the ópointsô methods. Stomach content of the fish 

species were analyzed for different variables such as number of food items, percentage of food type and 

type of food (plant origin/animal origin/detritus). The occurrence method was used to quantify the stomach 

content. Points were awarded to each stomach according to its degree of fullness using an arbitrary 4-point 

scale (20, 15, 10 and 5 points for 1/1, ¾, ½ and ¼ filled stomach respectively). Four indices were used to 

describe the food stomach content and feeding habits, these included: vacuity index, fullness index, 

percentage frequency of occurrence and percentage diet composition. 
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A total of 125 stomachs were analyzed out of 205 stomachs sampled. Although the different species grow 

differently, the fish sampled (from length and weight measurements) were mostly juveniles and small sized 

specimens (Table 3.1.7). Analysis of stomach contents identified 42 prey categories which were divided 

into 8 major and broader categories: prey fish, zooplankton, green algae, blue-green algae, 

insects/invertebrates, detritus, diatoms and others. Most fish sampled had a wide variety of food items in 

their diets. The most frequently occurring food items in all major fish species included insects/ invertebrates, 

detritus, green algae and blue-green algae. 

Table 3.1.7: Number of stomachs, mean length and weight of the 5

 commercially important  major  fish species sampled at Kpando Torkor in Stratum 

III of the Volta Lake  

Species 
No.  

sampled 

Mean St. 

length (mm) 
Mean wt. (g) 

Vacuity  

Index 

Fullness  

Index 

Chrysichthys nigrodigitatus 45 142.3 ± 65.0 94.0 ± 160.7 40.0 60.0 

Tilapia zillii 40 135.4 ± 41.9 127.6 ± 117.3 47.5 52.5 

Bagrus bayad 35 201.5 ± 65.3 146.0 ± 147.2 34.3 65.7 

Alestes baremoze 50 212.4 ± 38.1 147.2 ± 69.4 36.0 64.0 

Synodontis velifer 35 111.9 ± 15.2 35.9 ± 15.8 37.1 62.9 

The summary of the classification of food habits of the fish species is shown in Table 3.1.8. Results of the 

stomach content analysis showed that fish fed mostly on insects and algae. 

Table 3.1.8: Classification of food habits of major  species of the

 Volta Lake at stratum III  

Fish Species Type of food habit Main food items 

C. nigrodigitatus Opportunistic omnivore Insects, fish, mollucs, algae 

T. zillii Herbivore (phytophagous) Algae 

B. bajad Benthic omnivore Prey fish and insects 

A. baremoze Insectivorous  Insects  

S. velifer Benthic omnivore Insects and algae 

It was concluded from the study that fish species of the Lake have wide feeding habits and exhibit similar 

feeding patterns as most tropical fish species. Phytoplankton and insects/invertebrates dominate the prey 

items by fish species hence an important component of the food chain. 

Impact of the Study on the Economy 

The food preferences for species of the lake would information on the biotic composition of the lake 

ecosystem to strengthen ecological and biological database to inform intervention required for the 

sustainable management.  
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3.1.1.7   Accelerating Aquaculture Development in Ghana Through Sustainable Nile Tilapia  Seed 

Production and Dissemination - Tilapia Seed (TISEED) Project 

  (Project Staff: Dr. Seth Koranteng Agyakwah, Dr. Catherine Ragasa (IFPRI-USA), Dr   

Ruby Asmah, Dr Emmanuel T.D Mensah, Dr. Froukje Kruijsson (KIT-Netherlands), Mr. 

Sena Amewu (IFPRI-Ghana) 

The aim of the study was to improve the quality and service level of public and private hatcheries whiles 

increasing knowledge in best aquaculture management practices, access to and use of high-quality tilapia 

fish seed for new or existing small-scale pond and cage producers. It was a collaboration between the 

International Food Policy Research Institute (IFPRI) - USA, Fisheries Commission of Ghana, KIT Royal 

Tropical Institute - Netherlands, WorldFish ï Malaysia and CSIR-Water Research Institute (CSIR-WRI) ï 

Ghana.  

The Research approach involved both (1) action research, in which stakeholders were engaged in the 

research and documentation of practices and processes to provide practical advice to implementers both at 

private and public sectors; and (2) assessment and impact evaluation, using both quantitative and qualitative 

methods. During the reporting year, the project team focused on exploratory research including; (i) genetic 

audit of farmed Nile Tilapia strains, (ii) gender-sensitive seed supply chain assessment for ex ante 

feasibility studies and ex post assessment of business models for seed production and distribution; (iii) 

needs for capacity development among hatcheries and farmers; and (iv) examining farmersô demand for 

quality fingerlings for tilapia culture (both pond and cage), and farmersô willingness to pay for quality 

fingerlings.  

Specific activities undertaken included:  

Å Project inception and management planning meetings were held in February 2019 to strategize for 

project take-off.  

Å Extraction of DNA from fin-clip samples of farmed Nile Tilapia strains from 13 farms in the five 

working regions have been performed for 80% of total samples collected.  

Å Census of Farmersô Households was conducted in Brong Ahafo Region, Ashanti, Eastern, Volta 

and Greater Accra Regions (Figure 3.1.15).  
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Figure 3.1.15: Distribution  of fish farmers from Census of Tilapia fish

 farmers households in Brong Ahafo Regions (purple), Ashanti (red), Eastern (blue-

black) and Volta (yellow) Regions of Ghana. 

Å Two Sensitization workshops on TISEED project activities were conducted for Fisheries 

Commissionôs Regional and Zonal Directors in Northern sector (Ashanti and Brong Ahafo 

Regions) and Southern Sector (Eastern, Volta and Greater Accra Regions) (Figure 3.1.16). 

 

Å Farm visits, led by Fisheries Commissionôs Fish Health Unit Specialists, for fish health and 

biosecurity capacity assessment of farms and hatcheries was conducted in order to provide inputs 

for the development of tiered-certification system for small-scale farms and hatcheries.  

 Figure 3.1.16: Sensitization workshops on TISEED project  
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Draft of a Fish Health Training Manual has been initiated by the fish health lead partner, the Fisheries 

Commissionôs Fish Health Unit (Figure 3.1.17). 

 

             Figure 3.1.17: Some stakeholders visit farms and hatcheries 

Å Review meetings, involving WorldFish expert Trinh Trong and the breeding team at ARDEC was 

held to deliberate on the status and future plans for the tilapia breeding work at ARDEC. As part 

of the review activities, two public and private hatcheries in Greater Accra, Eastern, and Ashanti 

Regions were visited to further assess their capacities and recommendations made for their 

potential of being upgraded to a tilapia broodsstock multiplication center (BMC) (Figure 3.1.18).   

 

Figure 3.1.18: Some stakeholders in a review meeting 

Å Farm business survey and supply chain analysis (SCA) in the four (4) designated working regions 

of the project (i.e. Ashanti and Brong Ahafo Regions, Eastern, Volta and Greater Accra Regions) 

has been conducted. This aspect of the project work involved Dr Froukje Kruijssen, accompanied 

by Anne Rappoldt, both of KIT Royal Tropical Research Institute of Netherlands, working together 

with the CSIR-WRI team (Figure 3.1.19). 
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             Figure 3.1.19: Some members of the project team 

Two (2) mid-year stakeholdersô workshops (Figure 3.1.20), were held in the last quarter (September), one 

in Kumasi at the Fisheries Commissionôs Conference room for stakeholders in Ashanti and Brong Ahafo 

Regions, and the other held at ARDEC for stakeholders in Eastern and Volta Regions. Feedback 

information on the general status of the project, and specifically on aspects of results of the household and 

hatchery capacity assessment surveys were delivered at the workshop. Stakeholders validated the business 

models developed for the small scale tilapia seed system in Ghana. Present at the workshops were small-

scale tilapia fish farmers, hatchery operators and the project partners viz; IFPRI, CSIR-WRI, KIT and the 

Fisheries Commissionôs Inland Fisheries Directors, Regional and Zonal Officers and Fish Health Unit 

specialists.  

 

              Figure 3.1.20: Mid-year stakeholdersô workshop 

             

Å Selection of farms and hatcheries from the five regions to be used for on-farm strain comparison 

assessment have been concluded based on a capacity assessment of a sampled small-scale pond 

and cage farms (Figure 3.1.21).  
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Figure 3.1.21: Selection of farms and hatcheries for the study 

Å Two training manuals on small-scale pond and cage fish farming designed for fish farmers, were 

drafted and reviewed by a multi-stakeholder panel of experts and practicing farmers. 

Å A set up at ARDEC to produce fingerlings and broodstocks from Generations 9 and 11 parents of 

Akosombo strain of Nile Tilapia, towards on-farm strain comparisons was established. 

Impact of the Study on the Economy 

When successfully completed the results of the study is expected to contribute information on accelerating 

the development of aquaculture in the country. 

3.1.1.8  The Length-Weight Relationship and Condition Factor of Nile Tilapia (Oreochromis  

niloticus L.) Broodstock at the Aquaculture Research and Development Centre ( 

ARDEC), Akosombo, Ghana 

                 (Project Staff: Dr. Francis A. Anani, Bernard K. Akpakli, Kelvin K. Donkor, Godfred  

Yeboah, Mercy Eshun, Lilly Ofori-Boateng, Joyce K. Kusorgbor and Justus Teye) 

Availability of quality tilapia fingerlings has been a major bottleneck to many aquaculture operators in the 

country over the years. The Aquaculture Research and Development Centre (ARDEC) of Water Research 

Institute (WRI) has to a great extent eliminated this constraint by ensuring continuous production and 

supplying of tilapia fingerlings to small-scale fish farmers and tilapia broodstocks of the improved Nile 

tilapia (Oreochromis niloticus) strain known as the ñAkosombo Strainò to medium and large-scale 

hatcheries. This effort by ARDEC has ensured sustainable production and availability of tilapia fingerlings 

to fish farmers in the country.  

Knowledge of length-weight relationship and condition factor (coefficient of body condition), K of fish 

provides information on the physiological state of the fish in relation to its welfare. The relationship between 

the length (L) and weight (W) of a fish is usually expressed by the equation W=aLb, where a is the intercept 

and b is the allometry coefficient. Figures of the exponent b provide information on fish growth. When b = 

3, growth is isometric, which implies that the fish becomes relatively deeper-bodied as it increases in length. 

When it is other than 3, growth is allometric (positive if b > 3, negative if b < 3), implying that the fish 
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becomes slenderer as it increases in weight. K is an important parameter that shows the well-being of a fish 

in its natural habitat or under culture. The K of fish broodstock is very important for quality fingerling 

production. Information on the length-weight relationship and K is largely lacking in many O. niloticus 

hatcheries in Ghana. 

The objective of the study was to provide information regarding the length-weight relationship and the 

condition factor for Nile tilapia broodstocks being used for commercial tilapia fingerling production at 

ARDEC, with a view to determine whether the brooders are in good condition for commercial fingerling 

production. 

During the year under review, a scoop net was used to randomly sample a total of 200 males and 200 

females of O. niloticus broodstocks from production net hapas installed in earthen ponds between 

December, 2018 and March, 2019. The weights of the broodstocks were determined using a top loading 

electronic balance to the nearest 0.1g and the total lengths were measured using measuring board (0.1cm) 

as described by Lagler (1970). The sexes of the fish were determined manually. The sex of male fish was 

determined by the presence of two openings situated just in front of the anal fin, of which one is the anus 

and the other, the urethra. The female possesses three body openings, the anus, the urethra and the oviduct 

(Nandlal and Pickering, 2004). On each sampling day, water temperature was measured with a thermometer 

(TESTO 110). DO was measured with oxygen meter (YSI Environmental model no: DO 200) and pH was 

measured with a pH meter (Hanna model no: HI 98128). Total ammonia was measured using a 

spectrophotometer (UV mini-1240). The recorded lengths and weights were transformed linearly using 

natural logarithm. The length-weight relationship (LWR) was computed following Pauly (1983). The 

computed LWR was used to estimate the regression coefficient, b, using the formula W= aLb ( Beverton 

and Holt,  1996). 

Where: W = the weight of the fish in grams (g), L = 

the total length of the fish in centimetres (cm) 

a = exponent describing the rate of change of weight with length (i.e. the intercept of the       

regression line on the Y axis) 

b = weight at unit length (i.e. the slope of the regression line, also referred to as the        

regression coefficient). 

The expression of the relationship was represented by the following formula: 

                        Log W = b log L + log a 

The degree of adjustment of the model studied was assessed by the correlation coefficient, R2.  

The value of the regression coefficient, b obtained was used for the computation of condition factor, K 

(Tudorancea et al., 1988; Lizama et al., 2002) as follows:      K = 100W 

 

                                                                           Lb 

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

recorded during the sampling of the broodstock are shown in Table 3.1.9. Temperature ranged from 27.1 
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to 32.8 °C, pH ranged from 5.13 to 7.06, DO ranged from 3.2 mg L-1 to 8.9 mg L-1 and Total Ammonia 

ranged from 0.41 mg L-1 to 0.73 mg L-1. The mean figures were 29.2 mg L-1 ± 0.5, 6.64 mg L-1 ± 0.31, 6.8 

mg L-1 ± 1.8, and 0.90 ± 0.05 for Temperature, pH, DO, and Total Ammonia respectively. There were no 

significant differences (ANOVA, P > 0.05) among measured water quality parameters within and among 

the breeding hapas. 

Table 3.1.9: Minimum,  maximum and mean figures (± Standard

 Deviation, SD) of water quality  parameters recorded in the breeding hapas 

during the study period 

Parameter Minimum  Maximum  Mean (± SD) 

Temperature, °C 27.1 32.8 29.2 ± 0.5 

pH 5.13 7.06 6.64 ± 0.31 

DO, mg L-1   3.2 8.9 6.8 ± 1.8 

Total ammonia, mg L-1 0.41 0.73 0.90 ± 0.05 

The results of the length-weight analysis are presented in Table 3.1.10. The total lengths of the male 

broodstocks ranged from 17.4 to 38.5 cm whilst their weights ranged from 36.4 to 748.6 g. The total lengths 

of the female broodstocks ranged from 18.6 to 38.0 cm whilst their weights ranged from 115.7 to 785.1 g. 

The mean total length of the male broodstocks was 25.8 ± 3.6 cm whilst their mean weight was 324.9 ± 

139.1 g. The mean total length of the female broodstocks was 27.2 ± 2.9 cm whilst their mean weight was 

386.0 ± 123.2 g. The length-weight relationship (LWR) among pairs of plotted data, the determination 

coefficients and corresponding equations are shown in Figures 3.1.22 and 3.1.23 for the male and female 

broodstocks respectively of the sampled O. niloticus at ARDEC. There was significant correlation between 

length and weight for both male and female broodstocks (P < 0.05). 

  

Table 3.1.10: Descriptive statistics and length-weight relationship parameters of O. niloticus broodstocks 

at the Aquaculture Research and Development Centre (ARDEC), Akosombo, Ghana 

Sex N 

Weight (g)  Total Length (cm) 

a b R2 
Mean ± SD Min-Max Mean ± SD Min-Max 

Males 200 324.9 ± 139.1 36.4-748.6 25.8 ± 3.6 17.4-38.5 -4.90 3.06 0.91 

Females 200 386.0 ± 123.2 115.7-785.1 27.2 ± 2.9 18.6-38.0 -4.96 3.09 0.92 
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Figure 3.1.23: Length-weight relationship of female  

O. niloticus broodstocks at ARDEC, Akosombo 

 

Figure 3.1.23: Length-weight relationship of female O. niloticus                                                                     

broodstocks at ARDEC, Akosombo 

The computed condition factor, K for the male and female O. niloticus broodstocks at ARDEC during the 

study period is shown in Table 3.1.11. The K figures were 1.55 and 1.42 for the males and the females 

respectively. 

Table 3.1.11: Condition factor for male and female O. niloticus broodstocks at ARDEC, Akosombo 

 

It was concluded from the study that the Nile tilapia broodstocks being used at the Aquaculture Research 

and Development Centre, ARDEC, Akosombo of the Water Research Institute were healthy and in good 

condition. Hence, the brooders were suitable for hatchery operation and thus appropriate for commercial 

tilapia fingerling production. It was however recommended that further study should be carried out to 

investigate the length-weight relationship and condition factor of the broodstocks on monthly basis for a 

period of one year. The condition of the fingerlings produced should also be investigated. 

Impact of the Study on National Economy  

Fish production through farming would increase to meet national demand, leading to reduction in 

importation of fish as well as increase in the gross domestic product (GDP) of the nation.  

3.1.1.9   Proximate Composition of Different Crude Protein Contents of a Commercial Tilapia Feed 

Used at the Aquaculture Research and Development Centre (ARDEC), Akosombo 

  (Project Staff: Dr Francis A. Anani, Etornam N. Tornyeviadzi and Bernard K. Akpakli) 

Sex Condition Factor,  K  

Male 1.55  
Female 1.42  
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Survival, growth, health and reproduction of fish are primarily dependent upon adequate supply of nutrients, 

both in terms of quality and quantity. In fish farming, feed is a major factor that greatly affects production. 

Feed availability has to be ensured; so that the nutrients and energy requirements of the species under culture 

could be met and the production goals of the system achieved. A suitable fish feed must have the appropriate 

nutritional contents which include protein, fat, carbohydrate, ash and fibre. Feed utilization and subsequent 

fish growth are influenced by the nutritional composition and nutrient balance of the feed. It is appropriate 

that feed fed to a fish species must meet its nutritional requirements, particularly for protein, lipid and energy 

based on its life stage for optimum growth. Dietary protein and energy levels are known to affect the growth 

and body composition of fish species. Inappropriate protein, energy and other nutrient levels of a feed 

increase fish production cost and deteriorates water quality. Insufficient energy causes protein waste due to 

increase level of protein used for energy which results in high ammonia production that may deteriorate the 

quality of the water and renders it unsuitable for fish survival and growth. However, excessive energy in 

the feed may result in increased body fat deposition and growth reduction due to lack of essential nutrients 

needed for growth.  

Fish farmers usually base their decision to buy and use a feed of a particular nutritional value, mostly the 

protein and fat contents according to what the feed producing company has specified or declared. The 

composition of commercial fish feeds as declared by the producers is rarely verified through chemical 

analysis by the prospective users, as some found it expensive and incurring of additional operational costs, 

others found it unnecessary. There is no routine monitoring by the relevant government agencies on the 

quality, nutrient contents and growth performance of fish feeds available on the Ghanaian market. Hence, 

there is a high possibility that fish farmers may be deceived by the feed producers. Currently, there is dearth 

of information on the evaluation of nutrient contents of available commercial fish feeds on the Ghanaian 

market. Therefore, the study was carried out to investigate the proximate composition of four (4) different 

crude protein contents (30.0, 33.0, 38.0 and 40.0%) of tilapia feeds of the largest local commercial fish feed 

company and the most used tilapia feed by brand name Raanan, with a view of comparing the figures 

obtained with those declared by the producing company. 

During the reporting year, four different crude protein contents (30.0, 33.0, 38.0 and 40.0%) of Raanan 

extruded pellet tilapia feeds targeted towards different culture stages depending on the fish size were 

sampled in the month of January, 2019 from a batch of feed procured from the producerôs factory for 

commercial fish production at the Aquaculture Research and Development Centre (ARDEC), Akosombo. 

Proximate analyses of the feeds were done in triplicates following standard methods (AOAC, 2006). The 

protocol was applied in the determination of the percentage (%) dry matter (DM), % crude protein (CP), % 

ash, % crude lipid (CL) and % crude fibre (CF). Gross energy was computed by using the physiological 

fuel values of 23.64, 39.54 and 17.15 MJ kg-1 for protein, fat and carbohydrate respectively. The data 

generated on proximate composition of the various parameters of the feeds were subjected to descriptive 

statistics using the Statistical Package for Social Scientists, SPSS (version 21). The analysed parameters 

were presented as means plus standard deviations. 

The costs of the feeds were 4.20, 4.35, 5.65 and 5.75 GHS kg-1 for 30.0, 33.0, 38.0 and 40.0% CP contents 

respectively. Generally, all the analysed parameters for each feed type either deviated positively or 
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negatively from the producerôs declared figures. The least deviations (-4.8 to 2.0%) were observed in the 

CP contents whilst the highest (-58.3 to -51.4%) were in the CL contents. Proximate analyses indicated that 

moisture contents for all the feeds were higher (11.34 to 12.53%) than the producerôs declared figure (9.0%) 

for each. Apart from the 30.0% CP content feed which gave a figure (30.6%), which was higher than the 

declared 30.0% CP, all the other feeds gave CP content figures less than those declared by the producer. All 

the figures for analysed CL in the various CP feeds were lower than those declared for each feed type by 

the producer. The analysed figures ranged from 2.2 to 3.5% whilst the declared figures ranged from 5.0 to 

8.0%. The analysed CF contents were all higher than the declared ones and the figures ranged from 4.4 to 

4.7% whilst the declared figures ranged from 2.5 to 4.0%. The results of the analysed ash contents of the 

various CP content feeds ranged from 4.5 to 7.1% whilst the declared ash contents by the producer ranged 

from 8.0 to 11.0%. Hence, the analysed figures were lesser for all the feeds than the declared ones. The 

results of the analysed carbohydrate contents of the various CP content feeds ranged from 35.63 to 45.91% 

for the CP content feeds 30.0, 33.0, 38.0 and 40.0% respectively. The carbohydrate contents of all the feeds 

had no written specification; hence, the deviations could not be quantified (Tables 3.1.12 ï 3.1.14) 

It was generally concluded that all the analysed parameters for each feed type either deviated positively or 

negatively from the producerôs declared figures. The least deviations were observed in the crude protein 

contents whilst the highest were in the crude lipid contents. The carbohydrate contents of all the feeds had 

no written specification; hence, the deviations could not be quantified. Since the prices of the feeds were 

based on their declared crude protein contents, which most of the analysed figures deviated negatively from, 

it was recommended that future commercial tilapia feed usage at ARDEC for any fish size (stage) should 

be based on the economic performance of the feed and not necessarily on its declared crude protein content 

by the producing company. 

Table 3.1.12: Mean (+ Standard Deviation) analysed feed proximate composition 

Crude Protein  
%Moisture  

of Feed (%) 

%Crude  

Protein 

%Crude  

Lipid  

%Crude  

Fibre %Ash %NFE  

30.0 12.5 ± 0.2 30.6 ± 0.1 2.2 ± 0.2 4.4 ± 0.2 4.5 ± 0.2 45.91 ± 0.26 

33.0 12.5 ± 0.1  32.8 ± 0.2 2.5 ± 0.1 4.6 ± 0.1 5.6 ± 0.3 41.94 ± 0.08 

38.0 12.8 ± 0.1 36.5 ± 0.3 3.5 ± 0.1 4.7 ± 0.2 6.7 ± 0.2 35.82 ± 0.38 

40.0 11.3 ± 0.1 38.1 ± 0.4 3.4 ± 0.2 4.4 ± 0.2 7.1 ± 0.1 35.63 ± 0.29 

Table 3.1.13: Producerôs 

declared feed composition 

      

Feed Crude  %Crude  
%Moisture  

Protein (%) Protein 

%Crude  %Crude  
%Ash Lipid  Fibre %NFE  

 Price kg-

1   

( GHS ) 

30.0 9.0 30.0 5.0 4.0 8.0  Not declared 4.20 

33.0   9.0 33.0   6.0 4.0 7.5  Not declared 4.35 

38.0 9.0 38.0 8.0 2.5 11.0  Not declared 5.65 

40.0 9.0 40.0 7.0 2.5 11.0 Not delcared   5.75 
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Table 3.1.14: Percentage declared, analysed and deviation of the studied parameters of the various crude 

protein feeds 

 
%CP  Moisture Crude  Crude  Crude  Ash Carbohydrate 

Feed Protein Lipid  Fibre 

Declared  

parameter 

(%) 

30.0 9.0 30.0 5.0 4.0 8.0 Not declared 

33.0 9.0 33.0 6.0 4.0 7.5 Not declared 

38.0 9.0 38.0 8.0 2.5 11.0 Not declared 

40.0 9.0 40.0 7.0 2.5 11.0 Not declared 

Analysed  

parameter 

(%) 

30.0 12.5 ± 0.2 30.6 ± 0.1 2.2 ± 0.2 4.4 ± 0.2 4.5 ± 0.2 45.91 ± 0.26 

33.0 12.5 ± 0.1 32.8 ± 0.2 2.5 ± 0.1 4.6 ± 0.1 5.6 ± 0.3 41.94 ± 0.08 

38.0 12.8 ± 0.1 36.5 ± 0.3 3.5 ± 0.1 4.7 ± 0.2 6.7 ± 0.2 35.82 ± 0.38 

40.0 11.3 ± 0.1 38.1 ± 0.4 3.4 ± 0.2 4.4 ± 0.2 7.1 ± 0.1 35.63 ± 0.29 

Deviation  

(%) 

30.0 38.9 2.0 -56.0 10.0 -43.8 Not applicable 

33.0 38.9 -0.6 -58.3 15.0 -25.3 Not applicable 

38.0 42.2 -3.9 -56.3 88.0 -39.1 Not applicable 

40.0 25.6 -4.8 -51.4 76.0 -35.5 Not applicable 

Impact of the Study on National Economy  

Fish production through farming would increase to meet national demand, leading to reduction in 

importation of fish as well as increase in the gross domestic product (GDP) of the nation. 

3.1.1.10 Effect of Dietary Lemon (Citrus limon) Juice Supplementation on Growth and Survival of 

Nile Tilapia, Oreochromis niloticus, Fry 

( Project Staff: Dr. Francis A. Anani, Bernard K. Akpakli and Kelvin K. Donkor ) 

Formulating economic tilapia diets using untraditional and cheap feed resources remains a major challenge 

facing tilapia farmers, as well as fish nutritionists. There has been a global trend to prevent the inclusion of 

growth-promoting synthetic hormones in fish feeds. These rigorous regulations of food safety are inspiring 

fish nutritionists to search for alternate growth promoters from phyto-compounds. For instance, investing 

of the agro-industrial by-products as a supplementation in the animalôs diet appear as a promising alternate 

which can mitigate the industrial impact on the environment and exploit the agricultural by-products. 

Lemon (Citrus limon) is the third most important species of citrus after orange and mandarin. Lemon juice 

has had purported health benefits for hundreds of years. Codex Alimentarius has a standard for lemon juice 

preserved by physical means (i.e., not chemically preserved). CODEX STAN 47-1981 defines lemon juice 

as follows: Unfermented, but fermentable juice intended for direct consumption, obtained by a mechanical 

process from the endocarp of sound, ripe lemons (Citrus limon Burm. f.) preserved exclusively by physical 

means. The juice may have been concentrated and later reconstituted with water suitable for the purpose of 

maintaining the essential composition and quality factors of the juice. 

Lemon juice is a commonly used ingredient in both commercial and home kitchens, as well as a component 

of many processed food and beverage formulas. Lemon juice contains high levels of vitamin C. On average, 
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lemons contain about twice as much vitamin C as oranges. Research suggests that lemon juice also has 

certain antimicrobial properties due to its citric acid content. To the best of the authorsô knowledge, no 

published work on the effects of lemon juice on fish has been carried out. This prompted us to incorporate 

lemon juice at varying inclusion levels into 17Ŭ-methyl testosterone hormonal feeds that were fed to mixed-

sex swim-up tilapia fry for the production of mono-sex male tilapia. The main objective of the study was 

to evaluate lemon juice in terms of growth and survival enhancement of Nile tilapia fry during17Ŭ-methyl 

testosterone hormonal feed treatment to produce mono-sex male tilapia fingerlings.  

In the reporting year, the juice of freshly obtained lemons was extracted by cutting the fruits into two equal 

parts and squeezing the juice into a container. The juice was added and mixed thoroughly with four (4) 

equal, pre-prepared 17Ŭ-methyl testosterone hormonal feeds, designated A, B, C and D at 0.0, 2.0, 4.0 and 

6.0 g kg-1 of the feed. The feeds were put into separate plastic containers, labelled and kept in a cool and 

well ventilated room throughout the feeding period. The study was conducted in a total of 12 net hapas, 

each of dimensions 1 x 1 x 1 m (1 m3), installed in a 0.2-hectare earthen pond. Each hapa was separated 

from others at a distance of about 2 m. About two-thirds (0.8 m) of the hapa heights were constantly 

submerged in the pond water by ensuring periodic topping up of the water when the level fell due mainly 

to evaporation and seepage.  

The mean weight of swim-up tilapia fry was determined by counting and putting 100 of them in a 

preweighed container containing water using a digital electronic balance. The mean weight was calculated 

as follows:  

Where:  

f  

The procedure was repeated five times, and in all cases, the mean weight was found to be the same (i.e. 

0.05 g). A total of 1000 fry were stocked in each hapa and the feeds were randomly allocated to the hapas 

(3 hapas per feed type).  

The fry in each of the treatments were fed at 20% of their body weight five times daily at two hours interval 

commencing at 0800 GMT for 28 days. Weight gain by the fry was determined weekly by sampling and 

weighing 10% of the stocked fish in each hapa. On the day following the 28th day of feeding, all the fish in 

each hapa were removed and the weights and numbers were determined. The growth performance of the 

tilapia fry under each treatment was determined using the following formulae:  

Mean weight gain (g) = final mean weight - initial mean weight 

Mean daily weight gain (g day-1) = final mean weight - initial mean weight  

 

                                                                                     28            

Specific growth rate (% day-1) = 100 x [In (final body weight) - In (initial body weight)]  

                                                                                                   28 

Mean weight of fry (g) = (Wcw + Wf) ï Wcw  

                                                  100 

Wcw =  weight of container and water in grams 

W =  weight of fry in grams 
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Feed conversion rate =      quantity of feed fed (g) 

                                           live weight gain (g) 

Survival rate (%) =   number of fry harvested x 100 

                                  number of fry stocked 

The data on fish growth performance was tested for normality using the Kolmogorov-Smirnov test and 

homogeneity using the Leveneôs test so as to establish normality and homogeneity of the data. All 

percentages and ratios were arcsine transformed to normalize the data before analyses. Statistical analyses 

were carried out using one-way analyses of variance (ANOVA) to test differences among the various 

parameters measured. Tukeyôs honest significant difference test was used to identify specific differences 

between pairs of treatments. Differences were considered significant when P Ò .05. 

Generally, growth performance and feed efficiency decreased with increased inclusion levels of the lemon 

juice (Table 3.1.15). However, there were no significant differences (ANOVA, P > 0.05) among growth 

performance indicators (i.e. weight gain, specific growth rate, feed conversion rate and survival rate) among 

all treatments. It was concluded that the use of lemon juice at the various inclusion levels (2.0, 4.0 and 6.0 

g) per kilogramme of feed did not have effect on growth performance and survival of Nile tilapia fry in this 

study. It was therefore recommended that future study should concentrate on the use of the peels of lemon 

which are known to have different nutritional value. 

Table 3.1.15: Growth performance and feed utilization of mixed sex Nile tilapia fry fed with hormonal 

feeds containing 0.0 (A), 2.0 (B), 4.0 (C) and 6.0 (D)  g lemon juice per kilogramme of feed for 28 days 

 
Parameter Treatment 

 A (0 g) B (2 g) C (4 g) D (6 g) 

Mean initial Weight (g) 0.05 ± 0.01 0.05 ± 0.01 0.05 ± 0.01 0.05 ± 0.01 

Mean final weight (g) 0.64 ± 0.04 0.62 ± 0.03 0.60 ± 0.05 0.59 ± 0.10 

Mean weight gain (g) 0.59 ± 0.03 0.57 ± 0.02 0.55 ± 0.01 0.54 ± 0.09 

Mean specific growth rate (% day-1) 4.5  ± 0.1 4.4 ± 0.3 4.5 ± 0.2 4.4    ± 0.1 

Mean feed intake (g fish-1) 0.8 ± 0.1 0.8 ± 0.0 0.8 ± 0.0 0.8 ± 0.1 

Mean feed conversion rate 1.4 ± 0.1 1.4 ± 0.1 1.4 ± 0.1 1.6 ± 0.1 

Mean feed efficiency (%) 71.6 ± 5.1 69.8 ± 2.7 69.8 ± 2.7 63.9 ± 2.4 

Mean survival rate (%) 92.5 ± 4.6 93.9 ± 1.1 92.1 ± 1.1 iii.5 ± 1.1 

3 .1.1.11 . Modernizing Agriculture in Ghana (MAG ) 

(Project Staff: Dr. Francis K. Y. Amevenku, Dr Emmanuel Bekoe, Dr Francis A. Anani, Dr 

Etornyo Agbeko, Dr. Emmanuel T. D. Mensah, Dr. Seth K. Agyakwah, Stephen Asugre, Mercy 

Eshun, Lilly Ofori-Boateng, Joyce K. Kusorgbor, Patience D. Atsakpo and Justus Teye) 

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 
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competitiveness. Specifically, the project seeks to link research and extension agents on the use of relevant 

technologies by farmers along the agricultural value chain from farms to processors. 

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 (WRI), continued to work closely with the Ministry 

of Food and Agriculture (MoFA) through the current arrangements for the Research, Extension, Farmer 

Linkage Committees (RELCs) and also under the direct auspices of the MAG Coordination Unit, CSIR 

Head Office Accra.  

During the reporting period, the CSIR WRI carried out the following activities: 

1. Mass production of current generation of genetically improved Akosombo strain of Nile tilapia for 

hatchery operators and growers respectively for improved fish production; 

2. Training of trainers (TOT) workshop to address challenges in water harvesting technologies using 

the Integrated Agriculture Research for Development (IAR4D).   

Activity 1  

During the reporting period, 60 newly sewn hapas were installed in a 0.20ha pond at the instituteôs station 

at Akosombo (Figure 3.1.22).  Of the 60 hapas:  five (5) were used to produce tilapia brood-stock fry 

(stocking with selected male and female Nile tilapia breeders, paired in a ratio of 1:1 for the production of 

brood-stocks of generation eleven of the Akosombo strain) And the remaining fifty-five (55) stocked with 

male and female breeders were paired in a ratio of 1:3 and used to produce tilapia fingerling fry that were 

subsequently nursed for the production of tilapia fingerlings.   

 
installed in it  for  Tilapia brood stock and fingerling production 

About two-thirds (0.8 m) of each hapaôs height was constantly submerged in the pond water by ensuring 

periodic topping up of the water when the level fell due mainly to evaporation and seepage. Additional 

three (3) earthen ponds, each of 0.2 ha size, were prepared and applied with agriculture lime and 

subsequently they were filled with water pumped from the Volta Lake after a week of lime application. 

Each of the ponds was labelled MAG/CSIR. Fertilized eggs were collected from the hapas and mouths of 

female Nile tilapia breeders (Figure 3.1.23a), number of eggs estimated and placed into jars for incubation 

in the hatchery (Figure 3.1.23b). Eggs produced for brood-stock production were left to hatch naturally and 

fry produced were stocked immediately in grow-out ponds until they attained the target size. When the eggs 

Figure   3.1.22:   A   0.2 ha   pond   cleared,   limed,   filled   with    water   and   hapas   
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destined for fingerling production are hatched, the yolk-sac fry are kept in the yolksac absorption trays until 

their yolk sacs were completely absorbed. 

 

 

A total of 10,000 to 15,000 of the newly hatched fry are then stocked in each of 50 hapas mounted in a 

separate pond (Figure 3.1.23c). 

 

Figure 3.1.23c: Hapas containing tilapia fry undergoing treatment for

 mono-sex male fingerling production  

Figure 3.1.23a: Egg collection from hapa and mouth of a female tilapia  

   

    Figure 3.1.23b: Tilapia egg incubation set-up and yolk-sacs in yolk-sac absorption trays  
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The fry were fed with treated feed at 20% of their body weight five times daily at two-hour time interval 

commencing at 0800 GMT for 28 days. On the day following the 28th day of feeding, all the fry in each 

hapa were harvested, their weights determined and numbers estimated. 

Post-treated tilapia fry are then stocked for nursing to produce fingerlings in four (4) pre-prepared earthen 

ponds each of size 0.2 hectare at about two hundred to two hundred and fifty thousand fry per pond (Figure 

3.1.23d). The fry were fed with commercially available feed of 40% crude protein at 10% of their body 

weight 5 times a day. The growths of the fry were monitored weekly by weighing samples from each pond 

(Figure 3.1.23d).  

 
pond (left) being sampled for weight determination (right).   

The fingerlings were harvested into conditioning hapas by seining when the fish attained sizes ranging from 

an average of 1.0 to 5.0 g, depending on farmersô demand. Prior to the supply of fingerlings to farmers, the 

fingerlings were sustained on maintenance rations for about a week for them to be stable before packaging 

and transporting to the farmersô ponds. Packaging and transporting of fingerlings to farmers was done either 

in polyethylene bags (Figure 3.1.23e) or in containers (Figure 3.1.23f). In both cases, aeration is provided 

for the fish being transported. 

  

 

bagged fish for  transportation to various destinations.  

Figure   3.1.23d:   A   MAG    designated   tilapia    fingerling    nursery   

Figure   3.1.23e:   Bagging   of   tilapia    fingerlings   and   loading   of   
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Figure 3.1.23f: Transporting of tilapia fingerlings in containers  

Activity 2  

With regard to the second activity, during the reporting period, two training session each of two days 

duration was undertaken in the Upper West and East regional capitals of Wa and Bolgatanga respectively. 

The training focused on four major modules depicting the technologies to tackle challenges of water 

scarcity for food production. They included: SAWAH Technology; Shallow wells and Tube wells; Dugout 

and Riverine sources and Recession Irrigation.  
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Activities in connection with training of trainersô workshop in the Upper West 

Region  

 

Figure 3.1.24a: Participants at the training session Addressing Challenges  

 

Figure 3.1.24b:  MAG Focal Person introducing the objectives of the workshop to participants at the 

training session on Addressing Challenges of Dry Season Farming at the  In ï Service Training Centre 

(ISTC), Wa 

 

Figure 3.1.24c:  The Principal Resource Persons delivering their lectures to participants in 

attendance at the (ISTC), Wa. 

of Dry Season Farming at the In ï Service Training Centre (ISTC), Wa.  
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Activities in connection with training of trainersô workshop in the Upper East Region  

 

 

Figure 3.1.24e: The Regional RELC Coordinator delivering the welcome address 

to participants and resource persons at Bolgatanga 

 

Figure 3.1.24f: MAG Focal Person introducing the objectives of the workshop to participants at the 

training session on Addressing Challenges of Dry Season Farming at at Bolgatanga  

Figure 3.1.24d:  Participants at the training session on Addressing Challenges of Dry Season Farming  

at the Regional Ministry of Food and Agriculture (MOFA) building at Bolgatanga  
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participants in attendance at the Bolgatanga workshop. 

The results of these activities are summarized in Table 3.1.9 below. Based on an average of 60 % survival, 

the average quarterly production of tilapia fingerlings by the CSIR WRI increased from 560, 000 to 

1,120,000 after MAGôs support whilst that of the brood-stock was from 7,200 to 15,000. Hence, there were 

increases of 100% and about 108% for tilapia fingerlings and tilapia brood-stocks productions respectively.  

Table 3.1.8: Results of Activities carried out under the  

MAG Programme during the reporting period 

ACTIVITY  TARGET  ACHIEVED  

 Reporting Period      Beginning 

to date 

STATUS REMARKS  

1.0 Brood stock    

60,000 

Fingerlings    

4,000,000 

Brood stock  

  6,000  

Fingerlings 

          595,000 

Brood stock  

  21,000  

Fingerlings 

          1,715,000 

On-going - Parents 

(brooders) were 

stocked in 

October 2019;  

- Fish 

growing, yet to 

attain maximum 

reproduction 

potential; - The 

onset of peak fish 

reproduction 

period is expected 

in few weeks. 

   

  

Figure 3.1.24c:  The Principal Resource Persons delivering their lectures to  
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2.0 Train at least 30  

SMS in 2 Regions 

Total of 39  

SMS (34  

Males: 5 

Females) 

trained in  

2 Upper  

East &West  

Regions  

Total of 39 SMS 

trained 

Completed  

Results obtained within the reporting period, suggest that the expected target of 4,000,000 tilapia fingerlings 

and 60, 000 tilapia brood-stocks could be achieved, barring any unforeseen mishappenings. 

Impact of the Study on the Economy 

The activities carried out under the project are expected to contribute towards improved access to 

sustainable production practices for food security purposes and improved quality fish production for men 

and women along the value chain.  



R & D ACTIVITIES  

69 

3.2 CLIMATE CHANGE, ENVIRONMENTAL MANAGEMENT AND GREEN     

  TECHNOLOGY  

3.2.1  POLLUTION AND WASTE MANAGEMENT  

3.2.1.1  Climate Change Effects on Volta Lake Resources 

  (Project Staff: Dr Ruby Asmah, Dr. Hederick Dankwa, Dr Emmanuel Obuobie, Dr. Deborah   

 Ofori and Dr. Emmanuel Mensah) 

The ñEffects of Climate Change on Volta Lake Resourcesò (VOLTRES) project, was a collaborated 

research between the CSIR Water Research Institute and Aarhus University, funded by the Danish Foreign 

Ministry and the Danish International Development Agency Fellowship Centre (DANIDA). The study was 

undertaken to improve the understanding of the physical and biogeochemical functioning of Lake Volta 

and how the Lake and its resources may respond to climate change (CC). The specific objectives of the 

study, among others, were to: develop future climate change scenarios for the Volta Basin and adapt 

biophysical and ecological models to Lake Volta to facilitate understanding of the lake ecosystem 

functioning and quantify the indicative effects of climate change on the lake in terms of the quality of water 

and fish production. The other objectives of the project were to: to strengthen local research capacity 

through the use of biophysical and ecosystem modelling tools to ensure early preparedness and response to 

CC effects in the lake environment; and finally to contribute to effective management of the entire Volta 

Basin. VOLTRES worked from the hypothesis: Climate change, particularly increased temperatures, will 

alter the hydrology, water quality, primary production and fish production in Lake Volta.  

The project was executed under three work packages (WP): Climate change scenario development and 

catchment modeling (WP1), Lake Ecosystem modeling (WP2) and fish productivity (WP3). The WP1 

developed climate change scenarios over the Volta Basin, including the region of Lake Volta and this was 

used to drive a hydrological model (SWAT ï Soil and Water Assessment Tool) with the scenarios to assess 

the effects of climate change on the flow of water, sediment and nutrients (nitrogen and phosphorus) into 

Lake Volta. Under WP2, data from WP1 was used to set up a 1D hydrodynamic model (General Ocean 

Turbulence Model), coupled to an ecological model (Ecological Regional Ocean Model). This is the first 

time, a lake model (coupled one-dimensional hydrodynamic-ecological model) was adapted to Lake Volta, 

and a series of climate change scenarios were simulated with the validated lake model to provide a better 

understanding of the dynamics of the lake in the face of climate change. These models were used to provide 

future projections of lakeôs physical, biogeochemical variables, which served as input to WP3 to predict 

future fish productivity under different climate scenarios using the ECOPATH with ECOSIM model. 

The Volta River Basin (VRB) has warmed significantly, between 1961 and 2005 (historic period). Average 

air temperature in the basin has increased by about 1.6°C in the historic period, with an average increment 

of about 0.35°C per decade. The warming is projected to exacerbate in the future (2051-2080), with 

additional projected increase in air temperature of about 1.4oC - 2.5oC and 2.2oC - 3.2oC, relative to the 

historic period, for the IPCC medium-low (RCP4.5) and high (RCP8.5) greenhouse gas emission levels, 
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respectively. Contrary to air temperatures, annual rainfall amount in the VRB has reduced significantly 

(average of 5 mm per year) over the same historic period. However, decadal analysis suggests the reducing 

trend in the annual rainfall came to a halt in 1983 and some recovery started from 1984 to date, though the 

recovery so far is not significant. The trend and magnitude of future rainfall in the basin is uncertain but an 

ensemble mean of +2% (not significant) is projected for the future, relative to the historic period.  

Based on the projected air temperatures and rainfall for the basin, river discharge into the Volta Lake in the 

future is projected to reduce, on average, between 20% and 27% of the historic discharge. The projected 

reduction is expected to occur mostly in the peak period of August-October, which coincides with the 

spawning of some important and commercial species of fish in the Lake (e.g. Tilapia and Aletes). Future 

annual sediment load into the lake is projected to decrease, on average, between 4% and 15% of the historic 

average load. 

The lake stratifies (changes in the waterôs density due to temperature gradient in the water column) and 

mixes about two times in a year (with complete mixing around January-February and again in July-August) 

with phytoplankton (algae) biomass temporarily increasing following each mixing event, as nutrients are 

mixed into the surface waters. The warmed climate in the VRB had a major effect on the strength of 

stratification of Lake Volta, which reduces the amount of oxygen available to the fish community and other 

organisms in the lake for their productive use. Primary production (i.e. the production of algae biomass) in 

Lake Volta is limited by the availability of light (due to suspended solids in the water) in the water column. 

Climate change seems to have more influence on algal blooms in the lake than potential changes in external 

nutrient loadings, as it is light and less of nutrients that is limiting production. Changes in the water level 

of Lake Volta did not significantly affect fish catch. 

The important fish species in order of occurrence, abundance and weight were: Silver catfish, Tilapias, 

Silversides and Bayad respectively. Fish species in Lake Volta have high tolerance for a wide temperature 

range (22 ºCï35 ºC) thus, will be able to cope with the projected increase in lake temperature due to climate 

change effects. However, a warmer lake water temperature will reduce the productive surface water volume 

for fish production and fisheries. 

It was concluded that climate change is evident in the Volta Basin putting the lake resources under stress. 

Hence, the following recommendations were given:  

i. Support should be given to key stakeholders to mitigate the effects of climate change in the 

study area. 

ii.  A multi stakeholder and holistic approach should be used to tackle climate change in the Basin. 

* The knowledge produced from the study should guide future research support in the broader field 

of climate change and natural resources management 

Impact of the Study on National Economy  

The project produced new knowledge and capacity in the field: 

Å Two (2) Doctoral and two (2) Masters Students undertook their studies under the project and have 

all successfully graduated.  
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Å Three (3) national stakeholder training workshops were held; each with not less than 30 participants 

from state and private institutions. Participants were introduced to the models and software being 

used by the project team and these were made available to them freely. Several scientific equipment 

(EXO II Sonde, Water Column Samples, Microscopes, Sediment grab, Laptop Computers etc.,) 

were also purchased and are still in use at the CSIR-Water Research Institute, enhancing the 

instituteôs research capacity. 

3.2.1.2  Extended Spectrum Beta Lactamase E. coli Surveillance in Selected Hotspots in the  

Environment- Tricycle Project (August, September, October) - Environment WP3 

(Project Staff: Regina Ama Banu, Dr Ebenezer Ansah, Akong M. O., Mohammed Bello,  

Selorm Borbor, Hawa Ahmed and Lady A. Boamah) 

The aim of the study was to continue with surveillance commenced in subsequent months from 

environmental sources. The objective of the environmental component was to detect and quantify the 

presence of Extended Spectrum Beta Lactamase E. coli (ESBL-EC) in sources such as urban community 

sewage, waste from slaughter slabs/wet markets, and an upstream and downstream sample from a stream 

into which all these waste discharges.  

Monthly water samples were taken from Kasoa, Avenor and the Mudor Treatment plant in October, 

November and December 2019. Bagged drinking water of capacity 500ml popularly known as sachet water 

sold in shops and by street vendors around the catchment were also sampled. Three grab samples taken 

separately at five minutes interval were made into a composite at each sampling point. About 300ml 

replicate samples were similarly taken for storage at -20°C at the laboratory for future residue analysis at 

RIVM Netherlands. Details of each sample; GPS, sampling time, etc. where completed on a sampling sheet 

and digital photograph of the various sampling sites taken. All sampling was done aseptically following 

procedure outlined in the WHO pilot protocol provided. Samples were transported on ice at 4 °C to the 

laboratory for analysis (Figure 3.2.1). 

 

Figure 3.2.1: Laboratory analysis of water samples 
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The culture-based monitoring method was used for the direct detection and enumeration of 

ExtendedSpectrum-ɓ-lactam (ESBL) resistant E. coli from the environmental samples. Using to prepared 

media: Tryptone Bile Agar with X-Glucuronide; a chromogenic media for the detection of E.coli (TBX)  

and TBX with 4ug cefotaxime. Samples were mixed vigorously and subjected to a 10 fold serial dilution 

using phosphate buffered saline. Dilutions were chosen carefully to avoid confluent colonies. Suitable 

dilutions were filtered through sterile filtration apparatus through cellulose nitrate membrane filters of pore 

size 0.45um. Filter with filtrates were subsequently plated both on TBX and TBX +CTX following standard 

procedures and plates incubated at 37°C for 18-24 (Figure 3.2.2). Plates with less or equal to 100 blue green 

colonies were recorded and concentration of both ESBL E. coli and E. coli calculated.  

 

Figure 3.2.2: Positive and negative controls (TBX left & TBX+CTX right)  

Five (5) ESBL presumptive colonies were streaked to purity first on TBX agar and subsequently on Nutrient 

Agar (oxoid). Cultures were subjected to indole test to confirm presence of E. coli. Indole positive E. coli 

stains were thereafter subjected to sensitivity testing using the disc diffusion method and zones of 

inhibitions measured to confirm isolates positive for ESBL E. coli following the CLSI procedures. Four 

antibiotic discs; Ceftazidime 30ug, Cefotaxime 30ug with their inhibitors Cefotaxime/ Clavulanic Acid 

30/10ug, Ceftazidime/Clavulanic Acid 30/10ug, were used for this process. Positive and negative controls 

were run for each batch of analysis. Ultimately the ESBL E. coli counts were calculated as a proportion of 

the total E. coli. at each of the sampling points mentioned above. E. coli confirmed as ESBL were stored 

in freezing medium at -80 °C at the National reference laboratory Korlebu Teaching Hospital. Freezing 

media were prepared using Tryptic Soy Broth (TSB) with glycerol in proportions of 2:1.  

It was indicated from the study that average log concentration of E. coli and ESBL EC from upstream water 

samples showed some pre-township influence from other undetermined sources. Levels of bacteria 

concentrations from these upstream sources were significantly (P< 0.05) lower than concentrations from 

downstream water samples in both townships (Table 3.2.1, Figure 3.2.3). Clearly, higher level of bacteria 

concentrations at both human and animal waste influenced locations had significant impact in bacteria 

concentrations at the downstream sources at both townships. Also, general variations in bacteria 
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concentrations and percentage ESBL EC at most of the locations may be due to environmental factors. 

There were comparable/consistent concentration of bacteria from humans and animal waste influenced 

locations. These were also quite comparable to bacteria concentrations recovered from the Mudor effluent 

Treatment plant (Table 3.2.1). Downstream samples of Kasoa and samples from the slaughter slab had the 

highest percentage ESBL EC. (Figure 3.2.4) compared to all other sampling points. Higher levels of 

Antibiotic use on animals in Kasoa can be speculated. 

Twenty-Seven (27) sampled water and fifteen (15) sachet water samples are in storage at -200C for residue 

analysis. Some of these samples have already been exported to RIVM Netherlands for analysis. Counts of 

E. coli were significantly (P<0.05) higher than counts of ESBL E. coli at both Avenor and Kaosa for the 

study period (Figures 3.2.3 and 3.2.4). The results showcased presence of presumptive ESBL E. coli from 

these environmental samples.  

Table 3.2.1: Samples quantities, Log E. coli, Log ESBL E. coli and percentage ESBL E. coli counts 

Parameters  

Human  

( communal ) 

Animal  

(slaughter 

slab) Up 

stream 

Down 

stream 

Mudor  
 

Total 

     

 Wastewater  wastewater   plant    

No. of samples 

tested 6 6 6 6 3 15 42 

No. of samples         

positive for  

E. coli 

6 6 6 6 3   - 27 

No. of samples 

positive for ESBL 6 6 6 6 3   - 27 

No. of ESBL EC 

isolates @ -80 
25 26 28 29 15   - 123 

Average         

concentration of E.  

coli [1] 

6.33±0.56 7.38±0.69 4.41±0.64 6.26±0.56 6.15±0.80   -   

Average  
       

concentration of  

ESBL[2]  

5.00±0.92 5.02±1.1 2.81±0.70 4.87±0.58 4.38±1.05   -   

Average % of 

ESBL  

in E. coli 
2.26±2.03 2.16±4.34 3.05±2.4 5.14±3.63 1.93±1.16   - 

 

Concentrations of  

E. coli  
1.76X10 7 3.04X107 7.06X104 2.30X106 4.20 X106   - 

 

in the single 

samples              - 
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Concentrations of  

ESBL 1.36  X 10 6 1.17 X105 2.03 X103 1.28 X105 9.59 X104   - 
 

E. coli in the single  

samples 
            - 

 

% ESBL in  
       

E. coli in the single  

sample 

7.73 0.38 2.88 5.57 2.28   -  

[1] Average of the concentrations in the positive samples, calculated as the average of the concentrations 

on log scale 

[2] Average of the concentrations in the positive samples calculated as the average of the concentrations 

on log scale 

DW* Packaged Drinking Water. 
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and Kasoa streams 

It was concluded from the study that:  

Å Concentrations of E. coli and ESBL E.C. in upstream samples in both cities were significantly 

lower than in the downstream samples.  

Å Highest concentration of ESBL EC were found in Kasoa slaughter slab effluent samples. 

Å There were comparable counts areas with human and animal waste influenced areas. 

Figure 3.2.3:Compared concentration of ESBL EC and  E. coli  in the environment  

Figure 3.2.4: Percentage ESBL  E. coli  in Avenor                                            
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Å Sachet drinking water sampled were both bacteriologically safe and safe from ESBL E. coli. 

At the end of the study period, it was recommended that effluent should be treated before discharge into 

streams and the use of antibiotics should control because the environment is the ultimate hub for every 

form of waste including antimicrobial water. 

Impact of the Study on National Economy  

Findings of the study will help meet the Strategic Objective Two of the Ghana National Action Plan on 

Antimicrobial Resistance that is ñStrengthen knowledge and evidence base through surveillance and 

researchò. 

3.2.1.3     Human exposure risks assessment of heavy metals in groundwater within the Amansie and 

Adansi Districts in Ghana  

  ( Project Staff: Dr. Collins Tay, Mr. Michael Dorleku and Dr. Louis Doamekpor ) 

Heavy metals are a group of contaminants which have been identified as posing serious threat to aquatic 

environments and humans, even at trace concentrations (Vergas et al., 2001), and are known for their 

toxicity and persistence in the environment (Duruibe et al., 2007; Ahmad et al., 2010). In recent times, 

heavy metal contamination studies in water resources and in other matrices is not only focused on presence, 

sources and levels but also on the possible risks to human health. This is due to the long-term exposure of 

humans to toxic heavy metals which has the potential to cause severe disruptions in the normal functioning 

of the human organs. The Amansie and Adansi Districts in the Ashanti Region of Ghana (Figure 3.2.5) is 

endowed with water resources, which serves as potable sources for drinking. However, the districts are 

located within the Ashanti Gold Belt, where both ñlarge-scaleò and ñsmallscaleò ï galamsey activities using 

chemicals such as arsenic (As) and mercury (Hg) to recover gold takes place. There is therefore, a high 

probability that, mining activities and natural geochemical processes could introduce toxic heavy metals of 

serious health concerns in ground and surface water resources within these districts. Thus, this study sought 

to:  

i. identify and quantify the human exposure risks of selected heavy metals likely to be associated 

with the consumption of surface and groundwater resources;  

ii.  assess the potential human health risks caused by exposure to non-carcinogenic heavy metals; 

and 

iii.  estimate the potential environmental risk exposure, in order to ensure the health safety of 

consumers within the Amansie and Adansi Districts.  
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Figure 3.2.5: Map of the Amansie and Adansi Districts (insert map of Ghana) with the different 

geological settings showing sampling communities 

Estimation of the Pollution Indices and Degree of Metal Contamination 

The numeric expressions for risk assessment may be presented as in Eqns 1 and 2 [Risk Assessment 

Guidance for Superfund (RAGS)]:  

                                                                (1) 

                                                 (2) 

Where, Ding is defined as the average daily dose (exposure dose) via ingestion of water (ɛg/kg-day);  

Dderm is defined as average daily dose via dermal absorption (ɛg/kg-day); 
C

water is defined as the estimated 

concentration of metals in surface water (ɛg/L).  

Potential non-carcinogenic risks for exposure to contaminants were assessed by comparison of the 

calculated contaminant exposures with respect to each exposure route and the reference dose (RfD) so as 

to produce the hazard quotient (HQ). The HQ may be defined as in Eqn 3 (USEPA 1989):  
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                                                             (3) 

where, HQing/derm is defined as the hazard quotient via ingestion or dermal contact and is unitless, and  

RfDing/derm is defined as the oral/dermal reference dose in ɛg/kg-day. The RfDing and RfDderm values were 

obtained from the literature elsewhere (USEPA 2010; Li and Zang, 2010).  The hazard quotient (HQ) is a 

numeric estimate of the systemic toxicity potentially posed by a single element within a single route of 

exposure. According to Amirah et al., (2013); Naveedullah et.al., (2014); Ayantobo et al., (2014), the toxic 

risk due to potentially hazardous substances in the same environmental media is presumed to be additive 

and the arithmetic sum of individual target hazard quotient and is equal to the hazard index (HI). To estimate 

the overall potential for non-carcinogenic effects posed by potentially hazardous substances, the computed 

HQs for each element are integrated and expressed as a hazard index (HI) as defined by Eqn 4:  

                                                   (4) 

The other input parameters used to calculate the average daily dose, the dermal permeability coefficient 

(Kp) of heavy metals as proposed by USEPA (1989) and the Oral Reference Dose of the various heavy 

metals used for the determination of toxicity responses are not indicated here. 

During the reporting period, a total of 59 boreholes and 12 wells were sampled from boreholes and shallow 

wells during the dry and wet seasons. The design of sampling protocols described by Claasen (1982) and 

Barcelona et al., (1985) were rigorously followed during sampling. The bottles were cleaned at the 

Environmental Chemistry and Sanitation Engineering Laboratories of the Council for Scientific and 

Industrial Research- Water Research Institute (CSIR-WRI) in Accra using detergent and allowing them to 

stand for at least 24 hours. The water samples were acidified to a pH < 2 using Conc. HNO3. On-site 

measurements of pH, were carried out using a Hach Sens ion 1 Meter. The water samples were then stored 

on ice in an ice-chest and transported to the CSIR -WRI in Accra, stored in a refrigerator at a temperature 

of < 4oC and analyzed within one week. 

The results show that the mean values of Fe, Cd, Pb, As and Hg for boreholes and Cd, and As for well 

water were above the WHO (2004) guideline values. Cd, Pb, As and Hg have been listed in its list of ten 

chemicals by the World Health Organization (WHO) as a major public health concern and therefore, should 

be of concern for the institutions responsible for public health such as the Environmental Protection Agency 

(EPA) and the Health Authorities within the Districts. The heavy metal abundance in groundwater within 

the Districts is in the order of: Fe > Mn > As > Zn > Cu = Pb > Cd > Hg for borehole water and Fe > As > 

Mn > Zn > Cu > Cd > Pb > Hg for well water. Figure 3.2.6 presents the bar graph of heavy metal 

concentrations compared to WHO. From Fig 3.2.6 , Mn, Cu and Zn do not seem to be of public concern in 

the water resources within the Districts. Table 3.2.2 presents the statistical summary of the heavy metal 

levels in groundwater within the the Amansie and Adansi Districts.  
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Figure 3.2.6: Bar graph of the heavy metal concentrations compared to WHO 

Table 3.2.2: Statistical summary of heavy metal levels in groundwater within 

the Amansie and Adansi Districts 

Element Borehole water  
 

              Well water  
WHO guideline                      

(2004)         

       Range Mean        Range Mean  

Fe < 0.01- 5.1 0.60      < 0.01- 0.37 0.14          0.3 

Mn < 0.005 - 1.17 0.20     < 0.005 - 0.17 0.05          0.4 

Cd < 0.002 - 0.009 0.005     < 0.002 - 0.006 0.004          0.003 

Cu < 0.02 - 0.1 0.04     < 0.02 - 0.04 0.03            2.0 

Zn <0.005 -0.51 0.05     <0.005- 0.05 0.04            3.0 

Pb < 0.005 ï 0.19 0.04     < 0.005 - 0.009   -          0.01 

As < 0.001 - 0.09 0.07     < 0.001 - 0.2 0.11          0.01 (p) 

Hg  < 0.001 - 0.009 0.003     < 0.001    -          0.001(p)  

The exposure dose via ingestion (Ding) of water and dermal (Dderm) absorption in ɛg/kg-day for adults and 

children were computed using the concentration of the estimated metals in groundwater (µg/L), the 

ingestion rate (L/day), the exposure frequency (days/year), average body weight (kg), the averaging time 

(days), the exposed skin area (cm2), the exposure time (h/day), the unit conversion factor (L/cm3), and the 

dermal permeability coefficient (cm/h). Using the Reference Oral Dose (RfD) as in Table 3.2.2, the hazard 

quotient (HQing/derm) for each heavy metal was computed to assess the potential non-carcinogenic risks 

(Tables 3.2.3 and 3.2.4). The hazard quotient (HQ) for each heavy metal was then integrated and expressed 

as a hazard index (HI) in order to assess the overall potential for non-carcinogenic risks posed by the total 

toxic effect of the heavy metal. The results show that, the potential non-carcinogenic risks of exposure 

(HQing/derm) which is the estimate of the systemic toxicity potential posed separately by Fe, Mn, Cd, Cu, Zn, 

Pb, As and Hg within a single route of exposure via ingestion or dermal contact were:  

3.30 x 10-2, 1.40 x 10-1, 5.00 x 10-4, 3.70 x 10-2, 3.00 x 10-1, 3.60 x 10-2, and 3.00 x 10-4 , for both adults and 

children as well as for borehole well water. This suggests a decreasing order of: Zn > Mn > Cu > Pb > Fe 
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> Cd > As = Hg, for borehole water and Zn > Mn > Cu > Fe > Cd > As = Hg, for well water. Thus, the 

potential non-carcinogenic risks of exposure for both borehole and well water follows similar trend. The 

results show that the hazard quotient (HQ) values of all heavy metals were <1 for both borehole and well 

water and therefore, suggests that, there are no potential health risks from exposure to these heavy metals 

in groundwater within the Districts.  
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The concerns for potential human health risks (HQ/HI) caused by 

exposure to non-carcinogenic heavy metals as calculated for adults and 

children for Fe, Mn, Cd, Cu, Zn, Pb, As, and Hg were: 6.0 x10-2, 2.56 x 

10-1, 9.15 x 10 -4, 6.77 x 10-2, 5.49 x 10-1, 6.59 x 10-2, 5.49 x 10-4, 5.49 x 

10-4 for boreholes, while, that for wells (with exception of Pb) were: 

6.46 x 10- 2, 2.74 x 10-1, 9.79x10-4, 7.25 x 10-2, 5.88 x 10-1, 5.88 x 10-4, 

5.88 x 10-4 (Table 3). The trend of potential human health risk (HQ/HI) in 

boreholes within the Districts was in the order of: Zn > Mn > Cu > Pb > Fe > Cd > As = Hg, while, the 

trend of potential human health risk (HQ/HI) in well water within the Districts was in the order of: Zn > 

Mn > Cu > Fe > Cd > As = Hg. Thus, similar trends exist for the potential for human health risks in both 

boreholes and well water. Computed values for all the HQ/HI ratios are less than 1 (i.e HQ/HI<1) for both 

boreholes and wells. According to the USEPA (1989) where, HQ/HI < 1, there is no concern for potential 

human health risks caused by exposure to non-carcinogenic elements. This suggests that, there is no 

concern for potential human health risks caused by exposure to non-carcinogenic toxic heavy metals in 

groundwater within the Amansie and Adansi Districts. Consistent with this study, the trend of overall 

potential for non-carcinogenic risks posed by more than one element (HI) in drinking water resources with 

previous studies such as Nasrabadi (2015)-Tehran;  Abdul et al., (2016) ï Zanzibar Island; Tay et al., 

(2016)- Lower Pra Basin, Ghana; Muhammed et al., (2011)-Kohistan region, northern Pakistan; Çelebi et 

al., (2014)-Melen watershed, Turkey; Li (2010)-upper Han River, China; show that, the overall potential 

for non-carcinogenic risks posed by more than one element (HI) in most drinking waters is less than one 

(i.e HI <1).  

Generally, the trend of the average daily dose for Zn, Cu, Fe, and Cd in water sources is: Zn ι Cu ιFe ι 

Cd (Abdul et al., 2016). With respect to severity of toxicity, Cd is highly toxic, and therefore, this trend 

does not show alarming situation in the context of Cd risk in drinking water sources due to the factors that 

governs severity of toxicity such as dose, nutrition, age and lifestyle. However, this trend might not 

guarantee the absence of human health risk. This study however, recorded a trend of average daily dose of: 

Fe < Zn ι Cu ι Cd though consistent with severity of toxicity in relation to Cd. This suggests low degree 

for potential human health risks caused by exposure to non-carcinogenic heavy metals in groundwater 

within the districts, and therefore, consumption of groundwater within the Amansie and Adansi Districts 

pose little or no adverse concerns for potential human health risks caused by exposure to non-carcinogenic 

elements  

With respect to the WHO list of ten chemicals considered as a major public health concern which lists As, 

Pb, Hg and Cd as major public health concern, groundwater resources which serve as drinking water 

sources to the communities within the Amansie and Adansi Districts have As, Pb, Hg and Cd levels which 

do not pose public health concerns based on available data on heavy metals from this study.  

Results from the study show that, the mean values of Fe, Cd, Pb, As and Hg for boreholes and Cd, and As 

for well water were above the WHO (2004) guideline values. The heavy metal abundance in groundwater 

within the districts was in the order of: Fe > Mn > As > Zn > Cu = Pb > Cd > Hg for borehole water, and 

Fe > As > Mn > Zn > Cu > Cd > Pb > Hg, for well water. The percentage contributions were: Fe (60%), 

Mn (20%), As (7%), Zn (5%), Cu (4%), Pb (4%), Cd (0%) and Hg (0%), suggesting that, natural 
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geochemical processes such as rock-water-soil interactions are more pronounced in the water resources 

within the Amansie and Adansi Districts. The results also show that, the potential non-carcinogenic risks 

of exposure (HQing/derm) posed by Fe, Mn, Cd, Cu, Zn, Pb, As and Hg within a single route of exposure via 

ingestion or dermal contact was: 3.30 x 10-2, 1.40 x 10-1, 5.00 x 10-4, 3.70 x 10-2, 3.00 x 10-1, 3.60 x 10-2, 

3.00 x 10-4 and 3.00 x 10-4  respectively for both adults and children, suggesting a decreasing order of Zn > 

Mn > Cu > Pb > Fe > Cd > As = Hg, for  borehole water, and Zn > Mn > Cu > Fe > Cd > As = Hg, for well 

water. The concerns for potential human health risks (HQ/HI) caused by exposure to noncarcinogenic 

heavy metals for Fe, Mn, Cd, Cu,Zn, Pb, As, and Hg were: 6.0 x10-2, 2.56 x 10-1, 9.15 x 10 -4, 6.77 x 10-2, 

5.49 x 10-1, 6.59 x 10-2, 5.49 x 10-4, 5.49 x 10-4 for boreholes, and 6.46 x 10-2, 2.74 x 10-1, 9.79 x10-4, 7.25 x 

10-2, 5.88 x 10-1, 5.88 x 10-4, 5.88 x 10-4 for well water, suggesting that there is no concern for potential 

human health risks caused by exposure to non-carcinogenic toxic heavy metals in groundwater within the 

Districts (i.e HQ/HI <1). 

Impact of the Study on National Economy  

The long-term exposure of humans to toxic heavy metals has the potential to cause severe disruptions in 

the normal functioning of the human organs and thus, human health. Results from this study would inform 

policy makers to put in place preventive measures on the possible risks to human health.  

3.2.1.4  Modified ZnO Based Photocatalysts for  Efficient  Removal

 of Dyes from Wastewater 

(Project Staff: Dr. William W. Anku, Dr. Eric Agorku, Dr. Samuel Osei-Bonsu Oppong, Dr. 

Monday Onoyivwe Ama and Dr. Anthony Yaw Karikari) 

Synthetic dyes have considerable commercial significance and are widely used in different industries 

including the paper, leather, and textile industries. As a result, effluents emanating from these industries 

contain high concentrations of a variety of dyes which pose serious threats to aquatic life and human health. 

Conventional water treatment technologies, including chemical precipitation, adsorption, etc., have been 

tested for the removal of dyes from wastewater but with minimal success, since they either cause secondary 

pollution or are capital intensive. Hence, the study was conducted to develop a costeffective and efficient 

method for wastewater treatment using nanomaterials/photocatalysts capable of utilizing solar energy to 

completely remove dyes from wastewater. The work involved the synthesis of zinc oxide (ZnO) 

nanoparticles doped with different concentrations of neodymium (Nd) and their attachment onto 

functionalized multiwalled carbon nanotubes (MWCNTs) to form Nd-ZnO-MWCNTs nanocomposites 

which were applied to remove indigo carmine dye in water under visible light exposure. 

Methodology  

Preparation of Nd-ZnO-MWCNTs nanocomposites 

Reactive carboxylic acid functional groups were first introduced onto the surface of the MWCNTs 

(functionalization) to enhance their reactivity. This was achieved by refluxing the MWCNTs in 55% HNO3 

for 5 h at 100 °C followed by washing to pH 7 and drying in an oven.  The functionalized MWCNTs (f-
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MWCNTs, 0.4g) were suspended in 100 mL deionized water in a beaker. Calculated masses of Nd (NO3)3. 

6H2O (depending on the percentage doping of Nd) and 10 g of Zn (CH3COO)2·2H2O were also dissolved 

in deionized water (100 mL) in a separate beaker. These solutions were stirred magnetically for 30, mixed 

together and the mixture stirred for another 45 min. Approximately 2 mL of polyethylene glycol (PEG) 

was added to the suspension under continuous stirring.  NaOH solution (0.3M) was then added dropwise 

to precipitate the Nd-ZnO-MWCNTs nanocomposites at pH 9. The precipitates were filtered, washed with 

ethanol-deionized water mixture, dried in an oven at 100 oC for 12 and calcined at 400 oC for 3h.  

Samples characterization  

PerkinElmer spectrometer (Spectrum 100) was used to record the infrared (IR) spectra of the samples using 

KBr pellet. For the internal morphology and size analyses, transmission electron microscope (TEM)-JEOL, 

JEM-2100F, 120kV was used while the optical absorptivity of the samples was determined using a 

Shimadzu UV-2450 UV-vis spectrophotometer.  

Photocatalytic ability assessments  

The synthesized photocatalysts (ZnO, ZnO-MWCNTs, 0.3 % Nd-ZnO-MWCNTs, 0.6 % Nd-

ZnOMWCNTs, 1.0 % Nd-ZnO-MWCNTs, and 2 % Nd-ZnO-MWCNTs) were applied in the degradation 

of indigo carmine dye in water under simulated visible light exposure. This was achieved through the 

dispersion of 0.2g of the photocatalysts in 200 mL of 20 mg/L dye solution. The dye-catalyst mixture was 

exposed to visible light (produced by a full spectrum solar simulator (Port 9600) furnished with a 150W 

ozone free xenon lamp which was fitted with a 420 nm dichroic UV filter) under continuous magnetic 

stirring for 3h in a dark room. During this 3h, 5 mL aliquots of the irradiated dye solutions were withdrawn 

at 30 min intervals using 0.45 µm PVDF membrane fitted disposable syringes. The concentrations of the 

dyes in each withdrawn solution were determined using a Shimadzu spectrophotometer (UV-2450).  

Results 

Infrared (IR) spectra analysis 

The IR analysis was intended to identify the functional groups of the samples so as to ascertain the 

successful synthesis of the nanocomposites. Figure 3.2.7 depicts the IR spectra of the samples. For all the 

samples, the broad peak located between 3000 cm-1 and 4000 cm-1 and the one at 1630 cm-1 is assigned to -

OH stretching and bending vibrations respectively of adsorbed water molecules on the surface of the 

samples. In the spectrum of the pure ZnO (Figure 3.2.7a), the peaks between 500 and 1000 cm-1 represent 

the Zn-O bonds. For the f-MWCNTs (Figure 3.2.7f), C-C and C=C bonds stretching vibrations of the 

MWCNTs are represented by the peaks at 1300 cm-1 and 1669 cm-1 respectively. The two bands at 2400 

cm-1 and 1750 cm-1 indicate O-H and C=O stretching vibrations respectively of carboxylic acid groups (-

COOH); an indication that the MWCNTs were successfully functionalized with a carboxylic acid group. 

The spectra of all the other samples (Figure 3.2.7b - e) contain the peaks of both ZnO and f-MWCNTs. The 

difference in peak intensities of the bare ZnO and f-MWCNTs modified ZnO composites proves the 

interaction between the f-MWCNTs and the Nd-ZnO, hence the successful synthesis of the Nd-

ZnOMWCNTs composite.  
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Figure 3.2.7: IR spectra of (a) ZnO, (b) ZnO-MWCNTs,  and (c) 

Nd-ZnO-MWCNTs with different Nd concentrati ons   

Transmission Electron Microscopy (TEM) analysis 

The internal morphology of a nanoparticle is determined using TEM analysis. Figure 3.2.8 represent the 

TEM images of the bare ZnO and 0.6 % Nd-ZnO-MWCNTs composite respectively. According to Figure 

3.2.8A, the Nd-ZnO nanoparticles are spherical and possess regular/uniform size and morphology. In Figure 

3.2.8B, the Nd-ZnO nanoparticles are observed as white patches attached to the surface of the MWCNTs, a 

further confirmation of the successful synthesis of the Nd-ZnO-MWCNTs composite.  

 

Figure 3.2.8: TEM images of (A) ZnO and (B) 0.6 % Nd-ZnO-MWCNTs composite 

Optical activity analysis 

Photocatalysts with visible light absorption ability are more efficient in organic pollutants removal than 

those with ultra-violet (UV) light absorption ability. ZnO absorbs UV light. Hence, its modification with 

Nd and MWCNTs to enhance its visible light activity. The light absorption spectra of the samples are 

A B  
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presented in Figure 3.2.9. Figure 3.2.9a shows that pure ZnO displayed the highest light absorption in the 

UV region (200-400 nm) but the least in the visible light region (400ï800 nm), as expected. The MWCNTs 

and Nd modified samples (Figure 3.2.10b ï f), show higher visible light absorptions than the pure ZnO. The 

highest visible light activity was displayed by 0.6 % Nd-ZnO-MWCNTs sample (Figure 3.2.10d) indicating 

that the optimum Nd concentration for efficient visible light utilization of ZnO is 0.6 %.  

 

Figure 3.2.9: UV-vis spectra of (a) ZnO, (b) ZnO-MWCNTs, and ( 

c) Nd-ZnO-MWCNTs with different Nd concentrations 

Photocatalytic degradation test 

The synthesized photocatalysts were applied in the degradation/removal of indigo carmine dye in water. 

According to the result depicted in Figure 3.2.10A, all the photocatalysts, except the bare ZnO, degraded 

the dye to various extents. 0.6 % Nd-ZnO-MWCNTs displayed the highest degradation efficiency by 

completely degrading the dye within 180 min. The trend of the degradation efficiencies follows the 

observation made under optical activity analysis where 0.6 % Nd-ZnO-MWCNTs exhibited the highest 

visible light absorption; and thus, was expected to be the best photocatalyst. The result indicates that the 

MWCNTs and Nd played significant roles in the efficiency of the catalyst by improving its visible light 

absorptivity. The change in the UV-visible spectra of the dye with increasing time using 0.6 % Nd-

ZnOMWCNTs is shown in Figure 3.2.10B. The steady decrease in the typical absorption band of the dye 

at 610 nm with increasing time is observed suggesting the steady degradation of the dye with time until 180 

min when it was completely degraded.  
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Figure 3.2.10: (A) Indigo carmine degradation efficiency of (a) ZnO,

 (b) ZnO-MWCNTs, (c) Nd-ZnOMWCNTs  with different Nd

 concentrations; and (B) photodegradation profile of indigo  carmine 

using 0.6 %Nd-ZnO-MWCNTs. 

Conclusion 

The Nd and MWCNTs modified ZnO nanocomposites have been successfully synthesized and confirmed 

by TEM and IR analyses. TEM analysis revealed that the catalysts exist in spherical morphologies and were 

well distributed on the MWCNTs. 0.6 % Nd was identified to be the optimum Nd concentration beyond 

which photodegradation efficiency of the catalyst was hampered. The presence of Nd and MWCNTs was 

noted to improve the visible light activity of ZnO. All the modified catalysts degraded the dyes under visible 

light irradiation with 0.6 % Nd-ZnO-MWCNTs exhibiting the most efficient pollutant degradation activity.  

3.2.1.5 Preliminary Cultivation and Growth of Selected Seaweeds of Economic Importance Under 

Laboratory Conditions in Ghana 

 (Project Staff: Mark O. Akrong; Dr. Gloria N.D. Addico; deGraft-Johnson, K. A. A. and Gertrude 

Nortey) 

Seaweeds also known as macroalgae are sea vegetables that grows along rocky shoreline where they are 

fixed to the substratum in nutrient concentrated ocean waters. These macro algae produce chemical 

compounds of high commercial value known as hydrocolloids which are natural polysaccharides (agar and 

carrageenan from red seaweed and alginates from brown seaweed). They are used in the food, biomedical, 

pharmaceutical and cosmetic industries, agriculture as well as for production of biofuel. Ghana has 540km 

coastline endowed with rich diversity of seaweeds, about 200 species, of which some are of economic 

importance. For a successful implementation of the cultivation of these seaweed species in the sea, there is 

however, the need to ascertain their growth under nursery (laboratory) conditions before scaling it up to 

pilot stage and open sea cultivation. It was against this background that the study was undertaken to 

investigate the growth of red and brown seaweeds of economic importance such as: Hydropuntia dentata, 

Hypnea musciformis and Padina durvillaei in a nursery at the CSIR-Water Research Institute. 

In the year under review, seaweeds Rhodophyta ï red (Hypnea musciformis and Hydropuntia dentata) and 

Phaeophyta - brown (Padina durvillaei) were collected at low tide from Prampram and Ahwiam in the 
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Greater Accra Region. These were cultivated using cultivation tanks in a recirculation seawater system for 

eight weeks under nursery conditions. The laboratory is a building with transparent roof through which day 

light penetrates. The system comprises of three culture tanks (40L) supplied with continuous aeration 

systems and constant recirculating seawater. The three tanks were labelled A, B and C, and each holds one 

species in triplicate. H. musciformis was placed in a net bag and hung on a line in the tank (Figure 3.2.11 

and 3.2.12) while P. durvillaei was hung directly on the line in the tanks. The fresh weight of each seaweed 

in the tanks was weighed at weekly interval for eight weeks. Environmental parameters were taken daily 

and nutrient analysis conducted on weekly basis. 

 

Figure 3.2.11: H. musciformis in net bag at the  Figure 3.2.12: H. musciformis in net  

beginning of experiment bag after  eight weeks of cultivation 

It was identified from the study that there was an increase in the fresh weight of all the seaweeds over the 

study period (Figure 3.2.13) and the percentage increase in the fresh weight of seaweeds recorded were 

48%, 55% and 45% in Padina durvillaei, Hypnea musciformis and Hydropuntia dentata, respectively. 

There was an increase growth of P. durvillaei during the study period with dips at the fourth and sixth 

weeks. There was a positive correlation (R2) between the growth and cultivation weeks (Figure 3.2.14). 

The successful cultivation of Padina durvillaei in the study was very encouraging since it was a rich source 

for alginate production. 

    

Figure 3.2.13: Differences in  Figure 3.2.14: Growth trends in Padina fresh weights 

of seaweeds durvillaei during the study period 

Hypnea musciformis showed gradual increase in the fresh weight over the study period. However, the 

weight decreased from the 4th to 6th weeks followed by an increase to the 8th week. During this period of 
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weight decrease, the salinity was 53 PSU. This could have accounted for the reduction in weight. The 

results confirm the studies of Pereira et. al., (2017) who found reduction in the weight of seaweeds above 

50 PSU salinity. In addition, the salinity along the coast of Ghana is 35.5 PSU. Positive correlation was 

observed between the fresh weight and the weeks of cultivation (Figure 3.2.15). Gradual increment of fresh 

weight was recorded for Hydropuntia dentata although there was a dip in growth from the fourth to sixth 

weeks and increased slightly on the seventh week during the study period. A positive correlation was 

observed between the fresh weight and the weeks of seaweed cultivation (Figuere 3.2.16).  

 

Figure 3.2.15: Growth trend of Hypnea  Figure 3.2.16: Growth trends of cultivated  

musciformis Hydropuntia dentata 

The difference between the pH values recorded both in the morning and afternoon was not statistically 

significant (p-value >0.05), however the temperature difference between the two periods was significant 

(p-value <0.05) with high values recorded in the afternoon (Table 3.2.5). The range of pH and temperature 

values recorded in system during the study was similar to values recorded directly in the sea and were 

within the optimal range for aquatic organisms. The mean salinity concentration recorded was higher than 

what pertains along the coast of Ghana. The increase in the salinity could be attributed to increase in the 

salt content as a result of evaporation. The mean concentrations of nitrate and phosphate recorded during 

the study were low. This could be attributed to uptake by seaweeds and the continuous recirculating of the 

seawater in the system. 

Table 3.2.5: Environmental parameters of seawater measured in the cultivation system during the study 

Environmental parameters Range Mean (Standard deviation 

pH Morning 8.26 - 8.31 8.29 (+0.02) 

pH Afternoon 8.27 - 8.35 8.30 (+0.02) 

Temperature (Morning) / 0C 25.41 - 26.43 25.928 (+0.39) 

Temperature (Afternoon) / 0C 27.41- 28.69 27.956 (0.41) 

Salinity (PSU) 33.10 - 62.81 49.83 (+11.24 

Nitrate (NO3) / mg/l 0.002 - 0.035 0.01 (+ 0.01) 


