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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 Coufmil Scientific and Industrial Research (CSIR).

The overall goal of the CSHRV/RI is to conduct research into all aspects of water resources (both living
and nonrliving) in order to provide scientific and technical information and services as well asisgateg

for the sustainable development, utilization and management of such resources for tkestmioic
advancement of the country.

The 2019 Annual Report consists of three (3) chapters, namely: Introduction, Administration, and
Research/ Development Adties. 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, appoiqroemitpns, 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 ChangeskdfeVolta 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 basimanagement (CREAM), which aimed at creating a
knowledge base and capacity for integrating climate change, shared socioeconomic pathwagsf land
cover change and other future development scenarios into river basin management to enhance climate
resilierce, livelihood, watefood-energy security, and environmental conservation; (3) Multiplex-Real
time PCR Assay for the Diagnosis of Sdilansmitted Helminthes, which aimed at developing and
testing a multiplex redime PCR diagnostic assay for detectioh soil-transmitted helminthes
infections; (4) An Assessment of the Burden of Urinary Schistosomiasis in tSeufa District using
Coproscopy and Biochemical URIT (10V) Dip Sticks, which aimed at determining the burden of urinary
schistosomiasis using cascopy and biochemical URIT (10V) dipstick; (5) The Anthelminthic
Response Map (AfRMap) of Ghana, which aimed at assessing the prevalence and intensity of hookworm
infections in selected communities in the Volta and Greater Accra Regions of Ghaney andrl2

days after treatment with albendazole (ALB) and determine thigronsusceptibility of hookworms to

ALB; (6) Increased Resilience to Climate Change in Northern Ghana Through the Management of Water
Resources and Diversification of Livelihood$e Role of Fish Farming, which aimed at increasing fish
production through cage cul t ur e Oredchromis hilotieusof a st ¢
ensure food security and alleviate poverty; (7) Backyard Farming of the African C&fesfas
gariepinusfor 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 GratedWithin 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 Cultivatbn and Growth of Selected Seaweeds of Economic Importance Under Laboratory

X [



R & D ACTIVITIES

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 &te@imema,

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)2ftaiacy reports, 8 technical
reports and 1 newspaper article were authored by scientists of the Institute in collaboration with scholars
worldwide.

Xi |
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1.0 INTRODUCTION

1.1 Establishment

The Council for Scientific and Industrial Reseakblater Research #titute (CSIRWRI) is one of the
thirteen (13) Research Institutes of the CSIR. Itis 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 theCSIR, which were established in 1965 and 1982 respectively.

12 Vision

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

1.3 Mission

To conduct research intol @spects of water resources (both living and-inang) 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-socinomic advasement of the country

1.4 Values

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

15 Key Objectives
The key objectives of the Institute are:

A To generate, develop and transfer appropriate technologies, information and services for sustainable
development, utilization and management of surface water resources;

To generate, process and disseminate information on the availability of groundatgeand
volumes to be abstracted for various uses as well as the reliability and sustainability of its recharge;

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

To enhance public health status through soeimdronmental management and water pollution
control strategies;

ST S S

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

Xii I
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A 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 isatezed through the research and development activities of five (5)
Technical Divisions, one (1) Technical Research Unit and three (3j)tédbnical Divisions. The
Technical Divisions/Unit are:

Environmental Biology and Health

Environmental Chemistry anda8itation Engineering
Fishery and Aquaculture

Groundwater

Surface Water

To Do Do Do Io P>

Biomedical and Public Health Research Unit

The NonrTechnical Divisions are:

A Administration

A Commercialization and Information
A 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 watkorne and otheinfectious 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:

Water quality monitoring through microbial, algal andcreinvertebrate analyses;
Microbiological analyses of drinking water, waste water and other samples;
Identification and management of invasive plants in Ghana;

Isolation and production of entomopathogenic bacteria used in biological control of disease
vectors;

Environmental impact assessment and watershed management;
Research into wateelated/borne parasitic diseases and other infectious diseases;

Research into wateelated vectors of diseases of public health importance to develop
innovative strategis for control and prevention;

To Do Do Do Po o Do

xiii |
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A Molecular epidemiology studies and understanding the mechanism and genetics of drug
resistance and the development of DNA based diagnostic tools;

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

A Training of scientists, technologists and students.
1.6.2 Environmental Chemistry and Sanitation Engineering Division

The longterm objective of the Environmental Chemistry and Sanitation Engineering Division is to
generate, process and disseminate water astewater quality information to eners.

Specific objectives are to:

A perform quality and quantity assessments of industrial, agricultural and domestic discharges in
both urban and rural areas and identify their impact on aquatic ecosystems;

A collect, pocess and disseminate comprehensive high quality and reliable environmental data on
surface and groundwater with regard to their chemical constituents; and

A monitor pollution in coastal waters and lagoons in Ghana.

Currently, the major research programmegthe Division are:
A Water quality monitoring;
A Industrial wastewater studies;
A Environmental impact assessment studies; and
A Development of strategies for water pollution control.

1.6.3 Fishery and Aquaculture Division

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

of which would enhance sustainable management
aqguaculture resources. The Divi si on @rlivefhoald is
through increasing yield from existing fisheries and development of sustainable aquaculture and
culturebased fisheries practices.

Currently, the Divisionds major research and de
developmety 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 longterm objective of the Groundwater Division is engrate, 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.

Xiv I
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Currently, the Division conducts research into groundwedsources of Ghana, provides scientific
information on groundwater resources to governmental andjoeernmental agencies and the general
public, undertakes groundwater monitoring and assessment studies as well as groundwater databas
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/hamahps), geophysical bdrele logging (Gedogger/
sondes), installation of treatment plants on boreholes (reverse osmosis, filters, iron removal etc.),
provision of hydregeological information, and production of hyetyeological maps. Local and foreign
students are also offeré@ining on groundwater development.

1.6.5 Surface Water Division

The longterm objective of the Surface Water Division is to generate, develop and transfer appropriate
technologies, information and services for sustainable development, utilization aademeent of
surface water resources for seeiconomic development.

The specific objectives include:
A assessment of surface water resources of the country foresmiomic development;

A assessment of sediment transport by streams/rivers and disdnémgeservoirs for planning
and management of water resources;

A development and adaptation of appropriate technologies and water conservation techniques for
water supply to households, communities, farms and industries; and

A assessment of climate changkeefs 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 conduoedical
research into communicable and rmommunicable diseases, to develgzhnologies that will
significantly increase knowledge to develop strategies towards the control and elimination of various
diseases. Core diseases of interest include:

Onchocerciasis
Schistosomiasis
STH
Elephantiasis
Malaria

To To To Io o Do

Fish diseases

Upcoming diseass of interest include:
A cCancer
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A Buruli ulcer
A Diabetes
A Hypertension

1.7 Branches
A Main office in Accra in the Greater Accra Region
A Branch office at Tamale in the Northern Region

A Aquaculture Research and Development Centre (ARDEC) at Akosombo in thenFRestion

The location of branches of CSMater 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 CSIRNVater Research Institute
An overview of the major activities of tHastitute 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 CSIRWater Research Institute,
P. O. Box AH 38, P. O. Box M 3:
Achimota-Ghana AccraGhana



CSIR-WRI | 2019 ANNUAL REPORT

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

Fax : (233302) 777170, 761031

E-mail : info@csirwater.com; wricidss@yahoo.com
Website : WWW.CSiFwater.com

xviii |
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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 cal@ataHowever, 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 .

2.2 Staff Strength

Staff strength at the eraf 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 Il.

2.3 Statistics on Human Resource Activities

The number of appointment, secondment, promotion/upgrading, leave wiplagutransfer, compulsory
retirement, termination of appointment, resignation, sabbatical leave and death are shown in Appendix

24 Human Resources Development

Some members of staffere 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 staffe Btatistics are presented in
appendix IV.

Shortterm training programmes attended by some staff of the Institute were:

A Legionella isolation from environmental samples, National Health Laboratory Services
Infection Control Service Wits Medical School8lo Africa, F'- 30" October 2019

How to Publish in Peer Review JournaElsevier, Kumasi, 11 February 2019
How researchers store, share and use-dalsevier, Kumasi, 19February 2019
How to write case reports, {Eearning, Elsevier,IMarch 2019

Training on the evaluation of EPA Governing Board performance and Committees, Aécra, 13
March and 18 May, 2019

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

Course, Environmental Research Station Schneefensr (UFS), Zugspitze, Germany,
October 18 - 26" 2019

o To Do Do Do

xix |
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A Farm Data Management, Sharing and Services for Agriculture Development, Acéra, 18
Novemberi 15" December 2019

A RainwWatch Training Workshop on "RdBenbena0@i o Pl a

XX I
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2.5

A
Training workshop on using the Lomgnge Energylternative Planning system (LEAP) and the

Water Evaluation and Planning system (WEAP) software tools, Accfd, 13" March, 2019

A Training workshop to advance the integration of WEAP/LEAP models and introduce the
Renewable Electricity Variability, Upating and Balancing (REVUB) mode, Accra,"3Dctober
T 1*November, 2019

A Training workshop on SPSS and STATA, Accraahd 8 February, 2019

A Training Course for Smalcale Inland Aquaculture, Japan and Philippine Juilly - 24" August
2019.

A Trani ng on o6l ntegrated DdSWATIABEX/FARMBIMACcta, Sy st e
1207 17" August 2019

A A regional awareness training on flood forecasting and early warning systems, Lome, Togo, 26
T 28" August 2019

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:
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Meeting of the Technical Committee on Environmental Protectiandards for discussion of the final
draft of the Ghana Standard Requirements for Effluent Discharge, Actrda@ary

2019

Conference on WASH Sustainability, Challenges and Prospects and the Way Forward, Tdmale, 16
18" January 2019

International L BM wor kshop, Abi djyl#dapuarg200% dobél voire, 1

Certificate (Elearning): How to Publish in Peer Review Journals. How researchers store, share and
use data. Research Academy Elsevief.Bebruary, 2019

Project inception meeting on Tilapgae e d Pr oj ect : ifAccel erating agq
through sustainable Nile tilapia seed production and dissemination, Actriaeli®ary, 2019

Stakehol derso6 roundtable discussion on 6@al am
Felruary, 2019

UKRI-GCRF Global Engagement Meeting, Cairo, Egypt; B" February 2019

DANIDA Fellowship Center/ National Screening Committee meeting, Acctal 28" March, 2019
African Union Research Grant kickf Workshop, Entebbe, Ugandd, 69" March 2019

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

Beyond the Pipe Forum, Accra,'2®larch 2018, Accra

Oneday stakeholder workshop on National Invasive Species Strategy and Action Plan (NISSAP),
Accra, 29 April 2019

RECIRCULATE Knowledge Exchange and Engagement workshop, Lilongwe, MalaWio229"
March, 2019.
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Science Policy Forum on Water Security, Accré, 2 April, 2019
AMR stakehol dersé workshop on The Rol e indle Di a
fight against Antimicrobial Resistance (AMR), Accré& Rpril 2019

EPA data review workshop for mapping environmentally sensitive areas within the four sedimentary
basins of Ghana, Sogakop#,i35" April, 2019

Consultative meeting on regionédd management, Dakar, Senegéili 2" April 2019

SETAC/AP focus meeting on environmental pollution and health in coastal zones along'the 21
Century Maritime Silk Road, Guangzhou, China? 226" April, 2019

Steering Committee of the IWAVEroject, Accra, 7 May, 2019

National Drinking Water Quality Management Coordinating Committee Meeting, Actrapdl,
2019

Roundtable discussion on groundwater policy formulation and AGM orBEKVE PROJECT,
Accra, 14 - 16" May, 2019

General meetig for the Technical Leads and focal points working on AMR in the three sectors
(Human, Animal and Environment Sectaas)part of the National Action Plan on AMR for Ghana to
introduce the SORT IT training, Accra,"Blay 2019

Firstinhouse meetingofth Saf e Fi sh Project: fADevel opment
biocontrol agents for improved aquaculture productivity, food and nutrition safety in Ghana and
Ugandao, “"Mag,201%, 23

WHO Expert Meeting to Finalize the ESHL. coli Tricycle Protocol, the Integrated Multisectoral
Surveillance, One Health Project, Geneva, Switzerlan; 268" June, 2019

Strategic Environmental Research meeting, Acctdune, 2019

Meeting on Water and Sanitation and West Africa Building and Construétomna, 26' - 27" June,
2019

9" International Conference on Algal Biomass Biofuel & Products, Boulder Colorado, USA 197
June, 2019

Water Africa and West Africa Building and Construction 2019 Exhibition and Seminar, Acéra, 26
28" June, 202

Workshop on biology of vectdvorne disease, Idaho, USA, June 2019

AWARD gender program, Accra, TQune 2019

2" National Development forum, Accra,2June 2019

National Workshop on the Implementation of the IWAVE Methodology to Water Resources
Management in Ghana, Accra, 519" July, 2019

Annual Scientific Conference, WACCBIP UG, Accra, July 2019

Emergency stakeholder consultative meeting of the Regional Interagency Coordinating Committee on
Sanitation (RICCS) in response to the Public Itled&mergency alert by the Ghana Health
Service/Ministry of Health upon detection and confirmation of the Poliovirus Type 2 in the Tamale
Metropolis, Tamale, 24July 2019
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United Kingdom Research and Innovation (UKRI) Global Challenges Research FundGaZ&REs,
Behaviours and Histories of Agriculture, Food and Nutrition Proposals, Assessment

Panel meeting, London, United Kingdom1luly, 2019
Inception meeting of the CREAM Project, Koforidua"3aily, 2019

Africa Plasmodium vivaxconsortium, First international Meeting, Accra, August 2019

Co-design and c@roduction workshop of the LIRA2030 funded EnsureWEF project, Accra; 25
26" August 2019

Second InteMinisterial meeting on AntMicrobial Resistance, Accra, 2August 209
Final dissemination meeting of the COUNTDOWN Consortium in Accra, Ghana, August 2019

Regional Awareness training on flood forecasting and early warning systems, Lome, Tdgag826
August 2019

2019 Annual National Conference of the Ghana InstitutfdBeoscientists, 3 16" August, 2019
MiFMASS first regional stakeholders and technical meeting, Université Felix HouphouetBoigny, Cote
dol v o'l Augukt£019

African Research Universities Association (ARUA) hosted by the United KingdaseaReh and
Innovation (UKRI) Global Challenges Research Fund GCRF centres of excellence partnership
programme call assessment panel meeting, Brussels, Belgiti@eptember 2019

Helminth Bioinformatics workshop, West Africa Center for Cell Biology ofebtfous Pathogens,
September 2019

FutureDAMS annual forum and technical meetings, Manchester, UK, 28" September 2019
Stakeholder Forum on Sustainable Sand Mining Option, Tamadl&Se@ember 2019

Annual meeting of the RECIRCULATE PROJECT, Laneastniversity, UK, 167 18"
September, 2019

First Africa SORT IT Operational Research Course Module 1& 2, Uganda Entelbe 42
September, 2019

Ecolnnovation (Ecel 2019) Conference, Lancaster University, UK"120" September 2019
Multi-stakenolder meeting on ILSSI, Accra, 20ctober, 2019

Annual Planning Meeting of the CREAM Project, Accraj 4" November, 2019

Tamale Water Security Stakeholders forum, Tamale SEptember 2019

Modernising Agriculture in Ghana (MAG) sponsored a ke hol der 6s meeti ng o
Farmer Linkage Committee (RELC), North East and Savannah Regions, Tafal&" Dctober
2019.

Moderni sing Agriculture in Ghana (MAG) sponso
Farmer Linkage&Committee (RELC), Northern Region, Yendi"415" October 2019.

Moderni sing Agriculture in Ghana (MAG) sponso.
Extension Farmer Linkage Committee (RELC), UWR, Wa&!-222" October, 2019



To 3>

o 3o Do B Do

T

o o o o Do Do o

R & D ACTIVITIES

Modernising Agriculturen Ghana ( MAG) sponsored stakehol dei
Farmer Linkage Committee (RELC), UER, Bolgatangd, 225" October 2019.

ECO-1 2019 Conference, University of Lancaster, UKS-29" September, 2019

Workshop on improving Water QusliAssessment in Ghana, Ho"2427" September 2019
GhanaiarGerman Water Week andthEWe st Afri can Cl ean Energy at
19), Accra, 5 - 8" November, 2019

Meeting on Draft Chemical Weapons and Industrial and Consumer Chemical®\d@ita, 17
December, 2019

Stakeholder consultation on Institutional situational analysis for the Sound Management of Chemicals
and Waste (SMCW) in Ghana, Accra"IBecember, 2019

Meeting on trace metal contamination including Lead (Pb) in borehalgsnped to have originated
from pats of pumps and drilling inputs, Accr&,August 2019

Validation Workshop on draft action Plan for Integrated Water Resources Management (IWRM) in
Ghana in response to the Sustainable Development Goal 6, Target 65,28dune 2019

Stakeholder Strategic Water Workshop, Accrd, Ate 2019
315 Biennial Conference of the Ghana Science Association (GSA), Cape CHah)y291
August, 2019

Water First! Workshop for African Women in Water Research and Rdlimyra, 87 10" September
2019

International Climate Chance SummiAfrica 2019, Accra. 22 October 2019
4" National Development forum, Accra, 28ugust 2019
Climate Chance SumniitAfrica 2019, Accra, 161 18" October 2019

Policy stakeholdemeeting on the environmental guidelines for mining in production forest reserves,
Accra, 30 of October 2019

Conference on fiGender Mai nstreaming in highe
Kumasi, 81 7" December 2019

Aquaculture manual reweworkshop under the Tilapia Seed Project, Accré,i146" October, 2019
Bridging the gap: Science for the public workshop, Accr&,i101" October, 2019

30" Annual General Meeting &"2Scientific Conference of CSIR RSA, Kasoa!225" October,
2019

Ghana Academy of Arts and Sciences, Annual Le
Ecol ogi cal S u'iOctobdrg201®, Accr a, 10

2" |AEG Africa Regional Congress &NAEGE Annual International Conference, Abuja, Nigeria,
277 30" October, 2019

15th Annual Meeting of African Science Academies (AMASA 15), Accrd,i 135" November 2019
7" West Africa Clean Energy and Environment, Acctai 8" November, 2019
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A Ghana Academy of Arts and Sciaenoes, 6By yod9n&o6
Scholarly ExcellenceNew Fr onti er s andi ®rNowmpberc20l96, Accr a,

PanrAfrican Policy Research Network for Fisheries & Aquaculture Meeting for the formulation of
policy briefs on integrating women and youthfisheries and aquaculture value chains and business
development, Libreville, Gabon, 13 16" November 2019

MCAG/STAR Ghana Terminal Workshop, Accras2November, 2019
NMIMR 40" Research and Scientific Anniversary Conference, Accra, November 2019

A

A

A

2.6

Wor kshop on ASmall fish for Nut rd9f#diDecemb®v@0d19 df i .

Natural Resources Technical Committee Review meeting, AcctfaD&8ember 2019

Membership of Committees and Boards

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

14
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Committee for the revision of Rules and Regulations of the CSIR Provident Fund.
Committee on CSIR Staff allowances

Council of Ghana Institution of Geoscientists

CSIR Provident Fund Management Committee

CSIR Research Staff Association (CSRSA)

CSIR Water Research Institute Internal Management Committee
CSIR Water Research Institute Awards Committee

CSIR Water Research Institute Editorial Committee

CSIR Water Research Institute Intellectual PropertyhR@pmmittee.
CSIR Water Research Institute Staff Welfare Management Committee
CSIR Water Research Institute Estate Committee

CSIR Water Research Institute Transport Committee

CSIR Water Research Institute Housing and Office Allocation Committee
CSIRWRI Training Committee

CSIR Water Research Institute Fish Fingerlings Production Taskforce
CSIRWRI Strategic Planning Committee

CSIRWRI InternallyGenerated Fund (IGF) Committee

Entity Tender Committee of the Ghana Geological Survey Authority
Ghana NationaBcreening Committee

Ghana Science Association

Investment Advisory Committee (IAC) of the CSIR Provident Fund
IWRM National Task Force

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

Natural Resources Technical Review Committee

Research, Extension Farmer Linkage Committee (RELC)

Steering Committee on IWAVE Methodology in Water Resources Management in Ghana
Steering Committee of the GNPC Research Chair in Petroleum Geoscience
Sub-Committee 6the CSIR @ 60 Anniversary Planning Committee on Scientific Symposium

To To o Do Do Do Io

Technical Committee on Environmental Protection Standards on Effluent Quality

A World Water Day 2019 Planning committee
2.7 Employee Relations

2.7.1 Long Service Recognition

The 2019Long Service Awards took place during esfdyear party on Thursday, 2@ecember, 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. Kankami Yeboah 32 yrs 7mths lday

2. Mrs. Charity Mensah Ofei 37 yrs 2mths 20days
3. Dr. Frederick AmuMensah 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 betwdour (4) to twelve (12) weeks for industrial attachment. The
details are presented in Appendix V.

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

Table 2.2: Visitors to thelnstitute in 2019

No. Name/Institution Date of Visit
Visit to the Institute by Dr. J.O Fening 13 March, 2019
2. Andson Travel Consult 12- Jun.-2019
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A
3. Shield International School 26- Feb.-2019
i ity of L igeriB

4 Unl\_/erS| y_o agos, Akoka Lagos NigeriBepartment of 24" March, 2019
Marine Sciences

5 Presbyterian University College, Ghana, Faculty of Developi 29" March, 2019
Student.
PrimeTime Limited 19"to 30" June, 2019
Legacy Girls College 21 June, 2019

8 Visit IpyTrustees ofthpubl ic Sector Wor k 15" May, 2019
Pension Scheme

9. Shield International School 120 June,2019

10. Crown Prince Academy 28" June, 2019

11. RWESCK 239August, 2019

16
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No. Name/Institution Date of Visit
Abomeyi Cal avi , Benin Laboratoi .

12. _ . ) A 1t April t ne, 201
CampudJni ver si t aiil€Caaviddé Abomey pril to 307 June, 2019

13. Perpetual Help School 6" Nov, 2019

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

2.10 Staff Publications

Several journal and conference papers, technical andectnical reportsvere produced by staff during
the reporting year. Most of these reports/ papet
materials. The details are given in Appendix VI.

2.11 Internal Seminars 2019

Internal seminars were organized during thporting 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 capacitiesdme Researchers

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

Table 2.3: Internal seminar presentations during 2019

Date Presenters/Speakers Topic

Comparison of Markov Random  Fig

Mr. Franz Alex Gaisie SuperResolution  Mapping and  Maxim
Essilfie Likelihood
Classifier
170 July, 2019 Groundwater  Potential Assessment
Mr. Ralph Tagoe Using

Integrated Geophysical methods (EM&VES)

Assessment of Sediment Inflow to Lake Volta
Under Present and Future Climate Scenarios

Mr. Mark OseiOwusu

Assessing the Efficacy of Zeolite in Removing

Mr. Stephen Asugre Fluoride from Groundwater

Pathogens Associated with Diseag@ochromis
27 August, 2019 Ms. Hawa Ahmed niloticus and Control Practices in Selected C
Farms in Asuogyaman District, Eastern Region

Diagnosis of Schistosomiasis: The Case

Mr. Faisal A. Nuru KatoKatz Coproscopy.

17 |



CSIR-WRI | 2019 ANNUAL REPORT

31stOctober, 2019

Mr. Serapis Appiah

Efficiency of Wastewater Treatment Plants of
Food and Beverage Industry in Ghana: A (
Study of Pioneer Food Cannery and Cocoa

Processing Company Limited

Mrs.  Abigail Nunoo
Akuetteh

Hydrogeochemical Characteristics of Aquifer in
Greater Accra Region

Mrs. Lady A. Adomako

Bacterial Loads and Antibiotic Resistance Prof
of Wastewater Released into the Onyasia Strea|
Sewage Treatment Plant in Accra, Ghana

26" November, 2019

Mr. Emmanuel AdeOfori

Assessment of Suitability of Sludge ¢
Wastewater Quality in Waste Stabilization P
System in

Accra, Ghana for Agriculture Purposes

11t December, 2019

Mr. Christopher

Yom
Nfojoh

An Assessment of the impact of Modern W4
Treatment Plants on Industrial Wastewater from
Beverage Industry. (A case study of Accra Brew
Limited).

Ms. Sylvia Amponsah

Bridging the gap: Communicating Research to
public using social media.

Mr. Isaac Owusu Frimpong

A Comparative Studypetween LAMP Assay an
PCR based Assays for the Diagnosis
Schistosome Infection at Tomefa in the Gre
Accra Region of Ghana.

2.12

Consultancy And Other Services

2.12.1 Consultancy and Advisory Services

The Institute carried out a number ofnsultancy and advisory services for various donor agencies,
corporate bodies, governmental and-gawernmental organizations, universities and polytechnics, public

and private sector institutions as well as individuals. The significant ones included:

ST S SE W

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

Reverse osmosis wastewater treatment plant discharge monitoring (Client: Newmont Goldcorp
Ghana Limited Ahafo Mine)

Surface water ecological studies/monitoring at thevident Golden Ridge Limited Akyem
Mine, New Abirem (Client: Newmont Golden Ridge Limitedkyem Mine, New Abirem)

Monitoring the quality of water and sediments samples (Client: West Africa Fish Aquaculture
Companyi Asikuma Eastern Region)

Hydrogeologicha investigations to select prospective sites for drilling, construction and

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

Pumping tests and Water Quality analysis for 9 Boreholes (Client: Accra Technical University)
Spring survey (Client: Ice Spring Water Ltd.)

Assessment of the state of Water Bodies affected by Galamsey activities in 8 regions in Ghana (
Client: MediaCoalition Against Galamsey (MCAG )

Advisory services on the development of groundwater for domestic and industrial use (Client:
Households and individuals)

Advisory services on research and development activities on the destruction of water bodies and
the environment by illegal smaBcale mining in the mining communities at various fora and
interviews (The media and civil society)

Provision of Consultancy Services for mechanized borehole construction with treatment facilities
at selected SSNIT Offices the Northern and Southern sectors of Ghana (Client: SSNIT)

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

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

Monthly assessment of effluent quality and physibemical analysis of drinking water (Client:
China Harbour Engineering Company (Ghana) Limited)

Monthly assessment of surface and borehole samples (Client: Environmental Services Limited)
Quarterly Assessmenf Effluent Quality (Client: West Hills Mall Limited)

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

Quarterly assessment of water and sludge samples (Client: West African Fish Ltd., Asikuma)
Monthly assessment of effluegiiality (Client: Tema Lube Oil Co. Ltd.)

Assessment of sludge quality (Client: Volta River Authority)

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

Ecological Monitoring of the Water Storage Facility (WSF), Rivers Pra andaviaand the
tributaries that feed the WSF (Client: Newmont Mining Company)

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

Drinking Water Quality Assessment in the Central Region of Ghana (Client: Public Utilities
Reguhtory Commission (PURC)

Assessment of Legionella spp. from water systems (Client: Golden Tulip Hotel)
Assessment of Legionella spp. from engineered water system (Client: Marriot Hotel)

Physicechemical and bacteriological tests on potable and swimmingwadels (Client: Golden
Tulip Hotel)

Final effluent quality monitoring (Client: Golden Hotel Limited)

Physicechemical and bacteriological tests on potable and swimming pool waters (Client: Fiesta
Residences)
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Monthly assessment of effluent quality (Clie@bcoa Processing Company Company Limited)
Monthly assessment of effluent quality (Client: Kasapreko Company Limited)
Monthly assessment of Effluent Quality (Client: Accra Brewery Limited)

To To o Do

Physicechemical and Bacteriological Quality Assessment of Bae=hand Tap Water (Client:
Oyibi Area Water and Sanitation Development Board)

Final Effluent Quality Assessment (Client: PmRiker, GIHOC Pharmaceuticals)

Drinking Water Quality Assessment in the Central Region of Ghana (Client: Public Utilities
Regulatory Commission (PURC)

A Consultancy service to produce Four Hundred and Twenty Thousand (420, 0083exranale

To I

Nile tilapia fingerlings (Client: Dagan Farms Ghana Limited)

2.12.2 Training Services

The Institute, through the Technidilvisions/Unit, individual research and technical staff, offered training
in various forms to individuals, groups, rgavernmental organizations and students of the Universities
and Polytechnics. Among them were:

A In-service training for service personiaeld students on industrial attachment/internship

A Laboratory training on microbiological techniques to detect AMR in the environment, Tropical Disease
Research Center, Ndola, Zambia

A Supervision of a PhD student at the Kwame Nkrumah University of Sciencd eufthology,
Department of Theoretical and Applied Science

A Supervision of MSc. Student of Kwame Nkrumah University of Science and Technology (KNUST) on
a Project wo rtdmpa@ahAnalysis of \Wated Quplity fTrends in the Densu River Basin

Training of aquaculture pond and cage farmers

Supervision of a PhD student from the Department of chemistry, KNUST, Kumasi on the title
AFabri cat i-matal ozide/pol@grel shemical sensors for gas sensor application and
computational studi eso

A Supervision ba PhD student from the Department of Applied Chemistry, University of Johannesburg
South Africa on the title filntegrated bone anc
A Supervision of an MSc student from the Department of Chemical Engige&NUST, Kumasi on
the title ASynthesis of polysulphide intercal:

A Supervision of an MSc student from the Department of Applied Chemistry, University of
Johannesbur o ut h  Af r i ¢ a odng thd tteemodectric pbesformahce of ziree wxide with
A Inrffand 2D materials through the formation of

A Supervision of an MSc student from the Department of Applied Chemistry, University of
Johannesbur@outh Africa on the titlei | s ol at i on a n d Ddnhisadelagoéngs i z a
phytochemicals and their application in diabei

o 3o
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Supervision of a student from the Department of Chemistry, University of Ghana, Legon on the title
fAssessment offydyel ilevaed ematii PoHy drAcanamerdiatlyn s  (
i mportant cowhide from selected markets in Ac

Supervision of a student from the Department of Chemistry, University of Ghana, Legon, on the title
ifAssessment of themadvel Hydfr oR alr o ®phohiferidlifds ) i
i mportant cowhide from selected markets in Te

Supervision of a PhD student from Kwame Nkrumah University of Science and Technology: thesis
0 Re mot eBasBdeEnwaparanspiration for hydrologicaldane | | i ng i n t he Densu

Supervision of a PhD student of the Climate Change and Water Resources programme, University of
AbomeyCavali, Benin; thesi§ 6 Assessment of environment al c !
recharge in the White Voltariverda n, West Afri cabd

Supervision of a PhD student from the Chemistry Department, Kwame Nkrumah University of Science
and Technology, Kumasi, Ghana; thés§ Heavy metals and xenobiotic
from the informal economic sector of Ghana:slt r i buti on, transport, mo

Supervision of a PhD student from the University of Ghana; thiesisAqui f er chr act e
numeri cal model ling for groundwater resources

Supervision of a PhD studiefnom Kwame Nkrumah University of Science and Technology; thiesis
6l mproving Multiple ENSEMBLES <cli mate change

hydrol ogi cal i mpact model i ngé
Supervision of a PhD student from the University of Ghana; thésiEv al uat i ng t he dy
related ecosystem services in the Densu River

Supervision of a PhD student from Kwame Nkrumah University of Science and Technologyi thesis
6l mpacts of ¢ han-@s&over onhydiologmef ther a nRi YemdBasi nd
SENIOR MEMBERS OF THE CSIR-WATER RESEARCH INSTITUTE (CSIR -WRI)
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Dr. William A. Agyekum Dr. Kwabena
(Principal Research Scientist/Deputy Kankam-Yeboah
Director/ e (Chief Research

Ag. Head, Commercialization S
o Scientist)
Division)

Prof. Mike Yaw Osei-
Atweneboana

(DIRECTOR / Principal Research
Scientist)

Mrs. Charity Offei Mensah
(Senior Accountant/Ag. Head,
Finance Division)
Dr. Anthony A. Duah

(Senior Research
Scientist/

Ag. Head, Groundwater
Division)

Dr. Emmanuel Obeng Bekoe

(Senior Research Scientist/Ag.
Head, Surface Water
Division)

Dr. Kwadwo A. Asante

(Principal Research Scientist)



Dr. Felix K. Y. Akpabey

(Senior Research Scientist/OIC-
Tamale) Dr. Isaac O. A.
Hodgson

(Chief Research Scientist)

Dr. Anthony Y. Karikari
(Principal Research Scientist/Ag.
Head, Environmental Chemistry and
Sanitation Engineering Division

Mr. Theodore Quarcoopome

(Senior Research Scientist/Ag.
Head,

Fishery and Aquaculture
Division)

Dr. Gloria Naa Dzama Addico

(Senior Research Scientist/Ag. Head,

Environmental Biology and Health Division)

R & D ACTIVITIES

Dr. Seth K. Agyakwah

( Research Scientist/
OIC-ARDEC, Akosombo)
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Dr. Francis Amevenku

( Senior Research Scientist )
Dr. Ebenezer O. Ansa
Dr. Ruby Asmah

(Principal Research Scientist)
(Principal Research Scientist)

Mr. Humphrey F. Darko Mr. Collins Okra
(Senior Research Scientist) (Senior Research
Scientist)
(Research Scientist) (Senior Research
Scientist)
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Dr. Frederick Amu-Mensah

Dr. George T. Mensah
(Research Scientist)

(Research Scientist)

Dr. Emmanuel Obuobie

NN —

AN s
(Senior Research Scientist) (
Senior Research Scientist )

J
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Mr. Mark Osa Akrong
( Senior Research

Scientist )
( Research Scientist )
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A/

Dr. Francis MrénRagina Banu Ms. Saada Mohamiicadel Kuviii Emmanuel TertehvRakn Mensktensah Mr. Etornyo Agbeko

(Research Scientist)  (Research Scientist) (Research Scientist)  ( Administrative Officer )
1 . r :

R ol
v g

Mr. Solomon A. Owiredu Mr. Gerard Quarcoo Mr. Carl Ofori-Agyeman Mr. Patrick A. Mainoo
(Research Scientist) (Research Scientist) (Research Scientist) ( Research Scientist )

Mr. Edward Jenner Tettevi Mrs. Zita Naangmenyele Abuntori Mr. Evans Manu Mr. Fred Logah
(Research Scientist)  (Research Scientist) (Research Scientist) ( Senior Research Scientist )

Mrs. Debora Darko Mrs. Marian A. Jiagge Mr. Osei-Mensah Kwame Mr. Sampson K. Boateng
(Research Scientist)  (Senior Librarian) (Accountant) ( Principal Adminstrative Officer )
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Mr. Kwabena Owusu Benson Dr. Franklin Obiri - Nyarko Mr. William Ekow Arko Michael Dorleku
(Scientific Secretary) (Research Scientist)  (Research Scientist) ( Research Scientist )

1 y

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

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

Stephen Asugre (Jnr) Ayesha Algade Amadu Mark Osei Owusu

Ralph Tagoe

(Principal Technologist (Principal Technologist) (Principal Tchnologist) ( Principal Technologist )
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Mr. Franz Alex Gaisie-Essilfie  Mr. Akurugu Bismark Awinbire Mr. Hawa Ahmed
(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 Asogrédakpeya and Yaa Asabea Agadzi)

The United Nations Development Programme (UNDP) in collaboration with the Ministry of Environment,
Science, Technology and I nnovation (MESTI) | au
project. The initiative seek® 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 andniskater 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 deaseng and erratic rainfall. Hence, in collaboration with UNDP and MESTI, the study
was undertaken to increase fish production thro
of Oreochromis niloticuso ensure food security and alleviate poyert

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 male:
for each project site, were formed. Four fishesagf dimensions 3x3x2 m were constructed for each group
and handsn 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 10@de all
Oreochromis niloticugingerlings 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 initiatileu b bed t he A Adaptati on Fundo
to increase resilience to climate change through the management of water resources and diversification o
livelihoods. The main objective of the programme is to enhance the resilience and ackpisiey 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 arahange characterized by increasing temperatures and decreasing and
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erratic rainfall. Hence, in collaboration with UNDP and MESTI, the study was undertaken to increase fish
production through cage cul tur e wiQrdochtorhisilottus st ¢
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 consistifgmaldds and 10 males

for each project site, were formed. Four fish cages of dimensions 3x3x2 m were constructed for each groug
and handsn training on cage fish production techniques (e.g. feeding regime, maintenance of cage, record
keeping, etc.) was oagised for participants. Each installed cage was stocked with 1000 all male
Oreochromis niloticugingerlings of about 5 g body weight. The fishes were fed with pelleted fish feed of
approximately 30 32 % crude protein to supplement the natural foodhénreservoir. 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 shbalextended to other communities in the northern
part of Ghana.

th pelleted fish feed of approximately 3032 % crude protein to supplement the natural food in the
reservoir. Six (6) wooden canoes were constructed, one for each of the sites arte eashadso 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, 10®@lusuisath

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 setded for project implementation

District Sites/Co mmunities Number of cages
Nadowli/Kaleo District 1. 2. Goli 4
Nanvilli 2
) Takpo 4
Nandom District 1. Ko-Bukong 2
Sissala East District 1. Wellembelle 4
2. Kong Cages were not installed as some grou

people prevented the installation due
chieftaincy dispute
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Table 3.1.2: Results of harvested fish in the Nadowli/Kaleo District
. . - Number of Average Total Average Total
District Site/Communities Cages Weight/Cage Weight
Nadowli/Kaleo Goli 4 75.0kilos 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). Ghanads cur

tonnes a year (The Republic of Ghana, 2016).mbst 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 witlseveral water storage reservoiks 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 Uppe
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 f aGsebbchrgmisonioticoso thé rvdeso s 0 mb
and reservoirs in Northern Ghana woulddltontribute 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 Blontrol Agents for Improved
AquacultureProductivity, Food and Nutrition Safety in Ghana and Ugandai SafeFish

(Project Staff: Dr. Etornyo Agbeko, Dr. Francis A. Anani, Dr. E. T. Dokdensah, Mr. Evans
Agbemafle, Dr. Jesca NakavumBy. 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 hasnie@ 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 tilaprapchromis niloticus n  Af r i ¢c a . Fis
increased redince on antibiotics seemed to have resulted inmaigtiobial 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 thastiin@y was conducted in collaboration with Makerere
University (CoVAB), Uganda; CSHRood Research Institute; University of Cape Coast (UCC); Noguchi
Memorial Institute for Medical Research; National Agriculture Research Organisation (NAR&ijpnal
Fisheies 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 pretibn in Ghana and Uganda. Phages (Bacteriophages)
are naturally occurring tiny antimicrobial entities that infect bacteria cells and arelasing, whilst
antibiotics require continuous sequential application to completely eliminate the target pathagen
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

il. establish local host cell banks and seed banks for bacteriophagesliag@inst 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
accepability 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 Ugandanfeestiyators 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 ofphgject as well as prepare procurement plans for project
materials for field activities. Pristing of questionnaire and recognisance survey was carried out using
purposive sampling. This involved active Nile tilapi. filoticug farmers from three regns 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 adwement of this study, a PhD student in microbiology and a BSc.
student (topup) 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 duringzagosiseminars 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 Sociedemographic status of tilapia farmers from the Eastern, Volta and Greater Accra regions of Ghana
indicated that most farms were being operated b
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terms management status ofsurvey reshitsv 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 caretak
were between 2140 years. representing 50% of the productive work force was aigdiodtor 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 fingeré¢dager fremoguroiezéedfcommerci al hat c
improved strains of tilapia could be compromised. Fish farm operators that reported usinigtiasti
constituted 35.7% of the respondents. However, 50% of fish farmers admittgdiugia 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). Therera 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 dotitics 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 system:s
and fish health management plans. Also,fisie farms surveyed were using drugs and/or combination of
various antibiotics on their fish farms inappropriately. The study recommended that fudethrstudies

be carried across Ghana and Uganda to also include sampling of healthy and @sedsgdusas well

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

Occurrence of unhealthy tilapia Encountered high fish Mortality

=Yes =No

Figure 3.1.2: Far mer s @erception on fish
health and mortality levels in Eastern, Volta and
Greater Accra Regions of Ghana
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7.1%

‘ 28.6%

S

No idea = Water pollution
= Bacterial infection = Natural Disaster
= Introduction of foreign fish strain

Figure 3. 1. 3: F i soh cafise of cokured tdapigoneortatitgip t i o n
Eastern, Volta and Greater Accra Regions of Ghana
Impact of the Study on National Economy

The benefits of Bacteriophadpased technology would help reduce the usage of antibiotics in tilapia
aquaculture farms, éneby 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 contributeetbight 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. DokMensah, Dr. Seth
K. Agyakwah, Mrs. Mercy Johnsae#shun, Mrs. Patience D.K. Atsakpo, Mr. K.K.N Atsakpo
Mr. Eric Kretsi, Mr. Evans Danquah, Mss. Khadijah Alhassan Salisjr. 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 candide. The African bonytongueHeterotis 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 resiclualdieight of 5800 g to
5838g.Heterotishas 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. Comparativlg, Heterotishas some similar flesh qualities like thigapiine 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 fbieterotisfingerlings ha increased from 3000 in 2017 to over 50,000

in 2019. Previous attempts had been made to domesteadeotis niloticufor 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 bonytong(ldefistotis
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niloticus) for sustainable culturing towardsmmercial production in CSHW/RI ARDEC earthen ponds
in Akosombo

In the year under review, a total of 30 individuals of African bonytongue(ifisterotis niloticusywere
randomly selected from designated earthen ponchéberotisproduction at CSIRVRI, 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 lengtt
(SL), gut length, and pyloric caeca length veneasured 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 categdeasifat i

for food and feeding habits by dissection out and its degree of fullness estimated. Fulton condition factor,
K, was calculated as: K = Wik 100. Where W = fish weight (g) and L = Fish length (cm). Sexual variation
(gender determination), Gonagtomatic index (GSI) = (Gonad weight (g) / Fish weight (g)) x 100, and
Hepatosomatic index (HSI) = (Liver weight (g) / Fish weight (g)) x 100.

At the end of the study period, it was observed that for growth, the minimum and maximum range for
lengthweight L-W) characteristics dfleterotis niloticusencountered was 26 cim39.20 cm and 131.70
g-456.60 g. A mean of 31.94 cm and 257.25-4\().corresponding to a head weight of 93.56 g indicates
possible good carcass quantity (Table 3.1.3). From the levejtiht relationship, the condition factor (K)

of 1.07 revealed physiologically healthy fish with an allometric growth.

Table 3.1.3: Morphometric parameters ofHeterotis niloticusfrom 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
Gutlength (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) 93.56 451 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 257.29.qiloticuscould ingest 3.74 g of feed per feeding session (Figure
3.1.4). The food and feeding habithaterotisis 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. Mestarhales of

H. niloticushad 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$H was 0.082.

It was concluded that thdeterotis niloticusstudied had good growth traits but needed improvement to
boost its reproduction. The old brood stockdHomiloticusshould be replaced and-lmeeding avoided.
Juveniles ofH. 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 ofittue African
bonytongue fish.

Impact of the Study on National Economy

The successful breeding ldeterotisunder 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.

12.98% 4.48%

6.28% 8.77%

= Mud = Insect lavae

= Sand = Unidentified food part
= Undigested Food = Algae (Phytoplankton)
= Copepods (Zooplankton) = Detritus Male = Female

= Plant part / Small seeds = Pebbles / Stone

Figure 3.1.4: Dietary habit of Heterotis Figure 3.15: Sex rate ofHeterotis niloticus niloticusin
earthen pond at ARDEC encountered in earthen pond at ARDEC
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Figure 3.1.6: Heterotis niloticusbeing examined for sex
determination before dissection

Figure 3.1.7: Ventral view of gonad afterdissection (a) male with testis ( b)
female with ovary (Oocytes )

3.1.1.4 Assessment of Fish Fauna, Sodtconomics and Water Quality of Dawhenya Reservoir

(Project Staff: Mr. Theodore Quarcoopome, Ruby Asmah, Francis Amevenku, Anthony
Karikari, Acheampory Addo, Bright Awunor, Daniel Amoah, Serapis Appiah)

Dams and reservoirs have been part of the aquatic environment for many decades and have played a
important role in the socieconomic development of many nations, including Ghana. The 222 km
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DawhenyaReservoir 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 ganene of which was a shell fish. Little information is
available on the current state of fish and fisheries, water quality, and theesocimmic characteristics of
riparian communities of the Dawhenya Reservoir. Information from this study is expecpedvide
scientific basis for the sustainable management of the Dawhenya Reservoir for sustainakeleosarcioc
development. The objectives were to determine the:

i. status of fish and fisheries of the Dawhenya Reservoir

ii. water quality trends of the DawhemReservoir
iii. socieeconomic 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 (dowtream) (Figure 3.1.8) using multifilament (12.80.0 mm) and monofilament (38:.1

177.8 mm) gill nets of laterally stretched mesh sizes. Each fish specimen was identified and measurement:
of standard length, total length and weight were taken. Basetlondéntification, length and weight
measurements as well as the number of fish in each species, the following parameters were estimated:

36



R & D ACTIVITIES

S0E

‘} INSET-
BURKINA FASO

§

¢

{

\

\,

COTE D'IVOIRE

550N

f-sts50N

J g Adgimador | 7
3 AgEe

£

s Beservais. &

54507

Legend '
® Sampling Point

® Community /H
Road —

River/Stream fr.n/
{
meee Dam '

\
l:l Reservoir ‘A | ‘

el dLueJd oL

{:j Offices/Bungallows /) — —

Figure 3.1.8:Map of Dawhenya Reservior showing sampling stations

Species compositiordescribed fish populations that comprised the fish community by fish identification.
Relative abundancedescribed the importance of each species in the fish community in terms of number
and weight by computing the percentage composition of each spetliesespect 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 lengtleiigii.
weight relationsip (LWR): showed growth pattern for fish species using the equation W fRatker,

1975) where W was weight (g), ladwnatld 6B et ahel engte
growth constant (slope) respectively.
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Condition factor (CF} described the welbeing of fish populations and the suitability of their aquatic
environment for growth using the formula K= W x 100{Lesch, 1971) where K was condition factor; W
was weight in grammes; and L was total length in centimetres.

Forage/Carniore ratia 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 mber and weight of fish per 100°met per

night as an index of fish stock abundance by using the relationship CPUE = W 100/L n d (Le&hdque
1988) where W was weight (g) of fish, L was standard length (mm), n was number of days of sampling and
d wasdepth 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 redggtoc index based on the
relationship: Y = 14.3136 ME#® (Henderson & Welcomme, 1974) where

Y was the potential fish yield in kg haMEI was morpheedaphic index. Fish yield in t ywas obtained
by multiplying by the area of the reservoir in hectares and converting to tons. MEI was calculated in uS
cnt! by dividing mean conductivity by mean depth (Rydeal, 1974).

Fish diversity determined the diversity status of the fish community in the reservoir using the following
parameters and formulae: i) ShaniWie i ner di versity i ndexPi( H69g eRipr
Pi is the proportion of individuals in theh species (Dahlberg & Odum, 1970). ii) Species richness (D)
computed using the formula: D =-@9/ log N (Margalef, 1968) where S is the number of species in the
sample and N is the total nber of individuals.

iii1) Species evenness (J) computed using the fo
H6 is the diversity index and S is the number o

Water quality sampling and data analysis

The three sites where fish sampling took plaeee 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 fror
the surface and bottom using a Van Dorn water sampler and transferred-ictiegmed IL N&ggene 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, chlorophylaand salinity were measuredsitu using the EXO Il 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 examinatioreoidvedste

water (APHA 2001).

Socioeconomics 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 ofgaaers 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,
systemsof 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 anc
noncash incomes, consumption expenditurajcation, 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 so@conomic groups, primary data covering ownership of factors of production,
ownership of boat, engine and fishing gear as well as fishing anfishimy income was also collected.

For fishing incomes, data was collected on fisbgs, 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 compositiorDuring the year under review, twelve (12) months of sampling was completed
yielding 1,0/8 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 fishacrobrachiumvollenhovenii andMiacrobrachium
macrobrachium and eight (8) more species than Alhassan (20&fprted. The specieStenopoma
pethereci(family Anabantidae) andNematogobius maindror(family Gobiidae) reported by Alhassan

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

Table 3.1.4: Fish Species Composition of Ddwgnya Reservoir (October 2018 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
Hemichromidasciatus Hemichromis Cichlidae Banded Jewelfish
Heterotis niloticus Heterotis Osteoglossidae | African Bonytongue
Marcusenius brucii Marcusenius Mormyridae Mormyrid

Macrobrachium macrobrachium

Macrobrachium

Palaemonidae

Freshwater Prawn

Macrobrachiumvollenhovenii

Macrobrachium

Palaemonidae

Freshwater Prawn

Oreochromis niloticus Oreochromis Cichlidae Nile Tilapia
Protopterus annectens Protopterus Protopteridae | West African Lungfish
Sarotherodon galileus Sarotherodon Cichlidae

Sarotherodommelanotheron 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 abundanceThe most dominant fish species based on numberBveriger(31.54 %) B. macrops

(23.19 %), andH. fasciatug(14.75 %) (Fig. 2). Based on weight, the most dominant fish speciedHwere
niloticus (24.16 %),C. gariepinus(20.33 %),B. niger(11.97 %) andH. 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 whe#ghtyst dominant

fish families were Cichlidae (28.73 %), Osteoglossidae (23.43 %), Clariidae (20.59 %) and Mormyridae
(13.07 %) (Figure 3.1.9).
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Figure 3.1.9: Relative Abundance of a) Fish Species
b) Fish Families of Dawhenya Reservoir (Oct 18 Sept19)
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 an
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 201i8September 2019)

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

Species N TL TL Mean SL Range SL Mean CF TL Range CF TL Mean CF SL Range CF SL Mean
Range
Awaous lateristriga 17 115 13.45:1.349 9.513.1 11.23+1.128 1.0891.958 1.498+0.214  1.9263.455 2.579+0.419
15.6
Brienomyrus brachyistius 20 8.611.5 10.03+0.852 7.39.8  8.409+0.779 0.87+1.38 1.053+0.122  1.39-2.908 1.811+0.375
Barbus macrops 250 7.210 8.76+0.446 5.58 6.738+0.377 0.7-1.599 1.233+0.122  1.487-3.558 2.703+0.326
Brevimyrus niger 340 7.414.3 9.855+1.073 6.1-12.0 8.34+0.941 0.6491.432 1.106+0.108 1.1152.324 1.816+0.264
Coptodon dageti 67 5.4-16.2 9.6712.646 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 11.365 28.62+14.01 9.7-57 25.28+12.17 0.06390.927 0.773+0.084  0.9131.35 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 3.554-5547  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 6.29.1 7.643+0.881 4.96.9  5.915+0.655 1.1682.518 1.72+0.237 2.5665.04 3.69610.436
Hemichromis fasciatus 157 7.515.7 10.71+1.814 5.512.1 8.836+1.441 1.0412.782 1.478+0.193  2.2165.109 3.06610.366
Heterotis niloticus 13 313 43.73+6.141 2846 37.01+5.776 0.7820.999  0.891+0.07 1.1851.347 1.275+0.049
52.2
Macrobrachium vollenhove n 32 5.1-12.8 8.59+2.129 0.9282.778 1.475+0.45
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Oreochromis niloticus 16 4.329.5 13.68+6.831 3.223.3 10.36%5.079 0.1942.236 1.757+0.498 1.3434.74 3.922+0.877

Polypterus annectens 10 235 28.4515.223 28.544.5 34.05£7.209 0.2450.345 2.93+0.041 0.3190.518 0.400+0.085
36.8

Sarotherodon galileus 13 8.920.9 13.72+2.864 6.7-161  10.34+2.2621 1.8642.241 2.057+0.129  4.1795.995 4.834+0.448

Sarotherodon melanotheroi 17 7.414.0 11.58+2.036 5.610.8 8.847+1.508 1.27-2.23 1.892+0.242  2.8935.07 4.248+0.576
16

Forage/Carnivore ratio

Based on number, benthic omnivores (malybrachyistiuy were dominant followed by semi pelagic
omnivores (mainlyB. macrop} piscivores (mainlyH. fasciatuy and aufwuckdetritus and omnivores
(predominantlyC. daget). 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, piscivoresdmainly
gariepinusandH. fasciatuy were dominant followed by semi pelagic omnivores (maktlyniloticus,
aufwuchdetritus and herbivores (mainy. dagetiand O. niloticug, and benthic omnivores (mainB.

niger). F/C ratio values of 3.65 and 2.13 based on rarmabd weight respectively were within 1.40.0

for suitable ecological balance indicating ecological stability in the food web of Dawhenya Reservoir
(Figure 3.1.11).
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) ) ] ) ~ Figure 3.1.11: Forage/Carnivore ratio ] ] ]
Fish diversity Species diversity index for DawhenyReservoir was very higli0.91) while species

evenness (0.7) and species richness (6.27) were moderate indicating ecological balance and stability ( Tabl
3.1.6).

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

Diversity Parameter Rang Value
Species Diversity [0il 0.91
Species Richness (D) 1710 6.27
Species Evenness (J) 0i 1l 0.70

Potential fish yield was estimated at 225.14 tonnes p.a. based on reservoir area &f 2ZR&kMEI of
73.26 compared to 20 tonnes estimated by Balarin (1988).

I
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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, AbbegkmpAdzimador sampling sites
were 6.94 7.99; 6.89 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 thetes ranged from 20.6 NTU to 25.7 NTU at Dam Site and Adzimador respectively.
This again showed minimal changes spatially.

amiipis

W Surface water
I Bottom water
6.007
4.004
2004
00~

Dam Site Abbeykope Adzimador
Name of sampling site

Mean pH units

Figure 3.1.12: Spatial variation in pH

Dissolved oxygertoncentrations (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 imotémged 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 (22167 mg/l) while total phosphate
concentrationsanged from 1.7 mg/l to 1.17 mg/l, respectively.

Source of
sample

Ml Surface water
W Bottom water

Mean DO (mgll)
5§

8

Dam Site Abbeykope Adzimador

Name of sampling site

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.macropsH. fasciatusH. niloticus andC. gariepinushased 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 argospecies, 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, mesotropkigitabte 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 fishemtlze 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.

3.1.15 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, hencerttieae is a
need to diversify and alternate fishery livelihoods to reduce pressure on resources. Fish is recognized as th
main source of animal protein in Ghana, contributing about 70% of protein intake. Presently, production
from the marine, freshwater anquaculture 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 eViertioe 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, oveliance on marine resources for survival and the need to diversify
livelihoods to reduce pressure on resources| am@urban communities could take advantage of the culture

of this species. In recent years, the African catf@hrias gariepinugproduction has gained considerable
importance in a number of countries on the continent. The species has several ddsitalits 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 recognizec
in Ghana. Howver, 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 andlrésunigh 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, polycontainers, fibre tanks, plasficed ditches with little technological requinent. 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 t&s, fibre tanks, and polytanks (Figure 3.1.14). Mature broodstocks devoid of any
external deformities were selected into water holding facilities such as tanks andpi@lyners. Pituitary

extract was prepared from the male and injected into the fenaldase 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 froatethe m
was used to fertilize the eggs. The period of hatching ranged frér24 8ours 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 (concretnks, fibre tanks, polytanks) to be fed

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

p°|§:g;ank “Cifcular concrete tanks [l ¢’ Re | X Rubber tank

Figure 3.1.14:Improvised systemdor culture of the African catfish o
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 ifocal 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 technolodgr backyard farming.
ii. Alternate livelihood source for income generation and poverty alleviation
iii. Increase in the consumption of animal protein thereby assuring food security
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3.1.1.6 Food Preferences of Some Major Fish Species in Stratum Il of the Lake ValtGhana

(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&ke&urrently 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, insectivorousrieadd predators. Large

fish predator species also exist in the lake. Occasionally, species are found to be opportunistic insect feeder:
feeding on swarms of migrant locusts when they struck the water surface. The main environmental factors
that affect he 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 prin@mysumers, which in turn provide energy for
secondary consumers and decomposers. The | aked:
which is the major driver of the biotic productivity of riveoodplain 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 inshor
only in the more sheltered areas. Howeweefeature 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 vegetatiorcigasimgly 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 or
food preferences and fdieg 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 Il described as the transitiorokzdme 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 Lak&olta 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 multiflament nets. The nets were set overnight and retrieved at
8.00 in themorning. Total catches were identified and sorted into fish family groups. The five species
among the dominant family groups, includiGfrysichthys nigrodigitatysTilapia zillii, Bagrus bajad,

Alestes baremozndSynodontis velifewere selected. The@mbhach contents of at least five individuals of

each species were removed, stored and analyzed at the laboratory each month. Analysis of stomach contel
was carried out using the frequency of occurrer
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 stomaacbrding to its degree of fullness using an arbitrappist

scale (20, 15, 10 and 5 points for 1/1, %, % and % filled stomach respectively). Four indices were used to
describe the food stomach content and feeding habits, these included: vacuity ufidess findex,
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 measuremente)mestly 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 algaegrddume algae,
insects/invertebrates, titus, 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 bigeeen algae.

Table 3.1.7: Numberof stomachs, mean length and weight of the 5
commercially  important major fish species sampled at Kpando Torkor in Stratum
[l of the Volta Lake
. No. Mean St. Vacuity | Fullness
Species sampled | length (mm) Mean wt. (g) Index Index
Chrysichthysigrodigitatus 45 142.3+65.0 | 94.0 £ 160.7 | 40.0 60.0
Tilapia zillii 40 135.4+41.9 | 127.6 +117.3 | 475 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 IlI
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. Phytopla@ktdrinsects/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
ecosyem 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 (IFRR$A), Dr

Ruby Asmah, Dr Emmanuell.D Mensah, Dr. Froukje Kruijsson (KITNetherlands), Mr.
Sena Amewu (IFPRIGhana)

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 practicess swesmd use of higluality tilapia

fish seed for new or existing smaitale pond and cage producers. It was a collaboration between the
International Food Policy Research Institute (IFPRUSA, Fisheries Commission of Ghana, KIT Royal
Tropical Instite- Netherlands, WorldFish Malaysia and CSIRVater Research Institute (CSIRRI) T

Ghana.

The Research approach involved both (1) action research, in which stakeholders were engaged in the
research and documentation of practices and processes tieppoactical 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 includineti¢i) ge
audit of farmed Nile Tilapia strains, (ii) geneésgnsitive 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 hatchee s and f ar mer s ; and (iv) e
qguality fingerlings for tilapia culture (both |
fingerlings.

Specific activities undertaken included:

A Project inception and management planning meetings were held in February 2019 to strategize for
project takeoff.

A Extraction of DNA from finclip samples of farmed Nile Tilapia strains from 13 farms in the five
working regions have been performed for 80Rtotal samples collected.

A Census of Far mersdé Households was conducted
and Greater Accra Regions (Figure 3.1.15).
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Figure 3.1.15: Distribution of fish farmersfrom  Census of Tilapia fish
farmers households in Brong Ahafo Regions (purple), Ashanti (red), Eastern (blue

black) and Volta (yellow) Regions of Ghana.

A Two Sensitization workshops on TISEED project activities were conducted for Fisheries
Commi s si on Gasd Zéhal Pirestars in Northern sector (Ashanti and Brong Ahafo
Regions) and Southern Sector (Eastern, Volta and Greater Accra Regions) (Figure 3.1.16).

Figure 3.1.16: Sensitization workshops on TISEED project

A Farm visits, | ed by Fi sheri es Commi ssi onbs
biosecurity capacity assessment of farms and hatcheries was conducted in order to provide inputs
for the development of tiereckrtification system for smadicalefarms and hatcheries.

I
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Draft of a Fish Health Training Manual has been initiated by the fish health lead partner, the Fisheries
Commi ssionds Fish Health Unit (Figure 3.1.17).

Figure 3.1.17: Some stakeholders visit farms and hatcheries

A 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 GreateraAEastern, 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 ia review meeting

A 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 prejeck involved Dr Froukje Kruijssen, accompanied
by Anne Rappoldt, both of KIT Royal Tropical Research Institute of Netherlands, working together

with the CSIRWRI team (Figure 3.1.19).
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Figure 3.1.19: Some members of the project team

Two(2)mdy ear stakehol ders6é6 workshops (Figure 3.1.7
in Kumasi at the Fisheries Commi ssionbs Confere
Regions, and the other held at ARDEC for stakehelde 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 busine:
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 parindfsPRI, CSIRWRI, KIT and the

Fi sheries Commi ssi o notssRedional ansh ZonaFOffisenseand Fesls He@llth bnit ¢ t

specialists.

Figure 3.1.20: Midy ear st akehol der sé wor ks ho|

A Selection of farms and hatcheries from the five regions to be used-farrorstrain comparison
assessment haveeen concluded based on a capacity assessment of a samplescatagtiond
and cage farms (Figure 3.1.21).
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Figure 3.1.21: Selection of farms and hatcheries for the study

A Two training manuals on smadtale pond and cage fish farming designedigr farmers, were
drafted and reviewed by a muttiakeholder panel of experts and practicing farmers.

A A set up at ARDEC to produce fingerlings and broodstocks from Generations 9 and 11 parents of
Akosombo strain of Nile Tilapia, towards-ferm strain conparisons 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 Relationshipand 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 OforBoateng, 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 Developmerd dRDEC) of Water Research
Institute (WRI) has to a great extent eliminated this constraint by ensuring continuous production and
supplying of tilapia fingerlings to smadicale fish farmers and tilapia broodstocks of the improved Nile
tilapia (Oreochroms niloticug strain known as the MfAAkossoaebo S
hatcheries. This effort by ARDEC has ensured sustainable production and availability of tilapia fingerlings
to fish farmers in the country.

Knowledge of lengtiweight relationstp and condition factor (coefficient of body conditioK),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 eqiitiah®, wherea is the intercept

andb is the allometry coefficient. Figures of the exporieptovide information on fish growth. Whén=

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

Whenit is other than 3, growth is allometric (positivebi> 3, negative ib < 3), implying that the fish

I
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becomes slenderer as it increases in welgig.an important parameter that shows theveihg of a fish
in its natural habitat or under culture. €l of fish broodstock is very important for quality fingerling
production. Information on the lengtteight relationship an& is largely lacking in manyD. niloticus
hatcheries in Ghana.

The objective of the study was to provide information regardindethgthweight 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 ofO. niloticus broodstocks from production net hapas installed in earthen ponds between
December, 2018 and March, 2019. The weights of the broodsimrksdetermined using a top loading
electronic balance to the nearest 0.1g and the total lengths were measured using measuring board (0.1cn
as described by Lagler (1970). The sexes of the fish were determined manually. The sex of male fish was
determinedy 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 ovidt
(Nandlal and Pickering, 2004). On each sampling dater 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 (J mini-1240). The recorded lengths and weights were transformed linearly using
natural logarithm. The lengtlveight relationship (LWR) was computed following Pauly (1983). The
computed LWR was used to estimate the regression coeffibjausjng the formia W= al® ( 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 othe 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:
LogW =blog L +log a
The degree of adjustment of the model studied was assessed by the correlation coefficient, R

The value of the regression coefficiebtpbtained was used for the computation of condition fagtor,
(Tudoranceat al, 1988; Lizamaet al, 2002) adollows: K = 100W

Lb

The minimum, maximum and mean figures (x Standard Deviation, SD) of water quality parameters
recorded during the sampling of the broodstock are showalite 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 #ig 8.9 mg L' and Total Ammonia
ranged from 0.41 mgtto 0.73 mg . The mean figures were 29.2 mg+ 0.5, 6.64 mg £ + 0.31, 6.8

mg L* + 1.8, and 0.90 + 0.05 for Temperature, pH, DO, and Total Ammonia respectively. There were no
significant differences (ANOVAP > 0.05) among measured water quality parameters within and among
the breeding hapas.

Table 3.1.9: Minimum, maximum and mean figures (x Standard
Deviation, SD) of water quality parameters recorded in the breeding hapas
during the study period
Parameter Minimum Maximum Mean (+ SD)
| Temperature, °C | 271 |32.8 [29.2+05 |
pH 5.13 7.06 6.64 +0.31
| DO, mg L* [ 3.2 | 8.9 [6.8+18 |
Totalammonia, mg & 0.41 0.73 0.90 + 0.05

The results of the lengtlveight 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 thefemale 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 broodstwelks27.2 + 2.9 cm whilst their mean weight was
386.0 = 123.2 g. The lengtheight 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 sampl@dniloticusat ARDEC. There was significant correlation between
length and weight for both male and female broodstdeks.05).

Table 3.1.10: Descriptive statistics and lengtiwveight relationship parameters of O.niloticus broodstocks
at the Aquaculture Research and Development Centre (ARDEC), Akosombo, Ghana

Weight (g) Total Length (cm)
Sex N Mean + SD Min-Max Mean + SD | Min-Max

Males 200 | 324.9+139.1 | 36.4748.6 25.8+3.6 17.438.5 |-4.90 | 3.06 | 0.91
Females | 200 | 386.0 + 123.2 | 115.7#785.1 | 27.2+2.9 18.638.0 | -4.96 | 3.09 | 0.92

3.5 1
3 -
<
» 2.5 A *
22 24
B LogWt =3.094LogTL - 4.963
E 15 - R2=0918
3 ’ N =200
1 -
0.5 -
0 T T T T T T )
2.25 2:3 2.35 2.4 2.45 2.5 2.55 2.6
Log Total Length
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Figure 3.1.23: Lengthweight relationship of female

O. niloticus broodstocks at ARDEC, Akosombo
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Figure 3.1.23: Lengthweight relationship of female O. niloticus
broodstocks at ARDEC, Akosombo

The computed condition factd, for the male and femal®. niloticusbroodstocks at ARDEC during the

study period is shown in Table 3.1.11. TRdigures were 1.55 and 1.42 for the males and the females
respectively.

Table 3.1.11: Condition factor for male and femaléD. niloticus broodstocks at ARDEC, Akosombo

Sex Condition Factor, K
Male 1.55
Female 1.42

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 lengttveight relationship and cdition 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 riéniaading 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 Delopment Centre (ARDEC), Akosombo

(Project Staff: Dr Francis A. Anani, Etornam N. Tornyeviadzi and Bernard K. Akpakli)
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Survival, growth, health and reproduction of fish are primarily dependent upon adequate supply of nutrients,
both in terms of qualitand 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 cultul
could be met and the production goals of the systemaahié 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 fsexpptopriate

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 composon 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 tc
increase level of protein used for energy which resulisgh 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 esggatitd n
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 conmercial 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 monitoringpdyelevant 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, thete is deart
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, 38n@ 40.0%) of tilapia feeds of the largest local commercial fish feed
company and the most used tilapia feed by brand riRasaman with a view of comparing the figures
obtained with those declared by the producing company.

During the reporting year, fourfterent crude protein contents (30.0, 33.0, 38.0 and 40.0%Rgahan
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 thecpd 6 s f act o
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 determiigait 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' Kkgr protein, fat and carbohydrate respeely. 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 parameter
were presented as means plizdard deviations.

The costs of the feeds were 4.20, 4.35, 5.65 and 5.75 GHf6rkg0.0, 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 producgrs decl ar ed f i g ur-4.8to2.00hwerelolserned intiee v i
CP contents whilst the highesb8.3 to-51.4%) were in the CL contents. Proximate analyses indicated that
moisture contents for all the feeds were higher (11.34t0 12.53%)tham pr oducer 6 s decl
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. A
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 thameclared 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 ranoglede

from 8.0 to 11.0%. Hence, the analysed figures were lesser for all the feeds than the declared ones. Th
results of the analysed carbohydrate contents of the various CP content feeds ranged from 35.63 to 45.919
for the CP content feeds 30.0, 3388,0 and 40.0% respectively. The carbohydrate contents of all the feeds
had no written specification; hence, the deviations could not be quantified (Tables 31114)

It was generally concluded that all the analysed parameters for each feedhgpeeitated positively or
negatively from the producerdés declared figures
contents whilst the highest were in the crude lipid contents. The carbohydrate contents of all the feeds hac
no written speification; 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 fesbe 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 conte
by the producing company.

Table 3.1.12: Mean (+ Standard Deviation) analysed feed proximat®mmposition

Crude Protein %Crude %Crude  %Crude
%Moisture Protein Lipid Fibre %Ash %NFE
of Feed (%)
| 30.0 |125+02 [30.6+0.1 |22+02 |44+02 [45+0.2 |4591+0.26 |
330 125+0.1 328+0.2 25+01 46+01 56+03 41.94+0.08
| 38.0 |128+0.1 [36.5+0.3 [35+01 [47+02 [6.7+0.2 [3582+0.38 |
400 113#0.1 381+04 34+02 44%02 7.1+01 3563+0.29

Table 3.1.13:
declared feed composition

Feed Crude %Crude %Crude %Crude Price kg
%Moisture %Ash Lipid  Fibre  %NFE '
Protein (%) Protein (GHS)
\ 30.0 \ 9.0 \ 30.0 | 5.0 | 4.0 | 8.0 \ Not declared \ 4.20 \
330 90 330 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 Notdelcared 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 |[30.0 [9.0 [ 30.0 | 5.0 | 4.0 [ 8.0 | Not declared |
parameter 33.0 9.0 33.0 6.0 4.0 7.5 Not declared
(%) 138.0 [9.0 | 38.0 | 8.0 | 2.5 [ 11.0 [ Notdeclared |

40.0 9.0 40.0 7.0 25 11.0 Not declared

Analysed [30.0 |125+0.2[30.6+0.1 [22+0.2 [44+02|45+02]|4591+0.26 |
parameter 33.0 125+0.1 32.8+02 25+0.1 4.6+0.1 56+0.3 41.94+0.08

(%) 380 [12.8+0.1[365+03 [35+0.1 |[47+02[6.7+0.2|3582+0.38 |
400 11.3+0.1 381+04 34+02 44+02 7.1+01 3563+0.29
[30.0 [38.9 | 2.0 |-56.0 [ 100  [-43.8 | Not applicable |
Deviation 33.0 38.9 -0.6 -58.3 15.0 -25.3 Not applicable
(%) [38.0 |42.2 | -3.9 |-56.3  [880  |-39.1 | Notapplicable |
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, leadreguidion 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 globaltesdent 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 ptgmhapounds. For instance, investing

of the agreindustrialbypr oduct s as a supplementation in the
which can mitigate the industrial impact on the environment and exploit the agricultepabdiycts.

Lemon Citrus limon is the third most important speciesciifus 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 STABBA7defines lemon juice

as follows: Unfermented, but fermentable juice intended for direct consumption, obtained by a mechanical
process from the endocarp of sound, ripe lem@itsus limonBurm. f.) preserved exclusively by physical
means. The juice may have been concentratédbaer 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 processeddd and beverage formulas. Lemon juice contains high levels of vitamin C. On average,
i
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lemons contain about twice as much vitamin C as oranges. Research suggests that lemon juice also ha
certain antimicrobial properties due to its citric acid content. €o thb e s t of the aut ho
published work on the effects of lemon juice on fish has been carried out. This prompted us to incorporate

l emon juice at var ydimethyltastastelone siarnmonal féedsithat were féd totmixedl 7 |
sex svim-up tilapia fry for the production of morsex male tilapia. The main objective of the study was
to evaluate | emon juice in terms of gr owmethyland

testosterone hormonal feed treatment to producesssex 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, pe-p r e p a r-neethyl tesfosterone hormonal feeds, designat&j C andD at 0.0, 2.0, 4.0 and

6.0 g kg of the feed. The feeds were put into separate plastic containers, labelled and kept in a cool and
well ventilated room throughout the feeding peridtie study was conducted in a total of 12 net hapas,
each of dimensions 1 x 1 x 1 m (B)minstalled in a 0.hectare earthen pond. Each hapa was separated
from others at a distance of about 2 m. About-thiods (0.8 m) of the hapa heights were conggant
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 swirap 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:
Mean weight of fry (g) = (W, + Wi) T Wa, W= weight of container and water in gre

100 W = weight of fry in grams

f

The procedure was repeated five times, and in all cases, the mean weight was found to be the same (i.€
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 oftie 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 follow&g8th day of feeding, all the fish in

each hapa were removed and the weights and numbers were determined. The growth performance of th
tilapia fry under each treatment was determined using the following formulae:

Mean weight gain (g) = final mean weigtinitial mean weight
Mean daily weight gain (g day = final mean weight initial mean weight

28

Specific growth rate (% day= 100 x [In (final bodyweight)- In (initial body weight)]
28
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Feed conversionrate =  quantity of feed fed (g)
live weight gain (Q)
Survival rate (%) = number of fry harvested x 100

number of fry stocked

The data on fish growth performance was tested for normality using the Kolmegaiowov test and
homogeneity usi ng t heablithenormalite and homageneity of the datm. All o
percentages and ratios were arcsine transformed to normalize the data before analyses. Statistical analyse
were carried out using ofeay analyses of variance (ANOVA) to test differences among the various
parameters measured. Tukeyds honest significant
bet ween pairs of treatments. Differences were ¢

Generally, growth performance and feed efficiency decreased wittaised inclusion levels of the lemon

juice (Table 3.1.15). However, there were no significant differences (AN®VAP.05) among growth
performance indicators (i.e. weight gain, specific growth rate, feed conversion rate and survival rate) among
all treaments. It was concluded that the use of lemon juice at the various inclusion levels (2.0, 4.0 and 6.0
) per kilogramme of feed did not have effect on growth performance and survival of Nile tilapia fry in this
study. It was therefore recommended thatreistudy 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 0.04), 2.0 B), 4.0(C) and 6.0 D) g lemon juice per kilogramme of feed for 28 days

Parameter Treatment

| |A(0Q) |B(29) |C(49) |D(69) |
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 (% dgy| 45 £0.1 [ 4.4+0.3 45202 |44 01 |
Mean feed intake (g fish 0.8+0.1 0.8+0.0 0.8+0.0 0.8+0.1

| Mean feed conversiorate | 14201 |14z201 [14+£0.1 [1.6+01 |
Mean feed efficiency (%) 71.6+5.1 69.8 £2.7 69.8£2.7 63.9+24

‘ Mean survival rate (%) | 925+ 4.6 | 93.9+1.1 ‘ 92.1+1.1 ‘ ii.5 +11 ‘

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 aimbroadly 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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competitivenessSpecifically, the project seeks to link reseaaiokd 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 evidenebased tehnology 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 Researatsi@xtéarmer
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 garadly 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 Reseh for Development (IAR4D).

Activity 1

During the reporting period, 60 newly sewn hapa
at Akosombo (Figure 3.1.22). Of the 60 hapas: five (5) were used to produce tilapisstododty
(stocking with selected male and female Nil@gia breeders, paired in a ratio of 1:1 for the production of
broodstocks of generation eleven of the Akosombo strain) And the remainingty55) stocked with

male and female breeders were paired in a ratio of 1:3 and used to produce til@piadirfiy that were
subsequently nursed for the production of tilapia fingerlings.

Figure 3.1.22:A 0.2ha pond cleared,limed, filled with water and hapas
installed in it for Tilapia brood stock and fingerling production

Abouttwoet hi rds (0.8 m) of each hapadés height was ¢
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 ealected 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 betock production were left to hatch naturally and

fry produced were stocked immediately in grout ponds until they attained the target size. When the eggs
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destined for fingerling production are hatched, thegalk fry are kept in the yolksac absorption trays until
their yolk sacs were completely abised.

o o

Figure 3.1.23b: Tilapia egg incubation setip and yolk-sacs in yolksac absorption trays

A total of 10,000 to 15,000 of the newly hatched fry are then stackedch 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
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The fry were fed with treated feed at 20% of their body weight five times daikodtour 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.

Posttreated tilapia fry are then stocked for nursing to poedfingerlings in four (4) prprepared 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 bod
weight 5 times a day. The growths of the fry were monitored weekly by weighing samples from each pond
(Figure 3.1.23d).

Figure 3.1.23d:A MAG designatedtilapia fingerling nursery
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, dependirlnggtotamers, the me r
fingerlings were sustained on maintenance rations for about a week for them to be stable before packaging
and transporting to the farmersd ponds. Packagi |

in polyethylene bgs (Figure 3.1.23e) or in containers (Figure 3.1.23f). In both cases, aeration is provided
for the fish being transported.

Figure 3.1.23e:Baggingof tilapia fingerlings and loading of
bagged fish for transportation to various destinations.
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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 undertakenihe 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 wetlsTabe wells; Dugout
and Riverine sources and Recession Irrigation.
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Figure 3.1.24a: Participants at the training session Addressing Challenges
of Dry Season Farming at the I’ Service Training Centre (ISTC), Wa.

" ’ J il

T ——.

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 ili$erviceTraining Centre
(ISTC), Wa

Figure 3.1.24c: The Principal Resource Persons delivering their lectures to participants in
attendance at the (ISTC), Wa.
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Figure 3.1.24d: Partic = T | s of Dry Season Farming
at the Regional Ministry of Food and Agriculture (MOFA) building at Bolgatanga

Figure 3.1.24e: The Regional RELC Coordinator delivering the welcomaddress
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
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Figure 3.1.24c: The Principal Resource Persons delivering their lectures to
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 quierly production of tilapia fingerlings by the CSIR WRI increased from 560, 000 to
1,120,000 after MAGOs sstogkpas fram 700 tol15000. Hehca, tthere Weret h
increases of 100% and about 108% for tilapia fingerlings anddilapiodstocks productions respectively.

Table 3.1.8: Results of Activities carried out under the

MAG Programme during the reporting period
ACTIVITY TARGET ACHIEVED STATUS | REMARKS

Reporting Period  Beginning

to date
1.0 Brood stock Brood stock Brood stock On-going | - Parents
60,000 6,000 21,000 (brOﬁdSr_s) were
Fingerlings Fingerlings Fingerlings stocked in
J J g I 9 g October 2019;
4,000,000 595,000 1,715,000 Fish

growing, yet to
attain maximum
reproduction
potential;- The
onset of peak fish
reproduction
period is expected
in few weeks.
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2.0 Train at least 30 | Total of 39 Total of 39 SMSCompleted
SMS in 2 Regions | SMS (34 trained
Males: 5
Females)
trained in

2 Upper
East &West
Regions
Results obtained within threporting period, suggest that the expected target of 4,000,000 tilapia fingerlings
and 60, 000 tilapia broestocks could be achieved, barring any unforeseen mishappenings.

Impact of the Study on the Economy

The activities carried out under the projece axpected 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.
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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 fAEffects of V€l iamatak€h&®egeuonoeso (VOLTRES)
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). Tdye\stas
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 futuimate 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 queditgrof

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
CC effects in the lake environment; afinthlly 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 anc
catchment modeling (WP1), Lake Ecosystem modeling (WP2) and fish productivity (WP3). The WP1
developed climate change scenarios over the Volta Basin, imgltite region of Lake Volta and this was

used to drive a hydrological model (SWATSo0il 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 cdénensional hydrodynamiecolggical model) was adapted to Lake Volta,

and a series of climate change scenarios were simulated with the validated lake model to provide a bettel
understanding of the dynamics of the lake in the face of climate change. These models were used to provide
fuur e projections of | akebs physical, bi ogeocher
future fish productivity under different climate scenarios using the ECOPATH with ECOSIM model.

The Volta River Basin (VRB) has warmed significantly, begw 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 futur@@20p1with
addtional projected increase in air temperature of abouC1.£2.5C and 2.2C - 3.2°C, relative to the

historic period, for the IPCC mediulow (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 reducini
trend in the annual rainfall came to a halt883 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 histioric 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 projectec
reduction is expectetb occur mostly in the peak period of Aug@ttober, 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 abetagmn 4% and 15% of the historic
average load.

The | ake stratifies (changes in the waterds der
mixes about two times in a year (with complete mixing around Jaiemuary and again in Juugus)

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 theamt 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 vimtég water column.

Climate change seems to have more influence on algal blooms in the lake than potential changes in externa
nutrient loadings, as it is light and less of nutrients that is limiting production. Changes in the water level
of Lake Volta dd 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 °Q 35 °C) 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 conclded 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 Stuly on National Economy

The project produced new knowledge and capacity in the field:
A Two (2) Doctoral and two (2) Masters Students undertook their studies under the project and have

all successfully graduated.

I
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A Three (3) national stakeholder training watikps 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 Il Sonde, Water Column Samples, Microscopes, Sediment grab, Laptop Computers etc.,)
were also purchased and are still in use at the @%dfRer Research Institute, enhancing the
institutebs research capacity.

3.2.1.2 Extended Spectrum Beta Lactamade 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 LactarBaseli (ESBL-EC) insources such as urban community
sewage, waste from slaughter slabs/wet markets, and an upstream and downstream sample from a strea
into which all these waste discharges.

Monthly water samples were taken from Kasoa, Avenor and the Mudor Treatment plactober,
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 take
separately at five minutes interval were mawnt® a composite at each sampling point. About 300ml
replicate samples were similarly taken for storag@tC at the laboratory for future residue analysis at
RIVM Netherlands. Details of each sample; GPS, sampling time, etc. where completed ornraysept

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

71



CSIR-WRI | 2019 ANNUAL REPORT

The culturebased monitoring method was used for the direct detection and enumeration of
ExtendedSpectruh-lactam (ESBL) resistari. colifrom the environmental samples. Using to prepared
media: Tryptme Bile Agar with XGlucuronide; a chromogenic media for the detectiok.obli (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 carefullydiol 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 feR4§Figure 3.2.2). Plates with less or equal to 100 blue green
colonies were recorded and concentration of both ESBtoliandE. colicalculated.

s\

1bx

0 b VLR

Figure 3.2.2: Positive and negative controls (TBX left & TBX€TX 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 presetfitecofi. Indole positiveE. coli

stains were thereafter subjedtto sensitivity testing using the disc diffusion method and zones of
inhibitions measured to confirm isolates positive for ESBLcoli following the CLSI procedures. Four
antibiotic discs; Ceftazidime 30ug, Cefotaxime 30ug with their inhibitors CefotxClavulanic 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 E&BLoli counts were calculated as a proportion of

the totalE. coli. at eah of the sampling points mentioned abdgecoli confirmed as ESBL were stored

in freezing medium at80 °C at the National reference laboratory Korlebu Teaching Hospital. Freezing
media were prepared using Tryptic Soy Broth (TSB) with glycerol in ptigmsrof 2:1.

It was indicated from the study that average log concentratiénaafliand ESBL EC from upstream water
samples showed some gmvnship influence from other undetermined sources. Levels of bacteria
concentrations from these upstream sesinwere 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 significasttimipacteria
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 concemtnatif 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 slauglatéitiséab h
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 ste2@i§efat residue
analysis. Some of these samples have already been exported to RIVM Netherlands for analysis. Counts o
E. coliwere significantly (P<0.05) higher than counts of EIBLcoli at both Avenor and Kaosa for the

study period (Figures 3.2.3 and 3.2 The results showcased presence of presumptive ESBa&li from

these environmental samples.

Table 3.2.1: Samples quantities, Lo. coli, Log ESBL E. coli and percentage ESBLE. coli counts

Human Animal
(communal) | (slaughter Mudor Total
slab) Up Down
Parameters stream stream
Wastewater | wastewater plant
No. of samples
tested 6 6 6 6 3 15 42
No. of samples
positive for 6 6 6 6 3 - 27
E. coli
No. of samples
positive for ESBL 6 6 6 6 3 . 27
No. of ESBL EC
. 25 26 28 29 15 - 123
isolates@ -80
Average
concentration of E. | 6.33+0.56 7.38%0.69 4.41+0.64 | 6.26+0.56 | 6.15+0.80 | -
coli[1
Average
concentration of 5.00+0.92 5.02+1.1 2.81+0.70 | 4.87+0.58 | 4.38+1.05 | -
ESBL[2
Average % of
ESBL 2.26+2.03 2.16+4.34 3.05£2.4 | 5.1443.63| 1.93+1.16 | -
in E. coli
Concentrations of
E coli 1.76X107 3.04X10 7.06X10 2.30X1¢ | 4.20 X160 -
in the single
samples B
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% ESBL in
E. coliin the single | 7.73 0.38 2.88 5.57 2.28 -
sample

[1] Average of the concentrations in the positive samples, calculated as the average of the concentrations
on logscale

[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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Figure 3.2.3:Compared concentration of ESBL EC ané&. coli in the environment
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Figure 3.2.4: Percentage ESBE. coliin Avenor
and Kasoa streams

It was concluded from the study that:

A

A

Concentrations oE. coliand ESBL E.C. in upstream samples in both cities were significantly
lower than in the downstream samples.

Highest concentration of ESBL EC were found in Kasoa slaughter slab effluent samples.
There were comparable counts areas with human and animalimfastaced areas.
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A Sachet drinking water sampled were both bacteriologically safe and safe fromE=S8IL

At the end of the study period, it was recommended that effluent should be treated before discharge into
streams and the use of antibiotics shaddtrol 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
Antimi cr obi al Resi stance that is AStrengthen kno\
researcho.

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 (Merghs2001), and are known for their
toxicity and persistence in the environment (Durugbel., 2007; Ahmadet al., 2010). In recent times,

heavy metal contamination studies in water resources and in other matrices is not only focused on presence
sources antevels but also on the possible risks to human health. This is due to tHelongxposure 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 Distiicthe Ashanti Region of Ghana (Figure 3.2.5) is
endowed with water resources, which serves as potable sources for drinking. However, the districts are
|l ocated within the Ashamnctail e®o ladh dBgHilesteesattwitiescsaaty eboo t |
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 andace 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 potentialinan health risks caused by exposure to-camcinogenic 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 andAdansi 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 Eqng [RiskdAssessment

Guidance for Superfund (RAGS)]:

i Cwater XIRXEF XED
Ding = e
Cwater XSAXKp XETXEF XED
Dderm = === 2 2
BW XAT (2

Where,Diq is defined as the average daily dose (exposure dose) via ingestiateofg/kg-day);

Duem is defined as average daily dose via dermal absorgpkdgday); Cwater is defined as the estimated

concentration of metals in surface watsy/[).

Potential norcarcinogenic risks for exposure to contaminants were assessethparison 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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. = Ding /derm
Hszn‘g/derm RfDing /derm 3)

where, HQgqemis defined as the hazard quotient via ingestion or dermal contact and is unitless, and

RfDingeerm is defined as the oral/dermal reference dosegikg-day. The RDi,y and RDgem 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 Amiradt al, (2013); Naveedullabt.al.,(2014); Ayantobet 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 equalhtazhrd index (HI). To estimate

the overall potential for neoarcinogenic 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:

HI = ), HQing/derm 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 thdetermination 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 describedsey C1882) and
Barcelonaet 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 ResearchWater Research Insti@i{ CSIRWRI) in Accra using detergent and allowing them to
stand for at least 24 hours. The water samples were acidified to a pH < 2 using Conrc.Gisite
measurements of pH, were carried out using a Hach Sens ion 1 Meter. The water samples weredhen s

on ice in an icehest and transported to the CSWRRI in Accra, stored in a refrigerator at a temperature

of < 4°C 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 responsiblegigblic 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 watEe ands >

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. TaBIR2.2 presents the statistical summary of the heavy metal
levels in groundwater within the the Amansie and Adansi Districts.

78



R & D ACTIVITIES

2.5 1

[ )

=3 5

1 4

O.S'I ﬂ
—— - —————
0 - >

Fe Mn Cd Cu Zn Pb As Hg
m Borehole water | 0.6 | 0.2 (0.005| 0.04 | 0.05 | 0.04 | 0.07 |0.003
m Well water 0.14 | 0.05 (0.004| 0.03 | 0.04 0.11
‘ WHO Guideline | 0.3 0.4 |0.003| 2.0 3.0 | 0.01 | 0.01 |0.001
Trace metal

Concentration (mg/L)

Figure 3.2.6: Bar graph of the heavy metal concentrations compared to WHO

Table 3.2.2: Statistical summary of heavy metal levela groundwater within
the Amansie and Adansi Districts

WHO guideline

Element | Borehole water Well water (2004)

Range Mean Range Mean
Fe <0.0:5.1 0.60 <0.0:0.37 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 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,gDof water and dermal (@) absorption ireg/kg-day for adults and
children were computed using the concentration of the estimated metals in groundwater (pg/L), the
ingestion rate (L/day), the exposure frequency (days/year), average body weight (kg), the averaging time
(days), theexposed skin area (émthe exposure time (h/day), the unit conversion factor (}/camd the

dermal permeability coefficient (cm/h). Using the Reference Oral Dose (RfD) as in Table 3.2.2, the hazard
quotient (HQguem for each heavy metal was compiited assess the potential rearcinogenic risks
(Tables 3.2.3 and 3.2.4). The hazard quotient (HQ) for each heavy metal was then integrated and expresse
as a hazard index (HI) in order to assess the overall potential farancinogenic risks posed biyet total

toxic effect of the heavy metal. The results show that, the potentiatarcimogenic risks of exposure
(HQngiserm) Which is the estimate of the systemic toxicity potential posed separately by Fe, Mn, Cd, Cu, Zn,
Pb, As and Hg within a singleute of exposure via ingestion or dermal contact were:

3.30x 1, 1.40 x 16, 5.00 x 16, 3.70 x 16, 3.00 x 16, 3.60 x 1€, and 3.00 x 10, for both adults and
children as well as for borehole well water. This suggests a decreasing orderd¥irzn 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 norcarcinogenic risks of exposure for both borehole and well water follows similar trend. The
results show that the hazard tjaat (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 meta
in groundwater within the Districts.
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The g -1 -|=|=|-1-1=]~ |concerns for potential humdmalth risks (HQ/HI) caused by
exposure| 2 | b ] to noncarcinogenic heavy metals as calculated for adults and
children 217179717177 |"{" [for Fe, Mn, Cd, Cu, Zn, Pb, As, and Hg were: 6.0%2056 x

107, 9.11 ] x 104 6.77 x 16, 5.49 x 10, 6.59 x 16, 5.49 x 1@, 5.49 x

10*  for|Z boreholes, while, that for wells (with exception of Pb) were:
6.46 x 10= el 13| el gl 2| 2| 2f 2.74 x 10, 9.79x10, 7.25 x 1@, 5.88 x 10, 5.88 x 10,

5.88 x 10 (Table 3). The trend of potential human health risk (HQ/HI) in
boreholes within the Districts was 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 hueath hisks 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 cause@ bxposure to nemarcinogenic elements. This suggests that, there is no
concern for potential human health risks caused by exposure tcantnogenic toxic heavy metals in
groundwater within the Amansie and Adansi Districts. Consistent with this gtuelyrend of overall
potential for norcarcinogenic risks posed by more than one element (HI) in drinking water resources with
previous studies such as Nasrabadi (200ét)ran; Abdulet al., (2016)7 Zanzibar IslandTay et al.,

(2016} Lower Pra Basin, @Bana; Muhammedt al.,(2011)Kohistan region, northern Pakistan; Celebi

al., (2014yMelen watershed, Turkey; Li (20:@pper Han River, China; show that, the overall potential

for nonrcarcinogenic risks posed by more than one element (HI) in most drinking waters is less than one
(i.e HI <1).

metal

Hg

Generally, the trend of the averaggday dose for Zn, Cu, Fe, and Cd
Cd (Abdulet 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 wateresodue 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 o
Fe < Zn thoughwonsiste@ dith severity of toxicity in relation to Cd. This suggests low degree
for potential human health risks caused by exposure tecammnogenic heavy metals in groundwater
within the districts, and therefore, consumption of groundwatedriwihe Amansie and Adansi Districts

pose little or no adverse concerns for potential human health risks caused by exposucatoinogenic
elements

With respect to the WHO list of ten chemicals considered as a major public health concern whAsh lists

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 al&itba 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 A
for well water were above the WHO (2004) guideline values. The heavy metal abundance in groundwater
within thedistricts 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 (2(|)%), As (7%), Zn (5%), Cu (4%), Pb (4%), Cd (0%) and B&o), suggesting that, natural
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geochemical processes such as +welkersoil interactions are more pronounced in the water resources
within the Amansie and Adansi Districts. The results also show that, the potentiegdnoorogenic risks

of exposure (HQyq¢em) 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*10.40 x 1@, 5.00 x 1¢, 3.70 x 1@, 3.00 x 10, 3.60 x 16,

3.00 x 10*and 3.00 x 10 respectively for both adulend 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, Ph, As, and Hg were: 6.6,X166 x 10, 9.15 x 104 6.77 x 1@,

5.49 x 10, 6.59 x 1@, 5.49 x 10, 5.49 x 1@for boreholes, and 6.46 x 4,2.74 x 16, 9.79 x1¢, 7.25 x

102, 5.88 x 10, 5.88 x 1¢, 5.8 x 10*for well water, suggesting that there is no concern for potential
human health risks caused by exposure tegarninogenic toxic heavy metals in groundwater within the
Districts (i.e HQ/HI <1).

Impact of the Study on National Economy

The longterm 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 measune 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 Os&onsu Oppong, Dr.
Monday Onoyivwe Ama and Dr. Anthonya¥v 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 ofariety 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 sucoess{isey 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 (MWCNTSs) to formaZw®-MWCNTSs nanocmposites

which were applied to remove indigo carmine dye in water under visible light exposure.

Methodology

Preparation of NdZnO-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 MWCNTSs in 55% HNO
for 5 h at 100 °C followed by washing to pH 7 and drying in an oven. The functionalized MWGCNTSs (f
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MWCNTS, 0.4g) were suspended in 100 mL deionized water @akdy. Calculated masses of Nd @NO

6H,0 (depending on the percentage doping of Nd) and 10 g of ZgC@®8}-2H,0O 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 suspensiamder continuous stirring. NaOH solution (0.3M) was then added dropwise

to precipitate the N&NnO-MWCNTs nanocomposites at pH 9. The precipitates were filtered, washed with
ethanoldeionized water mixture, dried in an oven at 10@or 12 and calcined &00°C 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 EXEM)
JBEM-2100F, 120kV was used while the optical absorptivity of the samples was determined using a
Shimadzu UV¥2450 U\tvis spectrophotometer.

Photocatalytic ability assessments

The synthesized photocatalysts (ZnO, ZMWCNTs, 0.3 % NeZnO-MWCNTs, 0.6 % Nd
ZNOMWCNTSs, 1.0 % NeZnO-MWCNTSs, and 2 % N&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 sonluthe dyecatalyst 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 adark room. During this 3h, 5 mL aliquots of the irradiated dye solutions were withdrawn

at 30 min intervals using 0.45 um PVDF membrane fitted disposable syringes. The concentrations of the
dyes in each withdrawn solution were determined using a Shinspdzirophotometer (U2450).

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 nanocomposkiggire 3.2.7 depicts the IR spectra of daenples. For all the
samplesthe broad peak located between 3006 amd 4000 criand the one at 1630 ciis assigned te

OH stretching and bending vibrations respectively of adsorbed water molecules on the surface of the
samples. In the spectrum dietpure ZnO (Figure 3.2.Y,ahe peaks between 500 and 1000 cepresent

the ZrO bonds. For the-MWCNTs (Figure 3.2.7f), €C and C=C bonds stretching vibrations of the
MWCNTSs are represented by the peaks at 1300ama 1669 cmrespectively. The twbands at 2400
cmtand 1750 cmindicate OGH and C=0 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 samplEgy(ire 3.2.7b €) contain the peaks of both ZnO arMI¥WCNTSs. The
difference in peak intensities of the bare ZnO aMdWCNTs modified ZnO composites proves the
interaction between theeMWCNTs and the N&nO, hence the successful synthesis of the Nd

ZNOMWCNTSs composite
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Figure 3.2.7: IR spectra of (a) ZnO, (b) ZnNGMWCNTSs, and (c)
Nd-ZnO-MWCNTs with different Nd concentrati ons

Transmission Electron Microscopy (TEM) analysis

The internal morphology of a nanoparticle is determined uBkEl analysis.Figure 3.2.8 represent the

TEM images of the bare ZnO and 0.6 %-RtO-MWCNTs composite respectively. According to Figure
3.2.8A, the NeZnO nanoparticles are spherical and possess regular/uniform size and morphology. In Figure
3.2.8B, the M-ZnO nanopatrticles are observed as white patches attached to the surface of the MWCNTS, a
further confirmation of the successful synthesis of theZN®-MWCNTs composite.

Figure 3.2.8: TEM images of (A) ZnO and (B) 0.6 % NeZnO-MWCNTSs composite

Optical activity analysis

Photocatalysts with visible light absorption ability are more efficient in organic pollutants removal than
those with ultraviolet (UV) light absorption ability. ZnO absorbs UV light. Hence, its modification with
Nd and MWCNTSs to enhance its visible lighttivity. The light absorption spectra of the samples are
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presented in Figure 3.2.9. Figure 3.2sb@mws that pure ZnO displayed the highest light absorption in the
UV region (208400 nm) but the least in the visible light region (4800 nm), as expectetihe MWCNTSs

and Nd modified samplé&igure 3.2.10b f), show higher visible light absorptions than the pure ZnO. The
highest visible light activity was displayed by 0.6 % RiO-MWCNTs sampléFigure 3.2.10yindicating

that the optimum Nd concentratifor efficient visible light utilization of ZnO is 0.6 %.

0.14 4

0.12 4

(a) ZnO

(b) ZnO-MWCNTs

(c) 0.3%Nd ZnO-MWCNTs
(d) 0.6%Nd ZnO-MWCNTs
() 1.0%Nd ZnO-MWCNTs
(N 2.0%Nd ZnO-MWCNTs
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Figure 3.2.9: UV-vis spectra of (a) ZnO, (b) ZnOMWCNTSs, and (
¢) Nd-ZnO-MWCNTs with different Nd concentrations

Photocatalytic degradation test

The synthesized photocatalysts were applied irddgradation/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 % -K®IJO-MWCNTSs 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 ZMEMWCNTs exhibited the highest

visible light absorption; and thus, was expected to be thepbesocatalyst. 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 Wsible spectra of the dye with increasing time using 0.6 % Nd
ZNnOMWCNTSs 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 carminedegradation efficiency of (a) Zn0O,
(b) ZnO-MWCNTS, (c) Nd-ZnOMWCNTs with different Nd
concentrations; and (B) photodegradation profile of indigo carmine

using 0.6 %NdZnO-MWCNTSs.

Conclusion

The Nd and MWCNTs modified ZnO nanocompostiese 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 MWCNTSs. 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 % N&ZnO-MWCNTSs exhibitng 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; deGrafiohnson, K. A. A. and Gertrude
Nortey)

Seaweeds also known as macroalgae are sea vegetables that grows along rocky shoreline where they a
fixed to the substratum in nutrient concentratedaocwaters. 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, biomedica
phamaceutical 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 thévation 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 wakamderta
investigate the growth of red and brown seaweeds of economic importance ddgtrapuntia dentata,
Hypnea musciformiandPadina durvillaeiin a nursery at the CStR/ater Research Institute.

In the year under review, seaweeds Rhodophy&a Hypnea musciformiandHydropuntia dentatpand
Phaeophyta brown (Padina durvillae) 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. filee tanks were labelled A, B and C, and each holds one
species in triplicated. musciformisvas placed in a net bag and hung on a line in the tank (Figure 3.2.11
and 3.2.12) whilé. durvillaeiwas hung directly on the line in the tanks. The fresh weifyjgach 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. musciformisin net bag at theFigure 3.2.12:H. musciformisin 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 weighweddseaecorded were

48%, 55% and 45% iRadina durvillaei, Hypnea musciformand Hydropuntia dentatarespectively.

There was an increase growthRf durvillaeiduring the study period with dips at the fourth and sixth
weeks. There was a positive cortala (R?) between the growth and cultivation weeks (Figure 3.2.14).

The successful cultivation fadina durvillaein the study was very encouraging since it was a rich source

for alginate production.
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Figure 3.2.13: Differences in Figure 3.2.14: Growth trends in Padina fresh weights
of seaweeds durvillaei during the study period

Hypnea musciformishowed gradual increase in the fresh weight over the study period. However, the
weight decreased from thé& tb 6" weeks followed by an increase to @ieweek. 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 Pere@ta al, (2017) who found reduction in the weight of seaweeds above

50 PSU salinityln 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 fadydropuntia dentatalthough 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 ofHypnea  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 (pvalue >0.05), however ghtemperature 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 dir¢bdysea 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 resut 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 sesater 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)°C 25.41- 26.43 25.928 (+0.39)
Temperature (Afternoon)’C 27.4% 28.69 27.956 (0.41)

Salinity (PSU) 33.10- 62.81 49.83 (+11.24

Nitrate (NQ) / mg/l 0.002- 0.035 0.01 (+0.01)
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