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EXECUTIVE SUMMARY

This report comprises an overview of research and development activities undertaken by the Water
Research Institute of the Council for Scientific and Industrial Research & Pb&éWater Research
Institute (WR) is one of the 13 Institutes of the Council for Scientific and Industrial Research (CSIR).
The overall goal of the CSH/RI is to conduct research into all aspects of water resources (both
living and nonliving) in order to povide scientifc and technical information and services as well as
strategies for the sustainable development, utilization and management of such resources for the socio
economic advancement of the country.

The 2018 Annual Report consists of three (3)pthid namely Introduction, Administration, and
Research& Development Activities. The report has been compiled based on the research and
development activities, commercialization of research and development activities through consultancy
and advisory serges, and administrativelated issues such as staff strength, appointments,
promotions, as well as national service recruitmstudents on attachment from tertiary instituions
during the year 2@

Duringthe2018 reporting yeathe Institute conductetB research projects. These includssessing

the Impact of te Kpone Landfill on Groundwater Quality, Countdown Integrated Control Strategies
to Eliminate Lymphatic Filariasisn Ghana which aimed at assessing the primary causes of
elephantiasis (negtéed tropical diseaseNTD) persistence in spite of long period of intervention;
Kpeshie and Muni Lagoon Wetland degradation and Governance; Disaster Risk Reduction Practice
Research and Capacity Building Support to ECOWAS which is to conduct a bataliyners trans
boundary floods and disasters in the ECOWAS reghssessment of Groundwater Resourafethe
Brong-Ahafo Region;Prevalence o€ryptosporidiumspecies in the Ga South Municipality and the
Lower Manya District of Southern Ghana;Onchocerca volvulus forestsavannah ecotype
differentiation using polymerase chain reaction, Baseline Study RyidExpanded Acces$o
Praziquanteland Albendazoleagainst Epidemiology OfCryptosporidiumSp upstreamthe water
treatmentplants in Kpong and Weija, Glana; Escherichia coliantimicrobial resistance in the
environment; Microbial water quality assessment of Sanso Community in QMiebial water

guality of boreholes and tap water from selected communities at Oyibi in the Damgbe West District
Coordination of the Integrated Monitoring of SDG 6 and SDG Policy Support SystemRPSSi

Phase I. Tie Anthelminthic Response Map (AMap) Of Ghana; Effect of varying dietary crude
protein levels on lengtveight relationship and condition factor of Niilpia, oreochromis niloticus
fingerlings; E f-hethgl tTestosteronk ¢lermonal §eeds atDifferent Ambient
Temperatures on Mono Sex Male Tilapia Fingerling Production; Economic Performance of
Commercial Tilapia Diets witharyingcrude Progin levels in Nile Tilapia Qreochromis niloticus
Fingerling Production in Ghana; The Lake Volta fish resources in a changing climate, the use of
predictive model, Ecopath with EcosiiMass Balanced Model Of Lake Volta Fisheritge Useof
Ecopath Model CSIR/Modernizing Agriculture in Ghana (MAG); Survey of the evolution of
livelihood avenues in the Lower Volta Area Keta & Ada Wetland Resources & Livelihoods Project
(TCP/GHA3604) conducted to increase and improve provision of goods and services fcoituag)y
forestry and fisheries in a sustainable manner; Assessment of metal levels and organic compounds in
vegetables/foodstuff soldround ewaste sites in Ghana; Assessment of the levels of Polycyclic
Aromati c Hydr oc ab-oaceanmérddi-ihmportant cawhideVitenh selécted market
centres in Tem#&shaiman and Accra Metropolis; Water Infrastructure Solutions from Ecosystem
Services underpinning Climate Resilient Policies and Programmes (WJBEto Climate);
Schistosomiasiand Soil Transmited Helminthiasegn Southern Ghana; Effects of Climate Change

on Lake Volta Resources (VOLTRES) objectively to improve the understanding of the physical and
biogeochemical functioning of Lake Volta and how the Lake and its resources will respond to climate

CSIRWater Research Institute 7
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change; Multiscale Flood Monitoring and Assessment Services for West Africa (MiIFMASS); Design
and Assessment of Resilient and Sustainable Interventions in -BfaegyFoodEnvironment
Megasystems (FutureDAMS) ;UBRAVE 2- Building Understanding of Cliate variability into
planning of Groundwater supplies from low storage aquifers in Africa, Groundwater Assessment of
the UppefWest Region of Ghana, Digitization of Groundwatse maps for the 10 Regions of Ghana
and Pollution and Ecological Assessmentlokwe and Songor Lagoons in Ghana; &sdessment

of metal pollution inselectedivers Some ©nsultancy projects include Water Quality Assessment

Of Sansu Communityn Obuasi, Drilling,Rehabilitation and Phottmgging of selected boreholes for
Anglogold Obuasi MineFinal effluent quality monitoring; physiechemical and bacteriological tests

on potable and swimming pool waters; Intergrated Community Water, SanitaiibiHygiene
Improvement Project (ICOWASH)Hydrogeological Consultancy Servicess Borehole Siting And
Constructionof Twenty-Six (26) boreholes in WesMamprusi Districts of the Northern Region of
Ghana; Treating high strength sewage using the activated sludge process; Surface water ecological
studies / monitoring at the Akyem Mine, Né\birem and UNICEF Water Safety Plaandline Pilot

Study.

Scientists of the Institute collaborated with sciestisbridwide © author 32 Journal papers, 30
Conference papers, 1®D@sultancy reports, IDechnical reports andPhDthesis.

CSIRWater Research Institute 8
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1.0 INTRODUCTION

1.1  Establishment

TheCouncil for Scientific and Industrial Reseatdfater Research Institut€ 5IR-WRI) is one of the
thirteen (3) Researchnstitutes of the CSIR. Wasestablished in 1996 agpublic Institutionthrough

a mergetrof two Institutes of the CSIR - Aquatic Biology (IAB) and the Water Resources Research
Institute (WRR) which wereestablished in 1965 and 1982 respectively.

1.2  Vision
To become a centre of excellence in the provision of scientific research into watelatediresources
for sustainable socieconomic growth

1.3  Mission

The mandate of th€SIRWRI is to conduct research into all aspects of water resources (both living
and nonliving) in order to provide scientific and technical information and servicesvell as
strategies for the sustainable development, utilization and management of such resources for the socio
economiadevelopmenof the country

1.4  Values
Our core values include dedication to duty, commitment, loyalty to quality assurance amaecusto
satisfaction

1.5 Key Objectives
The key objectives of the Institute are:

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

2. To generate, develop and transfer appropriate technologies, information and semvices
sustainable development, utilization and management of surface water resources;

3. To generate, process and disseminate information on the availability of groundwater, rate and
volumes to be abstracted for various uses as well as the reliability aadalbsity of its
recharge;

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

5. To increase local fish production through participatory research and technology transfer in
aguaculture and sustalria management strategies in inland and coastal waters of Ghana; and

6. To undertake commercialisation of research and development activities through consultancy
and advisory services and the provision of water resources information, documentation and
techni@al support services.

1.6  Divisions
The mandate of the Institute ashievedthrough the research and development activities of five (5)
Technical Divisions and three (Bpn-technical DivisionsThese are:
Technical Divisions:
1 Surface Water
1 Groundwater
1 Environmental Biology and Health
1 Environmental Chemistry and Sanitation Engineering
1 Fishery and Aquaculture
Thenon-Technical Divisions are:

CSIRWater Research Institute 9
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1 Administration
1 Finance
 Commercialization

1.6.1 Environmental Biology and Health Division
The EnvironmentaBiology and Health Divisiorhas the mandat® enhance public health status of
Ghanaians through sound environmental management, water pollution control strededies,
preventiveand control strategies for watborne and other infectious diseases. Theidibn has
expertise in the areas of micrologl, parasitology, entomologygaatic flora and fauna, molecular
biology and public healthSomeActivities of the Division include:
1 Water quality monitoring through microbial, algal and maoneertebrate aalyses;
1 Microbiological analysesf drinking water, waste watand othes;
1 Identification and management of invasive plants in Ghana;
1 Isolation and production of entomopathogenic bacteria used in biological control of disease
vectors;
Environmental impacassessment and watershed management;
Research into wataelated/borne parasitic diseases and other infectious diseases;
Research into wataelated vectors of diseases of public health importance to develop
innovative strategies for control and preventio
1 Molecular epidemiology studies and understanding the mechanism and genetics of drug
resistance and the development of DNA based diagnostic tools;
1 Consultancy in the establishment of science and medical laboratories; and
1 Training of scientistdechnologists and students.

= =4 =4

1.6.2 Environmental Chemistry and Sanitation Engineering Division
The mandateof the Environmental Chemistry and Sanitation Engineering Division geherate
process and disseminate water and wastewater quality informatemtttsers. Specific objectives
are to:
1 perform quality and quantity assessments of industrial, agricultural and domestic discharges in
both urban and rural areas and identify their impact on aquatic ecosystems;
1 collect, process and disseminate comprekensigh quality and reliable environmental data
on surface and groundwater with regard to their chemical constituents; and
1 monitor pollution in coastal waters and lagoons in Ghana.
Somemajor researchctivitiesof the Divisioncomprise
1 Water qualitymonitoring;
1 Industrial wastewater studies;
1 Environmental impact studies; and
1 Development of strategies for water pollution control.

1.6.3 Fishery and Aquaculture Division

The Fishery and Aquaculture Divisidras themandateto geneate scientific informaon that is

applied toenhance sustainabl e management and deve
aquaculture resource3he goalof the Divisionis to increase local fish production to support
livelihoods through increasing yield from existirfgsheries and development of sustainable
aquaculture and cultwigased fisheries practices.

Currently, themajorresearch and development programmes obikission are

CSIRWater Research Institute 1C
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Aquaculturedevelopment,

Environmentalmpact assessment

Monitoring of fish populations in relation to soeezonomic development activities,
Fisheriesenhancement and cultubased fisherieand

Modernisation of Agriculture activites

= =4 =4 -8 A

1.6.4 Groundwater Division

The Groundwater Divisiohas the mandat® generateprocess and disseminate information on the
availability of groundwater, quantity of water to be abstracted for various uses as well as the reliability
and sustainability of its recharge.

Presently the Division onducts research into groundwater resourceShana, provides scientific
information on groundwater resources to governmental anégoeernmental agencies and the
general publicundertakegroundwater monitoring and assessment studies as well as groundwater
database management

The Division thereforadeliverstechnical services on groundwater development issues relating to
geophysical investigation for borehole siting, borehole drilling supervision, pumping test, pump
mechanization, pump repairs (submersible/hamechps), geophysal borehole logging (Geo
logger/sondes), installation of treatment plants on boreholes (reverse osmosis, filters, iron removal
etc.), provision of hydrgeological information, and production of hyetyeological mapsand
geotechnical serviced.ocal and éreign students are also offered trainnetpted togroundwater
development.

1.6.5 Surface Water Division
The mandateof the Surface Water Division is to generate, develop and transfer appropriate
technologies, information and services for sustainabkeldpment, utilization and management of
surface water resources for seeiconomic development.
The specific objectives include:
1 assessment of surface water resources of the country foresmmomic development;
1 assessment of sediment transport byastigrivers and discharges into reservoirs for planning
and management of water resources;
1 development and adaptation of appropriate technologies and water conservation techniques for
water supply to households, communities, farms and industries; and
1 Assesmentof climate change effects and adaptation strategies.

1.7 Branches

The Institute has thrg@) branchesThese are:

1 Themain office is inAccra

1 TamaleBranch officein the Northern Region

1 Aquaculture Research and Development Centre (AROE&)ch at Akosombo in the Eastern
Region

The location otthe main and outstatiortd CSIRWater Research Institute in different parts of the

country is shown in Figure 1.1.

CSIRWater Research Institute 11
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Figure 1.1: Location map showinghe Main and outstations of CSIR-Water Research Institute
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Overview ofmajor activities of the Institute during 28k presenteth this reportWewill be grateful

to receive comments and suggestions on any aspects of our activities report through the
following contact addresses:

The Director, The Director,
CSIRWater Research Institute or CSIRWater Research Institute,
P. O. Box AH 38, P. O. Box M 32,
AchimotaGhana AccraGhana

Telephone (233-302) 775352, 779514, 779515

Fax : (233-302) 777170, 761031

E-mall : info@csirwater.com wricidss@yahoo.com

Website : WWW.CSiFwater.com

CSIRWater Research Institute 13
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2.0 ADMINISTRATION

The Administration Division, in year 2018 provided services and suppatatfy Divisions and
Outstations of the Institute to ensure effective and-ormglanized work environment vital for the
achievement of the objectives of the Institute. The Division also implemented policies, regulations and
rules of the Council and decisi® taken at Management meetings to improve upon staff performance.

2.1 Management

There was no Management Board in place during the 2018 calendar year. However, policies,
regulations and rules of the Council as well as decisions taken at the Interngeliana Committee

(IMC) meetings were implemented. Membership of the IMC can be fouAdpendix I.

2.2  Staff Strength

Staff strength at the end of the year 2018 stood at 203. This was made up of 50 Senior Members, 97
Senior Staff and 56 Junior Staff. Thiet of Senior Members and Senior Staff guodior staff
distribution are presented Appendix II.

2.3 Statistics on Human Resource Activities

The number of appointment, secondment, promotion/upgrading, leave witdnguttransfer,
compulsory retirementermination of appointment, resignation sabbatical leave and death are shown
in Appendix III.

2.4  Human Resources Development

Members of staff had the opportunity to obtain the essential skills and knowledge through local and
international training fothe enhancement of their performance in the Institute and in conformity with
the policy of CSIR to provide relevant training for staff. The statistics are presented in Apfyendix

Shortterm training programmes attended by some staff of the Institute wer
V GOGISGITA Workshop on the Implementation of Section 93 of the Fisheries Acti 625

Fisheries Impact Assessment, Aseda Resort Hotél,110May 2018

V GOGISGITA Workshop on the Implementation of Section 93 of the Fisheries Acti 625
Fisheries ImpacAssessment, Coconut Grove Regency Hotel, 12 June, 2018.

V Ghana Biodiversity Clearing House Mechanism Workshop22Rugust, 2018. National
Biosafety Authority Conference Room, Accra.

V Ghana Biodiversity Clearing House Mechanism Workshogl, @ ®&ctober, 2018. National
Biosafety Authority Conference Room, Accra.

V Workshop on Developing Aquaculture as Part of the Fish for Development Programme, Civil
Service Training School Conference HaB October 2018.

CSIRWater Research Institute 14
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V FutureDAMS waterenergyfood-environment model and software -development
workshop: Part oné water system simulation, 1819 October 2018, CSHSTEPRI, Accra,
Ghana.

V Water Africa & West Africa Building and Construction 2018 Confeeeat Kempensi Gold
Coast Hotel, 187 15" June 2018. Seminar Presenters (Patrick A. Mainoo and Anthony A.
Duah) :Groundwater Exploration in Voltaian Basin in Ghahaandmark

V ThreeDay Workshop on WASH Development collaboration between Desert Rbsear
Institute (DRI), Nevada, Canada and University for Development Studies (UDS) at UDS
International Conference Centre, Tamale, frofi-19" January 2018.

V elearning Course on Wastewater Treatment with the Hydromater for Development
Management Indtite, Italy (May July 2018)

V African Union Inter Africa Bureau for Animal Resources (ABAR) to an expert validation
workshop for harmonised regional cross border fish trade corridor mapping studies in Africa.
12th to 14th December 2018. Naivasha, Kenya.

V African Union InteAfrican Beareau for Animal Resources expert consultative meeting on
harmonisation of methodologies for cross border fish trade corridor mapping in Africa. 3rd to
5th Octobe2018in Naivasha, Kenya.

V African Union InterAfrican Bureau foAnimal Resources meeting of the Task Force on
African Ornamental Fisheries in Rwanda from 18th to 20th July 2018. Kigali, Rwanda.

V African Union InterAfrican Bureau for Animal Resources expert consultative workshop on
formulation of continental stratedgr rational management of Africa Inland Fisheriesm
26th to 29th March 2018 Kampala, Uganda.

2.5 Participation in Scientific Meetings

Some research and technical staff participated in workshops, seminars and conferences held at the
national,regional and international levels during the year. Amongst them were:
1 RECIRCULATE Knowledge Exchange and Engage Engagement Training Workshop

organised by Lancaster University, UK frofi ® 12" January 2018, Accra at both Golden
Tulip Hotel and Lancastadniversity, Ghana.

1 Validation Workshop on Integrated Monitoring of SDG 6. Organised by SDG 6 Technical
Committee on the 12July 2018 at Coconut Grove Regency Hotel, Accra, Ghana.

f AWater in the World We Want: Aredted Sustainalde k f
Development GoalsFinal Workshoporganised by UNUNWEH and hosted by Global
Affairs Canada from 19to 20" September 2018 at Ottawa, Canada.
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l

Launching of Sustainable Development Goals (SDGs) Baseline Report organised by National
Devebpment Planning Commission or" Geptember 2018 at the Accra International
Conference Centre.

39 anniversary of the Sustainable Development Goals (SDGs) in Ghana and launch of Africa
Development Partners Awards. Organised by National Mtakeholder ammittee on the

25" September 2018 at the Accra International Conference Centre.

Workshop on Access to Clean Drinking Water and Sustainable Water Management in Ghana
organised by the delegation of German Industry & Commerce in Ghana on Tue&day 13
November 2018 at Accra City Hotel.

Committee Meetings on International Conference on controlled atmosphere and fumigation in
stored products.

Validation workshop for harmonised regional cross border fish trade corridor mapping studies
in Africa organizedy African Union Inter Africa Bureau for Animal Resources ARAR)

12" to 14" December 2018 Naivasha, Kenya

Consultative meeting on harmonisation of methodologies for cross border fish trade corridor
mapping in Africa organized by African Union Inédrican Beareau for Animal Resource§, 3

to 3" October 2018 in Naasha, Kenya.

African Union InterAfrican Bureau for Animal Resources meeting of the Task Force on
African Ornamental Fisheries in Rwanda fron{'18 20" July 2018. Kigali, Rwanda.

Conslutative workshop on formulation of continental strategy for rational management of
Africa Inland Fisheries in KampaldlgandaOrganized byfrican Union InterAfrican Bureau

for Animal Resources 8o 29" March 2018.

Aquaculture Stakeholders Workshop Genetically Improved farmed tilapia (GIFT)
strain in Ghana, The Rufford Foundation/Virginia Tech/CART 4D 29ctober,

2018, Akosombo.

17" World Lake Conference, 15i 19" October, 2018, Ibaraki, Japan.

Stakeholders Validation workshop on ddfssemination Technical materials on CSIR
Technologies for Modernizing Agric. in Ghana," 24" June, 2018, Koforidua.
Aguaculture Seminar: Optimizing fish farming practices” #ril, 2018, Akosombo.
Workshop on Validation of protocols for inspectiand certification: WARFP/World

Bank/Fisheries Commission, #2lanuary, 2018, Accra.
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1 fElectronic Waste Recycling in Ghana and Interventions to Reduce its Impact on Human

Heal t h and aEthewanrAbiica@leemistry Network Congresgainised by Rogl
Society of Chemistry, UKfrom 6" to 8" November, 2018 in Nairobi, Kenya.

1 Participatory assessment of flocglated disaster prevention and development of an adapted
coping system in Ghana (PARADeS), 13 September 20AECAL Conference room, CSIR
Office Complex, Accra.

1 2018 SWAT workshop/conference and preagohthe paper "SWATbased simulation of
climate change impact on water and sediment inflow to Lake Volta in West Afric&1 17
September 2018, Vrije University, Brussel, Belgium.

1 Mining andthe future of our Water Resources Presentation at the Founders Week of Ghana
Academy of Arts and Sciences-370 No v , 2018 wunder the theme
2018 to 2063, | mpact of Chance: Mi ni ng, De

1 Workshop onSouth AfricaGhana Flagship Project on cyanide and mercury abatement
technologie appropriate for mine effluemtrganized byUniversity of Johannesburg, South
Africa from 258" to 27" July, 2018 at the Department of Applied Chemistry, University of
Johanesburg, South Africa.

T Workshop on fADeveloping a GIlobal Moni tori.
Concentration of Mercuryorganized by the United Nations Environment Programme
(UNEP), 13" to 14" February, 2018 at the Research National Coundilaty- Institute of
Atmospheric Pollution Research (CNR\), Rome, Italy.

f Research Councils U&CRF Global Engagement meetiggst January to 2 February, 2018
in Nairobi.

f Bi-ennial Global Interlaboratory Assessment on Persistent Organic Pollctardsator(4™
Roundi 1L2018-POP) inNovembery 2018.

1 Meetingsof the Hazardous Chemicals Committee at the Environmental Protection Agency,
Ghana.

1 Assessment of floetklated disaster prevention and development of an adapted coping system
in Ghana (PARADeS), 13 September 20Y8ASCAL Conference room, CSIR Office
Complex, Accra.

f United Nations Industrial Development Organization (UNIDO) off 3uly, 2018
representativeorm the CSIRWater Research Institute, as a member of the Technical Working
Group on their Health and Pollution Action Plan (HPAP) Project.
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1 International Conference dWater Africa and West Africa Building & Construction 2018,

held atkempinski Gold Coast Hotel3-15 June, 201§ Pr esent ed a paper o
destruction of Water Bodies by lllegal Small Scale Mining activities in Ghara we on

Cour se?o

1 Town Hall Meetings on the Impact of Galamsey Activities on the Enviemtrmrganized by
the Media Coalition Against Galamsey/ National Commission for Civic Education. Made
presentations at twelve (12) meetings in six (6) regions in 2018

1 ECOWAS Hydromet Forum and DRR Platform;28 September, 2018, Abidjan, Cote
d 6 | v oasanted a pd&per on Transboundary Floods in ECOWAS countries, what should
national and regional basins authorities do to reduce the risks?

1 Two-day Technical Working Group meeting orgasined Ugited Nations Industrial
Devdopment Organization (UNIDQatthe Royal Senchi Hotel at Senchi from 14th and 16th
November, 2018.

1 Two-day Technical Working Group meeting organized Uwited Nations Industrial
Development Organization (UNIDO) at the Royal Senchi Hotel at Senchi on 11th and 12th
October, 201819thard 20th July, 2018.

T Workshop for Ghanadés Minamat a |BEnvironmental As s
Protection Agency (EPA), Ghana a day National ValidatMorkshop heldn the 10th July,
2018 at the La Palm Royal Beach Hotel in Accra.

1 Projectincepp n Meeting on AMitigating the -ghdal th
Middle-l nc o me C o u Jnitedi Masiolhs Itdystrial Development Organization
(UNIDO), Wednesday, 23rd May, 2018 at the Alisa Hotel, Accra

2.6  Membership of Committees and Boards

Staff continued to serve @everakcommittees and boardscluding:

A United Kingdom Research and Innovations Peer Review Cpllege

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

Natural Resources Committeetbé Ghana Environmental Protection Agency

World Aquaculture Soctg Honors and Awards Committee

CSIR Committee omiernational Conference oreRearct&D evelopmernt

> > >

CSIR'WRI Awards Committeg
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A Hazardous Chemicals Committee at the Environmental Protédgjency, Ghana.

>\

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

National Technical Committee of SDG 6

CSIR Water Research Instituteds Intellectua
CSIR Provident Fund Managemerdr@mittee

Investment Advisory Committee (IAC) of the CSIR Provident Fund

Committee for the revision of Rules and Regulations of the CSIR Provident Fund
CSIR Water ReseardProposal Writingnd Internally Generated Fu@ibmmittee

MESTI Representative orhé Technical Experts Su#Bommittee of the MLNR Ad Hoc
Committee on Combating the Activities of lllegal Sradale Mining

Ghana Science Association

Ghana Chemical Society

Ghana Forum for Agricultural Advisory Services and support (GFAASS)
NationalPlanning Committee on World Environmental Day 2017 Celebration
CSIR-Research Staff Associatipn

Ghana National Committee of Intergovernmental Oceanographic CommissionrI(BNC
Advisory Panel of the United Nations Food and Agriculture Organisation

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

Fisheries Advisory Committee of the Bui Power Authority

Natural Resources Committee of the Ghana Environmental Protection Agency

World Aquaculture Society Honors and Awards Committee

MESTI Technical Experts SuBommittee of the MLNR Ad Hoc Committee

CSIRWRI Estate Committee

CSIRWRI Editorial Committeg

CSIRWRI Awards Committee

CSIRWRI Internal Review Committee

CSIRWRI Internally Generated Funds (IGF) Committee

CSIRWRI Transport Committee

CSIRWRI Disciplinary Committep

CSIRWRI ARDEC Annual Publication and brochure committee

CSIRWRI Training Committep

CSIRWRI Internal Management Committee

CSIRWRI Staff WelfareManagement Committee

CSIR Superannuation Management Commijttee

CSIRWRI, Housing & Office Allocation Committee

DD DD DD DD DD DD D>y DD DD DD DD DD D D DD D
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2.7 Employee Relations

2.7.1 Long Service Recognition
The 20B Long Service Awards took place during emidyear party on Wednesday " ®ecember,
2018.Staff whowere honoured for their contributions to the Institute are shown in Table 2.1.

Table 2.1: Long Service Recognition in 2018

No. | Name(s) Years Served
1 Dr. Barnabas A. Amisigo 27
2 Mr. Sampson S. Krodua 29
3 Mr. Sena Niapoma 36
4 Mrs. Esther Asomani 39
5 Ex. W.0.1 David S. N. Kotei 7
6 Mr. Charles Okwaning 34
7 Mr. Alfred A. Ankomah 27
8 Mr. Solomon K. Mensah 28
9 Mr. Daniel Kokloe 31

2.8 National Service and Industrial Attachment

The Institute supported tertiary institutiots train somestudents as part of its corporate social
responsibility and national capacity building activities. The duration of the training prograsns w
eleven (11) months for national service and between four (4) to twelve (12) weeks for industrial
attachment. The details are presented in Appendix V.

2.9  Visitors to the Institute
The underlisted institutions/individuals visited the Institute during/ése 2018:

No. Name/Institution Date of Visit

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

Professor Samuel Nii Odai & Team (Regional Water &
) Environmental Sanitation Center, KumaftWESCK, 29-Jun-2018
KNUST)

Universityfor Development Studies, Faculty of Applied

Sciences ( Department of Applied Biology), Navrongo 08-Feb-2018

CSIRWater Research Institute 20
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A section of Masters Students from KNU&md CSIR Council ChaiDirectors from sister
Institutesvisit.

210 Staff Publications

Scientistproduced several journal and conference papers, technical asidahoical reportsuring
the yeaunder reviewMost d these reports/papers atepositecat t he I nsti tuteds |
materials. The details are given in Appendix VI.

2.11 CSIRSIXTIETH (60") ANNIVERSARY CELEBRATIONS

2.111 Open Day Celebration Presentations 2018
As part of the CSIR® 60 anniversary celebratiomsth the theme; CSIR 60 years of Research with

impact for sustainable developmetiite Institute organizean open day with a sub theme: Quality
Research on Ghanads Water Resources for Poste
and the mass media attend&be time tablefor the presentations presented in Table below:
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Table2.2: Timetble for Open day Presentaions

DATE PRESENTERS/SPEAK DIVISION TOPICS
ERS

19" June Dr. Mike Y. Osei Biomedical and Public | Overview ofthe Division
2018 Atweneboana Health Research Unit
19" June, Dr. Anthony Duah Groundwater Activities & Achievements
2018
19" June, Dr. Emmanuel O. Bekoe | Surface Water Goal, Mandate, Activities and
2018 Major Achievements

19" June, Dr. Ebenezer D.O. Ansa | Environmental Biology | Mission, Research Activities,
2018 & Health Achievements and Future
Activities

19" June, Dr. Francis Amevenku Fishery and Aquaculturg Mandate, Activities,
2018 Achievements and Future
Projections

19" June, Dr. Collins Tay Environmental Mandate, Activities and
2018 Chemistry and Achievements
Sanitation Engineering

75

A grét]p ofstudents affﬁ;’é';'ulfiéhe.'r‘y aha chte stantthe Open\Day Celebration.

o o -
% 3 - s ¢ 3! p;

2.11.2 CSIR SIXTIETH (60™) Anniversary Celebration Fun Games
As part of the CSIR &0 Anniversary celebratia)fun games were organizednd they werdosted

by the Instituteof Industrial ResearchWRI teams took the first position thefootball, Ludo and
Volleyball. Below are some picturdsom the fun games
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2.12. CONSULTANCY AND OTHER SERVICES

2.13.1 Consultancy and Advisory Services

Several onsultancyand advisory services for various donor agencies, corporate bodies, governmental
and norgovernmental organizations, universities and polytechnics, public and private sector
institutions as well as individuaigere carried out by the Institu€he signifi@ant ones included:

U Integrated Community Water, Sanitation and Hygiene improvement Project (ICOWASH,
2018); Hydrogeological investigations for Borehole Siting and Construction of 20 Boreholes
in the West Mamprusi District in the Northern Region of GhargjeBt funded by the Catholic
Relief Services (CRS).

U Siting and Drilling supervision of Six (6) Boreholes in Witimprusi District of the Northern
Region of Ghana under the Catholic Relief Services (GCR#)ded ICOWASH 2018.

U Hydrogeological studies tekect drilling sites for Gentle Giants Co. Ltd at Gomoa Mpota in
the Central Region.

U Drilling, Pumping test and Water Quality analysis of water sample from borehole at Gomoa
Mpota in the Central Region.

U Geophysical survey for borehole siting at Nsakyithe Eastern Region for Gentle Giants
Limited.

U Environmental Consultancy Services: Assessment of the state of Water Bodies affected by
Galamsey activities in 8 regions in Ghana. Consultancy services done for the Media Coalition
againstGalamsey (MCAG) fuded by StasGhana.

U Consultancy Advisory Services for tMedia CoalitionagainstGalamseyProvided research
input on the destruction of Water Bodies and the Environment by lllegal Small Scale Mining
in the Mining Communities throughout the country at Tleevn Hall Meetings organized by
the Coalition. In 2018 Twelve Town Hal/l
Tamale/Tongo in the Northern region, Wechiau and Wa in Upper West Region, Obuasi and
Patriensa in the Ashanti Region, Osino and Kibi in thetéfa Region, Takoradi and Nsuaem
in the Western Region, Talensi and Gbane in the Upper East Region.

U Contributor to Ghana Biodiversity Clearing House Mechanism website (Client: Ghana
Biodiversity Clearing House)

U Trainingassistancgvas giverto tertiary students on attachment. (Clients:diversitiesin

Ghana)

Advisory services to enquirers to the Fishery & Aquaculture Division (Clgameral public)

U0 Surface water ecological studies/monitorif@lient:. Newmont Golden Ridge Limited,
Akyem)

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

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

Physicechemical and Bacteriological Quality Assessment of Boreholes and Tap Water for the

Oyibi Area Water and Sanitation Development Board.

Final Effluent Quality Assessment for Pioneer Food Cannery Limited.

Final Effluent Quality Assessment for PhyRiker (GIHOC Pharmaceuticals).

Potable Water Quality Assessment for Pioneer Food Canneitetim

Water quality assessment of Sansu community in Obuasi (Client: AngloGold Ashanti Ghana

r C

cC: C:

cC-CcC:C:C:
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2.13.3 Training services
The institute, through the technical divisions, individual research and technical staff, offereditraining

capacity building/humamesources developmeattivitiesin various forms to individuals, groups,
nortgovernmental organizations and students of the universities and technical universiges
include

1.

Supervision oPhD (Aquaculture and Environment) Thesisffects of clima¢ change on fish
production in the Volta Lake.

Pond and Tank Fish Farming Training (for 20 farmeid)jnistry of Fisheries and Aquaculture
Development/WARFP Sponsored Training Progrant,i225" May, 2018

Pond and Tank Fish Farming Training (forfa@mers)i Ministry of Fisheries and Aquaculture
Development/WARFP Sponsored Training Progrand, gril i 4" May, 2018

Pond and Tank Fish Farming Training (for 20 farmemg)nistry of Fisheries and Aquaculture
Development/WARFP Sponsored Training Reog, 16" 20" April, 2018

Pond and Tank Fish Farming Training (for 20 farmemg)nistry of Fisheries and Aquaculture
Development/WARFP Sponsored Training Progralfti, 8" March, 2018

Teaching at the CSIR College of Science and Technddghil. Aquaculture Programme in
Fish Nutrition and Fish Feeds

Selection and Management of fidiets @ training sessions for selected tilapia and catfish
farmers in Ghana, with an average of 16 participants per session).

Supervision of mini projects of studiefrom University of Ghana, Legon, and another from
Kwame Nkrumah University of Science and Technology, Kumasi during their Industrial
Attachment at ARDEC, Akosomb8ome of these Superary rolesinclude:

Supervisor of Laboratory services for PhD candidate for the University of Western Ontario,
Canada on t he T ocsmpallscaletnihihgeon watephadesd and tfeatment in
Ghanabo

Mr. Albert Elikplim Agbenorhevi, MSc studentnstitute of Water and Energy Sciences
(Including Climate Change), Pan African Universithesis:Impact of Climate Change on
Groundwater Resources of the Atankwidi Basin in Ghana, West Africa

Mr. Frank Owusu Adjei, PhD student, Kwame Nkrumah University Science and
Technol ogRemotd $epsBased Evapiptranspiration for hydrological modelling in
t he Densu ;Bigoing.r Basi no
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iv.  Mr. Isaac Larbi, PhD student of the Climate Change and Water Resources programme,
University of AbomeyCavali, Benin. h e s i s : NfAssessment of envi
on groundwater recharge in the White Volta

v. Mr. Eugene Ansah, PhD student at the Chemistry Department, Kwame Nkrumah University
of Science and Technology, Kumasi, Ghahd e s i s : AHeavy metals an
and soil/sediment from the informal economic sector of Ghana: distribution, transport,
model |l ing and risk assessmento; ongoing.

vi.  Examination of PhD thesis of Ms. Christine Okae Asare, Candidate in the Depadimen
Environment al Science, and University of
Measuring Sustainability in the Development Planning Process: The use of Strategic
Environment al Assessment as a Tool i n Ghan

vii. A semestetong supervision o& mini project work of a student from the University of Energy
and Natural Resources, Sunyani.

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

iX.  Appointmentas a Technical Advisor and €8upervisor to Mr. Iddrisu Bukari, a Master of
Public Health Student of School of Public Health (UHAS) on a Research Work entitled
AMIi crobi al Contamination of Sachet Water a
Hohoe Munipality of Ghanao
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SENIOR MEMBERS OF THE CSIR-WATER RESEARCH INSTITUTE (CSIR-WRI)

AR |
10N

\ ) Sl

Dr. Kwabena KankanrYeboah
(Chief Research Scientist/
Deputy Director / Acting

Director)

Dr. Isaac O. A. Hodgson
(Chief Research Scientisdtlead
of EnvironmentalChemistry and

Sanitation Engineering

i

Division)

Dr. Mike Yaw Osei
Atweneboana
(Principal Research Scientist
Head of Environmental
Biology and Health Division)

Dr. William A. Agyekum
(Principal Research Scientist

A\

Dr. Anthony Y. Karikari
(PrincipalResearch Scientist)

Dr. Collins Tay
(Principal Research Scientist

Dr. Kwadwo A. Asante
(Principal Research Scientist

Dr. Ebenezer O. Ansa
(Principal Research Scientist

Dr. Barnabas A. Amisigo
(Principal Research Scientist
Head of Surface Water

Division))
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Dr. Francis Amevenku Dr. Seth K. Agyakwah Dr. Anthony A. Duah
(Research Scientist/ (Senior Research Scientist/
Head of Groundwater Divisior,

(Senior Research Scientist/
Head of Fishery and OIC-ARDEC)
Aquaculture Division)

s

B
3t

N
3
Mrs. Charity Offei Mensah Dr. Felix Akpabey Dr. mmanel Obeng Bekog
(Senio Accountant/ Head of (Senior Research Scientist/ | (Senior Research Scientist)
Finance Division) OIC-Tamale)

\' 'r":"\.a / [: -
Dr. Ruby Asmah Dr. Gloria Naa Dzama Addico Mr. Mark Osa Akrong
(Senior Research Scientist) (Senior Research Scientist)| (Senior Research Scientist)
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Mr. Theodore Quarcoopome
(Senior Research Scientist)

Dr. George T. Mensah

Mrs. Marian A. Jiagge
(Senior Librarian)

_‘

(Research Scientist)

L

Dr. Frederick Amt—NIensah

Dr. Emmanuel Obuobie
(Senior Research Scientist)

Mr. Humphrey F. Darko
(Senior Research Scientist)

(Senior Research Scientist)

-~

Mrs. Regina Banu

(Research Scientist)

Mr. Michael Kumi
(SeniorResearch Scientist)

Mrs. Marian AmuMensah
(Researclscientist)

»
-y

Mr. Etornyo Agbeko
(Research Scientist)

Dr. Francis A. Anani
(Research Scientist)

- Ms. Saada Mohammed
(Research Scientist)
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Mr. Emmanuel Tetteldoku Mensah Mrs. Claudia Bentum Mr. Solomon A. Owiredu
(Administrative Officer) | (Research Scientist)

Mr. Gerard Quarcoo Mr. Collins Okra Mr. Patrick A. Mainoo
(Research Scientist) (Senior Research Scientist (Research Scientist)

Mr. Edward Jenner Tettevi Mrs. ZitaNaangmenyele Mr. Evans Manu
(Research Scientist) Abuntori (Research Scientist)
(Research Scientist)
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Mr. Fred Logah

Mrs. Debaa Darko
(Research Scientist)

Mr. Carl forFAgyeman
(Research Scientist)

(Senior Research Scientist)
P — - o -: :

Mr. OseitMensah Kwame
(Accountant)

Dr Samuel Armoo
(Research Scientist)

Mr. Benson Kwabena Owusu
(ScientificSecretary

> I

Dr. Franklin Obiri- Nyarko
(Research Scientist)

Mr. William Ekow Arko
|(Research Scientist)

Michael orleku
(Research Scientist
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3.0 RESEARCH AND DEVELOPMENT ACTIVITIES

3.1 FOOD SECURITY AND POVERTY REDUCTION

3. 1.1 FISHERIES AND AQUACULTURE

3.1.1.1Effect of varying dietary crude protein levels on lengthweight relationship and
condition factor of Nile tilapia, oreochromisniloticus fingerlings

(ProjectStaff: Anani,F. A., Tornyeviadzi, E. N. and Akpakli, B. K.

For growout production of farmed fish, it is essential that healthy and well conditioned fingerlings
are stocked. Production of good quality fingerlings would among other factors depend on quality of
fry to be nursed and the diet they are fed with. Thidyswas carried out to investigate the effect of
varying dietary crude protein levels (30.0, 33.0, 38.0 and 40.0%) on Jemgght relationship and
condition factor of Nile tilapiagreochromisniloticugingerlings produced in haga-pond system till

the fish in any dietary treatment and all its replicates attained a mean weight of at least 5.0 g. The
results obtained showed negative allometric growth of fingerlings in all the dietary treatments with
regression coefficienh values (2.98, 2.82, 2.62 aBB9 respectively) < 3.00he results are shown

in Table 1.1 below

Table 1.1: Shows results from the allometric growth of fingerlings

Parameters Minimum Maximum Mean (£ SD)
Temperature, °C 27.2 334 30.4+ 0.2

pH 5.61 7.20 6.38+0.28
DO, mg L! 3.7 8.8 6.3+1.2
Nitrite, mg Lt 0.011 0.016 0.010 + 0.003
Total ammonia, mg L 0.42 0.67 0.53+ 0.07

1

Total alkalinity, mg L 710 89.0 83006

1

Strong correlations?(0.97, 0.89, 0.89 and 97) were observed between the lengths and weights of the
fingerlings.The computed condition fact&ryvalues forO. niloticusin the various dietary treatments
were 2.05, 2.77, 3.94 and 2.38 for dietary crude protein levels 30.0383&nd 40.0% respectively.
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Findings from this study indicated that crude protein level of a diet did not appear to have any effect
on the lengthweight relationship and condition factor @.niloticus fingerlings as there was no
definite trend in comytedb andK values for the various dietary protein levels. Since the valulés of
were greater than 1.00, it suggeStaiiloticusfingerlings produced using diets of crude protein levels
30.0, 33.0, 38.0 and 40.0% were in good condition and the fishswigable for growout production.

The lengthweight relationship are shown in figure 3.1.1, 3.1.2, 3.1.3, 3.1.4.

1.2 _ 1.2
Log W = -4.705+ 2.983Llog TL Log W = - 4.048 + 2.621Log TL
1 - R2=0.973 1 R? =0.872
— o8 | N =109 ®os N=117
g o
B 0.6 - ‘@ 0.6
g = *
0.4 - &
£ S 0.4
- p2 | 0.2
0 . g 0 T T T T 1
02 ¢ 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 25
Log total length (cm) Log total length (cm)

Figure 3.11Scatter diagram showing lengifeight
relationship ofO. niloticus

Figure 3.12 Scatter diagram showing lengtveight
relationship ofO. niloticus

fingerlingsfedwith 30.0% cruderotein diet fingerlings £dwith 33.0% crude protein diet

27 LogW =-4.048+2.621LogTL 515
ogW=-4, +2. og S
17 R2=0.872 = Log
Hog | N=117 > 1
5 =
%,, 0.6 * o 0.5
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Log total length (cm)

Figure 3.14 Scatter diagram showing lengtveight
relationship ofO. niloticus
fingerlings £dwith 40.0% crude protein diet

Figure 3.1.3Scatter diagram showing lengtfeight
relationship ofO. niloticus
fingerlings Bdwith 38.0% crude protein diet
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Tablel.2Descriptive statistics and lengthweight relationship parameters ofO. niloticus fed with diets
containing varying crude protein levels

Wet Weight (g) Total Length (cm)
CP of N Mean+ Min-Max Mean+  Min- a b R?
diet (%) SD SD Max
30.0 109 4.7+19 1.010.8 6.2+ 3.7-8.3 -4.71 2.98 0.97

33.0 102 5.2+21 13122 6.4+ 4.1-8.6 -4.41 2.82 0.89

0.85

38.0 117 45+19 15119 6.1+ 3.7-8.4 -4.05 2.62 0.89

0.87

40.0 109 55+22 2.7.15.7 6.6% 5.1-9.5 -4.54 2.89 0.97

0.97

Hence, any of the diets could be used to n@seaniloticus fry for its fingerling and food fish
production.Keywords:Condition factor, dietary crude protein levels, hapapond system, lengiiveight

relationship, Nile tilapia fingerlings

3.1.1.2Effect of keepingl 7-tdethyl Testosterone Hormonal Feeds at Diffent Ambient
Temperatures on Mono Sex Male Tilapia Fingerling Production

(Project Staff Anani, F. A., Tornyeviadzi, E. NAtsakpo, P and Agyapong, C.)

Early expansion of tilapia culture was limited because tilapia sexually matures at an early age, which
results in overcrowding in the culture system and in stunted growth. Methods for culturing exclusively
mono sex male tilapia have been developed to addhese problems and so far the commonest of
these is by treating fry with a male hormone, such as methyl testosterone (MT) or ethyl testosterone

(ET) before the primal gonadal cells of females are differentiated into ovarian fisésistudy was
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carried out t o det er mi ne -nethyktesmdteforechbormand! feddeat gifiereny 1

ambient temperatures on mono sex male tilapia fingerling production.The hormonal feeds with 60 mg
kgt of 40% crude protein commercial feed were kept separatelyefrigerator, in a room and in the
field/sun throughout the fry treatment period. SwimNile tilapia fry with an initial mean weight of

0.03 = 0.00 g were stocked in 12 net hapas each of dimensions 1 x 1 x 1 m at 1 500 fry per hapa. The
Fry in the haas were randomly put into 4 groups, each consisting of 3 hapas. Fry in the first 3 groups
were separately fed with each feed type whilst the last group was fed witkhamoonal feed at 20%

of their body weights at a twioour time interval for 28 succase days. The treated and the control

fry were transferred to 12 larger (5 x 2 x 1.2 m) hapas and the fry were fed witkhamaoonal feed
atadlibtumunt il they attain the sizes O 20 g for s
°C) had he highest (92.49 % 0.42%) proportion of males, whilst that of the room had the least (90.24
+ 2.01%). However, no significant differences (ANOVZ; 0.05) were found among treatments. The
proportion of males recorded in the hormonal treated feedsweré sigi cant |l y hi gher
P< .05) than that (64.90 + 3.32%) of the ARoro r mo n a | . H e nnoethyl tedostprone g 1
hormonal feeds at different ambient temperatures did not have effect on mono sex male tilapia
fingerling production Thestudy shaved the following results:

Storage of Hormonal Feeds

The temperature of the refrigerator was maintained°@t #throughout the feed storage period during

the study. However, recorded temperatures in the room (RHF) and in the field/sun (SHF) varied
througlout the study period. The minimum values recorded were 25.5 and 23.7 °C for room and field

respectively whilst the maximum values were 36.1 and 40.7 °C respectively (T3ble 1

Table 1.3 Minimum, maximum and mean values (+ Standard Deviation) of the ambient
temperatures (°C) recorded in the room and in the field/sun during the 28 days of hormonal
feeding to Nile tilapia fry

1 Location T Minimum 1 Maximum 1 Mean (£
SD)
1 Room 1 255 1 36.1 1 304x24
(RHF)
1 Field/Sun 1 237 1 40.7 1 29.2+1.9
(SHF)
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Water Quality Parameters

The minimum, maximum and mean values (x Standard Deviation) of water quality parameters
recorded during the feeding of the mixed €exiloticusfry with the hormonal and the ndrormonal

feeds are shown in Table4 Temperature ranged from 27.9 to 33.8 °C, pH ranged from 5.73 to 7.00,
DO ranged from 3.5 to 8.5 mg*LNitrite ranged from 0.012 to 0.018 mgf LTotal Ammonia ranged

from 0.44 to 63 mg L'* and Alkalinity from 73.0 to 87.0. The mean values were 31.2 + 0.03, 6.41 +
0.33, 6.3 = 1.6, 0.010 = 0.002, 0.50 = 0.04 and 81.0 + 0.4 for Temperature, pH, DO, Nitrite, Total
Ammonia and Alkalinity respectively. There were no significant diffeeanPANOVA, P> 0.05)

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

Table .14 Minimum, maximum and mean values (+ Standard Deviation, SD) of the water quality
parameters recorded in the various hormonal feed treatmeirtg the 28 days dkeeding to Nile
tilapia fry

Parameter Minimum Maximum Mean (+ SD)
Temperature, °C 27.9 33.8 31.2+0.3

pH 5.73 7.00 6.41 +0.33
DO, mg L 35 8.5 6.3+1.6
Nitrite, mg L -t 0.012 0.018 0.010 + 0.002
‘lrotal ammonia, mg L 0.44 0.63 0.50+0.04
]’otal alkalinity, mgL- 73.0 87.0 81.0+04

Growth Performance and Feedtilizations of Nile Tilapia Fry

The growth performance of mixed sex Nile tilapia fry fed with both the-hwmonal and the
hormonal feeds in terms of final mean weights, mean weight gains, specific growth rates, feed intake,
feed conversion ratios, feed efficiency and survival ratestaren in Tablel.5. The recorded values

for each parameter among the treatments were similar and there were no significant differences
(ANOVA, p> 0.05) among them. Final mean weights ranged from 0.28 to 0.30 g, mean weight gain
ranged from 0.25 to 0.27 gpecific growth rate was the same (0.08 % Jay all treatments, feed

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

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

and in the Sun (SHF) for 28 days

Parameter Feeds

NHF RHF RHM FHD
Initial Mean Weight (Q) 0.03+£ 0.0 0.03+ 0.0 0.03+ 0.0 0.03+ 0.0
Final Mean Weight (g) 029+00 029+0.0 028+0.0 0.30+0.0
Mean Weight Gain (g) 026+0.2 026+01 025+01  0.27+0.3
Specific Growth Rate (% 0.08+0.0 0.08+0.0 0.08%0.0 0.08 £ 0.0
day™)
Feed Intake (g fish') 02901 0.31x0.1 0.28+0.2 0.30x0.1
Feed Conversion Ratio 1.1+0.1 1.2+0.2 1.1+£0.2 1.1+0.2
Feed Efficiency (%) 90.9+0.1 833+0.1 909+0.1 90.9%0.1
Survival Rate (%) 714 + 72.8+139 70.6x+104 73.2x7.2

11.2

At the end of the 28 days of feeding with the feeds to the fry, the recorded mean weights were 0.29,
0.29, 0.28 and 0.30 g for the rbormonal feed (NHF), hormonal feed stored in the refrigerator (FHF),

in the room (RHF) and in the field/sun (SHF) respety (Figure3.1.5).

Number of Days

0.2

® SHF = RHF m FHF m NHF

0.3
Mean Body Weight Gain (g)

0.4
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Figure 3.1.5Growth performance of mixed sex Nile tilapigy fed with norhormonal feed (NHF)

and hormonafeeds kept separately in a Refrigerator (FHF), in a Room (RHF) and in the Field/Sun
(SHF) for 28days

Sex Ratio of Nile Tilapia

The results of the study indicated that the proportion (90.24 to 92.49%) of males in the hormonal
treated groups devi at e dO5)sfrongthat (64.90%) ofthe rydrorfndnalk e y 6
treated group. However, there was no significant differences (AN@¥A).05) among percentage

of males obtained from the hormonal treatments in which the feeds were kept at different ambient
temperatures, namein a refrigerator, in a room and in the field/sun (TaBeThe percentage of

males and females is graphically shown in Figlife5

f Table1.6 Percentagex Standard deviation, S[d) males observed in each treatment

! Treatment T Number of Fish 1 Percentage Males *
Examined SD
1 Refrigerator 7 858 T 92.49+0.42
1 Room 1 1640 1 90.24 +2.0%
1 Field/Sun 1 1149 T 91.34+0.9%
T Non-Hormonal 1 1266 T 64.90 + 3.32

1 *Represents the total number of fish which survived duringptb&t hormonal treatment
nursing of fry inhapas
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® MALES = FEMALES
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Figure 3.1.6 Percentage of males and females Nile tilapia obtained following feeding the fry with
northormonal feed (NHF) and hormorfakds kept separately in a Refrigerator (FHF), in a Room
(RHF) and in the Field/Sun (SHF) for 88ys

In the study, the hormonal feed kept in the refrigerator had the highest (92.49 + 0.42%) proportion of
males, whilst that of the room had the least (90.24 + 2.01%). However, no significant differences
(ANOVA, p> 0.05) were found among treatments. The pridgo of males recorded in the hormonal
treated feeds wer e si g npk@.05)chamtiat (64.90+i3.8290¢af the(hdnu k e
hormonal feed. Hencekeeping 1 7-tdethyl testosterone hormonal feeds at different ambient
temperatures did not hae#fect on mono sex mateapia fingerling production.

Keywords: Ambient temperature, hormonal feed, mono sex male tilapiahmom mo n a | -nfetayé d , 1
testosterone, tilapia fingerling

3.1.1.3Economic Performance of Commercial Tilapia Diets withvarying Crude Protein
Levels in Nile Tilapia (Oreochromis niloticu$ Fingerling Production in Ghana

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

For economical tilapia fingerling production, the use of appropriate diet in tdrowsiband crude
protein level is inevitableThe economic performance of the most used brand of commercial tilapia
diet in Ghana with varyin¢30.0, 33.0, 38.0 and 40.0%)ude proteirlevels;designated, B, C and

D respectivelyin Nile tilapia Oreochramisniloticug fingerling productionn hapain-pond system

was investigated for 9 weekBhe protein and lipid contents of the diets as declared by the producer
were compared with analyzed valuAsstocking density of 50 fry ri with initial mean weigh©.03

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

30.6, 32.8, 36.5 and 38.1 fér B, C andD respectively whilst those of lipids were 2.2, 2.5, 3.5 and
3.4% as against 5.0, 6.0, 6.0 and 7.0% respectikghin the various dietary treatments attained final
mean weights 4.69 + 1.§25.21 + 2.1, 4.42 + 1.94, and 5.47 + 2.1§for dietsA, B, C andD
respectively, with values fdandDbei ng signi ficant | F<0lO9).Pletdr (T
recorded the highest profitability index and benefit cost ratio and also the least investment cost analysis
and incidence cost. Hence, the 30.0% crudeepn level of the studied commercial tilapia diets is
recommended for Nile tilapia fingerling productidre study showed the following results:
Comparison between the Declared and the Analyzed Crude Protein and Lipid Contents of the Diets
The declared antthe analyzed crude protein and lipid contents of the various diets are shown in Table
1. The values for chemical analyses of the crude protein contents of three of thB,dieted D)

showed negative deviations from their expected values. The meatialewas 2.8 + 1.9 with di€&

(40.0% CP) showing the highest 8%) deviation whilst dieB (33.0% CP) showed the leagd.6%).

The analyzed lipid values (2.2 to 3.5%) in all the diets were lower than the declared values (5.0 to
7.0%), with a mean deviation of 51.85 * 7.35%. The gross energy contents of the diets were similar
and the values rged from 15.93 to 16.46 kJ'g

Table .1.7: Percentage deviations of the observed from the expected crude protein and lipid contents,
gross energy and prices per kilogramme of the various commercial tilapia diets

Parameter Attribute Diet
A(30.0%) B(33.0%) C(38.0%) D (40.0%)
Declared 30.0 33.0 38.0 40.0
Crude protein (%) Analyzed 30.6 32.8 36.5 38.1
Deviation +2.0 -0.6 -3.9 -4.8
Declared 5.0 6.0 6.0 7.0
Crude lipid (%) Analyzed 2.2 2.5 3.5 3.4
Deviation -56.0 -58.3 -41.7 -51.4
Gross energy(kJ g?) 15.98 15.93 16.32 16.46
Price (GHS kg?) 3.75 3.85 4.30 5.50

A unit (1 kg) cost of the diets ranged fraah ¢3.75 toGh ¢5.50 with the least protein content diet,
A (30.0% CP) being least expensive whilst that of the highest protein cddtéf,0% CP) being
most expensive. The current prices are highly unstable as they are affected by the exchange of the

local currency to the USA dollar.

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

recorded during the feeding of t&e niloticusfry with the various crude protein level diets are shown

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

3.7 to 8.8 mg L, Nitrite ranged from 0.011 to 0.016 mg,LTotal Ammonia ranged from 0.42 to 0.67

mg L and Alkalinity from 71.0 to 89.0. The mean values were 30.4 £0,@38 + 0.28, 6.3 + 1.2,

0.010 + 0.003, 0.58g L* + 0.07 and 83.0 + OrBg L* for Temperature, pH, DO, Nitrite, Total
Ammonia and Alkalinity respectively. There were no significant differences (ANQYAO0.05)

among measured water quality parameters within and among the various treatmentszerdgbad

water. The expected impact of uneaten diet and waste from fish excreta caused no any noticeable
water deterioration during the study. Hence, dietary treatments did not impact negatively on the quality
of water in the culture systems as valuesoled were comparable Wwithose of the open pond water.

The results is shown in Table 1.8

Table 1.8 Minimum, maximum and mean values (+ Standard Deviation, SD) of the water quality
parameters recorded in the various crude protein treatments during the nursing of Nile tilapia fry

Parameter Minimum Maximum Mean (+ SD)
Temperature, °C 27.2 33.4 30.4 +0.2

pH 5.61 7.20 6.38 £ 0.28
DO, mg L? 3.7 8.8 6.3+1.2
Nitrite, mg L ! 0.011 0.016 0.010 £ 0.003
Total ammonia, mg 0.42 0.67 0.53 £ 0.07
L-l

Total alkalinity, mg 71.0 89.0 83.0+0.6
L-l

Growth Performance of O. Niloticus Fry based on Dietatyude Protein Levels

The target mean weight of O 5.0 g wasB@30ai ne ¢
CP) andD (40.0% CP) diets recorded mean values greater than 5.0 g whilst thaga®m0% CP)

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

in all dietary treatments. However, growth peaked after the fourth week in all the treatments, but
highest in fry fed with dietB andD till the ninth week. Fry fed with recorded the highest final mean
weight of 5.47 g whilst those fed withgave the least of 4.42 g at the end of the feeding trials.
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Figure 3.1.7.Growthperformance of Nile tilapia fry fed with a commercial diet of 4 different crude
protein levels for Qveeks

The growth performance of ti@ niloticusfry fed with the different crude protein level diets is shown
inTablel.8 The results showed that the final me an
HSDT, p< 0.05) in dietd andD. Highest (544 g) mean weight gain was recorded in fingerlings fed
with diet D whilst the least (4.39 g) was recorded in those fed withGlidthere were no significant
differences (ANOVA,p> 0.05) in feed intake, specific growth rate, mean daily weight gain, feed

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

Table 1.8 Growthperformance oO. niloticusfry fed with commercial tilapia diets of varying crude
protein contents for 9 weeks

Parameter Diet
A(30% CP) B(33%CP) C(38%CP) D (40% CP)
Initial mean weight (g) 0.03+0.00 0.03+0.006 0.03+0.00 0.03+0.00
Final mean weight (g) 469+192 521+21% 4.42 +1.94 5.47 +2.19
Mean weight gain (g) 466+1.92 518+21% 439+1.942 544 +2.19
Feedintake (g) 17.65+6.49 18.04+242 1561+229 17.53+1.60

Specific growth rate (% day?) 8.04 £0.17 8.19+0.18 8.19+0.18 8.26 +0.1%
Mean daily weight gain (g day 0.08+0.0% 0.08+0.0% 0.07+0.0% 0.09+0.0¢

Y

Feed conversion ratio 3.79£0.99 3.48+£0.17 3.56+0.1% 3.22+0.28
Survival rate (%) 72.67 £ 20.03 68.00+4.06 78.67 £19.63 72.67 +5.03
Harvested biomass (g) 170.2 +£39.55 177.07+5.72 173.53+29.50 198.73 + 0.48

Values are means * standard deviations of three replicates. Means within the same row with
di fferent superscripts areps00gni ficantly

Economic Performance
Generally, there were no significant differences (ANOMW; 0.05) in computed economic
performance parameters among dietary crude protein levels (Table 4). The costs of the various diets

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

(ICA) values ranged from GHS 4.71 to 5.61 whilst Incidence cost ranged from 13.90 to 15.80 with
the least values in both indices occurring in #i€80.0% CP). The profit index valuesnged from

3.14 to 4.75 whilst that of benefit cost ratio was 1.74 to 2.12; with the highest values in each case
occurring in fingerlings produced using digt For profitability of aquaculture investment, it is
important to use economically viable figliets. Investment cost analysis (ICA) was highest (GHS
5.61) in fry fed with dieD. Although there was no significant differences (ANO\p%,0.05) among

dietary crude protein levels, the use of dievas more economical than any of the other oBe€(

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

Table 1.9: Economic analysis of varying crude protein diet©ofochromis niloticugry.
Parameter Diet
A (30.0%) B (33.0%) C (38.0%) D (40.0%)
Investment Cost Analysis 4.71+0.56  5.22+0.21 5.24+0.45 5.61+0.24
(GHS)
Net Production Value (GHS) 9.75+2.69  9.13+0.54  10.55+2.62 9.76+0.67

Gross Profit  (GHS) 5.04+£3.18  3.91+0.75 5.31+2.25 4.14+0.68
Profit Index 4.75+2.07  3.38+0.46 3.83+0.56 3.14+0.29
Incidence Cost (GHS kgd') 13.90+6.62 15.33+0.72 15.80+0.50 15.67+1.24
Benefit Cost Ratio 2.12+0.75  1.75%0.17 2.00+0.38 1.74+0.13

Values are means = standard deviations of three replicates. There were no significant differences,
0.05 amonall parameters

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

l evels 33.0 and 40. 0% attained the targeted meg
period, the use of the 30.0%sude protein level of the commercial diet to produce Nile tilapia
fingerlings is recommended as it gave the best economic performance in terms of production cost and
profitability.

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

fry, varying crude protein levels.
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3.1.1.4 Assessmenbf Fish Fauna, SocieEconomicsand Water Quality of Dawhenya
Reservoir

(Project Staff: Ruby Asmah, Francis Amevenku, Anthony Karikari, &med E., Daniel Amoah, Serapis
Appiah, Acheampong Addo, Bright Awunor)

(Collaborating Institutions Department of Biosciences, Aarhus University, Denjnark

Dams and eservoirs ardundamental requirements for the seeimnomic development of many
nations In view of their importance, the Government of Ghana has come out withwallage-one

dam policy. Information generated from this study will support thevidtage-onedam agenda as

well as provide the basis for sustainable management of the DawResgevoir and invariably other
reservoirs in Ghana for sustainable semionomic development. The Dawhenya Reservoir was
purposely created for irrigation, though now supports fisheries. Alhassan (2011) identified 12 fish
species belonging to 8 generatlie Dawhenya Reservoir out of which 7 genera were fin fish while
one genus was a shell fish. Despite its relatively long existence, very little information is available on
its current fish and fisheries, water quality, ecology and secomomics of the Dr@éhenya Reservoir.

The Objectives of the projecttis determine the status of fish and fisheries of the Dawhenya Reservoir,
determine the water quality trends of the Dawhenya Reservoir and to determine thecenoimic
status of fishers in riparian conumties of Dawhenya Reservoir

Dawhenya Reservoir (Fig3.1.8) was constructed between 1975 and 1978 by damming River
Dechidaw purposely for irrigation. The Dawhenya Reservoir is located within latitd@48Ns and

6°0C°N and longitudes0°W and §05°E in the NingePrampram District. The Dawhenya Reservoir

has a total irrigable area 450 hawith 200 ha so far developeaid a capacity of 5.8 minAt the time

of construction, the reservoir had a mean depth of 5.4 m within a 506akchment area &rely

within the Accra Plains (IDA, 1992). The vegetation is coastal savanna with mean annual rainfall of
737 mm. The reservoir is bounded in the North by the Akuapem mountains which extends northeast
to southwest and in the South by the Ae8fao road.In the East, it shares boundaries with the Volta
Basin and in the West with the Densu Basin. Reconnaissance survey was conducted during which
sampling points and hired labour was identified.
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Fig. 3.1.8 Map of Dawhenya Reseir showing samplingtations
Water quality sampling and method of data analysis

The three sites where fish sampling took place were also sampled for water quality assessment (Fig
3.1.8. The depth of the water at each site was determined using an echo sounder. Water samples w
collected from the surface and bottom using a Van Dorn water sampler. The samples were transferred
into precleaned IL Nalgene sample bottles, preserved on ice and transported to laboratory for
analyses. Both physical and chemical parameters wererile¢el. The depth profiles of the physical
parameters namely pH, water temperature, turbidity, conductivity, chloreptayid salinity were
measured isitu using the EXO 1l sonde. Dissolved oxygen was measured at 1m interval using the
YSI DO meter. The mar ions and nutrients were determined according to methods described in the
standard methods for the examination of water and waste water (APHA 2001).

Fish sampling and data collection

The Dawhenya Reservoir was divided into 3 sampling stations namelynadar (upstream),
Abbeykorpe (midstream) and Dam site (downstream) for the purpose of effective sampling.
Multifilament (12.57 40.0 mm) and monofilament (38i1177.8 mm) gill nets of laterally stretched

mesh sizes were deployed in monthly sampling si.fiAt the end of each sampling session each
individual fish was identified using keys by Pawgyal (2003a, b) and Dankwet al (1999), sorted

into species, weighed and measured for standard length and total length. The catch of local fishermen
was obsrved to agment experimental catch data.

Methods of fish data analysis

The fish species composition of the fish community is determined based on the identification of each
fish in each monthly sample. The importance of each species in the fish combuthity terms of
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number and weightveremeasuredy the relative abundance which is determined by computing the
percentage composition of each species with respect to the total sample.

Based on length measurements of major fish species, the length fregistnbution (LFD) which
describes the population structure is determined by computing the number of fish in each length group
and presenting it graphically as relative frequency (%) against total length (cm).

Lengthweight relationship (LWR) describése relationship between length and weight as well as the
growth pattern for each species using the equation W gRiatker, 1975) where W is the weight (g),
L is the total | en@tam 80 cdany wheéehi nher ceppe) ands

respectively. The correlation coefficient oOr6é6
relatiorship between length and weight.

Condition factor describes the wéleing of fish populations and the suitability of their aquatic
environments for growth based on the formula K= W x 1®0Fesch, 1971) where K is the condition
factor; W is weight in grammes; and L is the total length in centimetres.

Based on fish catch and effort, the catch per unit effort (CPUE), computed inclenusber and
weight of fish per 100 mnet per night, is used as an index of fish stock abundance based on the
relationship CPUE = W 100/L n d (Lévéqeteal, 1988) where W is weight (g) of fish, L is standard
length (mm), n is number of days of samplamy d is depth of net (m). The mean CPUE in terms of
weight and number is corated and presented graphically.

Based on fish feeding habits, trophic groups and their relative abundance in terms of number and
weight as percentage composition in relatiothestotal samplethe Forage/Carnivore (F/C) ratio is

used to establish the state of ecological balance of the fish community based on the ratio of forage fish
to piscivorous fishn terms of number and weight.

The potential fish yield (PFY) is computed a3 estimate of the weight of fish the reservoir can
potentially produce in kilogrammes per hectare or tonnes per annum using the-eaapha index
(MEI). MEI is computed in uS crhby dividing mean conductivity by mean depth (Ryeleal, 1974).
The mtential fish yield is obtained using the relationship: Y = 14.16 W (Henderson &
Welcomme, 1974) where Y is the potential fish yield in kg.Hésh yield in t y* is obtained by
multiplying by the area of the rexvoir and converting to tons.

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

i) ShannorlWe i ner di ver sity i nedexPi( Hoogg eKiprwlserea Riis:
individuals in thath species (Dahlberg &dum, 1970).

il) Species richness (D) computed using the formula: D-£)($g N (Margalef, 1968)

where S is the number of species in the sample and N is the total number of individuals.
iii) Species evenness (J) c@mel@ulee®)d using the
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where HO is the diversity index and S is the

Socioeconomics assessment sampling design/methodology

Socioeconomic survey of fishers to determine the seconomic status of fishers will be conducted

using mixed methodgvolving both primary and secondary data. Primary data sources include
information from fishers, fish sellers and processors, and opinion leaders while secondary data sources
include Dawhenya community, literature review, observations, and interviews.

Data on individual households foadthe basic unit of data collection and analysis for the study. The
community, however, as also be considered since public services, systems of social sharing and the
general environment of the community affect the weltdradividual households.

The primary data focesl on variables such as occupational structure, family size and age structure,
cash and nogash incomes, consumption expenditure, education, house and other consumer durables
while secondary data consstof public services and social amenities. To determine what form
interventions should take and what factors will account for income differences among fishing
households and between themselves and other-socimmic groups, primary data covering
ownershipof factors of production, ownership of boat, engine and fishing gear as well as fishing and
nonfishing incomewerecollected For fishing incomes, dataas be collected on fish prices, quantity

and weight of fish caught, quantity and cost of purchasethfy input as well as quantity and cost of
owned inputs.

The following are Preliminary results sofar:
Water quality assessment

During the sampling perioithe Dawhenya Reservoir water depth ranged from 2.8 m at site 1 t0 3.3 m
at site 3 (mean of 3.05 niJhe pH of the water was about neutral and remained fairly stable ranging
from 6.99 to 7.21 (Table.10). At all the three sites, the pH of the bottom water was only slightly
higher than that at the surface. The water temperature ranged from 23.6 ©. Zh& feservoir water

is fairly well oxygenated with DO concentrations ranging from 5.4 to 5.7'ragthe surface and 3.66

to 4.97 mg T at the bottom. Both conductivity and TDS were very low and typical of values expected
for freshwater. Turbidity ofhe water was also low.

The levels of nutrients in the reservoir were genetally (Table 1.10) Nitrite concentrations were

the least ranging from 0.010 to 0.018 m§ Df the various nutrients, ammonia concentrations were
the highest with values raimg) from 0.21 to 0.32 mgL. Phosphorus is a limiting nutrient for primary
production in most tropical waters. The concentrations in the reservoir ranged from 0.32 to 0.56 mg
Lt

Fish fauna assessment

Fish species composition
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A total of 167 fishspecimen weighing 4932.6 g were obtained from three (3) months of sampling
based on which 16 species belonging to 12 genera and 7 families have been identified, which include
one shell fishMacrobrachiumspecieélable 1.11) Four (4) more species thamathrecorded by
Alhassan (2011) have been recorded so far while the sp&tessopoma petheredifamily
Anabantidae) antlematogobius maindroifiamily Gobidae) have not been sampled yet.

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

Parameter Site 1 Site 2 Site 3
Surface | Bottom Surface | Bottom Surface | Bottom

pH 7.14 7.21 7.07 7.1 6.99 7.09
Temperature (°C) 23.6 23.6 24.3 24.7 24.7 27.7
Conductivity (uScrt) | 195 194 195 195 188 186
DO (mg ) 5.77 4.97 5.71 4.71 5.40 3.66
Turbidity (NTU) 17 16.7 17.3 19.3 18.3 19.2
TDS (mg 1) 117 116 117 117 113 112

Tablel.11:Mean nutrient concentrations in the Dawhenya Reservoir (Octderember 2018)

Site 1 Site 2 Site 3
Parameter Surface Bottom Surface Bottom Surface Bottom
Nitrite(mg %) 0.011 0.010 0.013 0.018 0.014 0.012
Nitrat(mg )e 0.023 0.022 0.025 0.029 0.029 0.025
Phosphatgng I-1) 0.046 0.038 0.044 0.047 0.038 0.052
Ammonigmg F1) | 0.25 0.26 0.32 0.26 0.26 0.21
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Relativeabundance

The most important fish species based on number Mieigesciatug16.77 %),B. macropg14.97 %),

B. niger(14.97 %),B. brachyistiug13.17 %), andH. bimaculatug6.59 %) in that order (Fig.19.

Based on weight, the most important fish sgedn order of importance weké niloticus(30.5 %),

H. fasciatug12.07 %),P. annecteng8.01 %), and. niger(6.65 %) (Fig3.1.9. In terms of number,

the most important fish families were Cichlidae (48.5 %), Mormyridae (31.14 %) and Cyprinidae
(14.97 %) altogether making up over 90.0 % of the total sample3Hig.Q. Based on weight, the
most important fish families were Cichlidae (38.07 %), Osteoglossidae (30.5 %), and Mormyridae
(13.31 %) in that order (Fig.10.

Table 1.12below show<Lhecklistof Fish Species from Dawhenya Reservoir (OctabBecember,
2018)

Species Genera Family Common Name
Brienomyrus brachyistius | Brienomyrus Mormyridae Mormyrid electric fish
Barbus macrops Barbus Cyprinidae Blackstripe Barb
Brevimyrus niger Brevimyrus Mormyridae Mormyrid

Clarias gariepinus Clarias Clariidae African catfish
Hemichromis bimaculatus | Hemichromis | Cichlidae Jewel Cichlid
Hemichromis fasciatus Hemichromis | Cichlidae Banded Jewelfish

Heterotis niloticus Heterotis Osteoglossidag African bonytongue

Marcusenius brucii Marcusenius Mormyridae Mormyrid

Macrobrachium

Macrobrachium

Palaemonidae

Fresh water prawn

Oreochromis niloticus

Oreochromis

Cichlidae

Nile tilapia

Protopterus annectens Protopterus Protopteridae | West African Lungfish
Sarotherodon melanothero| Sarotherodon | Cichlidae Black-chinned tilapia
Tilapia dageti Tilapia Cichlidae Tilapia

Tilapia guineensis Tilapia Cichlidae Guinean tilapia
Tilapia zillii Tilapia Cichlidae Red belly tilapia

CSIRWater Research Institute
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Fishery

Observations show an artisanal fishery involving fishermen who have unregulated access and entry
into the reservoir except for no fishing day observed on Fridays. The prominent species in the catch
of fishermen is tilapia species with fédv niloticus.There is a vibrant fishery of the freshwater prawn
(Macrobrachium spp involving about half of the fishermen populatiofisifermen, personal
communicatioh The prawn is caught with cane traps which can be seen at the only landing site of the
reservoir.
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Fig. 3.1.9Relative Abundance Based on Number and Weight of Fish Species from Dawhenya
Reservoir (October December, 2018)
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Fig. 31.10 Relative Abundance Based on Number and Weight of Fish Families from Dawhenya
Reservoir (October December, 2018)

Socb-economics assessment
Questionnaires were developed,-prsted and finalized for field administration.

Preliminary Conclusion

From the preliminary results based on total number of fish sampled, the most important fish families
were Cichlidae (mainl¥d. fasciatu$ accounting for almost half followed by Mormyridae (maiBly
niger and B. brachyistiuy constituting almost onthird and Cyprinidae (mainly\B. macrop}
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constituting about 15 % of the total sample. Water in the reservoir was uniformly mixedenyith
minimal spatial variation, generally low levels of nutrients and about neutral and fairly stable pH.

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

(PROJECT STAFF:Emmanuel T.D. MensgResearch Scientist); Dr. H.R. Dankwa (Prin. Research Scientist); Dr.
Ruby Asmah (Snr. Research Scientist); Dr. L.L. Torben (Snr. Scientist, Aarhus Univ., Denmark), Dr. Denis Trolle (Snr.
Scientist, Aarhus Univ., Denmark), Prof. Villy Christensen (Bri@sfumbia University) Edem Amerdome (Snr.
Technologist), Bright Awonor (Technician).

Collaborating Institutions CSIRWater Research Institute; Aarhus University, Denmark

The Ecopath with Ecosim (EwE) in addition to simple linear regression nagiebaches were
employed to understand the influence of climate change on fish production in Lake Volta. Time series
of fish catch data on selected species of economic import@8agrus Chrysichthys Alestes
Synodontisind Tilapia) and environmental Valoles including water temperature, primary production

and water level spanning from 192045 were developed to predict the impact on fish catch and how
management practices may impact the fish@riesobjective of the study was to use the tiolgaamic
analyses using Ecopath with Ecosim model to assess the possible impacts of fishing effort and climatic
indices on fish catch of Lake VoltHistorical fish catches and fishing effort data were acquired from

the Fisheries Commission in Ghana whiles data ronr@enmental variables were generated using
GOTM-FABM-ERGOM Model. In all scenarios, total catch of fish species was expected to increase
from varying fishing effort except foklestesand Synodontispecies which responded to changes in

the fishingeffort Thi s effect is gradually | eading to f
sizes of fish species are exploited. Model prediction of environmental variables showed a rise in water
temperature together with primary productivity and a declingater level. However, they showed
positive but weak correlations (temperature and primary productivity) with fish catch and a weak
negative correlation with water levehe Ecopath with Ecosim (EwWE) approach was used to assess
the response of Lake Voltasfieries in a future climate scenario based on climatic indices such as
temperature, primary productivity and water levéhe increase in primary production in the lake is
however, expected to favour the proliferation of Tilapia @hdysichthysspecies wich are able to

feed at lower trophic levels and on a wide range food sources. Although the climate scenario predicts
temperature increase for the lake, it is possible species will not be affected unlike temperate fishes as
they have high thermal range&2(°Q 35 °C) to cope with the rising temperatures. Better management
measures must be considered for sustainable exploitation.

The time series plot, FiguBel.11, showedan increasing trend in fish catch in Lake Volta with several
seasonal changes oube years. There was a gradual increment in catch from 1969 to 1993 and a
rapid increase from 1994 to 2015. The year 2010 recorded the highest catch of 96,110 metric ton
whiles the lowest catch, 36,000 metric ton was recorded in 1972. Frame survey oy éfart
(number of fishermen) on the lake based on available data andjé@stfmn is shown in Figure 3.21
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There has been an increase in fishermen from 18,358 in 1970 to 71,861 in 1998. Projections made
based on historical data indicate a total et 160,000 fishermen by the year 2045, indicating that
more people are likely to be engaged in fishing in the future, hence increasing pressure on stocks.

The historical (1982016) and predicted (2042045) trends in suate wagr temperature (Figure
3.1.12 for Lake Volta shows an increasing trend with some seasonal effects. Temperature increased
from 28.5 to 30.3 °C in the historical years and it is expected to fluctuate between 29.0 and 30.3 °C in
the predicted years. The temperature in the lakemdwavever fluctuated around a mean of 29.5 °C.

Time series plot of historical and predicted trends in chloroghflised as a surrogate for primary
productivity) in the lake shows an increasing trend with some seasonal changes ovest(fagaar
3.1.13. A value of 3.34 mg1was recorded as the highest chloroplaytioncentration in 2010 and
the lowest 2.67 mglin 1997 in historical years. Predicted levels of chloropagbncentration from
2017 to 2045 showed a gradual increase from 2.8 mg 1 respectively although there were
fluctuations in some years.
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Figure3.1.11Trend in fish catch in Lake Volta from 1969 to 2015Figutel?: Historical and future projeion in the number of
Fishermerin Lake Volta (modified from MOFA, 2003)
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Figure3.113: Historical and predicted trends in surface water Figure3.114: Historical and predicted trends in primary
temperature in Lake Volta from 1988 to 2045 productivity in Lake Volta from 1988 to 2045.

The historical trend in water level of the é&als shown in Figur8.1.15 It showed a decreasing trend

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

to 82.8 from 1965 to 1975 followed by a gradual decrease from 1977 to 1983. Since 1984, there have
been fluctuation in the level until 2011 when it rose to a high peak of 82.5 m and decreased again the
following year till 2016.

CSIRWater Research Institute 52



Annual Report 2018 R & D Activities

The relationship betwedish catchwater temperaturdish catchprimary production anéish catch
water level show a weak correlation as depicted by doefficients of determination,?r
whichindicated that 9.4%, 18.1% and 2.8% of the variation in fisdyrction was explained by water
temperature, primary production and water level respectiélyough these environmental variables
are useful in the ecosystem (Lake Volta) for fish production, its effect in fish catch is minimal.
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Figure3.1.15: Trendin water level in Lake Volta at Akosombo dam from 1965 to 2016

TheGOTM-FAMB-ERGOMmMmodel was capable of reproducing historical and predicted trends in fish
catch forthe period, 19912045. Figure 3.13shows fluctuating trends in historical (192@15) and
predicted (201€045) fish catch with seasonal changes over the years as a consequence of increasing
fishing effort.Chrysichthygb) and tilapia (e) species were predicted to increase whidsteqc) and

Synodontigd) species to decline over the years. It is expected that levBlgofis(a) species will
stabilize in the predicted years.

The Figurel.1.16shows the historical and predicted trends in fish catch as a results of decreasing
fishing dfort over the years (from 2018045). There was a gradual rise in trend€lofysichthysand

tilapia species in both historical and predicted yddagrusspecies showed a slight increment while
Alestesand Synodontispecies was predicted to decliddestesspecies is expected to recover and

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

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

several chages over the years fd@agrus Chrysichthys Synodontisand tlapia species (Figure
3.1.16). However, there is a decline in the trend\dstesspecies.
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Figure3.1.16: Predicted biomass from the Ecosim model for species in Lake Volta, assuming an increase in fishing effort

with associated sums of squares of the fit, 108.4.
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Figure3.1.17: Predicted biomass from the Ecosim model for species in Lake Volta, agsaméetrease in fishing effort

with associated sums of squares of the fit, 108.4.
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Figure3.1.18: Predicted biomass from the Ecosim model for species in Lake Volta, assuming a stability in fishing effort
with associated sums of squares of the 68.4.

The catch trend of fishery in the lake has seen an increase since 1969 pastaifilgd t@n increase
in fishing efbort (fishermen and gears). Howevegtch per unit effort has deoéd Due to this
development, §hermen on the lake havesorte to the use of efficient but illegal active gears,

catching all fish sizes leading to overfishing.

Fishing impact was expected to vary among species as a result of varying efforts and gears employed
on the lake. Most gears used for fishing (eghihg lines, traps) are active and unselective targeting

all species. All species forecasted by the model were calibrated using historical data and were expected
to have similar biomass dynamics. The simulations generally predicted an increase in afatches
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Chrysichthysand tilapia species, stabilization B&grusspecies and varying effects étestesand
Synodontispecies as an outcome of changes in fishing effort.

Chrysichthysand tlapia species have high fecundities and the ability to reproduceaiitssze classes,
hence found to be the most dominant specieseofake with high biomass levetentributing more
than 70% of catch conogition The abilityof these fish species to increabeir biomasses was also
probably duedthe proliferation oprimary productivity othe lake for which their food is dependent.

Il nland waters where multispecies fishing 1is
involving the gradual sweeping of vast fish species in a diversity of fish assemblage iand the
substitution by smaller species, which are often atttophic levels This leads to an increase in the
total catch with reductions in body and maturation size followed by a decline in total catch. Inland
ecosystems support thgeneral modeand LakeVolta may be experiencing this Bagrus Alestes
andSynodontispecies have reached low biomass limits probably as a result of overfishing.

The effect of climate warming was reflected in ti@ng temperature othe lake which shoed
anincrease of betven 0.3i 0.5 °C in average annual recordings from 19&®10. Future climate
projections (up to 2045) suggest a warming betv@e®n0.8°C. This trend is expected to rise between
21 4 °C by 210@s compared with global increase of 6.0 °C by end af¢heury, 2100

Species suclasBagrus Chrysichthys Tilapia, Alestesand Synodontishave high thermal ranges
between 22 35 °C and are able to cope wide ranges in temperature. Although climate change scenario
predict temperature increase for the laks, relationship with fish production showed a weak
correlation hence it is possible that species will not suffer the effects of temperature rise in the lake
region.

Thelakelevel from projected scenario is expected to decline from current historicastremd may

be as a result of the Volta basin experiencing a significant reduction (average of 5 mm per year) in
annual rainfall over the years from 1961. 8sn models analyzethe annual rainfall was projected

to change by23% to +20% and this will ipact negatively on major rivers that flow into the
lake.However, persistent low water levels raaglfrom climate change (temperature increase) could
lead to low productivity or yields andould have profound impacts on the Lake fisheries.

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

3.1.1.6. MASS BALANCED MODEL OF LAKE VOLTA FISHERIES: THE USE OF
ECOPATH MODEL
Project StaffEmmanuel T.D. Mensah (Research Scientist); Dr. H.R. Dankwa (Prin. Research ScientRt)bipr.
Asmabh (Snr. Research Scientist); Dr. L.L. Torben (Snr. Scientist, Aarhus Univ., Denmark), Dr. Denis Trolle (Snr.
Scientist, Aarhus Univ., Denmark), Prof. Villy Christensen (British Columbia University) Edem Amerdome (Snr.
Technologist), Bright AwondiTechnician).

COLLABORATING INSTITUTIONS: CSIRWater Research Institute; Aarhus University, Denmark
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A massbalanced model of trophic interactions among 10 key functional (producer and consumer)
groups of Lake Volta was constructed using the Ecopath Inmd&udy the energy flows and species
interactions in Lake VoltaThe studyaimsto develop a madsalanced model of Lake Volta using the
Ecopath to reveal the energy pathways and trophic interactions of the food web and to analyze the
maturity of the eosystemlt was based on secondary and primary data on fish catch, diet composition,
phytoplankton and zooplankton biomasses, collected in 2015 and 2016. Additional information on
growth parameters of major species required for balancing the Ecopath weydebbtained from
sampling and FishBase. The functional groups were detritus, phytoplankton, zooplankton, benthos,
prey fish, Tilapia,Bagrus Chrysichthys Alestesand Synodontisspecies. In this ecosystem, four
trophic levels were identified and the energy flow mainly occurred within the first three levels. The
calculated ecotrophic efficiency value of the primary producers (phytoplankton: 0.17; detritus: 0.22)
showed that they &re least exploited compared to the secondary producers, zooplankton (0.80) and
benthos (0.50). All secondary consumers had ecotrophic efficiency values higher than the primary
producers indicating that they are exploited in the system. The main enexgyirildhe lake were

from phytoplankton and detritus at trophic level | &abrusspecies, the top predator at a level of
3.30. The network analysis showing the connectance index (0.43) and omnivory index (0.06) of the
system indicated that the ecosystenumstable, somewhat immature and still at a developing stage.
The results is showed that the estimatedfighlbiomas®f the lakewas 11.5@netricton km? year

Lin a fishing zone of area 8,500 km2 witthrysichthysand Tilapias having high biomassafs3.94

and 3.75mertricton kni? year?, respectivelyThe output results (Tabl¢ 8howed estimatedE values

(< 1) varying considerably for the different functional groups in the lake ranging from 0.13 to 0.90.
The EE values for the top predatoBdgrus andChrysichthyy were low as compared to the primary
consumersAlestesTilapia, Prey fish, zooplankton) as this illustrates the sirzadtionof production
available for top predators. TH#E values for phytoplankton and detritus were also &v0.17 and

0.22 respectively.
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Figure3.1.19: Percentage diet composition of fish species sampled through stomach content analysis in Lake Volta
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Table 1.13:Basic estimated parameters in Ecopath for Lake Volta

Group name TL B (t/km?) P/B (lyear) Q/B (lyear) EE P/Q
Bagrus 3.30 1.82 1.00 18.50 0.13 0.05
Chrysichthys 2.96 3.94 2.50 16.50 0.23 0.15
Alestes 2.80 1.18 2.60 17.40 0.79 0.15
Synodontis 2.59 0.87 1.50 20.90 0.46 0.07
Tilapias 2.03 3.75 2.00 113.0 0.76  0.02
Prey fish 2.50 5.76 4.00 20.00 0.90 0.20
Zooplankton 2.00 10.62 8.43 28.11 0.80 0.30
Benthos 2.00 17.40 10.00 33.33 0.50 0.30
Phytoplankton 1.00 18.10 200.00 0.17

Detritus 1.00 10.00 0.22

Note: TL = Trophic level;B = Biomass;P/B = Production biomas¥Q/B = Consumption biomas€E = Ecotrophic
efficiency; P/Q = Production consumption

Analysis of the trophic structure showed that the lake can be categorize irgim 4rophic levels
(Figure 31.13. The size of bubbles represents the biomass of eachdiuacgroup in the lake.
Biomass estimates for phytoplankton é@yhodontisvere the highest and least respectively in the
lake. Most of the functional groups were confined to trophic level Il and Ill. The biomasses of
functional groups at the base of thephic level were high as compared to the other levels. The highest
trophic level was 3.3 foBagruswhich is typical of top predators described as-tmder secondary
consumer. Chrysichthys Alestes Synodontisand prey fish were between 2.5 and 3.omging to
high-order primary consumers. The leavder consumers with trophic levels 2 to 2.5 were Tilapias,
benthos and zooplankton whilst the primary producers, phytoplankton and detritus were in trophic
level I.

§ ‘ 7
7
/ /
b

Figure3.120: Flow diagram of the trophic structure and the functional groups in Lake Volta.
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The network analysis revealed trophic flows between two primary eneifgyass in the lake (Figure

3.1.20): phytoplankton and detritus pathways which showed similar flow of energy to all other
functional groups. The system characteristics and degree of ecosyaterty is shown in Tablé.14

(column on Lake Volta). A TPP/TR value of 3.88 was recorded itidgcéhat the lake system is still

in a developmental stageofinectance indeand §stem omnivory indexalues which reflect the
complexity of the relationships among internal systems were 0.43 and 0.06 respectively. These values

showthatthe complexityof feeding activity of different trophic levels in the Lake were at low Evel

Table.1.14 Comparison of the system statistic estimated by Ecopath for Lake Volta and other tropical lakes.

Lake Lake
Parameter Lake Volta Awassa Lake Malawi Lake Kariba  Victoria
Sum of all consumption (t/km2/yr.) 1554.84 2382.14 2620 2423 2214
Sum of all exports (t/km?/yr.) 2686.25 6808.07 950 6.6 672
Sum of all respiratory flows (t/km2/yr.) 933.75 1442.70 1617 1575 1210
Sum of all production (t/kmz/yr.) 3930.12 8881.00 3059 13926 2441
Mean trophic level of the catch (t/kmz/yr.) 2.70 2.57 2.94 2.97 2.99
Calculated total net primary production (t/km2/yr 3620.00 - 2568 13561 1879
Total primary production/total  respiratio
(TPP/TR) 3.88 9.84 1.59 8.61 1.55
Net systenproduction (t/km?/yr.) 2686.25 6974.10 950 11986 669
Total primary production/total biomass (TPP/TB 57.07 28.67 66 45.7 22.2
Connectance Index (Cl) 0.43
System Omnivory Index (SOI) 0.06 0.15 0.13 0.19

Chrysichthysand Tilapia species are the most abundant species in the lake during the study period
constitutingabout 38.1% and 34.4% respectivéhe lake is also dominated, in terms of biomass, by
lower trophic organisms, particularly phytoplankton, benthos andlaakipn.This is an indication

that the food availability in the lake is mainly primary producers based.

The ecotrophic efficiency values which is the fraction of production used in the system, for the top
predators Bagrus and Chrysichthy} were low as cogared to the primary consumeraldstes
Tilapia, Prey fish, zooplankton) as this illustrates the small fraction of prodwtetable for top
predators.

The diet matrix constructed for the model revealed that fish groups were composed of three main
feedng habits: carnivorous/piscivorous, omnivorous and herbivordesace fish species such as
Bagrus ChrysichthysSynodontiandAlesteshave the ability to switch to different feeding behavsour
depending on food availability.
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The food web structure ofi¢ Lake consistedf four trophic levels wittBagrusspecies feeding at the
highest trophic level.Most of the functional groups were confined to trophic level 1l anthél.
highest trophic level was 3.3 f@agruswhich is typical of top predators dedwed as loworder
secondary consumerChrysichthys Alestes Synodontisand prey fish were between 2.5 and 3.0
belonging to higkorder primary consumers. The lewder consumers with trophic levels 2 to 2.5
were Tilapias, benthos and zooplankton whilst the primary producers, phytoplankton and detritus were
in trophic level |

The four trophic levels identified is typical of other reservoir ecosystems in temperate regions such as
Fenshuijiang and Manwan Resgeirs in Chinaand tropical lakes such askes Awassa, Kariba
Victoria and Malawi

The ratio of TPP/TR and TPP/TB vdfi areindicators of the degree of sgm maturitywere higher
than one (1) which suggests an early depeiental stage for the lakEheCl andSOl values for the
lake were low indicating aclose feeding relationship in multispecies trophic conditi@ssalso
exhibited by most tropical lakes.

The total consumption for Lakes Awassa (Ethiopia), Malawi (Malawi), Kariba (Zimbabwe) and
Victoria (Tanzania) were quite similar as compared to Lakéa@hana). ldwever, the total sum of
production for Lakes Kardband Awassa were much higher as compared to Lakes Volta, Malawi and
Victoria. This indicates a high productivity but not fully utilized by the fish species. The mean trophic
levels showed quite similar values for the lakes, suggesting that speciesitak@ssexhibit similar
feeding patternklowever, he differences in the network analysis observed may be as a result of
differences in the surface areatloé lakesand productivity levels.

Keywords: ecotrophic efficiency, functional groups, mass balanced model, trophic interaction

3.1.1.7 CSIR/Modernizing Agriculture in Ghana (MAG)

(Project Staff: Dr. Francis K. Y. AmevenktPrincipal Investigatoy

The CSIR/Modernizing Agriculture in Ghana (MAG) is-g&ar budgetarprogrammewhich started

in 2107 and ends in 2022. It issapport initiative facilitated by the Canadian Government aimed at
the creation and strengthening of a bridge between Res&atension, Farmers and Agribusinesses.

It is to facilitate the functioning of agriculture production along a value chain in Ghaegroject

aims broadly at offering research support towards increasing the efficiency of local farmers through
value chaindevelopment and developing enabling environments to agricultural productivity and
competitiveness.

Underlying the programme is a Memorandum of Understanding signed between the Ministry of
Agriculture (MoFA) and the Council for Scientific and Industrial &®arch (CSIR)The gecific
Objective is o link research and extension agents on the use of relevant technologies by farmers along
the agricultural valuehain from farms to processors.
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As part of Component 3 of the MAG program designed to help immwtansion delivery through
scientific and evidenebased technology and management practices with modern extension service
delivery approaches, the CSIR Water Research Insti8RWRI), worked closely with the
Ministry of Food and Agriculture (MoFA) tbugh the current arrangements for Research, Extension,
Farmer Linkage Committees (RELCs) and under the direct auspices of the MAG Coordination Unit,
CSIR Head Office Accra. The participation of the CSIR WRI is in relation to the immediate Outcome
2 of theprogram namelyncreased access to relevant technologies along the agriculture value chain
through annual regional participatory planning processég report is on three communication
materials prepared by the CSIR WRI team at the institute duringeie The technologies are
basically on Water Conservation and Fish Value addition improvement. The three Technical
Communication Materials, produced by the CSIR WRI are Manuals on the following:

1. Sustainable water harvesting technologies for crop pramycti

As stakeholders, scientssof the CSIR SRI were collaborators on the Technologies. Some of the
technologies of focus included

i.  For Shallow wells and Tube wells (Keta District, Atankwidi, Anyari River and Paga);
ii. Riverine: Vea (Upper East Region);
iii.  Riverine Alluvial Dugouts: Upper East;
iv.  Recession irrigation: Upper Manya Krobo District;
v. SAWAH irrigation schemes (Biemso in Ahafo Ano District in Ashanti Region); and

vi.  Valley bottom rice development schemes (Tolon Kumbungu (NR), Gbi Godenu (VR

Themanual produced on the above technologies covered four major modules. These included:

i. SAWAH,;

i.  Tubewell;
iii.  Riverine Alluvial Dugout;
iv.  Shallow well.

2. Value addition technologies to harvested fish to increase profitability;

I.  This done in collaboration with relevant stakeholders including FRRand women in
Agriculture Developemnt (WIAD) and Podtlarvest Division of the Fisheries Commision. A
manual titled AValue addition techipndowagi es
produced. Modules covered in the Manual included

ii.  Acceptable practices in fish cultuiigpond , cage , pen and open water management
pratices;Fish feed storage and handlingAquatic animal health management

iii.  Harvesting practices to ensure good qualitproduce
iv.  Posti harvest management practices.
v. An Audio-visual documentary on water related management for crop production as a-climate

smart agriculture technology hasen produced and is currently being
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The team has also produced an Awdigual documentary on water related management for crop

productionrelated management for crop production as a clirnsieart agriculture technology and

made these avalble to MAG Secretariat

The immediate outcome of th& communication materials is to contribute towamgsroved access
to sustainable production practices for food security purposes and quality fish production for men and

women along the value chain.

3.1.1.7 Survey of the evolution of livelihood avenuem the Lower Volta Area

(Project Staff Francis K'Y Amevenku & Silvia Amponsah)

The study constitutes a documentation of livelihood sources as presented by 10 selected communities
within the Lower Volta area. Focused group discussion throygintecipatory approach was used to
identify livelihood sources that prevailed prior to the commissioning of the two dams. It also explored
what avenues evolved following the operational phase of the dams to date and finally assessed the
possibilities of itroducing new livelihood avenues from the perspectives of the communities.
Remedial measured were also proposed. The discussions left no doubts that the construction of dams
across the Volta River had influenced a number of livelihood avenues anchofedhing and
floodplains farming in the Lower Volta Basin area. It was not however clear, whether there had been
a shift from fishinganchored to farmin@nchored livelihoods. One of the thriving livelihood activities
reported extensively existing duringetlpredam construction phase but completely lost in many
locations postlam phase was shellfish fishery. This comprised of clam/oyster, shrimp, prawn and
crab trapping. On finfish fishery, dwindling catches in terms of quantity and diversity as well as the
inability of fishers to use specified gears and practices were their major concerns. On the farming
front, the cessation of the annual floods that left behind alluvial deposits rich in nutrients used for
drawdown cropping of varieties of staples and valgles, were the misfortunes of inhabitants.
Proliferation of weeds, alteration of the flow rate of the river and the-bpilof sandbar at the estuary

of the river were mentioned among others as culpable for these shortcomings. Consequently, the
removal ¢ aquatic weeds from the main course of the river and creeks, improvement upon the flow
rate of the river, removal of the sandbar formed at the estuary and controlling pollution of the river
were mentioned as the solutions to their difficulties. flast ntermediations notably, hospitality and

water based tourism, fish culture in cages, irrigation agriculture and textile industry have not trickled
down to the ordinary folks confirming assertions of recent studies that none of the recent interventions
in the Lower Volta have led to improvements in livelihoods. Cottage based agroindustry modelled on
smallscale basis for shell and finfish culture, irrigated farming, composting, livestock rearing and
agroforestry practices supported by transfers of availadbnblogies and appropriate resource
allocations could improve the livelihood avenues of the inhabitants of the communities on a
sustainable basis.

The survey was undertaken to meet the specific objectives of findinigsbery related livelihoods
thatexisted before the creation of the ddhat have been lost (and whgurrentlyin existence;

and consider the restoration of lost livelihood sources; prevention of losing existing sources and
possibly the introduction of new related environmentllgndly avenues.

Community livelihood sources identification and ranking
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Focused group discussions through participatory prioritization of livelihood sources and identification
of intervention measures were conducted at Big Ada (Pediatorkope), Sokpoe, Adiloyanui,

Adidome, Volivo, Mepe, Kpog, Adomi and Amedeka (Figure 3.1)Z0om July 15, 2018 to July 26,
2018.

Figure.3.1.20 Map of the Study Area

The objective of the exercise was to discuss and determine jointlgavitimunities priority fishery
related livelihoods as well as fishery and/or agricultural interventions for implementation. It was also

to prioritize and agree on specific activities to be undertaken within the communities towards the
restoration of identiéd livelihoods on sustainable basis.

Twenty-five people comprising both males and females from each of the 10 selected communities
were invited to participate in the exercise through their respective village heads. From the study sites,
41, 29, 12, 20, 24, 24, 25, 34, 12 and 24 participants respectivalyred the invitation from
Pediatorkope, Adidome, Sokpoe, Anyanui, Agordome, Volivo, Amedeka, Kpong, Mepe and Adomi.

Procedure for problem and intervention identification

A general overview of relevant livelihoods in the study area was presentedptarticgants in Ga
Adangbe, Ewe and Akan by the team leader. The importance of the lake to the livelihoods of
participants and land use problems in the area was discussed to set the context for the identification of
priority problems and corresponding sidns in a participatory manner with participants.
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Figure 3.221 1a& 1b: Presentations on the purpose of the projecpertaining to fishery
livelihoods at Amedeka and Adomi respectively

Identification of priority/key livelihoods lost or aspects lfelihoods of grave defect to inhabitants

This was done through brainstorming with participants in the following manner:

1. A list of fishery related livelihoods that existed before the creation of the two Volta dams was
generated from the discussions atheafcthe ten sites;

2. A list of related livelihood avenues that have been lost or gravely affected and why (reasons
adduced) was generated;

3. Alist of fishery related livelihoods existing now and how to strengthen them was generated,;

4. Common livelihood conceawere grouped resulting in 5 main lost livelihood avenues and these
were sketched pictorially to aid ranking/scoring by each participant privately/individually;

5. Priority livelihoods lost that needed to be restored were determined from the list of 5hby eac
participant weighting or scoring with 20 match sticks. The highest score representing the most
i mportant and the | east score being the | eas

6. The scores for each participant was recorded and mean values edrnputetermine priority
concerns;

7. The trend in the results was discussed and agreed upon by all.

Identification of options for addressing priority/key interventions

For each of the priority concerns of participants identified above, the most practical
measures/interventions (in their opinion) for addressing them were listed and discussed. This exercise
was undertaken to enhance a botigmapproach of introducing the fishery component of the project

and to ensure higher adoption of project interventions

The results and outputs achieved so far include the following:

Background of participants

A total of 245 persons comprising 200 males and 45 females constituted the participants from whom
responses were solicited. In terms of their stated ages the distribution had a mean of 56.8 within a
range of 19 93 years with the 50.5 ®0-yeargroup donmating. Participants who were at least five
years old and resident in the study area before the commissioning of the Akosombo Dam in 1966
formed the majority of participantst 66.7 percent (n = 160). Participants who could not have
witnessed the era joni to the commissioning of the Kpong dam in 1982 fell within thé 40 group

and had 15 per cent representation.
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Livelihood trajectories identified by communities

The focus group discussions highlighted the following key fishing, agricultureakedesource use

of inhabitants of the selected communities prior to the creation of the dams. The feedback obtained
from the communities indicated that before the creation of the first dam, the Volta River was
characterized by annual floods that normé&égun by July August and peaked by September and
subsiding by November. Inhabitants of the area benefitted immensely from the floods deriving
incomes from sources stated in Table. TlBe results represent the major livelihood activities of
householdsThey do not show the activities of individual members of the households nor do they
indicate the scale of activities and their labour relations. However,participants reported that as a
benefit, the annual floods that watered the low lands and creeksinoieposited fertile alluvial soils

but completely eliminated labour needs and attendant costs (whether kin or hired) because their plots
were ready to be planted when the flood waters receded.

These assertions confirmed the versions provided by T¢&@i2); Geker (1999); Moxon (1984) and
Lawson (1972) whose account stated that before the creation of the dams, the major livelihood
activities in the riverine communities of the Lower Volta were farming, fishing and-gieking.

They also stated othertagties as petty trading, processing and selling of cassava and other staples
being surpluses of farm produce, craftwork, cotton spinning, native soap making, gin distillation,
basketwork and manufacture of nets and fish traps. Women collected firewsboahde pottery in

few pockets of the area. Thus, the vast majority of persons (male and females) considered fishing
(main-stream, creek and clams) and farming to be their main or secondary activities in the 1950s and
60s. In 1954, Lawson estimated thagdther they represented 70 per cent of the total real income of
the riverine population (Lawson, 1968).

Table .1.15 Pre-dam fishery related livelihood avenues
Location No. Livelihood avenues

Pediatorkope
(Big Ada)

River Fishery using variety @fears

Creek fishery using variety of gears

Estuary fishery using variety of gears

Floodplain agriculture producing cassava, sugarcane, vegetables and fruits
Palm tapping and alcohol distillation

Fish trade

Trade in fuel wood (red and white mangrove)

N oo AW N

Adidome Clam/oyster fishery
River Fishery using variety of gears
Creek fishery using variety of gears

Floodplain agriculture producing maize, cassava and vegetables

Wl W[N|F-

Clam/oyster fishery

River Fishery using variety of gears

Creek fishery using variety of gears

Floodplain agriculture producing maize, cassava and vegetables
Cattle breeding

Fish trade

Sokpoe

OO | WIN|F
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7

Water transport/haulage of goods

Anyanui

Crab (trapping) fishery

Estuary fishery using variety of gears

Creek fishery using variety of gears

Floodplain agriculture producing maize, cassava and vegetables

Trade in fuel wood (red and white mangrove)

Fish trade

N OO AW N

Watertransport/haulage of goods

Agordome

Pottery

Reed mat weaving

Clam/oyster fishery

River fishery using variety of gears

Creek fishery using variety of gears

Floodplain agriculture producing maize, cassava and vegetables

Crab(trapping) fishery

Fish trade

OO N W NP

Water transport/haulage of goods

Table 1.16

Pre-dam fishery related livelihood avenues (continuation)

Location

Volivo

No. Livelihood avenues

River Fishery using variety of gears

Creek/pond fisherysing variety of gears

Clam/oyster fishery

Floodplain agriculture producing cassava, sugarcane, vegetables and fruits

Q| B[W| N

Fish trade

Kpong

Clam/oyster, prawns and other shell fishery

Water transport/haulage of goods

River Fisheryusing variety of gears

Creek fishery using variety of gears

Ceramics (pottery)

WO | WIN| -

Floodplain agriculture producing maize, sugarcane, cassava, plantain and vegetables

Amedeka

Clam/oyster fishery

River Fishery using variety of gears

Creek fishery using variety of gears

Floodplain agriculture producing maize, cassava and vegetables

Q| B[ W N

Warehousing of goods
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6 | Fish trade
7 | Water transport/haulage of goods

Clam/oyster and other shell fishery

River fisheryusing variety of gears

Creek fishery using variety of gears

Floodplain agriculture producing maize, cassava and vegetables
Fish trade

Water transport/haulage of goods

Mepe

OO | WIN| -

Clam/oyster fishery

River fishery usingariety of gears

Creek fishery using variety of gears

Floodplain agriculture producing maize, cassava and vegetables
Fish trade

Water transport/haulage of goods

Source: Filed data compiled by team

Adomi/Atimpoku

OO A W|IN|F

Postdam situations of livelihoods vealed by communities (Table 3.1)xemplify environmental

change shaping livelihood routes as clam/oyster/prawn or shell fish in general, became prominently
absent or lost as one moves away from Ada. Similarly, the proliferation of aquatic weeds and the
formation of sandbar across the estuary became important reasons adduced for the loss of this
livelihood source. It is worth noting that fishing and farming in the Lower Volta area, cannot be said
to be completely lost. Indeed, fishing was reported tarball year round activity which is undertaken

on a daily basis. The concerns of the communities about creek and mainstream fishery are about the
dwindling quantities and the diversity of their catches and the limitations posed to the usage of certain
geas by postdam environmental conditions. They mentioned specific riverine fish species as being
missing in their catches pedam construction. Among reasons adduced for these predicaments were
altered flow rate of freshwater downstream, aquatic weed g@ratibn and poor incursion of seawater

into the river at high tides. These complaints could be expected because the livelihoods of many rural
folks are based on the natural resource endowments within their immediate surroundings and that
environmental chage affects livelihood trajectories is widely accepted (Tsikata, 2012; Kinsey 2002;
Ellis, 2001). The loss of water transportation and haulage of goods was also of concern to most of the
communities. According to them the once cheap and reliable riveptegation between towns and
village had been eliminated.

Table 1.17 Livelihoods lost or gravely affected following the commissioning of the dams
Location No. | Livelihood sources lost or gravely Reasons adduced by participants

Pediatorkope affected
(Big Ada)

River Fishery using variety of gears| Weeds proliferation and altered flow of freshwater into the
Creek fishery using variety of gears| Weed infestation of creeks

Estuary fishery using variety of geaj Sandbar formation and distortioimstidal flows

Floodplain agriculture Soils becoming increasingly saline and unfertile

Palm tapping and alcohol distillatior] Salinity and proliferation of Neem trees

Fish trade Low fish yields and reduced variety of elements in catches
Trade in fuel wood (red and white
mangrove) Decimation of mangrove population

N OO AW N

[N

Adidome Clam/oyster fishery Distortions in the flow of freshwater and loss of breeding si
2 | River Fishery using variety of gears| Weed infestation and destructiohbreeding sites of fishes

3 | Creek fishery using variety of gears| Reduced inflow from flooded river and weed infestation
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Loss of fertile floodplains and termite infestation of current
4 | Floodplain agriculture farmlands
1 | Clam/oyster fishery Reduction of inflow of saline water
2 | River Fishery using variety of gears| Disturbances of the ecosystem due to restricted flows
Sokpoe 3 | Creek fishery using variety of gears| Reduction in volumes and disturbances of the ecosystem
4 | Floodplain agriculture Influx of aquatic weeds
5 | Cattle breeding Loss of luxuriant fodder grazed upon by cattle
6 | Fish trade Low fish yields and diversity in catches of fishers
7 | Water transport/haulage of goods | Physical barrier posed by the datructures
1 | Crab (trapping) fishery Reduction in natural food in both fresh and marine waters
Anyanui 2 | Estuary fishery using variety of geal Disturbance of the environment due to formation of sandba
3 | Creek fishery using variety of gears| Drying of creeks due to low inflows
4 | Floodplain agriculture Increased salinity of soils
5 | Water transport/haulage of goods | Drying of creeks
1 | Pottery Creeks drying up making it impossible to exploit clay depog
2 | Reed mat weaving Creeks drying up reduced growth of reeds
Agordome 3 C!am/qyster fishery : Aquat?c weed prolifgratign
4 | River fishery using variety of gears | Aquatic weeds proliferation
5 | Creek fishery using variety of gears| Drastically reduced influx of adequate water to sustain creg
6 | Crab (trapping) fishery Sand lining of beaches washed away
7 | Water transport/haulage of goods | Physical barriers posed by the dam structures

Source: Filed data compiled by team

Table 1.18 Livelihoods lost or gravely affected following the commissioning of the dams
(continuation)

Location No. Livelihood sources lost or Reasons adduced by participants
Volivo gravely affected

1 Destruction obreeding sites and aquatic weed
Clam/oyster/shrimp fishery proliferation

2 | Creek/pond fishery using variety
of gears Weed infestation of creeks

3 | River Fishery using variety of
gears Weeds proliferation and altered flow of water

4 | Floodplain agriculture No influx of nutrientrich top soils from seasonal flood

Kpong 1 Clam/oyster/prawn and other she

fishery Distortions in flow of water and pollution from industry

2 | River Fishery using variety of Weed infestation and destruction of breediitgs of
gears fishes

3 | Ceramics Inundation of clayey lands by water permanently

3 | Creek fishery using variety of
gears Serious weed infestation of creeks

4 | Floodplain agriculture Permanent inundation of floodplains
Amedeka 1 C!am/oysterﬁshe_ry _ Reduction of inflow of saline water
2 | River Fishery using variety of

gears Disturbances of the ecosystem due to restricted flowg
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3 | Creek fishery using variety of
gears Reduction in volumes and disturbances of the ecosyg
4 | Floodplainagriculture Permanent inundation of lands and aquatic weed infl
1 | Clam/oyster/prawn and other she
fishery Distortions in their preferred habitats
2 | Creek fishery using variety of
Mene gears Persistent low annual inflows
P 3 | River Fisherysing variety of
gears Disturbances of the ecosystem due to restricted flowg
4 Absence of annual flooding and its attendant fertile tg
Floodplain agriculture soil
5 | Water transport/haulage of good{ Drying of creeks that act as passages
1 | Clam/oyster/prawn and other she
Adomi/Atimpoku fls.hery. . . Aquatic weed infestations of their preferred habitats
2 | River fishery using variety of
gears Aquatic weeds proliferation and reduced flow of wate|
3 | Flood plain farming Low inflow of alluvial materials

Source: Filed data compiled by team

With the exception of Big Ada, where a post dam livelihood source, attributable to ecological factors, had
reportedly evolveqTable 3.1.18 all other interventions notably, fish culture in cages, water based tourism,
irrigation agriculture and textile industry benefited the proprietors of these businesses who invariably do not
live in the area and repatriated their profits elsewhere. Aogptd them only few inhabitants benefit as

employee from these avenues. Clearly the skills and capital involved in venturing into these avenues were
beyond the means of many inhabitants. Indeed, none of the recent studies of the Lower Volta have suggested
that there have been improvements in livelihoods. They have instead confirmed continuing environmental and
socioeconomic problems with adverse impacts on livelihoods (Tsikata, 2012; AtaaR008; Yeboah,

1999; Geker, 1999). Thus, one of the aimdefltower Volta Environmental Impact studies conducted was

to identify measures that would lead to the revival of the creek fisheries, clam industry, agriculture and health
(Yeboah, 1999). While farming in the Lower Volta has changed from beingifiasedo rainfed, it had not
recovered from its post dam decline because of the unreliability of rainfall and the decline in soil fertility.
Table 1.19 Livelihood avenues evolved following the commissioning of the dams

Location No. | Livelihood source(s) evolved| Measure(s) suggested by participants to strengthe
Pediatorkope evolved livelihood source(s)
(Big Ada)
1 Removal of aquatic weeds; prevention of excessive
Clam/oyster fishery influx of seawater
2 | Hook and line fishing Removal of weeds
3 | Waterbased tourism Removal of weeds and pollution control
Adidome 1 Nil Nil
1 | Finfish culture in cage and
pens Provide subsidized inputs
Sokpoe 2 Irrlgate_d farming of vegetable|
and fruits
Train youth; provide inputs to enhance srsaidle
activities;
3 | Sand winning Supervise to ensure sound exploitation
Anyanui
y 1 Nil [ Nil
Agordome
g 1 Nil | Nil

Volivo |

1 Nil Nil
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Kpon
pong 1 Nil | Nil
Amedeka - -
1 Nil | Nil
Mepe 1 | Finfish culture in cage and | Providesubsidized inputs to reduce costs involved;
pens Train youth and provide inputs for smattale
activities;
Hospitality industry players should avoid disposing
1 wastes in the water and comply by laid down
Water based ecotourism environmental rules and regulations;
Adomi/Atimpoku . Improve general sanitation along the beaches and
2 | Cage fish culture the town;
Factories should comply by environmental
3 Industriesi textiles, toilet managemenmneasures; Banana plantations should
rolls, Banana plantations reduce effluents and comply by environmental
management measures;

Source: Filed data compiled by team

Someremedial measures syested by communities (Table &)1the popular livelihood avenues mentioned

for restoration were mainstream (river) and creek fishery enhancement, floodplain farming promotion and
clam/oyster/shrimp/prawn (shell fishery) regeneration. In this regard, the communities, whilst admitting it
was impossible without an outside intervention, suggested drastic restructuring of the environment directed at
addressing the identified livelihood problems or circumventing their current socioeconomic circumstances.
Interestingly, they also acknowledgért these interventions were beyond the means of their
respectivedistrict administrative authorities. The measures included but were not limited to the removal of
aguatic weeds from the main course of the river and creeks, improvement upon the flowheatévef,

removal of the sandbar formed at the estuary and controlling pollution of the river. However, the specificities
of affected communities imply that each community required particular measure(s) and full attention needed
to be paid to the feedbles stated in Tablé.19 For example in the peculiar case of Amedeka, the inundation

of the 57 hectare Aku farmland required due consideration. Similarly, sanitation and pollution controls in the
relatively bigger settlemenisSogakope/Sokpoe, Kpong, Atiroaku/Adomi required serious responses.

Among the people of these communities, it is their anticipation that these interventions will transform their
financial and economic fortunes.

Tablel.20 Livelihood sources prioritized by communities for corrective masures to be
implementedfor restoration/improvement

Location No. Key Livelihood source(s) Average Score Rank
Pediatorkope
(Big Ada) 1 | Estuary and creek fishery improvement | 7.8 1
o | Cassava farming 4.6 2
Vegetable farming 3.0 3
3
4 | Crab trapping 2.8 4
Water transport/haulage 2.0 5
5
1 | River and creek fishery improvement 4.5 1
2 Staple food (Cassava and maize) farming 3.7 2
Adidome .
3 Clam/oyster fishery 3.6 3
4 Crab trapping 3.4 4
5 Watertransport/haulage 2.0 5
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Creek and riverine fishery 5.8 1

1
2 | General farming 4.1 2
Clam/oyster/shellfish fishery 3.0 3

Sokpoe 3

4 Water transport 2.8 4
5 | Cattle rearing 2.0 5
1 Riverine and creek fishery improvement | 6.3 1
2 Crab trapping 5.7 2
Anyanui 3 | Water transport 4.0 3
4 Flood plains farming of vegetable 3.5 4
5 | Mangrove development 2.0 5
1 | Creek and riverine fishery 6.8 1
2 | General farming 55 2
3 | Clam/oyster/shellfish fishery 4.0 3
Agordome | 4 Water transport 3.0 4
5 | Water based ecotourism 2.0 5

Source: Filed data compiled by team

Tablel.21  Livelihood sources prioritized by communities for corrective measures to be
implemented for restoration/improvement (continuation)

Location No. | Key Livelihood source(s) Average Score Rank
Volivo 1 | River and creek fishery improvement 7.3 1
2 Clam/oyster/shell fishery 4.8 2
3 Floodplain agriculture 4.7 3
4 Water transport/haulage 2.8 4
5 Crab trapping 15 5
1 Staple food (Cassava, maize, rice) farmi 5.5 1
2 River and creek fishery improvement 4.9 2
Kpong 3 | Clamloyster/prawn/shell fishery 2.6 3
4 Water transport/haulage 1.4 4
5 Pottery 1.0 5
Staple food (Cassava, maize, rice) farmiy 11.6 1
1
5 Creek and riverine fishery 6.8 2
Amedeka 5 | Clam/oyster/shellfish fishery 4.7 3
4 Water transport 1.6 4
Crab trapping 1.0 5
5
1 | Clam/oyster/shellfish fishery 8.9
5 Riverine and creek fishery improvement | 5.4
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Mepe Flood plains farmingof vegetable angd 2.5 3
3 | staple crops including rice
4 Water transport 1.6
5 Water based ecotourism 1.0 5
1 | Creek and riverine fishery 10.9 1
> General farming 5.8 2
3 Water transport 4.9 3
Adomi/Atimpoku A Crab trapping 35 2
5 | Clam/oyster/shellfish fishery 2.0 5

Source: Filed data compiled by team

The above measures were seen by the communities as a panacea to address their difficulties howevel
from a pessimistic standpoint, one could submit that the development of dedisepk agroindustry

on the models mentioned (Table 3.1)20rough transfers of available technologies and appropriate
resource allocations could improve the livelihood avenues of the inhabitants of the communities on a
sustainable basis. For instance, @asi demonstrations had been held to show communities in the
Lower Volta basin area the processes involved in using the aquatic weeds removed from the river/lake
for mat weaving (Ofori, 2000) and composting (Annang, 2008hilst many participants
acknowledied mat weaving from reeds as a feasible means of making a livelihood, the potential of
compost making from aquatic weeds was not equally appreciated during the study, though various
demonstrations had been held to show communities in the Lower Volta dvasirthe processes
involved in using the weeds for compost. These communities accepted that composting could enhance
soil nutrients, agricultural lands and rejuvenate such lands/soils for increased food production in an
environmentallyfriendly manner. Cmposting, using aquatic plants can be done at different levels;
smallscale at community/household levels for subsistence farming or on commercial scale (Annang,
2008). But surprisingly, it was only in one communityKpong - that it came up as a potential
livelihood source. Perhaps this is due to the current weed removal effgoiranat Kpong and the
realization by the people that commercial farming outfits actually purchased the material removed for
composting and usage in producing organic fruits.sT ke mention of this source came up because
immediate financial returns to be derived were real to them. Efforts to extend this to other communities
are recommended.

Tablel.22 Prioritized remedial measures suggested by communities

Location Key livelihood avenue(s) to Community suggested remedial measures
restore

Pediatorkop| Estuary and creek fishery 1. Dredge estuary;

e (Big Ada) improvement 2. Remove aquatic weeds from main water course and blocke
Cassava farming creeks;

- 3. Improve flow of nutrient rich freshwatelownstream;
Vegetable farming

Adidome River and creek fishery improvement 1. Improve flow of nutrient rich freshwater downstream;
2. Remove aquatic weeds from blocked creeks;

Staple food (Cassava and maize)
farming
Clam/oysteffishery

Sokpoe Creek and riverine fishery Improve flow of nutrient rich freshwater downstream;
Remove aquatic weeds from blocked creeks;

General farming 3. Dredge sandbar at estuary;

Clam/oyster/shellfish fishery

N =
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Anyanui Riverine and creek fishery 1.Improve flow of nutrient rich freshwater downstream;
improvement 2. Dredge sandbar at estuary and erect defence wall;
Crab trapping 3. Remove aquatic weeds from blocked creeks;
Water transport

Agordome 1.Provide of smalkcale irrigatiorfacilities;
Creek and riverine fishery 2.Strengthen of beach of Agordome to enhance water based ecotou
General farming 3.Remove aquatic weeds from blocked creeks;
Clam/oyster/shellfish fishery

Source: Filed data compiled by team

Table 1.23: Prioritized remedial measures suggested by communities (continuation)

Location Key livelihood avenue(s) to Community suggested remedial measures
restore
Volivo River and creek fishery improvement| Remove aquatic weeds from main wateurse and blocked creeks;

Dredge river banks around Volivo;

Clam/oyster/shell fishery Improve flow of nutrient rich freshwater downstream;

Floodplain agriculture

Kpong Staple food (Cassava, maize, rice) | Remove aquatic weeds;

farming Controlpollution/waste disposal into the AkosombKpong stretch of
River and creek fishery improvement| the Volta Lake;

Reduce volume of water behind Kpong dam;

Increase tree cover and create buffer zones;

Clam/oyster/prawn/shell fishery

Staple food (Cassava, maize, rice) | 1.Drain of the 57hectare inundated farmland of Amedeka (known as

farming Aku);
Amedeka Creek and riverinéishery 2. Improve flow of nutrient rich freshwater downstream;
3. Comply with an earlier promise to recycle outflowing water

Clam/oyster/shellfish fishery

Clam/oyster/shellfish fishery 1. Dredge sandbar at estuary;
Riverine and creek fishery 2 .Remove aquatic weeds from main water course and blocked creg
improvement 3. Improve flow of nutrient rich freshwater downstream;

Mepe Flood plains farming of vegetable an{ 4. Compost aquatiweeds removed for farming purposes;

staple crops including rice

Adomi/Atim 1. Remove aquatic weeds from blocked creeks;
poku Creek and riverine fishery 2. Provide appropriate inputs and skills fep water fishing;
General farming 3. Increase tree coverage and create buffer zone along the banks of
Water transport lake;
4. Control pollution and ensure sanitation in the town and along the
beaches.

Source:Filed data compiled by team

Water/fishery related alternative livelihood avenues suggested by communities for promotion are
presented in Table 6.0. Efforts to perfect and transfer shell fish culture of native species of the Volta
Clam, Galatea paradoxgOfori-Danson and Amoah, 1999) and the Pink ShriRgnaeus notialis
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(Atsu and Akorlor, 1999) in pond should be encouraged to support a future industry based on these

species. In the interim, however, the cultivation of the commercial Tiger SHriemaes monodon

that is currently present in our waters must be exploited to create the basis for the industry. Also,
homestead crab culture of lagelamd crab (Oforet al, 2008 and Addet al, 2008) is remarkable and

deserving further thought as a livelihoadkenue in the Lower Volta Basin.

Table 1.24Prioritized Water/fishery related alternative livelihood avenues suggested by

communitiesfor promotion

Location Rank Livelihood intervention to promote
Pediatorkope
(Big Ada)
1 | Shell andfinfish culture
2 | Irrigated agriculture to support vegetable and fruit farming
Adidome 1| Irrigated agriculture to support vegetable and fruit farming
2 | Finfish culture
1 | Cagelpen as well as pond fish culture
Volivo 2| Livestock raising
1| Cage/pond culture of fin fish
Kpong 2 | Water storage upland for farming purposes
3 | Composting aquatic weeds for agricultural purposes
1| Sugarcane cultivation
Adomi/Atimpoku 2 | Vegetable farming
3 | Water transport
Sokpoe Nil
Anyanui 1 Culture estuarine shell and fin fish fishery
Mepe 1 Integrated fiskvegetable farming models
Amedek -
medeka 1 Cage and pen as well as pond fish culture
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2 Sand winning

Water based ecotourism

Irrigation tofacilitate smalscale farming

Cage/pen as well as pond fish culture

Agroforestry using cashew and other suitable species

Agordome

Al WIN|F

Source: Filed data compiled by team

CONCLUSIONS AND RECOMMENDATIONS

Theconstruction of dams across the Volta River had no doubt influenced a number of livelihood
avenues anchored on fishing and floodplains farming in the Lower Volta Basin area. One of the
thriving livelihood activities reported extensively existing during predam construction phase but
completely lost in many locations pafim phase was shellfish fishery. This comprised of
clam/oyster, shrimp, prawn and crab trapping. On finfish fishery, dwindling catches in terms of
guantity and diversity as well asetinability of fishers to use specified gears and practices were major
concerns. On the farming front, the cessation of the annual floods that left behind alluvial deposits rich
in nutrients used for drawdown cropping of varieties of staples and vegetable the misfortunes

of inhabitants.

Proliferation of weeds, alteration of tHew rate of the river and the builg of sandbar at the estuary

of the river were mentioned among others as culpable for these shortcomings. Consequently, the
removal ofaquatic weeds from the main course of the river and creeks, improvement upon the flow
rate of the river, removal of the sandbar formed at the estuary and controlling pollution of the river
were mentioned as the solutions to their difficulties.

Postdam intermediations notably, hospitality and water based tourism, fish culture in cages, irrigation
agriculture and textile industry have not trickled down to the ordinary folks confirming assertions of
recent studies that none of the recent interventiomiserLower Volta have led to improvements in
livelihoods.

Cottage based agroindustry modelled on sis@dle basis for shell and finfish culture, irrigated
farming, composting, livestock rearing and agroforestry practices supported by transfers deavailab
technologies and appropriate resource allocations could improve the livelihood avenues of the
inhabitants of the communities on a sustainable basis.

3.1.18 Keta& Ada Wetland Resources & Livelihoods Project (TCP/GHA3604)

(Project Staff: Francis K. YAmevenku)

Promoting and Enhancing Sustainable Management of Wetland Resources for better Ecosystem
Services and Resilient Livelihoods of Keta and Ada Coastal communities is a project that aims
ataddressing issues militating against lagoons through stibaipproach with the overall goal of
enhancing the management of lagoon resources while promoting livelihood options and resiliency of
Keta and Ada Coastal community dwellers. The objectives of the current project are:
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1. Toincrease and improve provisi of goods and services from agriculture, forestry and fisheries in
a sustainable manner;

2. Toreduce rural poverty.

It is foreseen that, through achieving these project objectives, Ghana will be contributing to the Food
and Agri cul t urrateg© Frgreworkofaehsurimgisassaingdle management of natural
resources while at the same time ending hunger.

During the reporting period, no major activity involving the CSIR WRI team was undertaken.

Some Major Constraint include delay in the signihd.etters of Agreement between the Food and
Agriculture FAO, Ghana, on one part, and the CSIR WRI on the other hand. Contacts to assigned
personnel at the FAO were unresponsive thus, it has been difficult for the Institute to be proactive in
the activitiesof the project.

3.1.19: Assessment of metal levels and organic compounds in vegetables/foodstuff sold around
e-waste sites in Ghana

(Project staff: Dr. Kwadwo Ansong Asante, Mr. William Ekow Arko and Mr. Samuel Obiri of BRRI. )
The objective of thestudy is to assess the levels of metals, polychlorinated biphenyls and

organochlorine pesticides from vegetables/food stuff sold aroumdste sites at Agbogbloshie
(Accra) and Kumasi to evaluate the likelihood impact on human health.
Sampling is designeduarterly for one year (4 quarters). The second sampling was undertaken in

December, 2018 and analyses are currentigang

311100 Assessment of the | evels of PolycecAkclic A
commercially important cowhide from selected market centres in TemaAshaiman and Accra
Metropolis.

(Project Staff Dr. Collins Tay, Saada Mohammed, Dr. Louis Doamekpor, Grace Dartey, Richard Kuddy,
Emmanuel Fianyaglo, Mavis Mawuena.)
(Collaborating AgencieDepartment of Chemistry, Univétg of Ghana, Legon)

One of the oldest and most common ways of preserving meat and meat products for consumption is
smoking. Smoking is used to conserve meat for longer period of time before consumption. Smoking
of meat is done mainly for the purposedaehydration and to incorporate antibacterial properties of
phenols and other chemicals into the meaitk({gédia Contributors.; 2018). This gives the meat and
meat products higher shelf lives and prevents microbes and enzymes from causing food decay.
Howeve, smoking is associated with, incomplete combustion which introduces toxic organic
compounds such @&AHs on to the smoked meat and meat products and it is believed to originate
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from the fire and smoke rather than from kieadiuced reaction in the food&4&rrigues etal, 1987)
According to Dennis et al., (1984), smoked products contain the highest PAHs. However, due to
interaction with light and other compounds in the environment, the concentration of PAHs in smoked
products may decrease due to photodghahdecomposition (Simko et al., 199Notwithstanding,

PAHSs are also known to permeate into smoked meat and meat products once formed, hence escapt
decomposition by light. Due to their mutagenicity and carcinogenic nature, PAHs have been
extensively resarched worldwide (Andrée et al., 2010). Worldwide Organizations such as the US
Agency for Toxic Substances and Disease Registry (ATSDR, 2009), the International Agency for
Research on Cancer (IARC, 2005), the Department of Health and Human Services (EH¢HS)
National Occupation Safety and Health Administration (OSHA, 2010) and the U.S Environmental
Protection Agency, have been able to demonstrate the carcinogenic nature of PAHs in humans and
experimental animals. 'Wele' is produced from the skin of a ¢bw cowhide is burnt at very high
temperatures. This gets rid of all the hair and fur on the skin and also softens the hide for easy
consumption. The process by which cowhide is burnt is called the singeing process. It is important
that all the hair arburnt off the cowhide for safe and easy consumption. During the singeing process,
different types of fires generated from wood can be used for the burning process. In the olden days,
people relied on firewood as the source of fuel for burning hairs offidineof slaughtered animals.
Currently, the higkcost of firewood has led to the use of waurt car tyres scraps, discarded
electronic devices, engine oil, plastic and organic rubbish, etc. as source of fuel to generate heat for
the singeing process sfaughtered animals (Obibanso et. al., 2008). Some small percentage of
processors of wele for commercial purposes also rely on methane gas as source of fuel for the burning
process. According to Obibanso et. al., (2008), local butchers in Ghanarte$éo the claim that,

the flame produced during the burning of the scraps, lorry tyres etc. were of much intensity than that
of firewood and the cost of acquiring them were relatively cheaper. They also claimed that, these fires
did not break the hide buather burnt off all the hairs from the skin of the animal conveniently. It is
therefore generally common in Ghana amongst the processors of wele for commercial purposes to
process it using worout car tyres and thus, the end products which is comnigraiailable for
consumption in the market centres are suspected to contain high levels of probable human carcinogens
It is in line with this background that, this project seeksasess and compare the levels of
contamination as well as examine themsources of PAHs using molecular ratios of some specific
hydrocarbons antheir probable potential human carcinogens in some selewédets within the
TemaAshaiman and Accra Metropolis.

MATERIALS AND METHODS

During reportingeriod, a total of twentyseven (27) samples of commerciailtyportant cowhides

(Wele) were bought from four different markets in the Accra metrogdis markets are Mallam Atta
(Malata) market, Accra Central market, Agbogbloshie market and Odawna (Nkrumah iGarte]j.
Sampling was carriedut between Neember 2018 and February 20F8r each market, four samples

were bought from four different vendors located at different points within the market,. The samples
were wrapped in aluminum foils with sample idectation codes. The Global Positioning System
(GPS) Coordinates were determined for each sampling point. The samples were then stored on ice in
an icechest and transported to the Organic section of the Environmental Chemistry and Sanitation

CSIRWater Research Institute 78



Annual Report 2018 R & D Activities

Engineering ofie Council for Scientific and Industrial Reseakbater Research Institute (CSIR

WRI) at Accra, where they were stored in a refrigeratet®iC until analysis. Thenajor constrairf

this projectis the availabilityof fundsto enable us cover other matk within the Tem#shaiman

and Accra Metropolis for a comprehensive assessment of the probable human carcinogens associate«
with the consumption of commercially availaiele in the Ghanaian Markets.

RESULTS AND OUTPUTS

ThePAHdominancisinorder of: In(1,2,3cd)

P Flu Ant PB(yA _ BOoB)F B(a)P_ AcPy FI B(GHI) P,
he total PAHs in Wele from the Accra Central Market rangedBB80ug/kg with significant lower
molecular weight PAHs (LMVAPAHS) with 24 rings and higher moleculareight PAHs (HMW

PAHSs) with 56 rings. The total PAHs in Wele from the Malata Market ranged92.0410ug/kg

with significant lower molecular weight PAHs (LMARAHS) with 24 rings and higher molecular
weight PAHs (HMWPAHS) with 56 rings. The total PABlIin Wele from the Agblogbloshie Market
ranged 287 887umg/kg with relatively lower molecular weight PAHs (LMWAHS) with 24 rings

and higher molecular weight PAHs (HMYRAHS) with 56 rings. The total PAHs in We from the
Kwame Nkrumah Marketanged 48 1 2377ug/kg with significant lower molecular weight PAHS
(LMW -PAHS) with 24 rings and higher molecular weight PAHs (HMWAHS) with 56 rings. The

total PAHs in Wele from the Tema market rangedil3406umg/kg with significant lower molecular
weight PAHs (LMW-PAHS) with 24 rings and relatively lower molecular weight PAHs (HMW
PAHS) with 56 rings. The total PAHs in Wele from the Ashaiman Market ranged3BB9ug/kg

with varied lower molecular weight PAHs (LMARAHS) with 24 rings and higher moleculareight

PAHs (HMW-PAHSs) with 56 rings.he total PAHs in Wele from the Tema Newtown Market ranged
51271 1428ug/kg with varied lower molecular weight PAHs (LMYAHS) with 24 rings and higher
molecular weight PAHs (HMWPAHS) with 56 rings. Fig 3.1.21 presents the Lower Molecular
Weight (LMW) and Higher Molecular Weight (HMW) PAH dominance in commercially available
wele in the selected markets in Accra. Figl shows that, there are significant higher molecular weight
PAHs in commercially available Wela ithe selected markets. F&1.22 presents the Lower
Molecular Weight (LMW) and Higher Molecular Weight (HMW) PAH dominance in commercially
available wele in the selected markets in Accra. These results suggests human health effects due tc
carcinogeniciy of the seven common PAH compounds identified bythe USEBPA3 as OO0 pr ot
human (Group B2) carcinogenso6
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Fig 3.1.2: LowerMolecular Weight (LMW) and Higher Molecular Weight (HMW) PAH
dominancen commercially available wele in some selected markets in Accra.
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Fig 3.1.23: Lower Molecular Weight (LMW) and Higher Molecular Weight (HMW) PAH

Dominancen commerciallyavailable wele in some selectedriets in theTemaAshaiman Metropolis
Accordingto the US National Academy of Sciend®t72), strongly carcinogenic PAH compounds
include benzo(a)pyrene [B(a)P], benzo(b)fluoranthene [B(b)F] and dibenzo(a,h)anthracene
[DB(ah)A]. B(a)P contents in wele from the four market centres in Accra rangedl220ug/kg
benzo (b)fluoranthene [B(b)F] contents ranged .21426.0.pg/kg, and dibenzo(a,h)anthracene
[DB(ah)A] contents in wele ranged from below detection to d$Rg, while, results show that, wele
from the AshaimanTema area did not contain dibea)anthracene [DB(ah)A] while, B(a)P
contents ranged 120128 ug/kg and benzo (b)fluoranthene [B(b)F] contents ranged 1881g/kg.
These results suggest that, in terms of carcinogenicity, commercially available wele théthin
GreateAccraRegioncan be considered dmghly moderate carcinogenand therefore possséseats
to consumers.
Source analysis using molecular ratios of some specific hydrocarbons show that, the Flu/Pyr ratios in
wele from the Accra Central Market could not be calculated since both PAH compounds were not
detected. The Flu/Pyr ratios for M200 and MA202 were 1.6&nd 1.64 respectively, suggesting
that, the sources of PAHs are characteristics of pyrolitic origin. Similarly, the Flu/Pyr ratios for NK
502 and NK503 were 2.0 and 2.4 respectively, suggesting that, the sources of PAHs are characteristics
of pyrolitic origin while, the Flu/Pyr ratio for NK601 was 0.95, suggesting a petrogenic origin. The

=
o
o

PAH dominance (%)
o o o

o
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Flu/Pyr ratio for AM212 was 1.75, suggesting a pyrolitic origin, while, the Flu/Pyr ratios for AM
210, AM-211 and AM213 were not determined either fluoranthene ormpyifer these samples were

not determined. The Flu/Pyr ratios iAlT T-2, T-3 and F4 were 0.88, 1.8, 0.87 and 1.0 respectively,
while, Flu/Pyr ratios in Al, A-3 and A4 were 1.64, 1.32 and 1.76. The ratios of Flu/Pyr irZTN

TN-3 and TN4 were 3.9, 3.@nd 0.92. This suggests that, the sources of PAHs in wele from the Tema
Ashaiman Metropolis are characteristics of both pyrolytic and petrogenic origins. The Flu/Pyr ratios
for A-2 and TN1were not calculated because either fluoranthene or pyrene fersteples could

not be determined.

Similarly, PA/Ant ratios for MA200, MA-201 and MA202 were 0.93, 0.9 and 0.92 respectively,
while, AC-221 had PA/Ant ratio of 0.51, N&&0land NK503 had PA/Ant ratios of 0.95 and 0.93
respectively. The study also shethat, AM-212 and AM213 had PA/Ant ratios of 0.93 and 0.94
respectivelyThe PAANt ratios for F1, T-2 and F3 were 0.90, 0.94 and 0.91 respectively, while the
PA/ANt ratios for A3 and A4 were 0.85 and 0.93 respectively. The PA/Ant ratios forZTNIN-3

and TN4 were 0.93, 0.95 and 0.92 respectively. The PA/Ant ratios-#grAF2, A-3 and TN1 were

not calculated because either phenanthrene or anthracene for these samples could not be determinec
These PA/Ant ratios are all < 10 suggestivpefrogaic sources Thus, the PAHs in commercially
available wele from the selected market centres within the Pehaiman and Accra Metropolis
could mainly petrogenic.This could due to the processing methods and petroleum /organic heat
sources.

Resultsfromths st udy al so showed that t hePAHs)ranged t h
11407 131 pg/kg in commercially available wele in the markets in Accra, while, sum of the seven
car ci nogeni-PAHsPrangesl 120 ¥ 7080ug/kg in commercially avéable wele in the
markets within the TemAshaiman Metropolis. The total carcinogenicity represented by the seven
commonPABMc ompound as fiprobabl e human carcinogen
the selected markets in Acasgpresented in Fi§.1.24 From Fig 31.24 NK-501 purchased from the
Kwame Nkrumah Market is most carcinogenic, while-A83, AM-211 and AM213 purchased from

the Accra Central Market and Agblogbloshie Market are the least carcinogenic.
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Fig 3.1.2: Human health effects of commercially available Wele in Accra Markets
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Similarly, the total carcinogenicity represen
human carcinogen for each commercially available wele from the selected marketgheithema
Ashaiman Mé&opolis are presented in Fig 3.3.2rom Fig 3.1.8, T-1 and A3 purchased from the

Tema and Ashaiman Markets respectively were the most carcinogenic, whikd F4 purchased

from Tema, A4 purchased from Ashaiman and -INTN-2 and TN3 purchased from Tema
Newtown market had no probable human (Group B2) carcinogens.
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Fig 3.1.25: Human health effects of commercially available Wele in the -Peimaiman Metropolis.

Comparison of t he-PAHe repoeed in weledm ¢tha Accra (fange 71id 131
Ho/kg) and TemaAshaiman (range 120 703 ug/kg) Metropolis the probable human carcinogenic
PAHs in wele from the TermmAshaiman Metropolis are relatively lower anceitfore are less
carcinogenic.

The study shoed that, the total PAHs in Wele from the Accra Central Market, Malata Market,
Agblogbloshie Market, Kwame Nkrumah Market, Tema Market, Ashaiman Market and the Tema
Newtown Market ranged 33802ug/kg, 290i 1041 mg/kg, 287 887 ug/kg, 4351 2377ug/kg,134

T 1406ug/kg, 3141 1589ug/kg and 0512 1428ug/kg respectively with varied lower molecular
weight PAHs (LMWPAHS) with 24 rings and higher molecular weight PAHs (HMRAHS) with

5-6 rings. Source analyses using molecular weight of specific hydrocarbonshstiptiesources of
PAHSs in commercially available wele from the selected market centres within the AsmaiBnan

and Accra Metropoligrimarily petrogen. The results further showed that the sum of the seven
car ci nogen iPAHsPrangesl 114 £320cl mg/kg in commercially available wele in the
mar kets in Accra, whil e, s u#fAHsfranged 0 ®Dygkgm c ar
commercially available wele in the markets withihe TemaAshaiman Metropolis.

3.2 CLIMATE CHANGE, ENVIRONMENTAL MANAGEMENT AND GREEN
TECHNOLOGY

3.2.2. POLLUTION AND WASTE MANAGEMENT

3.2.1.1Water Infrastructure Solutions from Ecosystan Services Underpinning
ClimateResilient Policies and Programmes (WISEJP to Climate)
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(Project research and technicalstafr. Emmanuel Obuobie (Project Coordinator), Dr. K. Kankam
Yeboah, Dr. E. OberBekoe, Dr. Barnabas Amisigo, Mr. Frederick Logah, Ms. Sylvia Amponsah, and Mr. Frank
Oblim)

Collaborating agenciestnternational Union forConservation of nature (IUCN), University of Nairobi (ACCES),
International Water Management Institute (IWMI), Basque Centre for Climate Change (BC3), Manchester
University (MoU), and Overseas Development Insti(@BI)

Theobjectiveof the project is toncrease adaptive capacity in the Volta basin through recognition and
inclusion of ecosystem services provided by natural infrastructure in investment strategies for climate
change adaptation and through optimization with built infrastructure plannindeaetbpment.

The project ended in June 2018 after 4 and half years of implementation. Activities executed in the
reporting period were (a) field visit for data collection and maintenance of hydrological and
meteorological equipment in the Pwalugu ared, @) preparation of manuscripts for publication.

Field visit for data collection and maintenance of equipment: During the reporting period, field visit

to the project instrumented sites at Pwalugu, Bissigu and Arigu in the Northern and Upper East
Regionsto collect hydrological (streamflow, groundwater level, dam water level and soil moisture)
and meteorological (e.g. rainfall, temperatures) détam equipment installed at those
loationsAlso,regular maintenance and functionality checks on all the eaqripmereconducted to

ensure they were working properly. Two of the soil moisture sensors were not functioning properly
because their sources of power (dry cells) had gone bad. The batteries were replaced to ensure the
sensors worked properly.

Preparatiorof manuscripts for publication: The CSIRRI team contributed to the preparation of two
manuscripts under this project in the reporting period. The manuscripts were submitted to the Journal
of Energy Research and Social Science, and the Journal of Eugsariation of Environmental

and Resource Economics, for publication.

3.2.1.2.Surface water ecological studies / monitoring at the Akyem Mine, New Abirem.

Project Staff: Dr. Ruby Asmah)r. Kwadwo Ansong Asante, Dr. Mike Osei Atwenelbp&r. Gloria Addico, Dr. E.

D.O. Ansa and Mr. Solomon Owiredu.

The main objectives of the study were to assess the ecological status of the water storage dam (WSD)
and to reduce the density of fish stock in the facility.For water quality assessment, the specific
objectives wer¢o determine and establish the quality of water in the V@Svell as that ahe main

sources of water to the WSD; namely the Pra and MgrRavers water from pit dewatering and

how these vary seasonallie studyalsodeterminedhe quéity of sediment in the WSF and the Pra

and Mamag Rivers and how these vary seasonally.
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Findings on the water quality aspect of the womkas as observed in the other previous sampling

campaigns, the pH values of the WSD in the wet season monitoring were slightly above neutral,
ranging from 7.16 pH units (Site 1, bottom) to 7.62 pH units (Site 3, surface). The measured WSD pH
values fell within FPA range and are therefore acceptable. The pH values have remained fairly stable
over the perioaf investigaion. Temperatures varied between 27.1°C and 28.1°C, and these values
were lower than values reported for the dry season in the WSD. It must mdveereted that the

season and time of sampling accounted for temperatures recorded.

Turbidity values in the WSD ranged between 15.0 and 19.0 NTU, significantly hggherQb) than

the 2018 dry season. Soil erosion in the catchment, surface runofidoarektic wastes mainly
contributel to increased turbidity of reservoir. The measured turbidity values in this current sampling
campaign were however far below the EPA guideline of 75 mg/L and therefore satisfactory. In placing
the TDS values side by sidestEPA guideline value of 1,000 mg/L, low TDS values were encountered

in the present samples which could be as a result of the low conductivity of the WSD. Concentrations
of total suspended solids (TSS) ranging between 8.00 and 16.0 mg/L were signifigimely o<

0.05) than the 2018 dry season values but below the EPA guideline of 50 mg/L making it satisfactory.
Chloride was low in concentration and fluoride was not detected at any of the WSD sites as
predominantly has been the case in previous survides.other ions such as calcium, magnesium,

potassium and sodium were all low in concentrations even in relation to drinking water guidelines.

Dissolved oxygen concentrations varied between 7.68 and 8.36 mg/L for the surface waters and 0.690
and 0.940 mg/lfor the bottom waters. The WSD therefore seems oxygenated and can support aquatic
life. BOD values ranged between 2.47 and 7.02 mg/L while COD varied from 33.6 to 48.0 mg/L. Both
BOD and COD concentrations were far below the respective EPA threshollamd 250 mg/L and
therefore satisfactory. Nitrate (0.0280.243 mg/L) and total phosphorus (0.5601.21 mg/L)
concentrations were low when placed alongside the EPA guidelines of 50 and 2 mg/L, respectively.
The sulphate concentrations in the WSD wer@range of 13.1 to 13.6 mg/L but no EPA guideline
value exists to compare the results with. The low nutrient content could probably be due to its
utilization as nutrient by the algal community. Free cyanide was not detected at any of the three sites
in the WSD but total cyanide ranged between 0.006 and 0.028 mg/L, lower than the EPA guideline
value of 1.0 mg/L. As observed in previous samplings, concentrations of all the analyzed trace metals
were either low or below the detection limits and hence bé&h@navailable EPA effluent quality

guidelines.
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The pH values of the Pra River fell between 7.21 and 7.49 pH units, while the Mamang River ranged

from 7.24 to 7.42 pH units with all values falling within the range of 6.0 to 8.5 characteristic of natural
freshwater bodies. The pH values were also within the WHO range of 6.5 to 8.5 stipulated for drinking
and domestic uses. Turbidity values (58.0 to 110 NTU) measured for the Pra River afd4B49.0

NTU) recorded from the Mamang River exceeded the watdityjgaideline value of 5 NTU. The

total dissolved solids (TDS) values for the Mamang River were between 91.2 and 159 mg/L and the
Pra River recorded TDS values of 91.88.4 mg/L. All the measured values were far below the WHO
water quality guideline linbh of 1,000 mg/L.

Both rivers measured low nitrate concentrations (01086886 mg/L from the Pra River) and (0.083

T 0.186 mg/L for the Mamang River) with all values falling well below YeIO water quality
guideline valuef 50 mg/L for nitrate. The saits were comparable with the wet season levels of 2017.
Sulphate concentrations for both rivers were also far below the water quality guideline value of 250
mg/L but no EPA guideline exists to compare results with. The DO values for the River Pra ranged
from 5.65 to 7.25 mg/L and between 4.02 and 6.26 mg/L for the Mamang River. BOD values
determined for the Pra River were between 2.71 and 3.78 mg/L and for the Mamang River, values
varied from 2.42 to 6.50 mg/L, comparable with the dry season. Iron ancanesmggwere exceeded

in all the collected samples from the Pra River while the iron levels at all the three sites of Mamang
River in addition to the manganese concentration at the Maf@ngonfluence also exceeded the
guidelines. Free cyanide was not emaiered at any site of the two rivers. However, total cyanide was
detected in the two rivers but at low levels. For the sediments, only copper at all the three sites of the
WSD exceeded the available TEC limit. For the Pra River, mercury in the sediment©foase

Praso and Pumping Station as well as chromium from Ofoase Praso exceeded the TEC values. For
Mamang, only chromium concentration from the Mam&ng confluence was over the TEC value.
None of the analyzed residues was detected in any of thdesafrggn the WSD, Pra and Mamang

Rivers

3.2.13. UNICEF Water Safety Plar+ Endline Pilot Study

(Project Staff:Dr. Ebenezer D.O. Ansa, M.O. Akrong, Selorm Borbor and Mohammed Bello

Risks assessment of drinking-water safety involving regular monitoring of water quality formsakey
part of Water Safety Plans (WSP) andthis may indicatethe effectivenesof a WSP. An endine
study was conductedto documentany changes in water quality that has taken place sincethe

baseline study of water quality was conducted n 2017. The objectivewas to determine the
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microbial and residual chlorine concentration of water samples collected in selected communities

in the Northern, Upper West, Upper East, Volta and Central Regions of Ghana for comparison with

similar data collected in November, 2017.

A total of fifteen (15) communities (10 WSP communities and 5 Control communitiese
sampled for the quality of the sourceshadirdrinking watetWater samples (500mL) were obtained
from standpipe outlet&@fter flaming with absolute ethanol to steriljzend also from households.
Water samples obtained from these communities were analysed for Residual Chlorine, Total
Coliform, and FaecaColiform andEscherichia colicounts. Other relevant information was also

obtained.

Water collection points that are not frequently in use as well as those that run intermittently had
highcoliformcounts. Dosing with the appropriate concentration of chlorine seems to be a challenge

for the managers of the Water Safety Plan in tlo¢ pommunities. Only two (2) water samples out

of the total of 150 samples (1.3%) hesidual
chlorineconcentrationconfimingtothé&shanatandardsAuthorityrecommendedinimum value of

0.2mg/L. Fortyeight (48) water samples representing 32% of all watenpkss analysed had
significant (O 20cfu/100mL) coliform contamin

baseline results which showed 72% of water samples having significant coliform contamination.

Intervention measures need to be strengtheneddrgasing knowledgebase on microbial risks.

Technical Operators of the Water Treatment Systems may need further training in chlorine dosing.
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Figure 3.2.1Technicians conducting test on the field.

3.2.14 Assessing Impact of the Kpone Landfill orGroundwater Quality

Project Staff Dr. Franklin Obiri -Nyarko, Dr. Anthony Duah, Mr. Evans Manu, Mr. Ralph Tagoe

In Ghana, disposal of solid waste in landfills is a common practice as it is the cheapest and easiest way
of solid waste disposal. These duniies however, have the potential of polluting the groundwater

with an array of hazardous contaminants, especially when the sites are not properly constructed or
situated on pervious or incompetent geologic material. In this report, a summary of ohsgmatie,
information gleaned from interactions with site operators and managers, and work done so far at the
Kpone landfill site to assess its impact on soil and groundwater quality during the year under review
is presentedhe principal objective of thistudy is to investigate the possible impact of the Kpone
landfill on the quality of the groundwater in the vicinity. The specific objectives are:

1. To use electrical resistivity (ER) and induced polarization (IP) methods to detect possible
contamination of the groundwater at the site by the leachate emanating from the waste pile and to
delineate the vertical and horizontal extent of the contamination.

2. Toperform chemical analyses of the groundwater for assessment of its qurditgetailed report

on the various activities undertaken in specific quarters of the year under review, readers are requestec

to refer to the various quarterly reports bis fproject submitted to the Division.
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During the year under review, the study site was visited on a number of occasions to undertake a

number of research activities, including site reconnaissance, levelling, and geophysical survey. The
reconnaissance stgy was performed as an initial activity to familiarize ourselves with the site
conditions, obtain some information germane to our work, as well as identify structures, operations or
events that may interfere with the safety of the research team as well a®rk on the site. The
levelling was done to help establish the groundwater flow direction as well as inform the siting of a
third monitoring well at the site. It became necessary for the latter to be done during the reconnaissance
survey. The levelfig was done using a level instrument and a handheld Global Positioning System
(GPS). A suitable reference point was established after which five (5) profile levels were taken on the
natural ground immediately around the heaped landfill using the leveinmett. Four (4) profile

levels were also taken perpendicular to the landfill to the fence of the area and one (1) level profile
was taken parallel to one end of the heaped landfill. The GPS was also used to establish both the
positions and elevations tife points. The geophysical investigations using electrical resistivity (ER)
and induced polarization (IP) techniques in the Schlumberger configuration were carried
simultaneously out to: help identify a suitable location for drilling a third monitoriellj wetect

possible contamination of the groundwater due to leachate emanating from the waste pile; and to
delineate the vertical and horizontal extent of the contamination at the sitesTifteachieved so far

during reconnaissance survslyjowed that th activities observed being undertaken at the site are
characteristic of landfill sites. No major challenges to our workwiss the operations at the site are
expected to be encountered except interference from the compactors, escalators, dozetsmgnd ga
trucks working on the site. The site operators provided us with some information but could not furnish
us with data on the monitoring wells for our review. These data, together with environmental quality
standards/guidelines, are to serve as a lmesaljainst which results from our investigations will be
evaluated. Regarding the deposition, composition and management of waste, pollution of air by gases
exuding from the waste, and leachate management at the site, the survey revealed that, there is ¢
general need for an improvement in the management of waste at th@lsitég.3.2.2, 3.2.3,3.2.4

shows the researchers working at the site.
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Fig 3.22: A team membel Fig 3.2.3 Current working Fig 3.2.4 Team members using tf
observing the leachal surface showing differer level instrument and GPS 1
collecting around the bas composition of waste dumpe determine the elevation ar
of the waste pile during th at the site coordinates of some points at t
reconnaissance survey working surface

Figure3.2.5below is a Google Earth map of the Kpone Landfill site with a superimposed topographic
contour map showing the elevations and inferred groundwater flow directions which are indicated by
the green, blue, and red arrow lines. As shown inF&)5 groundwéer flow at the site, as determined

from the elevation measurements, occurs in three different directions, i.e.toward the Bastern,
Eastern, and South Eastern axis of the study area. This information together the results from the

geophysical studs will allow us to determine the appropriate location for drilling the third monitoring

well.

Kpone Landfill
Site Survey

The highest elevation is

500m hased on the natural

ground topography.

The lowest elevation is X 3

468m 500m
Fram the landfill site the 5 4

flow direction is from 488m 3 3
elevation towards 488m | 492m
ahove sea level

484m

Legend

& Flow Direction
& Flow Direction2
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& Landfil
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N
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Fig 3.2.5 Google Earth map showing the elevations and the inferred groundwater flow directions at

the Kpone Landfill site.
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Figure 3.2.6 below shows wherdhe electrical resistivity and induced polarization soundings were

carried out on the site. In all, five profile linesiAD, marked by the blue lines, were established.
Work, however, could not be carried out at the back side of the site due to gificatssing that

area. The results obtained so far from the geophysical investigations revealed high to low conductivity
values, which corresponded to high to low chargeability values from the soil surface to depths of about
30 m in some parts of the sifehese preliminary observations, though inconclusive, suggest possible
contamination of the upper layers of the soil by the leachate in those parts of the site. Detailed analyses
of the data obtained are currently being done to allow further interpretédtibea results.

Map showing the Kpone Landfill Project Site '
& Landfill site

Profile A

_Profile E Road to Kpone Tq)

Profile B \

Profi Leachate Pond
“Refuse dump area._ Profile C

Profile D
Google Earth

€ 2 giGoogle 300 m

Fig 3.2.6 Aerial map of the Kpone Landfill project site showing the positions of the ER and IP
tomographies.

Research is still in progress, and will continue until the mid of next year. For details of the various
results presented in this report, readers are stedieo refer to the quarterly reports submitted in the
year under review to the Division. Based on the results obtained so far, the following recommendations
are made:

1. The remit of the research should be expanded to include impact assessmerdraffithemn

soil quality.

2. In line with the foregoing recommendation, it is also recommended that soil samples should
be taken from different parts of the site including the areas shown in the geophysical survey to be
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possibly contaminated by the leaahdbr chemical analysis to corroborate or prove otherwise the

results of the geophysical investigations.

Keywords: Landfill, leachate, groundwater, contamination

3.2.1.5.:FINAL EFFLUENT QUALITY MONITORING
This activity was undertaken as a consultancy for Golden Tulip Hotel. The objective of thevagtdy

undertake quarterly effluent quality monitoring. The Activities during the period include sampling of
treated effluent (sewage) and final effluent (xtome of sewage and laundry effluent) quartealythe
pointof discharge fronpremisesf thehotel.

The following parameters weemalyzeth the laboratory: Chemical Oxyg&emand Dissolvedxygen,

total dissolved solids, suspended solids, phosphdtatemitrogen, ammonkitrogen, nitritenitrogen,

oil and grease, pH, and conductivity. Four (4) quarterly reports were written and submitted to the client

during the reporting year.

3.2.1.6 PHYSICO-CHEMICAL AND BACTERIOLOGICAL TESTS ON POTABLE AND
SWIMMING POOL WATERS

The project was undertaken for Golden Tulip Hotel. The Objective is to monitor quarterly, the water
guality to determine its suitability for potable and swimming purposes.

Activities undertakewomprised collectioof water samples quarterly from different locations within the Hotel
premisesjncluding: Tap water (GWCL), filtered water, swimming pool water, reservoir water, kitchen cold
and hot waters. Physiahemical and bacteriological tests were carried ouhersamples. Four (4) reports
were written and submitted to the cliehtring the reporting year.

The findings are summarised as follows: The results of water from various sourceshatehexamined
indicated that the waters were fit for drinking andestpurposes as the physicdeemical characteristics were

all within WHO limits.

1 Low levels of total and faecal coliforms were sometimes observed in the GWCL water,
reservoir and filtered water samples frdm hotel. Coliform bacteria were not detectethie
waters during most of the sampling periods indicating that the waters were suitable for potable
use.

Four (4) quarterly reports were submitted to the client.
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3.2.17. ASSESSING THE EFFICACY OF ZEOLITE IN REMOVING FLUORIDE FROM
GROUNDWATER

ProjectStaff (Research and Technical): Dr. Emmanuel Obeng Bekoe (Leader), Mr. Stephen Asugre Jnr, Mr.

Victor Manteter HarvestingComponent)

Thepr oj ect 6 s O bdetermihe the eapabilityao$ zedlite to remove fluoride from ground water
in the Bongaownship The project commenced in July 208bme ativities carried out during reporting
period includesLiterature reviewandthe mobilization oflaboratory materials and equipmegtuired

for the studyProcuremenfprocesses require for the acquaitiof zeolite hae commenced while, the
District Engineer b Bongo District in the UpperEastRegion have been contacted sensitize him on

the project and for relevant information and assistalucegin the course of the project.

3.2.18. UK-BRAVE 2 PROJECT: Building Understanding of Climate variability into
planning of Groundwater supplies from low storage aquifers in Africa

Project staft Dr. William A. AgyekunfCSIRWRI), Mr. Collins Okrah(CSIRWRI), Mr. James Sorensen (BGS,
UK), Prof. David Macdonald (BGS, UK), Prof. Rosalind Cornforth (UoR, UK), Prof. Anne Verhoef
(UoR, UK)

The projectis acollaboration withBritish Geological Survey (BGS), Africa Climate Exchange
(AfClix), University of Reading (UoR, UK), CSHVater Research Institute (CSIRRI), Ghana
Meteorological Agency (GMet), CARE International, WASCAL and University of Ouagadougou to
identify a study atchment within northern Ghana and undertake baseline physical surveys, install and
maintain monitoring equipment and undertake necessary additional measurements throughout the
project.The objectives of the project are

i.  contribute to the regional mappid groundwater supply vulnerability to climate change in
northern Ghana, including assistance with the sourcing of relevant datasets as required,;

ii.  contribute to the development of conceptual models of groundwater recharge and flow in
basement aquifers in ribern Ghana;

iii. assist in the identification and instrumentation of groundwater monitoring sites to be
incorporated into the RainWatgkfClix as Drought Early Warning System,;

iv.  attend one international conference in Africa to present the outputs of the;project

v. provide the University of Reading Principal Investigator with information necessary to meet
the reporting requirements of the UPGro Programme funders
The results of ativities carried out during the Year ZJareData on runoffs, rain gauge

measurements, data from infiltrometers, porometers, data loggers etc continued to be collected on
WRI1 6s behal fInadgitionVisBsGuere made to Garu Tempane and Jawani in the East
Mamprusi District to obtain manual walerel measurement data that had been recorded by the field
data collection officers.
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Within the next few weeks (January/February, 2019), it is expected-tfeat IBngduration pumping

test would be conducted on each four (4) deep recdritlgd borehdes at the project site at Anaibisi.

This is to pave way for Magnetic Resonance Survey (MRS) to be carried out at the site. Since MRS
geophysical equipment is not available in Ghana, a team from the Republic of Benin has been
contracted by the Principahvestigators in the UK to carry out the MRS survey. MRS is a major
geophysical investigative tool that is used to quantify the volume of groundwater stored within the
subsurface. The results of this survey would be used as a major input to calibrateotee st

surface water groundwater models thattaimg run on the project.

In addition to the upcoming survey, automatic recorded wat#ld continue to be downloadédxy
WASCAL and transferred to the project headquarters in the UK. In additemjahgroundwater

level measurements would continue to be recorded by the local field officers at Jawani and Garu
Tempane in the Eadamprusi Distirct of the Northern Region

3.2.19:.Groundwater Assessment of the Upper West Region of Ghana
(Project Staff: Dr. William Agyekum and Mr. Evans Mgnu

The Groundwater Division of the CSIR Water Research Institute (WRI) has been embarking upon the
groundwater Assessment of Ghana over the last few years. This assessment has been carried out o
the kasis of the various Regions of the country. So far, the assessment has been completed in six (6)
regions of the country. The Upper West Region is one of the remaining four regions whose
groundwater assessments are being carried out. Hydrogeologicanhd2#b8 boreholes that have

been generated by various drilling agencies since 1974 were compiled, collated and analysed for the
groundwater potential assessment study of the regidhe main objectives of the assessment study

are as follows:

i) To asses the availability, quantity, quality, suitability and movement of groundwater
resources in the Upp&¥est Region

ii.) Develop singleparameter groundwater maps to show the spatial distribution and variation of
groundwater characteristics in the region.

iii.)  Develop a composite hydrogeological map for the region comprising the integration of all the
singleparameter groundwater and water quality maps.

iv.)  Produce a comprehensive groundwater assessment report for the region.

V) Assess the future trends of growater resources sustainability, suitability and water
development and utilization in the region

The activities carried owturingthereporting period are the following:

a) Compilation of borehole data from various governmental and private organizatiored| as w
drilling companies in the region.

b) Analysis of borehole data to obtain present and future trends in groundwater
resources utilization in the region.
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c) Preparation of singlparameter groundwater and water quality maps subbra$iole yield maps,
borehole depth map, static water level (SWL) map, maps of chloride and iron concentration in
groundvater etc.Figures 3.2.6 3.2.9area few of the maps developevithin the reporting year:
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Figure 3.2.7Geological Map of Upper West Region
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Figure 3.29: Map of Static Water Levels i Upper West
Region
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3.2.110. Digitization of Groundwater-use maps for the 10 Regions of Ghana

(Project Staff Dr. Anthony A. Duah, Patrick A. Mainoo, Harison Komladzei, Sandra V. Asare

The Groundwater Assessment Project of the Groundwater Division of the CSIR Water Research
Institute was initiated in 1992 on a regional basis to cover all the 10 regions of Ghana. The groundwater
assessment reports were to provide information on groundenzéability in terms of quantity and

guality, suitability and sustainability for possible future development and utilisation for domestic,
agriculture and smabBcale industries. The reports for 6 regions including Upper East, Ashanti,
Western, EasterrCentral, and Greater Accra Regions were completed in 1996rehimaning 4

regions did not have the requisite data to make any meaningful assessment at the time. Since then Staf
turnover and lack of logistical support have hampered the completion oérttening 4 regional

reports. Notwithstanding these obstacles the assessment report for the Northern Region was completec
in 2017 whiles that of the Brong Ahafo and the Upper West regions are also in advance stage. The
Volta region report which was stadte i n t he 90s but <coul diebthe be ¢
Institute will restarted in the second quarter of 2019. Accompanying these reports are groundwater
use maps however, the maps were generated manually and printed., ltne@rdbundwater Digion

begun the digital reproduction in order to have a dynasystem where the maps can be updated
regularly with the generation of more data and information and can also be produced and printed in
any required scale and extent. The digitization ofdlggeundwateuse maps will continue till all the
relevant maps for the regions have been produced.

The project objectivesare to:

1 Produce groundwateasse maps in digital format which can be updated regularly when more
data and information become avaikabl

1 Producemaps that can be printed at all map scales as and when needed.

Produceuseful maps that can be exported digitally together with reports and documents.

1 Producedemanddriven maps that can be modified to display required attributes at all times.

=

During thereportingyear(2018 the following activities of the projectevecompleted.
1 Data editing and quality assurance checks through digital plotting usingaegitd district
base maps continued for the Eastern and Ashanti Regions.
1 Conversion of data to the required coordinate system for map plotting was done for the
Eastern and Ashanti regions. Data conversion for Brong Ahafo region also started within the
yed.
1 Development of Groundwateise maps for the Eastern and Ashanti Regions together with

that for the Brong Ahafo Region began.

MAJOR CONSTRAINTS:
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The project had the following major constraints during the course of the year:

1 The staff who was responsilftar the data editing and conversion is still on study leave while the
one who returned from study leave wasssigned to the Scientific Secretary rdleis was a
big handicap for the Division. We began some training for the National Service Personnel to
assist the Cartographer in the Data editing and coordinate conversion.

1T Most of the data coll ected from ootdimaes | nst it
making it difficult to use them without editing while others were unusable.

91 Data conversion to the required coordinate system was done manually which required several

marthours to accomplish. This was due to the different formats in which teéeynecorded.

Figures 3.2.10 and 3.2.8 a@®e of the digital maps whickerecompletedduring the period

Fig 3.2.1.: pH concentration of

Fig 3.2.10: Iron concentration map of groundwater in the Eastern | groundwater in the Ashanti Regiome
Region

3.2.111 INTERGRATED COMMUNITY WATER, SANITATION AND HYGIENE
IMPROVEMENT PROJECT (ICOWASH) Hydrogeological Consultancy Services Borehole Siting
and Construction of Twert8ix (26) Boreholes in West Mamprusi Districts of the Northern Region
of Ghana

(Project staff Patrick Amankwah Mainoo (Project Hydrogeologist), Dr. Anthony A. Duah, Dr.
William Atuobi Agyekum, Evans Mar@arl Ofori-Agyemang, Edem Kennedy Ayegbe)

Catholic Relief Services Ghana (CRS) is a fai#ised international development orgatian
established in Ghana in 1958. G&&ana had been working with local partners to tackle poverty on
several fronts with the passion of improving the living standards of rural poor through:
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1 Improvement of health and nutrition

1 Increasing access to safe water supply and sanitation
1 Promotion of agricultural activities to enhance food security
1 Increasing financial assets through Savings and Internal lending communities.

CSIRWater Research Institute through competitive biddimgs contracted to provide
Hydrogeological Consultancy services leading to the establishment of sources of water supply in some
waterstressed communities in West Mamprusi District of Ghdiee project is aCollaboration

between Community Water and Sanitatioagency (CWSA), Northern Region Catholic Relief
Services (CRS/GhanandWest and East Mamprusi Districdssemblies The mainobjectivesis to
delineate most promising sites for the drilling sfistainable boreholesy TwentySix (26)
communities in Wesand East Mamprusi Districts of the Northern Region of Ghana

Thespecificobjectives of the assignment are summarized below:

1 To ensure establisd suitable sites of high groundwater potential to guarantee high drilling
success using appropriate hydrogeological and geophysical techniques,

1 To ensure the drilling, construction and development of high yielding boreholes to guarantee
optimal yields of beeholes,

1 To ensure that appropriate pumps could be secured and installed to guarantee optimal pumps
operations

1 To ensurehat the beneficiary communiti@seadequately empowered to maintain the hand
pumps to guarantee sustainable water supply to the cortesu

Major activities carried out within the reporting period.are

1 Desk Studies.

1 Reconnaissance survey and geophysical studies using 2D Electrical Resistivity Tomography
(ERT) methodology to delineate zones of high groundwater potential for drilling.

1 Supervision of borehole drilling, pumping test and water quality analysis

1 Analysis of pumping test data to ascertain sustainability of production boreholes.

Eighteen (18) text holes had been drilkeding the reporting period bylessrs Jengoventures
Limited using Rotary drilling method, with air as the drilling fluid. Although, the drilled yields are
relatively low,they ranged between 7 and 17 |/milhthe boreholes could sustain constant pumping
rate of 10 I/min for a skhour constant pump test. Bxtension, these boreholes could supply
sustainable water supply to these wateessed communities. Drill depths varied widely from 50.0
and 100.0 m with an average value of 81.Thme.Drilling Contractor is having some technical
challenges, which hastelling effect on project completiohhe results have been shown by:

1 Geology mapKigure3.2.19
1 Sample 2D Electrical Resistivity Tomography (ERSummary of drilling resultsTiable2.1)
Table 2.2provides a summary of the drilling details in the all the eighteen (18) communiiies,

Table 3.2.2 presents the statistical details of some selected parameters. Figures 3.2.15 and 3.2.16
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presents the 2DApparent Resisitivity pseudsections obtained at Guabulinga and Suhuluya
respectiviely.

Scale: 11,800,000

Figure 3.2.1 2: Geological ap of Northern Region of Ghana study area (Red circle)
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Figure 3.2.13: 2D-Apparent Resistivity pseudesections obtained at Guabulinga
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Figure 3.2.14: 2D-Apparent Resistivity pseudesections obtained at Suhuluya
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Table2.1: Summary of drilling data of 18 Communities

R & D Activities

BOREHOLE DRILLING AND CONSTRUCTION MONTHLY REPORT - CRS ICOWASH PROJECT FY18
Borehole Drilling and Construction Details Pumping Test Details
Borehoel . . . . |Recovery
Borehole depth (m) o Screen PVC Plain PVC Static| Pumping Dynamic
. . _— Status Airlift Pump depth
S/N| District | Community / Institution " i Pump test . |Water| Test |Water Level
Date drilled (Wet, Yield Setting : after 3
. . date Level| Yield |after 6 hours
Marginal, | (I/min) (m) ™) | @miny |pumping (m hours
Overburden Hard rock UeE! Dry) Scrgen Screen Plain (m)
(m) (m) Depth sections length (m) | length (m)
(m) (m)
1 | WMMA Sakori 26/04/18 2.8 89.20 92.00 Marginal
2 | WMMA Fungu 27-04-18 2.9 67.10 70.00 Wet 12 15-21 6 15 03-06-18 65 | 1.03 10 64.36 345
3 | WMMA | Tinguri Pope John Prim]. 05-04-18 3.5 97.70 101.20 | Marginal 7 18-27 9 18 21-05-18 90 | 6.83 10 89.62 56.92
4 | WMMA Zanguga 05-06-18 3 89.00 92.00 Marginal 15-27 12 15
WMMA Shelinvoya Prim 05-09-18 3.2 47.40 50.60 Wet 12 24-30 6 24 21-05-18 | 48 | 6.89 10 39.3 10.93
6 | WMMA Guabuliga CHPS 12-05-18 4.2 87.80 92.00 Wet 12 30-42 12 30 22-05-18 90 |[9.21 10 60.22 25
WMMA Suhulaya 14/05/18 1 91.00 92.00 Wet 12 48-54 6 48 28-05-18 70 [14.84| 10 64.94 36.02
8 | WMMA Sumniboma 16/05/18 3 67.00 70.00 Wet 10 30-36 6 30 30/502018| 65 | 1.73 10 64.42 45.27
9 | WMMA Zangu Voga Prim. 17-05-18 1.1 68.90 70.00 Marginal 12-15 3 12
10 [ WMMA Zangu Yakura Prim. 18/05/18 1.10 73.90 75.00 Marginal 12-15 3 12
11 | WMMA Mshio 18/05/18 1.00 74.00 75.00 Wet 12 15-21 6 15 30-05-18 50 | 7.24 10 59.49 50.01
12 | WMMA Nasia CHPS 19/05/18 1.00 74.00 75.00 Marginal 0 0 12 31-05-18 72 [31.29| 10 69.29 51.01
13 | WMMA Loagri Marakaz Prim 21/05/18 4.10 70.90 75.00 Marginal 21-27 6 21 02-06-18 70 8.52 10 69.16 44,01
14 | WMMA Loagri Community 21/05/18 4.00 71.00 75.00 Wet 13 21-27 6 21 01-06-18 70 10.56 10 25.24 47.16
15 | WMMA Sooba Community 23/05/18 2.60 72.40 75.00 Marginal 21-27 6 21
16 | WMMA Sooba Prim. School 23/05/18 2.60 72.40 75.00 Marginal 18-24 6 18
17 | WMMA Daboya chps 24/05/18 0.75 74.25 75.00 Marginal
18 | WMMA Saligu 28-05-18 18.00 57.00 75.00 Wet 17 30-36 9 27 03-06-18 70 |[11.18] 10 69.47 44.29
CSIRWater Research Institute
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Table 2.2 Statistical details of some selected parameters

Entire Project

Parameter
Range(Average)
50.67 101.2
Depth (m)
(77.83)
0.75- 18
Depthto-Bedrock
(3.93)
7-17
Est. Yield(l/min)
(11.92)

The following areConclusionand recommendations

1 The Electrical Resistivity Tomography geophysical (ERT) techniques had proven
successful in previously classified hyetyeologically difficult area.

1 Notwithstanding, the abov&ated success, it can be concluded that groundwater potential
of Bimbilla, Panabaako, Poubogou afddjari stratigraphicalnits that are associated
with the Voltaian supergroup are relatively low.

1 ERT is therefore being cemmended for hydrgeophysical studies in similar geological
settings in Ghana to secure sources of sustainable water supply.

3.2.112. ASSESSMENTOF GROUNDWATER RESOURCES OF THE BRONG AHAFO
REGION

(Project Staff Mr. Patrick Amankwaah Mainoo (ResearcBcientist), Mr. Collins Okrah (Research Scientist),
and Mr. Carl Ofori-Agyeman (Research Scientist)

This ongoing project was initiated in September 2013 and is expected to end in 2018, but
circumstances have compelled an extension of completion to 2B&@bjectiveof the study is

to assess the general groundwater potential and availability in the various rock types in the region
and also develop an updated composite hydro geological map of the region. The assessment forms
part of the research programibg undertaken by the Institutiés specific objectiveareto:

1 Assess the availability, quantity, quality, suitability and movement of groundwater
resources in the Brong Ahafo Region of Ghana through the analysis of data and on hydro
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geological informatin compiled and collated on drilled boreholes in the region over the
years

Develop singleparameter groundwateise maps to show spatial distribution and variation
of groundwater characteristics in the region

Develop an updated composite hydro geologicapnfor the region comprising the
integration of all the singlparameter groundwater and quality maps

Produce a comprehensive groundwater assessment report for the region; and

Assess the future trends of groundwater resources sustainability, suitabiigyomment

and utilization in the region.

Activities carried out during the reporting yeaeas follows -

a)

b)

d)

Completed the computation of Statistics on Single Aquifer Parameter of the boreholes for
the districts and municipalities in the Brong Ahafo region (example Percentage Success of
Boreholes, Borehole Yield Range and Mean Yield, Borehole Depth range andiejatin

of boreholes in the districts and municipalities of the Brong ARafgion of Ghana)

Completed the computation of the Statistics on Single Aquifer Parameters such as the Mean
and Ranges of Static Water Levels (S.W.L.), Dynamic Water Levels (D.VDépthto-

Aquifer of the boreholes in the districts and municipalities of the Brong Ahafo of Ghana.
Completed the computation of the Specific Yield Ranges of Boreholes in the 27 districts
and municipalities of the Brong Ahafo region of Ghana.

Commenced th development of Borehole Yield Maps, Borehole Depth Maps, Etepth
Aquifer Maps, S.W.L. Maps, D.W.L. Maps, for the various districts and municipalities of
the Brong Ahafo Region and regional Maps of the various single aquifer parameters, Water
Quality Mays for the various districts and municipalities, as well as regional Water Quality
Map.

Someconstraintsduring the period havebeen

a.

Acquisition of water quality data of boreholes from some gowernmental organizations
and other stakeholders in the watector was of a major challenge

Lack ofwaterquality results on some district boreholes

Fundshavestill not obtained to pursue reseatbbugh proposal submitted
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3.2.1.13:Effects of Climate Change on Lake Volta Resources (VOLTRES)

(Project research and technical staff: Dr. Ruby Asmah (Project Coordinator), Dr. Hendrick
Dankwa, Dr. Emmanuel Obuobie, Dr. Deborah Darko, Dr. Emmanuel Tetteh, and Mr. Mark
OsetOwusy

(Collaboratingagencies:Aarhus University, Denmark

The objectives of this Project are: (i) improve the understanding of the physical and
biogeochemical functioning of Lake Volta and how the Lake and its resources will respond to
climate change (CCYii) strengthen local research capacity through the use of new research
approaches such as ecosystem and biophysical mogleilijngnsure early preparedness and
response t&C effects in the Lake environment; and (iv) contribute to effective managerhent
the entire Lake systenihe project started in 2014 and expected to end 2019.

Activities carried out during reporting period: activities undertaken in the period under review
were: (i) finalization of biophysical modelling; (ii) presentation of paperan international
conference; and (iii) preparation of journal manuscripts/publication of papers.

Finalization of biophysical modelling: The biophysical modelling component of the project,
which consisted of simulating and analyzing the impacts of cliohetege on discharge, sediment

and nutrient into Lake Volta was finalized in the period under review. This included forcing the
calibrated SWAT model with various climate scenarios to determine the impacts of climate change
on watersedimervnutrient flowinto Lake Volta.

Presentation of paper at international conference in BelgiumBased on the results of the
modelling work.the projecttoordinatompresented h e p a p ebasedisBnvldtion of climate
change impact on water and sediment inflow to LaketMol i n We st Africabo
International SWAT Conference at Vrije Universiteit Brussel (VUB) in Belgium, from 19 to 21
September 2018.

Preparation of Manuscripts: During the reporting periodhe projectprepared two journal
manuscripts in draft formnal guided Mt Mark OseiOwusu to prepare a draft manuscript based

on his work in the project. The three manuscripts will be revised early 2019 and submitted to
already identified Scopus journals for publication.
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3.2.114. Kpeshie and Muni Lagoon Wetland degradation and Governance

(Project Staff: Marian AmiMensah (Rs), Michael Dorleku, Technical; Atikatu MohamadiJerfferson Lloyd
Obeng)

Through ineffective governance of Muni and Kpeshie Lagoons, activities and attitudes of people
have contributed to the destruction of wetlands, which supports the prospective increase in
commercial fish catch of the lagoons and the Séadies show thanhdigenous knowledge (1K)

has helped to protect lagoons and other water resources in the past. Hitherto perceptions created
about IK, coupled with disregard and misunderstanding of local knowledge on lagoons and
wetlands conservation has brought about eugison in lagoon conservation leading to its poor
water quality. Meanwhile conservation practises towards the use, control and ownership of lagoons
has also contributed to the disruption in the conservation of waterbodies (lagoon and wetlands).
Subsequengovernance practices, approaches and educational system did not help to build on or
preserve local watershed knowledge, structures and practices, confirming the concerns of other
writers.

Such activities are accomplished irrespective of the central tneahanisms for controlling
human activities.The objective of the project are 1To identify institutional roles and
responsibilities around the lagaoB. Examine Institutional challenges around the Lagoons

A descriptive survey approach was appliedhe study, using a structured and sstnuctured
guestionnaire to interview respondents around Muni and Kpeshie communities, based on a
sampling frame. A total of 40 respondents were randomly selected from Akosua Village and used
in the survey. Resultsidicated that most governmanterventionsn the areahave destructive

effects on local systems that used to support wetlands.

Land use changes

It is observed from the results that, 65% of the respondents from Kpeshie pointed to the fact that
the lagoorhave beenshrinking (reducing in size) with time, followed by 20% who asserted that
there has been land reclamation and a further 15% who havesséd flooding of the lagoon.
Moreover, 55% of the Muni respondents indicated that the lagoon has reduced in size followed be
36.7% who have observed flooding of the lagoon over the past years. It could be inferred from the
above that there have been lofschanges to the lagoon but these are viewed separately by the
respondents.

The most common activity around both lagoons was found to be infrastructure construction as
indicated by 45% and 50% resptingKpeshie and Muni. Muni also indicated farmingoa® of

the major activities around the lake although Kpeshie explained there was no land left for farming
activities. Fishing as usual followed the construction activity in each lagoonsavesllaswaste
disposal by residents.
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Of course, respondents froboth Kpeshie and Muni lagoon area were in the known that these
activities that they engage in affect the lagoon in many ways as 73.3% and 63.3% Muni and
Kpeshierespectivelyndicated they are aware.

It is recommended thdhe enforcemenbf rules and suctural developments should take into
consideration the applied meaning of exisfimgctices ofocally established institutiorend /or
customs, to ensure the conservation of the lagoons.

A major constraint encounteredwas unavailahlity funding to caducta researchvith results
that can contribute to improvexhd sustainehgoon and wetland conservatiamdavater quality.

CONCLUSION AND RECOMMENDATION

There are clear similarities in the type of land use and land use changes around the two lagoons.
The implication is that, lagoons serve similar purpose irrespective of where they are found and that
there are similaritiesn their usealong the coast based on the system of governance towards the
conservation of the resource. It is recommended ¢bainuous monitoring studies and key
policies on sustained wetland use are ensured in these protected areas and public awareness
educational programs are conducted to educate the locals within the contrxt of local systems

thdar conservation

3.2.1.5: Disaster Risk Reduction Practice Research and Capacity Building Support to
ECOWAS.
(Consultancy Staff:Dr. Emmanuel Obuobie (Leader), Mr. Frederick Logah, Dr. Anthony Duah, Dr. Richard

AmpaduAmeyew (CSHSTEPRI), and Dr. Nelson Obir®pareh (Retired stafffdCSIRSTEPR)

The assignmentvhich is expected to end in 20h8s the following objectives:

(a) Conduct a baseline study on trebmundary floods and disasters in the ECOWAS region;
(b) Develop a regional flood forecasting system integrating existing recqaodahational systems

and provide guidance on open data management;

(c) Develop a policy note on a regional (ECOWAS) approach for post disaster recovery and

reconstruction planning (including Post Disaster Needs Assessments), capacity building and
support throgh institutions in the region, such as universities;

(d) Facilitate training and capacity enhancement for the ECOWAS Commission and experts from

member states related to flood forecasting, disaster preparedness and post disaster recovery
planning

(e) Provide gui@nce on strengthening the academic network related to disaster risk management

across different disciplines in West Africa and contribute to relevant regional conferences

CSIR-WRI is the lead consortium member for the delivery of objectives (a) and (c).
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Consortium members: WASCAL (Ghana/Burkina Faso), FUT@igeria), HKV (Netherlands),
UNITAR (Switzerland/Kenya).

Activities conducted in the reporting period were: (a) preparation of inception report; (b)
preparation of data collection questionnaire; anaddgcntry missions and data collection.

€)) Preparation of inception report: The CSIRWRI team contributed to the preparation of

the overall consultancy inception report submitted to the World Bank in September 2018.
Specifically, the team edeveloped with WACAL and FUTA the methodology for delivering on
objective (b) and developed methodology for Objective (c). Two members of the team represented
the team at a World Bank/ECOWAS hydromet forum in Abidjar21%eptember 2018, and
presented our components tbfe report in a technical session organized by the consortium.
Feedback and suggestions obtained from the World Bank, ECOWAS and patrticipants of the
technical session held in Abidjan were used to revise and finalize the report.

(b) Preparation of data collecton questionnaire: Field data collection instrument in the
form of questionnaire was prepared in the reporting period and used for data collection in country
missions to 15 of the ECOWAS countries.

(c) Country missions and data collectionBetween October andecember 2018, missions

were conducted for data collection in 15 ECOWAS countries by the-@8Rand FUTA teams.

The CSIRWRI team visited eight countries (Burkina Faso, Cape Verde, Senegal, Liberia, Gambia,
Cote DOIlvoirTre, Gui n e a teanm\dsite® $eeen eodntrieshin dach oftthe e F U
countries, separate meetings were held with the Disaster Management Organization,
Meteorological Agency, Hydrological Agency and other organizations such as the Red Cross,
relevant University Faculties and Defmaents.

3.21.16: Multi -scale Flood Monitoring and Assessment Services for West Africa

(MiIFMASS)
(Project Research and Technical Stafr. Emmanuel Obuobie (Coordinator), Mr. Mark Ogaivusu, Mr.
Frederick Logah and Dr. Deborah Darko

Collaborating Institutions:Centre for Space Science and Technology Education (NigBégartment of Earth
SciencesUni versity of Ghana (Ghana); Il nstitut Sup®rieur d
Faso); Volta Basin Authority (Burkina Faso), Centreilérsitaire de Recherche et Application en Teledetection
University Félix HouphouéBoi gny ( Cote DOl voire)

The key objectives of this project are: (iYtevelop a regularly updated regional scale flood event
database for Ghana, Nigeria, Burkina FasonBen and Cote doélvoire; (
forecasting system to provide near feale information on impending floods to allow for ample
planning; (iii) establish an image acquisition, processing and analysis system to map flood extent
during/immediagly after, flood events from RS data; (iv) develop a damage assessment module
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that will assist DMOs evaluate the degree of damage after flood events; and (v) enhance the
capacities of DMOs to take over the service after the completion of the project.

Two major activities were undertaken in the reporting period. These were: (a) stakeholder
consultation and engagements and (b) online desk review of existing national flood event database.

€)) Consultations/engagements with stakeholdersnltial consultative meegs were held

with the three key Disaster Management Organizations (DMOs) at the national levels in Ghana.
These were the National Disaster Management Organization (NADMO), Hydrological Services
Department (HSD) and the Ghana Meteorological Services (GMBEvo meetings were held

with NADMO. The first took place on 22November at their premises in Accra while the second
was held on8December at the premises of CSNRI, Accra. Separate meetings were held with
the other organizations d{'December2018 at their premises. The objectives of the meetings
were: (i) to introduce the MIFMASS project to the DMOs; (ii) discuss and understand how the
project fits into existing and ongoing flood disaster management initiatives in the country; and (iii)
obtain sipport for implementation of the project. The consultations and engagements were
extremely fruitful.

(b) Review of existing national flood event database

One of the objectives of the MIFMASS project is to conduct a review of existing national flood
eventdatabase. This consist of 3 phases: (i) online desk study; (ii) country information/data
collection via meetings with key DMOs in the five project countries; and (iii) full vtef the

review. In the period under review, extensive desk study includimijme data collection of
relevant documents and flood/disaster event databases was conducted for the five project countries
( Ghana, Burkina Faso, Benin, Cote DO6lvoire,
prepared into an initial draft reviewhe initial report will be revised into a full review after
country visits have been conducted to collect detail data from the disaster management
organizations

3.2.1.T. Designand Assessment of Resilient and Sustainable Interventions in Water

Energy-Food-Environment Mega-systems (FutureDAMS)
(Project Research and Technical Stafr. Emmanuel Obuobie (Coordinator), Dr. Deborah Darko, Mr. Mark
OseiOwusu, Sylvia Amponsah, and Clarrisa Nutsupah

Collaborating agencies (if any)University of Manchestemstitute of African Studiegniversity of Ghana, Centre
for Ecology and Hydrology, University of Southampton, and several other UK Academic institutions

The overarching objective of this project is to create knowledge base, capacity and capability for
afuture in which dams built in developing countries are selected, designed and operated to support
resilient and sustainable development.

Major activities executed in the reporting period were: (a) preparation of a draft Ghana background
paper; (b) organation of the first project symposium and project inception meeting (c)
organization of project annual technical meetings and first training workshop; and (d) organization
of second Ghana symposium
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@) Preparation of a Ghana background paper/FutureDAMS working paper series:In

the period under review, the CSWRRI team, in collaboration with the team from the Institute of

African Studies University of Ghana (IAS), studied and prepared a report on the technical and
sociopolitical aspects of major hydroeleéctc dams i n Gh an arhe Coritegtande por t
Politics of DecisioiMa ki ng on Lar ge Dams i nintéhted toarovidAn Ov e
a background to rethinking the design and implementation of dams in Ghana feemetgy
food-environmensecurity. Together with an IAS team memltlee, project coordinatdahe report

at the second Ghana FutureDAMS symposium held on 170ctober 2018 at th& TERRI. In

the same reporting period, the CSIRRI and the IAS teams worked to revise and transfdwen t
background paper into a draft FutureDAMS working paper series.

(b)  Organization of first symposium, project inception meeting and stakeholder
consultation: in the reporting period, the CSI®RI futureDAMS team organized the first Ghana
FutureDAMS symposio on 11 June 2018 at the ISSER conference hall, University of Ghana.
The purpose was to create opportunity for exchanging-dissgplinary and novel ideas on how

to better design and operate new dams to maximize benefits and minimize negative social and
environmental impact3.he symposium was attended by researchers and people from academia in
Ghana and was facilitated by the water engineering and social science experts from the University
of Manchester and CSIR/RI.

Following the symposium, an inceptiameeting of the FutureDAMS project was held on 12 June
2018, at the CSHSTEPRI conference hall. The objectives of the inception meeting were: (i) to
introduce participants to the FutureDAMS research concepts, methodological framework,
expected outputs, tcomes and impacts; (ii) build interactions and establish relationships between
participants and the project team; (iii) Jointly identify how the project outputs can support relevant
decision makers, planners and managers to address future dam decrisiopsdeed economic,

social and environmental impacts; and (iv) create public awareness of the project. Participants of
the meeting were drawn from the water, energy, environment and private sectors of Ghana.

The water and energy engineering teams fronR88RI and the University of Manchester held
further meetings with key energy institutions in Ghana (Energy Commission, Volta River
Authority, Bui Power Authority, and Ghana Grid Company Limited) on 13 June 2018, at their
office premises. One of the keyuss discussed was the practical way by which the project could
work with the energy institutions in the implementation of the project. It emerged from the
meetings that the best way to work together was vides@lopment of the energy and water
integratedmodels and joint testing of the models in Ghana. These will be achieved through series
of online engagements and modeld®velopment workshops to be organized in 2019, 2020 and
2021.

(c) Hosting of annual project meetings and second Ghana FutureDams sympasi: in
the period under review, the CSWRRI team, in collaboration with the Manchester team,
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organized and hosted the 2018 annual planning meetings of the FutureDAMS project. The
meetings took place at the CS8REPRI in Accra, from 186 October 2018. Tdimeetings were

used for presenting progress made with both the biophysical/engineering and social science work
streams, discuss how and what to integrate between the two work streams and planned work for
the 2018/2019 project year. The meetings were @by project partners from the UK, Ghana,
Ethiopia and Sudan.

Again, in the period under review, the CSIFRI FutureDAMS team organized a second Ghana
FutureDAMS symposium on 17 October 2018 at the CSTEPRI. The objective was to present

the FuturelAMS approach in detail and to demonstrate the relevance of the approach to water
investment decisions in Ghana. The symposium was attended by experts, practitioners and
managers from multiple sectors (water, energy, environment, and agriculture) in Ghare.

were also participants from the water and energy sectors in Burkina Faso and the Volta Basin
Authority based in Ouagadougou.

(d)  Organizing the first FutureDAMS trainingworkshop: this training workshop was the

first of three planned for 2018, 2019 ar@i?Q. It was conducted ev2 days (189 October 2019)

at the CSIRSTEPRI.The objective was for participants (mainly those from the key energy
institutions in Ghana) to learn to use an online interface to build the water component of the
FutureDAMS wateienergy integrated modehd toprovide feedback and suggestions to inform
future development. The training was attended by participants from the Volta River Authority,
Ghana Grid Company Limited, Energy Commission, Bui Power Authority, Water Resources
Commission, Ghana Water Company,a@a Irrigation Development Authority, University of
Cape Coast, Kwame Nkrumah University of Science and Technology andW&HR Research
Institute, among others.

3.2.1.8. Water Quality Assessmenbf Sansu Communityin Obuasi
(Project Staff Dr. KwadwoAnsong Asante (Leader), Dr. William A. Agyekum, Mr. William
Arko, Mr. Mark O. Akrong

At the request of the Sustainability Unit of AngloGold Ashanti (Ghana) Limited (AGAG), the
CSIR- Water Research Institute was invited to carrry awneyear monitoring programme to
assess the environmental quality of the Sansu community. The monitoring programme would be
carried out every other month starting from August, 2017 and a report subatitites end of each
sampling campaign. The scope of work includes field data collectiesifurmeasurement of
physical parameters and laboratory analyses of water and sediment samples. The objectives are to
undertake an assessment of the water and sediuality to determine the likelihood of
environmental impact of the mining operations on the Sansu community or through analysis of
boreholes, control boreholes, surface water and sediment in the Sansu community, in addition to
providing the Environmeat Department of AGAG with a reliable study report to address the
issues raised by the Sansu community. This sixth and final sampling was undertaken béfween 11
June and 18June, 2018. The specific objectives wesaindertake an assessment of the water
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and sediment quality to determine the likelihood impact on the Sansu community or lack thereof
through analysis of active boreholes, control boreholes, surface water and sediment in the Sansu
community provide the Environmental Department of AGAwith a reliable study report to
address the issues raised by the Sansu community.

A total of 12 water samples comprising groundwater (active and inactive boreholes including
controls) and surface water were collected from the following categories: hand pump boreholes
(8), mechanised boreholes (2) and surface water (2). Also, 2 sediamples were taken from

River Bidiesua, in addition to QA/QC & travel blanks (5). Physibemical, bacteriological and

metal analyses were carried out on the samples following the American Standard Methods for the
Examination of Water and Wastewater (212

The pH values of the groundwater samples fell between 5.04 (Site SAB) and 6.90 (Site SMB 2)
pH units, with only SMB 2 satisfying the GSA drinking water guideline range df 8.5 as has

been observed throughout the six times samplings. Having edskedorehole waters for almost

a year spanning six times sampling, it can be deduced that the pHs of the waters have been quite
stable and predominantly lower than the drinking water guideline range. This however cannot be
attributed to the operation$ AGAG as ground waters in general, typically have low pH values.

The control boreholes which are far from mining operations recorded pH values ranging between
5.55 (ADB 1) and 6.30 (WCB), similar to earlier sampling results and these attest to thergtateme
made that groundwater typically have low pH values.

Throughout the study, the lowest conductivity value was encountered at the site ADB 1 and the
highest also measured at site WCB and both are control sites. In this final sampling, seven of the
12 bordoles including the duplicates (58.3%) exceeded the GSA drinking water guideline value
of 1 NTU for turbidity with a control borehole (WCB, 43.0 NTU) grossly exceeding the guideline.

In general, the turbidity values have reduced substantially considdrengnitial sampling
campaigns. This could be due to the continuous use of the water by the inhabitants as well as
purging of the inactive boreholes. Total hardness values have been erratic but all the levels
measured throughout the study have been withénprescribed guideline value of 500 mg/L,
making the borehole waters soft. Judging by the physical parameters, the levels measured in the
boreholes are not alarming to be attributed to the operations of AGAG.

Generally, all the measured nutrients wethezilow in concentration or not detected. Nitrate and
sulphate levels in all the samples were below the GSA water quality guideline values of 50 mg/L
for nitrate and 200 mg/L faulphateAs a confirmation, concentrations of nitrate at site SZB and

its duplicate (SZBD) have consistently been relatively high throughout the study period. Levels
measured in this six sampling at this site weithin 33.1 mg/L and 34.0 mg/L for its duplicate,

albeit below the GSA guideline value of 50 mg/L. Our engagemehtthe residents at the SZB

site revealed that the place was hitherto used as a refuse dumping site and a place of convenience.
This therefore explains why the nitrate levels have been consistently high at this particular site due
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to nitrification processAlbeit some of the samples measured nitrite and ammonia, no GSA
guideline values exist for total phosphorus, nitrite and ammonia.

In general, concentrations of most metals were below the drinking water guideline values. Mercury
was detected in the earlismmpling campaigns but considering the last 3 surveys, the levels have
been low with most sampling sites recording values below the guideline value of 0.001 mg/L. Iron
has been a problem in most of the groundwaters probably because some of the boe¥koles w
unused at the start of the project but continuous use and purging saw improvement over time. In
this last sampling, only samples from sites SNB2, MBNnd WCB (control site) conformed to

the WHO guideline value of 0.30 mg/I for iron in drinking wafEne low As concentrations in

the groundwater samples could be due to the low pH in the groundwater. This is also coupled with
the fact that in Obuasi, the guideline value for arsenic in waters is 0.297 mg/L which is higher than
the WHO/GSA drinking wateguideline value of 0.010 mg/L. In this last sampling, free, total and
WAD cyanide were not detected in any of the collected samples.

In this sixth sampling, two of the active boreholes (SNBBand WCB) and an inactive borehole
(SZB) together with its duplate (SZBD) representing 28.6% and 40% of the total active and
inactive boreholes, respectively were devoid of total coliform. All the borehole samples with the
exception of MANB were devoid of faecal coliform arifl coli bacteria. The bacteria counts o
these samples conform to the WHO drinking water guideline and GSA recommended level of zero
(O) cfu/200ml for faecal coliform an. colibacteria in drinking water. In general, about 54% of
the sampling points were devoid of faecal coliform throughweistudy andk. colibacteria were
absent in all the boreholes during th% 8" and " sampling regimes. Predominantly, lower total
coliform counts in the ground water were recorded during the32 and 6" sampling regimes.

The lower coliform courst recorded during the"6sampling regime could be attributed to the
purging of the boreholes over the sampling period.

Piper Trilinear diagram was plotted for the physit@mical results of the borehole water samples.
The purpose of the trilinear plot w#o determine the nature of hydrochemical facies and the type

of groundwater that underlies Sansu area. The Trilinear diagram obtained did not differ from the
results obtained for the plots from the previous sampling regimes. The contents of the boreholes
mainly plotted in the GdMg-HCOssection of the diamond trilinear field, suggesy that the
boreholes in the Sansu area are typically of shallow fresh groundwaters with active recharge and
of short residence time. This means that it takes a very short time for rain water to recharge the
groundwater system, and this has been accelebgtéle intense and inteonnected fracture
system of rocks underlying the Obuasi and surrounding communities.

The pH values of the surface waters ranged between 7.26 (River Bidiesua upstream) and 7.80 pH
unit (River Bidiesua downstream) and all valuebvighin the range of 6.0 to 8.5 typical of natural
freshwater bodiesComparing the pH values for the six sampling campaigns, the pH values for
River Bidiesua (upstream and downstream) can be said to be neutral with the least value of 6.88
pH unit.The tubidity at Bidiesua upstream was 7.00 NTU while the downstream registered a value
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of 66.0 NTU. The activities of illegal miners upstream largely account for the high turbidity
measurements downstream throughout the study. It was observed that the illegyal imaid
encroached on a section of the Bidiesua river upstream, resulting in the turbid nature of the river.

In this last assessmengrcentrations of all the analyzed metals were below the prescribed EPA,
2012 Akoben criteria. However, when placed gkde the WHO, 2011 water quality guideline,

the levels of total metals in the surface water samples exceeded the guideline for Fe. Furthermore,
the upstream of River Bidiesua slightly exceeded the WHO guideline value for Cd. Considering
the background wat quality value of 0.297 mg/L for As in Obuasi, concentrations obtained are

all acceptableNone of the three forms of cyanide was detected in the surface water samples in
this last assessment.

Concentrations of nitrate, nitrite, ammonia and total phagghwere all below the EPA, 2012
Akoben criteria and the WHO 2011 water quality guideline. No clear pattern was observed for the
nutrients as the levels fluctuated during the study but it was established that the sulphate levels in
River Bidiesua were pdominantly higher than the WHO guideline value of 250 mg/L despite
satisfying the EPA Akoben criteria. Considering the first sampling for which the DO levels were
about 7.0 mg/L, subsequent DOs in River Bidiesua have hovered between 4.3 mg/L and 5.5 mg/L
with this sixth sampling measuring DO values of 4.28 mg/L (upstream) and 5.19 mg/L
(downstream). Judging by the last sampling results, the measured BOD values do not indicate any
serious pollution.

Generally, the total coliform counts recorded in all $henplingpoints during sampling regimes

1, 2, 3, 4 and 5 were higher than sampling regime 6. The low coliform counts could be attributed
to dilution of the water source as a result of the r&msilarly, higher faecal coliform counts were
recorded durig the £, 2" 39 4" and 9" sampling regimes. However, the faecal coliform count
during the 4 sampling regime was very high. The increase in the bacteria count could be attributed
to the creation of dam at the bank as noticed during that samphney.lcounts oE. colibacteria

were recorded during thé?35" and ' sampling regimes, reason being same as faecal coliform.
The highest bacteria counts were recorded duringstia@d 4" sampling regimes.

Comparing the sediment metals results \thi available threshold levels, Cd, Cu, Cr, As and Hg
exceeded either the Threshold Effect Level (TEL) or Threshold Effect Concentrations (TEC) or
both for both River Bidiesua. For Hg, results could stem from the fact that the river is in close
proximity to illegal mining activities. In this last assessment of the surface waters, percentages of
organic matter measured in the sediments were: 5.23% (River Bidiesua upstream), 5.15%
(duplicate of River Bidiesua upstream) and 7.65% (River Bidiesua Downstrem).

The control sites did not reveal any remarkable difference, as for some parameters the levels were
even higher than the study locations. Boreholes from Mantukwa, Nakabamu and Mangoase (high
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iron) were identified to be high yielding and these could be tteatd supplied to the township

to address their plight. Efforts should also be made to dissuade the illegal miners from operating
along the Bidiesua river. To conclude, the results of the entire study did not point to the likelihood
of environmental impaatf the mining operations on the groundwaters in Sansu community. We
however recommend that in the interest of AGAG, a similar study be carried out if the company
resumes its mining operations

3.2.1.77: Drilling, Rehabilitation and Photo-logging of selected boreholes for Anglogold

Obuasi Mine.
(Project Staff Dr. William A. Agyekum,E. A. Ayizemi, Jeffrey Ofosu and Eric Darko

Anglogold Ashanti (Ghana) Limited (AGAG) decided to upgrade its groundwabaitoning
system to cover its catchment within the mine concession. As part of the monitoring strategy,
rehabilitation and replacement of the existing damaged monitoring wells were identified as
feasibility options by AGAG. In line of these objectivegmagement of Anglogold Obuasi Mine
contracted the CSIRNater Research Institute (WRI) to drill ten (10) new boreholes and to carry
out pumping test on them and further to rehabilitate eight (8) existing boreholes, which had no
information on them and toacy out photologging on them to determine their construction
profiles.

The main objectives of the project are to:

1 Rehabilitation of 8 No. existing monitoring wells in bad condition

1 Carrying out photdogging of 8 No. existing wells without documented drilling logs after
rehabilitation,

9 Drilling and construction of 10 No. replacement monitoring boreholes; and

1 Providing protective casingnd platformdor the ten (10 No.) newddrilled monitoring
boreholes.
Activities carried out during the reporting period include the following:

a) Rehabilitation and photlmgging of existing boreholes: There were eight (8) existing monitoring
boreholes under this contract that required rehabilitation. WRI redevelop these boreholes and cleaned them
of all debris. Since the boreholes were without iafgrmation, borehole logging was conducted using the

Dual Induction log, which is capable of penetrating through installed Upvc pipes into the formation. Again,
High Resolution Flow meter (HRFM) logging tool, which is capable of iogainflow zones vas also

used.

b) Drilling, construction, development and Pumptegt Ten (10) newtest wellsweredrilled at
ten (10) preselected locations within AGAG mining concession. After driliwmgs successfully
completed, eaclof the completedborehole Screen pipeswere appropriatelyprovided at the
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productive sections of each borehole to enhance smooth flow of water into the constructed
boreholes.In addition, Six (6)hour constant discharge test was conducted on each of the
boreholes. This would be foll@d by a 3hour recovery test. The pumping and recovery data
collected were analyzed using the classical Codpeob method taletermine the aquifer
characteristic&igure 3.2.15 presents the borehole development while fig. 3.2.16 show pumping
test conducted on a borehole.

Fig 3.2.15 Borehole Development Fig 3.2.16Conducting Pumping test on a borehole

¢) Supply of Well head and Concrete Pad/Platform construction

Upon completion of thdrilling and pumping test worksvell head wasonstructed on each
borehole. The height of each well heaals1m, where 0.2m asburied and the stickhut was
0.8m high. Again, concrete platform measuring 0.3m x 0.3m x 0.2scangructed around
each borehole in accordance with agreed specificatigigsire 3.2.17 presents the supply of
concrete pad and concrete platform.
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