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EXECUTIVE SUMMARY

Introduction

CSIR Water Research Institute is one of the 13 institutes of the Council for Scientific and
Industrial Research (CSIR). Its mandate is to conduct research into water and related
resources through the generation and provision of scientific informationegstt® and
services towards the rational development, utilisation and management of water resources of
Ghana in support of sodgieconomic advancement of the country.

The mandate of the Institute is realized through the research and development agtivities
eight (8) Divisions namely Groundwater Division, Surface Water Division, Environmental
Chemistry Division, Environmental Biology and Health Division, Fishery Division,
Commercialization and Information Division, Administration Division and Financesivi

For the year 2010, summariekthe research activities of the five (5) technibatisions of

the Instituteincluded the following

SURFACE WATER DIVISION

1 Hydro-Meteorological Database Management

The hydremeteorological data base managemegstesn was instituted by theSIR Water
Researchinstitute (WRI) to generate and provide hydneeteorological data from the

Il nstituteds synoptic station (O5A 35705N,
| nsti t ut eadtigitiesramdstieata of dibr research agencies. The main parameters
measured and conipd in the reporting year were rainfall, temperature, evaporation,
sunshine duration and wisdn.

Evaporation was generally higher than rainf@lomparatively, lie total annual rainfalior

the yearwas 815 mnwhile the highest total annual rainfall since the inception of the station
(19761 2010) was 1284 mm in 2002.

2. Climate Change Effects on Hydrology and Water Resources and Adaptation
Strategies in Ghana
This project focused on the impaaf climate change on watershed hydrology and surface
water resources in Ghana. The main objective of this project was to generate scientifically
based impaespecific information that could be used to directly inform the preparation of
local and nationaction plans on climate change adaptation in Ghana.
In the year under review, SWAT was successfullyuggtcalibrated and validated for the
White Volta and Pra River basins using measured streamflow data for the stream gauges at
Nawuni (White Volta basi) and Twifo Praso (Pra basin). Monthly calibration and validation
showed that the Rand NSE were greater than 0.70 and 0.68 respectively, for the two basins.
Under the assumption of 100 % water usage in the two basins, the White Volta basin would
experiece water stress before 2020 and water scarcity after 2020, with or without climate
change. However, with the effects of climate change, the basin would experience absolute
scarcity condition before 2050. With the current water stress condition of thm@aétra it is
expected to aggravate to water scarcity conditions before 2020, with or without climate
change. It was recommended that integrated water resources management (IWRM) is needed
to ensure a holistic and sustainable management and use of watiecess

CSIR Water Resezh Institute iX
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3. Groundwater in Sub-Saharan Africa: Implications for Food Security and
Livelihood
The overall goabf the projectwas to enhance the role of groundwater in the provision of
improved food security and livelihood iBub-Saharan Africa and partiarly, in AGRA
countries including Ghana.
Activities undertaken during the reporting year included selection of groundwater based
irrigation sites in the Upper East Region, baseline study, hydrogeological surveys and
preparation of country reports on gnolwater status in Ghana, Burkina Faso, Mali and
Niger. The study showed that groundwater availability in many places in Ghana and Burkina
Faso is attributed to fractures, faults and weathering of the rocks and aquifer yields are
generally low (average of2*h). However, high yields of 1003%h or more are found in the
Continental Terminal aquifers in northwestern Burkina Faso and in the Coastal aquifers in
southeastern Ghana.

4. Eco-Health Approach to the Control of Onchocerciasis in the Volta Basin of
Ghana
The goal of this project was to study how the effects of onchocerciasis could be reduced in
Ghana through sustainable commutisected environmental management in ivermectin
resistant areas.
The scope of work in the reporting year included figidits to hydremeteorological
observatory stations in the Pru and Black Volta basins, analysis of trends in extreme climate
events, prerocessing of various data for modeling, initial set up of the hydrological model
SWAT (Soil and Water Assessment Toaf)d training of Graduate studein hydrological
modeling. Preliminary results for the Atebubu climate station showed increasing trend in the
total annual precipitation, maximum of the daily maximum temperature, minimum of the
daily maximum temperatureyaximum of the daily minimum temperature and minimum of
the daily minimum temperature. With the exception of the annual precipitation, all the
increases obtained were significant ag8sonfidence level.

5. Rethinking Water Storage for Climate Change Adatation in Sub-Saharan

Africa
As part of Adaptation of African Agriculture to Climate Change program, this study was
initiated to improve the livelihood and increase resilience of the rural poor kK5&hudran
Africa (SSA) vulnerable to climate change ssthrough better water storage mechanisms,
improved investments and institutional support. Activities carried out in the year under
review included field surveys on efficiency and performance of water storage systems at Vea
in the Upper East Region, Goliagnthe Northern Region and Sata in the Ashanti Region of
Ghana.
The commonest water storage systems identified were dams, boreholedufamells and
rainwater harvesting systems. The available storage systems were generally inadequate,
poorly managednd needed urgent rehabilitation. The status of the systems indicated that
they lacked the necessary resilience to population increase and impacts of environmental and
climate change. It was recommended that external financial assistance would be tequired
adequately handle broken down pumps and dilapidated dam structures and canals so as to
increase the resilience of the systems to both human and environmental change impacts.

6. Update on Flood Phenomenon in Ghana

The goal of the study was to enable decision makers prevent, mitigate and manage flood
disasters in Ghana to minimize their potential impacts on life and property. During the
reporting year, hydrometeorology and hydrological data were collected and dndtgse
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and/or lack of drainage systems, building in water courses, siltation and improper waste
(especially plastic waste) management were identified as the primarily causes of flood in the
capital of Ghana. Estimations from the extreme value distribstows that there was a 100

% chance that streamflows (floods) with magnitudes 65016, 1896.4 n¥s and 36.8 m/s

would occur any day during the year in the Volta, South Western and the Coastal river
systemsrespectively. Similarly, streamflow of magmiles 3529 ris, 5610 m%s and 10%

m?/s could occur once during any day in 10 years in the Volta, South Western and Coastal
river systemsrespectively.

GROUNDWATER DIVISION

7. Isotope Techniques for Groundwater Assessment of the Central Region

The obgctive of this study was to solve groundwater problems in the Central Reging
integrated conventional and isotope techniqusstope techniques in ground and surface
water studies could lead to identifying the sources of major ions in these watetsliaeate

high chloride areas which are major problems in the Central Rdgiomg the year, water
samples from selected water bodies such as rivers and boreholes were periodically collected
and analyzed. The results indicated that groundwater inrdaeigweakly acidic with mean

pH of 5.83 pH units. The principal hydrochemcal facies observed wef@,Nde-CI-HCO;

and NaHCO;-Cl water types.

8. Groundwater Monitoring of Northern Ghana

This project started in 2005 to assess the groundwater of e (B) Northern Regions of
Ghana. During the year, 37 monitoring boreholes were visited in the dry and wet seasons to
download the recorded groundwater fluctuation data. Samples of water were also taken from
all the boreholes for physiechemical analysis The general observation was that
groundwater levels have remained unchanged despite the general perception that they should
rather decrease as a resulbwérexploitation, ovepumping anctlimate change impact over

the years and this might be due te ttieep aquifers within the study ard&ere was an
increase in groundwater conductivity and total dissolved solids during the raining season and
this could be the result of surface water infiltration into the groundwater system.

0. Geologging and Diverlinstallation of 15 Newly-Drilled Monitoring Boreholes

The purpose of the project was to obtain-sulface information related to legratigraphy

of the rocks penetrated during drilling and to determine the magnitude and vertical variation

of groundwatersalinity in the different rock types underlying the study area. Activities

carried out included borehole logging and diver installation. The data obtained was analysed
usi Viewlog software. The results showedepthshat i n
of boreholes drilled through shale, mudstone and siltstone rocks should not exceed 60 m.

ENVIRONMENTAL CHEMISTRY DIVISION

10. Industrial Water and Wastewater Studies

The study was aimed at generating relevant and comprehensive data on raw anctgoen
which could be used to implement rational water utilization and management programmes in
the Cocoa Processing Company Limited (PORTEM), Cadbury Ghana Limited, Kasapreko
Ghana Limited, Bamson Company Limited, Pioneer Food Cannery, -Rikgo
Pharmaeuticals and Golden Tulip Hotel.

In the reporting year, water samples, raw and treated effluent samples were collected on
monthly and sometimes on quarterly basis and analyzed. The data produced was used to
design treatment plants in some of the indastsuch as the Cocoa Processing Company
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Limited. The data was also used for developing environmental management plans for the
industries.

11.  Ground and Surface Water Quality Assessment

The objective of the study was to verify whether the activities aélfizlds Ghana Limited

( GGL) have any negative 1 mpact on the comnm
determine the effects of mining operations on the quality of surface waters, sediments and
groundwater through drilled observation wells for monitgri

In the reporting year, water and sediment samples were taken from 26 stream sampling sites;
31 boreholes; 21 treated seepage and leachate water sites; 35 Wells for potable use in
Samanhu, Atuabo, Huniso and Esuman; and 30 Wells at Tebe, Abekoaseasa. Haese
samples were analysed using standard methodologies.

Results obtained from the surface water samples showed that the ionic dominance pattern
observed in the Tarkwa area, Na > K > Ca > Mg : HEGQ, > Cl, did not conform to the

ionic dominancepattern of Ca > Mg > Na > K and HGG SQ, > ClI for freshwater. The

high iron levels recorded could be due to the geology of the area. Analysis of the
groundwater indicated that the pH values for 40 of the wells out of the 47 sampled fell below
the WHO minmum limit of 6.5 pHunits and this could be attributed to the geology of the
area. Depending on environmental conditions, the acidic waters could leach trace metals from
their surroundings. The nitratetrogen concentrations in the boreholes gave naatidin of
contamination from the external environment and there were no adverse effects with respect
to heap leaching in terms of contaminating the groundwater in the area.

It was recommended that communities living within the concession of GoldfieldsaGhan
Limited should be educated to avoid pollution of surface waters (streams) through the impact
of human activities.

12.  Surface Water Quality Monitoring and Assessment of the Volta, Southwestern

and Coastal River Systems
The project began in the repodiryear to develop an efficient and effective management
system for sustainable devel opment-ecandmicGhanao
benefits for present and future generations. The scope of work included collection of water,
sediment and $h samples for physiechemical, metals, sediment quality and bacteriological
analysis. The Water Quality Index classification of the waters indicated that most of the water
bodies were in Class |11, t heonafivratons in gualiyood qu
states. The overall characteristics of the water samples indicated that, the Volta River System
was comparatively less polluted than the Southwestern and the Coastal River Systems.

13.  Three Districts Water Supply Project

This study wasimed at assessing the quality and suitability of treated water for potable use
in the Dangme East, Dangme West and North Tongu Districts. The scope of work included
collection of water samples, laboratory analysis, data interpretandmpreparation and
submission of reports. The results of the physicemical and bacteriological examinations

of the water samples indicated that the water from the stand pipes were suitable for domestic
purposedased otWHO guideline and Ghana standards.

14. Limnological Study of Three Coastal Water Supply Reservoirs in Ghana

The study started in 2007 to monitor temporal changes in the water quality of the Inchaban,
Brimsu and Weija reservoirs that supply water to the Sekondi, Cape Coast angd Accra
respectively. During th reporting year, water samples were collected hourly in the day at the
intake points of the reservoirs during the dry season and analysed using standard
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methodologies. The study showed that the pH increased considerably in the late mornings
and afternoonbut decreased when sun was approaching and this could be due to changes in
temperature of the reservairs

15.  Sustainable Cage Aquaculture Development on the Volta Lake

This collaborative study with the Fisheries Commission started in 2009 to estimeate t
carrying capacity of the Volta Lake in relation to cage and pen aquaculture development. It
was also aimed at assessing the secimnomic impact of cage aquaculture development in
the Volta Lake and providing guidelines for sustainable cage aquacdkvstopment in
Ghana.

In the reporting year, water samples for physibemical analysis were collected from
fifteen (15) locations on the Volta Lake with clusters of fish cages or pens including the
gorge area, Atimpoku, Akuse and Sogakope.

The levelsof trace metals were generally low and did not present any threat to biota. The
observed low ionic content of the Lake is good for aquatic ecosystem use. Nutrient
concentrations were generally low in areas with the fish cages except in the lower Volta area
Although, there were no immediate detectable impacts of fish farming on water quality of the
Lake, the study recommended the need for regular water quality monitoring and the need to
estimate the carrying capacity of the Lake to develop good water nmaeagpractices to
ensure sustainable use of the Lake.

16.  Quality of Water Bodies in Mining and Non-Mining Areas within the Ashanti

Gold Belt

The study was initiated in 2008 to assess the hydrochemical processes influencing water
bodies and to identify @ahcharacterise the trace metal levels in water bodies within the
Ashanti Gold Belt. A total of 113 samples were collected from boreholes, wells and streams
in Obuasi and some communities within the Ashanti Gold Belt during the dry and wet
seasons betwee®@38 and 2010.

The study showed that the chemical constituents of the study area were generally low with
relative abundance of cations and anions in the order'éQda’ > Mg™ > K* and HCQ >

Cl > SQ% > NOs, respectively. The study also showed that, gypsum, anhydrite, calcite and
dolomite dissolution were some of the processes influencing the water chemistry of the study
area.

ENVIRONMENTAL BIOLOGY AND HEALTH DIVISION
The Environmental Biology and Healthvigion for the year 2010 dealt with the health of the
individual in the use of water and from other associations with water. These included:

Regular monitoring of bottled and sachet waters for sale in the market by the Division for
bacterialcontaminatio led to improvement in sale of safe and good water in the market
through recommendations given to the sachet asttldal water producers.

The assessment of quality of water for Cyanobacteria and other pathogenic organianes that
causative organisms favater borne diseases such as dysentery, cholera, typhoid, diarrhea
and other gastrenteritis continued. These assisted in the intensification of the application
and enforcement of sound and safe practices that led to provision of safe and good water
souces.
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There was also study on the damage caused to the environment by small scale miners in
many parts of the country. This hiasprovedunderstanding of multiplese of water by the
communities.

There was study on methods to remove barriers to invpkane management in Ghana in an
effort to reduce the level of aquatic weeds (especially water hyacinth) infestation in our water
bodies, notably the Oti arm of the Volta River. There has been general awareneshkrefthe t

of aquatic weeds in Ghana. Vai® control measures have been suggested to reduce the
threat in the Volta River and the Abby lagoon.

There are five (5) distinct Sections making up the Division. These are Microbiology,-Macro
Invertebrate, Hydrobotany, Entomologyd Parasitology.

17.  The Occurrence, Diversity and Ecological Attributes of the Blackfly in the River
Densu Basin
This study was aimed at assessing the status of the blackfignahdcerciasis in the River
DensuBasin. In the reporting year, aquatic forms of immature simulgde sampled from
twigs, stems, stones and trailing vegetations in the flowing sections of the River Densu and
its tributaries. The samples were examined and identified.
Simulium species identified in the study w&eunicornutum, S. alcocki, S. damnosunS.
adersiandS. cervicornutumThe medically important specieS, damnosum s.bccurred at
sites with pH range of 666.8 pH units, flow rate range of 1i72.1ms" and mean dissolved
oxygen levels above 6% (>60%) saturation. Hence, while tlogher species appeared to be
tolerant of varying ecological characteristics of the rivers,3hdamnosum sdppeared to
exhibit some sensitivity.

18  The Role of Algae and Macrelnvertebrates in the Removal of Faecal Bacteria

from Domestic WastewaterUsing Natural Treatment Systems and Open Waters
The objectives of the project were to assess the performance and mechanism of faecal
bacteria removal from a pilot scale hybrid algal and duckweed domestic wastewater treatment
system; and to assess the ipibf some gastropod mollusks of medical importance to
withstand some environmental stresses and their contribution to the removal of faecal
bacteria from open waters.
During the reporting year, the performance of a glmle hybrid duckweed and algal
domestic wastewater treatment plant under tropical conditions was investigated. In addition,
the response of the maeirovertebrates Biomphalaria pfeifferiand Bulinus truncatusto
salinity stress was also investigated. dwatory experiments were also conducted to
investigate the role dlelanoides tuberculatandBulinus truncatusn the removal of fecal
bacteria from a polluted river modified for providing drinking water to nearby municipalities.
The results showed thatvertebratedMelanoides tuberculatand Bulinus truncatuscould
play a role in the regulation of fecal bacteria numbers in ecosystems with significant leaf
litter.

19. Management of PBuousgoneMeupadyrderar yi ni t he Ri ver
Headwaters Faest Reserve, Ghana

The study was conducted to produce practical means of contBhmggsonetiaeservoirs in

Ghana in order to facilitate forest and biodiversity restoratmprove agricultural efficiency

and reduce the rate of spread of the infestat

In the reporting year, three experimental trial plots were demarcated and used for biodiversity

restoration studies in the River Afram Headwaters Forest Reserve at Abofour in the Offinso
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South Municipality of the Ashanti Region. The study showeddliabugh there were some
coppicing on trees treated with Glyphosate or Reumcdthere was no coppicing on trees
treated with Spear. Frilling with the herbicide, Spear appeared to be the most effective control
strategy with trees dying relatively sooneaifapplication.

20.  The Impact of Collection and Disposal of Solid Waston the Environment and

on Health: The Case of Accra Metropolitan Area
This study was conducted in the Accra metropolis to investigate the impacts of solid waste
collection and digosal on the environment and on human health. It was also aimed at
examining the effectiveness of the various solid veastanagement systems put in place.
Water, leachate and soil samples were collected from six sampling sites over a period of six
monthsand analysed for coliform bacteria, helminthes or helminth eggs.
The total and faecal coliforms concentrations in the water samples ranged fror232.0 x
10* cfu/100 ml and 0.2 22.4 x 10 cfu/100 m| respectively. The level of concentration of
coliform bacteria could pose a major risk to human health and the environment. The social
survey revealed that the increasing solid wagtneration in the Accra metropolis has not
been accompanied with adequate sanitation facilities and management progr&omes.
key problems identified included indiscriminate dumping and difficulties in the acquisition of
suitable disposal sites
To ensure effective and efficient solid wasteanagement in the Accra metropolis, some
recommendations given were: the Environta¢ Health Directorate of the AMA should
draw up a health education plan every year to educate the people on safe methods of waste
disposal; and policies on private participation in solid wastenagement must be
redesigned and implemented to addresssthlid waste management issues within the study
area.

21.  Water Supply and Sanitation and their Effects on the Health Status of the People

of Chorkor in the Ablekuma Sub-Metro of the Accra Metropolitan Assembly
This study was undertaken to identify theesent water supply and sanitation situation and
their effects on the health status of the people of Chorkor. In the reporting year, water
samples were collected at vantage points from the distribution pipelines and analyzed. Social
survey was also undeken to assess the sanitary condition of the study area.
The analyses revealed that the physical and chemical parameters of most of the water sources
in the community were within the WHO and Ghana standards with few sources having values
that were quitdigh. However, the microbiological parameters of the water sources extremely
exceeded the WHO and Ghana standards for permissible limits of Total Coliform, Faecal
Coliform and Total Heterotrophic Bacteria for potable water. Practices such as poor sanitary
conditions, burst and leaked pipelines, illegal connections and distribution pipelines laid
through wastewater channels were responsible for the presevit®iofcholera, Salmonella
typhii, diarrhoea and dysentery and malaria within the area and iksveits.
Some recommendations made were: there should be regular sanitary inspection by the Sub
metropolitan authorities to keep Chorkor clean; thorough microbiological examination of
water from homes and water vendors should be conducted to ensurestiessaif drinking
water; and there should be routine monitoring of distribution pipelines by Ghana Water
CompanyLimited and its operating agencies to check on illegal connections, burst and
leaking pipes.
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22.  Cattle-Grazing on Playing Fields: Source ofEnvironmental Contamination to

School Children in the Greater Accra Region
The aim of this study was to investigate the presence of pathogenic organisms in cattle dung
and grass from playing fields used for cattle grazing. Two playing fields used flar catt
grazing and one other playing field not used for cattle grazing (contral sample) were selected.
Cattle dung and grass samples from the fields and finger/hand swab samples from children
who played on the fields were collected on monthly basis in thamtywet seasons for six
(6) months and examined bacteriologically &mchelminth
The presence d&almonella, E. coli, Ascaris, Strongyloicsasd Hookworm in the cattle dung
was indication that other pathogens suclClstridia, Shigella, Giardiaand other helminths
could be present in the dung. These were transferred onto the grass and were subsequently
picked on the fingers/hands of the children who played on the fields.
Recommendations made included educating the cattle owners/farmers, semools
community leaders who have allowed their premises to be used for cattle grazing and the
general public on the health hazards of their activities to the society; laws against cattle
grazing in cities/towns should be revisited and enforced; and theu&gbe further research
to identify theotherspecies of the pathogens present in cattle dung.

23.  The Impact of Doxycycline Treatment on Transmission ofonchocerca volvulus

in Communities Showing SubOptimal Response to lvermectin Treatment
This study vas aimed at determining whether the treatment of Ivermectin (IVMbpptitmal
responders with doxycycline would significantly impact on onchocerciasis transmission. The
specific objectives were to assess vector abundance, densities and the man bith&.rate
damnosunin the study areas; determine the vector infection rates and transmission potential
following treatment of suoptimal responders with doxycycline; and assess the reduction in
transmission of onchocerciasis following doxycycline treatmemt determine whether
possible disease recrudescence can be prevented using doxycycline.
Thirteen (13) onchocerciasis endemic communities showing-gutimal response to IVM
treatment were selected from Yeji, Kintampo and Tain districts of the Bkbafp Region.
A total of 3,790 and 14,555 blackflies were collected during the dry and wet seasons
respectively They wereidentified and dissected on the same day to determine the fly parity
and presence of the parasite larva®ofolvulus
Analyses of the @nmological data collected before and after the doxycycline trial showed
that the interventions with doxycycline had significant impact on onchocerciasis transmission
in communities showing sutptimal responses to IVM treatment. It was recommended that
in endemic communities where onchocerciasis transmission is still relatively high,
individuals responding subptimally to IVM treatment should be identified and treated with
doxycycline.

FISHERY DIVISION
24.  Population Characteristics of Chrysichthys nigodigitatusin the Weija Reservoir

in Ghana
This study was undertaken to provide information on the population characteristics of
Chrysichthys nigrodigitatusvhich would be helpful in the conservation and sustainable
management of the species for food siig@nd socieeconomic development.
During the reporting year, monthly fish sampling was undertaken from the Dam Intake,
Machigani and Galilea. The fishes were identified and standard length and weight measured
for the computation of length frequency, dg¢im weight relationships and condition factor.
The Catch Per Unit of Effort and sexes of individiigtieswere also determined.
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Out of a total number of 549 specimenCifnigrodigitatusexamined, 39.896 were males,

55.19 % were females while 4.9% wele undetermined. The largest male specimen
measured 33.5 cm and weighed 1000 g while the largest female measured 30.5 cm and
weighed 800.0 ¢C. nigrodigitatusfemales were of better condition and were better suited to
the Weija environment than males adioated by the mean condition factor of 1.9648 and
2.0253 for males and females, respectively.

25.  Production Parameters and Economics of Smalbcale Tilapia Cage Culture with

Micro Credit Support in Two Communities of Asuogyaman District- Ghana
This stdy started in 2009 to establish production pattern and profitability of -scwlé
tilapia cage farming when miciredit and technical knowledge is provided to sreedlle
farmers.
Activities carried out during the reporting year included selectiocoofmunity members at
Tusker and South Senchi, conducting interviews, training qualified and selected members in
cage fish farming and smaltale business management and planning in preparation for the
granting of micrecredit loan managed by the AsuogyanfRural Bank for the purpose of
farming fish in cages.
Profitability projections shoed that smalscale cage culture could make a profitH@G
325.00) when feed cost could be reduced byw@&nd FCR to less than 1.5. Ninety percent
(90 %) fish survival/recovery further improved profit toH& 650.00. Fish farmers could
make appreciable yield and profits if they adhere to the use of good technical information and
instructions providedo them in the choice of feed and its application to feedisg. fi
Furthermore, micro credit support properly packaged and extended could get poorly
resourced farmers to undertake farming and improve their economic status.

26. Assessment of the Ecological and Public Health Status of a Water Storage
Facility

The aimof the project was to assess the biological and environmental status of a Water

Storage Facility (WSF) created by Newmont Ghana Ltd. with the view of enhancing its fish

production. Activities carried out included fish sampling and identification, and nesasot

of fish length and weight. Five fish species caught during the study periodDnewehromis

niloticus, Clarias anguillaris, Clarias gariepinus, Parachanna obscaral Brycinus nurse

The Nile tilapia O. niloticus was the predominant species i 8WSF and constituted 93.2

% and 71.2 % by number and weigh¢spectively of the total catch. This tilapia was

followed by the catfishC. anguillaris, and the snake hea®. obscura which constituted

17.9 %and 9.7 % respectively of the total catchThe dominance oD. niloticusin the

system could be explained by the stocking of the reservoir @itmiloticus after its

formati on. The di v er mdicesyf 0(182&nd0.E289drespectigefyn e s s

were low indicating poor diversity andstribution of species.

It was recommended that the water quality of the reservoir be improved by frequently

diluting the water with fresh one while allowing some of the resident water out. Once the

water quality is improved other species e.g, the Nileclpdtates niloticus(carnivore),

Chrysichthysspp and the bony tongukEleterotis niloticus could be introduced to ensure a

more diversified and balanced fish community.

27. The Threat of Pesticide Residues to Fisheries of Bontanga Reservoir in Ghana

This study was undertaken to determine the impact of pesticide residues concentration on the
condition factor of major fish species, namelychenoglanis occidentalis, Brycinus nurse,
Clarias gariepinus, Hemichromis fasciatus, Marcusenius senegalensispcl@pmis
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niloticus, Sarotherodon galilaeus and Tilapia ziti Bontanga reservoir during the dry and

wet seasons.

Pesticide residues in fish were analyzed usidgs Chromatography and Soliethase

Extraction (SPE) via Turbo Vap Il. Sixte¢h6) organoclkorine (OC) pesticide residues were
identified in the reservoir.

During the dry season, heptachl or , p, p6DDE
ug/l, 0.0610g/ 1 and 0.019 Og/l, respecti¥HeHapd | n t
heptachlor were 0.07fg/l and 0.069 pg/lrespectively. The condition factor (K) of the

major fish species did not fluctuate significantly (P < 0.05) around the mean Keof th
individual species during the wet and dry seasons. The calculated acute risk ratio of the
pesticide residues was less than 1.0 indicating that the concentrations were below toxic level

to the fishes. However, this #&ill of concern considering the baccumulative nature of
organechlorine compounds.

28.  Evaluation of Selected Commercial Fish Feeds

This study was carried out to determine the most cost effectivedestbare the different

feeds currently availabl®n the marketo producersandsuggst interventions that will lead

to increased fish productivity and better the livelihood prospects of fish farmers.

During the reporting year, experimental data on the study were obtained and analysed.
Depreciation was computed using the stralgie metlod based on the estimated economic

life of the capital items. Costs and returns analysis was used to determine the return on
investment (ROI) as a comparative indicator.

The capital outlay was valued at GH0,480.00. Food conversion ratios (FCR) of theds
employed were estimated to range between 1.69 and 2.46. Crude protein varied ifr86 30

% while the respective unit prices rangeetween GH@.35 and GH¢1.80.

29. Catch Assessment and Reproductive Seasonality of Major Commercial Catfishes

in Strata 1l and 11l of the Volta Lake
This study assesdthe exploitation patterns of catfishes of the gemagrus, Chrysichthys
Clarias and Synodontisn the Volta Lake for sustainable management strategy development.
Catch assessment was conducted byraténg the composition of fish species by weight
per major gear of commercial fishers, changes in relative abundance of fish species, length
frequency distribution, condition factor (K), catch per unit of effort (CPUE), seasonality of
spawns, size at firsmaturity and relationship of catches and spawning activities with
physicachemical parameters of the lake. Fish species diversity and similarity between
Dzemeni (Stratum Il) and Kpando (Stratum I11) study sites were conducted.
The ptal annual catfish pduction at Dzemeni was 806.19 tonnes while 443.53 tonnes was
produced at Kpanddorkor over the same study period. The clarotid catfishes of the genus
Chrysichthygi.e. C. auratus, C. nigrodigitatus and C. walKedominated all catches in both
Dzemeni ad Kpando study areas. More than 50 % of claroteids were caught at sizes below
13.5 cm SL forC. auratusand below 17.5 cm SL fo€. nigrodigitatuswhich suggested
growth overfishing. At both study sites, only gillnet catche€ oauratusshowed bimodal
length class distributions. The mochokids produced relatively higher numbers of eggs per
female, ranging from 388 21,452 eggsS. schallat Kpando (Stratum Ill) produced the least
number of eggs among the mochokids as well as the highedber of eggs in the same
Stratum [ll at Kpando. Diversity of fish species at Kpailadokor was significantly higher
than at Dzemeni (P < 0.05). It was concluded that unapproved gillnet mesh sizes of less than
2 inches (51 mm) contributed to about %#b5d gillnet catfish landings of immature or first
time spawning populations. Hence, Fishers should be identified by the gears they use, be
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registered in their respective fishing communities and be monitored regularly to facilitate
effective management of tiishery resources.

Other activities from the netechnical Divisions of the Institute included:

a. Public Education and Awareness Creation

Some of the major resear@nd developmenactivities of the Institutewere showcased
during exhibitions to in@ase awareness on the need for sustainable utilization, management
and protection of water resources.

b. Consultancy and Advisory Services

A number of consultancy and advisory services were carried out by the Institute for various
donor agencies, corpate bodies, governmental and rmgovernmental organizations,
universities and polytechnics, public and private sector institutions as well as individuals.

C. Administration

The Institute was managed by an@mber Management Board chaired by Prof. C. Dorm
Adzobu, Dean of the Faculty of Arts and Social Sciences, Central University College, and a
20-member Internal Management Committee (IMC) chaired by the Director. Staff strength
stood at 225 at the end of the reporting ydtawas made up of 58enior Members, 76
Senior Staff and 97 Junior Staff. There were 24 promotions, 8 retirements, 9 temporary
appointments, 1 contract and 1 death during the year.

d. Finance

The total receipts for the year was GH(¢4,583,664.02. Out of this amount, 77.37 %
representedgovernment subventiomainly in the form of personal emoluments}.54 %
represented internally generated funds and 8.09 % represented donor assistance to the
Institute

Major Constraints

Major constraints faced by the Institute during the reporting yedudedlack of adequate
equipment, chemicals and technical personnel at the laboratories. Financial constraints such
as delays in release of funds for recurrent, research and develapawéintties, and lack of
adequate logistics for data collectios@hffected the programmef the Institutanegatively.
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1.0 INTRODUCTION

1.1  Establishment

The Water Research Institute (WRI) is one of the 13 research institutes of the Council for
Scientific and Industrial Research (CSIR). It isublc institution and was established in 1996
from the merger of the former Institute of Aquatic Biology (IAB) and the Water Resources
Research Institute (WRRI) of the CSIR which were established in the 1960s.

1.2 Vision

To become a centre of excellerioewater and related resources, research and development by
generating appropriate technologies and providing services that are responsive to demands of the
private sector anfbr sociceconomic development of Ghana.

1.3  Mission

To conduct research intoater and related resources through the generation and provision of
scientific information, strategies and services towards the rational development, utilisation and
management of water resources of Ghana in support ofisgoimomic advancement of the
courtry, especially in the agriculture, environment, health, industry, energy, transportation,
education and tourism sectors.

A river basin map of Ghana is presented in Fig. 1.

1.4  Key Objectives

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

A To generate, process and disseminate information on the availability of groundwater, rate and
volumes to be abstracted for various uses as weheseliability and sustainability of its
recharge

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

A To enhance public health status through sound environmental management and water
pollution control strategies

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

A To undertake commercialisation of research and development actikitbegih consultancy
and advisory services and the provision of water resources information, documentation and
technical support services.

1.5 Divisions

A Surface Water Division

A Groundwater Division

A Environmental Chemistry Division

A Environmental Biology an#iealth Division

A Fishery Division

Commercialisation and Information Division

>
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Administration Division
Finance Division

Facilities and Equipment
Laboratories for biochemical, microbiological and parasitological analyses
Laboratories for physical and chexal analyses
Laboratory for sediment studies
Aquaculture Research and Development Centre with a hatchery for production of fish
fingerlings
Biosecure facilities for aquaculture research
Laboratory for fish genetic studies
Quarantine facility for holdindjsh
State of theart water quality laboratories for drinking water quality and pollution
assessments
DIONEX lon Chromatograph for analysis of cations and anions
UNICAM 969 Atomic Absorption Spectrophotometers (AAS) fitted with furnace and
hydride generatin systems
Remote Sensing and Geographical Information System laboratory for studies on impact of
land use and other environmental changes on water resources
2D Lund Image Equipment (max. depth 70 m)
3D LS Resistivity Equipment (max dept 270 m)
Loggers forcontinuous recording of environmental data
Ultra-Violet Visible Spectrophotometers
Gas Chromatograph/Mass Spectrometer (GC/MS)
Flame Photometers
Incubators
Ovens
Centrifuges
Hydrometeorological station for weather monitoring
Geologger for borehole logging
Geophysical Instruments
Computers and accessories
Fleet of field vehicles (4x4)

Branches
Main office in Accra
Branch office at Tamale in the Northern Region
Aquaculture Research and Development Centre (ARDEC) at Akosombo in the Eastern
Region

Clientele
Afariwa Estates Ltd.
Agricultural Extension Officers
Agro-forestry and Integrated Water Management Specialists
AngloGold Ashanti Ghana Ltd.
Association of Ghana Industries

CSIR Water Reseeh Institute 2
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Bamson Company Ltd.

Barry Callebaut Ghana Ltd.

Benso Oil Palm Plantationgd.

Bioland Company Ltd.

Borehole Drilling Companies

Bottled and Sachet Water Producers
Cadbury Ghana Ltd.

Catholic Relief Service

CIDA-HAP

Cob-A Industries Ltd.

CocaCola Ghana Ltd.

Cocoa Processing Company Ltd.
Community Water and Sanitation Agency
CSIROPRI

Diplomatic Missions

District and MunicipalAssemblies
Environmental Protection Agency
Environmental Solutions

Fish farmers

Fisheries Commission

Food and Drug Board

Food and Beverage Industries

GAFCO

Ghana National Commission for UNESCO
Ghana Oil Palnbevelopment Company
Ghana Water Company Ltd.

Ghana Wildlife Division of the Forestry Commission
Glowa Volta Project of ZEF

Golden Hotel Ltd.

Golden Tulip Hotel

Goldfields Ghana Ltd.

Groundwater Development/Management Consultants
International Water Manageent Institute
Irrigation Development Authority

Jei River Farms Ltd.

Koajay Co. Ltd.

Major & Co Ltd.

Minerals Commission

Ministry of Environment, Science and Technology
Ministry of Fisheries

Ministry of Food and Agriculture

Ministry of Health

National Disater Management Organisation
National Onchocerciasis Secretariat
Newmont Ghana Gold Ltd

Nkulenu Industries

> > > P > > > T I>TITITITD>TTD>TIDI>D>I>DTI>>TI>D>I>

>
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Non-Governmental Organisations
Plan Ghana Limited
PhytoRiker Pharmaceutical Ltd.
Pioneer Food Cannery Ltd.
Polykraft (Ghana) Ltd.
Polytechnics

Public and Private Universities
Rice Farmers

Rotary Club

Senior High Schools

Tesano Sports Club

The Bible College of Ghana
Twifo Oil Palm Plantations Ltd.
UNESCO

Vicco Ventures Ltd.

Volta Lake Transport Company
Volta River Authority

Water Resources Commiss
West Africa Rice Development Agency
World Vision

WRIS/DANIDA

> > > > D> > > DI I>>TI>DD>

An overview of the major activities of the Institute during the year 2010 is herein presented. We
shall be grateful to receive any comments and suggestions you may wish to make on asy aspec
of our activities or report. Kindly send them to the following address:

The Director, The Director,

CSIR Water Research Institute, or CSIR Water Research Institute,
P.O. Box AH 38, P.O. Box M 32,
AchimotaGhana Accra-Ghana

Telephone (233302) 775351, 775352, 779514, 779515, 775511

Fax : (233-302) 777170, 761031

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

Website : WWwWw.csir-water.com

CSIR Water Reseeh Institute 4
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Fig. 1. River basin map of Ghana
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2.0 RESEARCH AND DEVELOPMENT ACTIVITIES

2.1 SURFACE WATER DIVISION

The longterm objective of the Surface Water Division is to generate, develop and transfer
appropriate technologies, information asetvices for sustainable development, utilization and
management of surface water resources for secdmomic development.
The gecific objectives include:

A Assessment of surface water resources of the country forsoaimmic development
A Assessment ofediment transport by streams/rivers and discharges into reservoirs for
planning and management of water resources systems
Development and adaptation of appropriate technologied water conservation
techniques for water supply to households, communiiess and industries
A Assessment of climate change effects and adaptation strategies

>

p=

Beneficiaries of the Divisionds research acti
A Water Management Specialists
A Environmental Protection Agency
A Ghana Water Company Ltd.
A Irrigation Development Authority
A Ministry of Food and Agriculture
A Non-Governmental Organizations
A SmaltlscaleFarmers
A Volta River Authority
A Water Resources Commission
A UNESCO
A Internations| Water Management Institute
A Alliance for Green Revolution in Africa

2.1.1 Hydro-Meteorological Database Management
(Project Staff: Dr. K. KankamYeboahi Principal Research Scientist; Mr. S. Baah Chief Technical
Officer; Mr. S. B. Nobiyai Principal Technical Officer; Mr. A. A. Agyapond Principal Technical
Officer; Mr. C. K. Asante Sasui Principal Technical Officer; Mr. G. Appiahi Technical Officer)

The hydremeteorological data base management system was instituted @/StRe Water
Researchnstitute to generate and provide hyaneteorological data from the syptic stationof

the Institute(05° 35705N, 00° 11105W; altitude 45.72 m) to supportithe s t irdseatcle 6 s
activitiesand that of other research agencies. The main parameters measured aled cothe
reporting year were rainfall, temperature, evagion, sunshine duration and wingh. The
hydro-meteorological data collected and others obtained ftbe Hydrological Services
Department (HSD) and Ghana Meteorological Agency €éBMere electronically digitized and
stored in the database.

CSIR Water Reseeh Institute 6



Annual Report 2010 R & D Activities

The total anual rainfallfor the yeamwas 815 mm (Table 1gnd the highest total annual rainfall
since the inception of the station (19v62010) was 1284 mm in 200Fig. 2). The peak
monthlyrainfall for the year occurred in Juiigig. 3) while the peakmonthly ranfall in 10 years

was 514.1 mnin June 2002Evaporation was generally higher than rainfall except in June 2010
(Fig. 4). The relationship between other meteorological parameters such as rainfall and relative
humidity (RH) are shown in Figs.and6.

Table 1: Hydro -meteorologicaldata (2010at CSI R Wat er RessmtomAccrh | nstituteobs

Parameters Jan | Feb | Mar | Apirl | May | June | July | Aug | Sep | Oct | Nov | Dec | Total
Rainfall (mm) 32.3|67.8/35.6]| 26.7 | 84.1 | 245.5| 80.0] 32.8]/53.7| 56.7| 47.0| 53.0 | 815
(rainday) @ || ] ® | 10)|@)|®G |OM|1Y|QQO) B | @ 85
Rainfall (10yrs avg) | 14.1 | 18.6| 56.4| 95.6 | 154 | 226 | 63.1| 32.9| 68.2| 68.1| 38.8| 21.5
Sunshine(hrs) 73 | 85| 58| 74 | 67 | 44 | 52| 46| 48| 72| 79| 82| 78
Temperature (°c)

Mean Temp. - - - - - - - - - - - - -
Max. Temp - - - - - - - - - - - - -
Min. Temp 25.7 | 26.0| 26.6| 26.5 | 25.9 | 24.6 | 24.0| 23.9|24.2| 24.4| 245| 24.8
Windrun (knots) 2.37 | 281|240| 247 | 22 | 2.30|3.11|3.29|3.00| 2.53| 1.71| 1.70
Evaporation(mmay | 38 | 47 | 50 | 56 | 50 | 33 | 33| 34 | 33| 46 | 44| 45

RH (%) 78 | 77 | 76 | 77 79 86 | 84 | 85 | 85 | 81 | 81 | 80

Rainfall Trend from 2001-2010
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Fig. 2: Total annual rainfall trend from 2001-2010
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Comparison of rainfall in 2010 and 10-years average
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Fig. 3: Comparison ofrainfall in 2010 and 10yearsaverage
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Fig. 4: Comparison of rainfall and evaporation in 2010
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Fig. 5: Comparison of sunshine (Hrs), minimum temperature, windrun and evaporation in 2010
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Comparison of Rainfall and RHin 2010
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Fig. 6: Comparison of rainfall and relative humidity (RH) in 2010

2.1.2 Climate Change Effects on Hydrology and Water Resources and Adaptation
Strategies in Ghana
(Project Staff: Dr. Kwabena KankarYeboahi Principal Research ScientistDr. Barnabas Amisigoi
Senior Research ScientisDr. Emmanuel Obuobid Research Scientisaind Dr. Yaw OpokuAnkomah
T Principal Research Scientist)
This project focused on the impact of climate change on watershed hydrology and surface water
resources in Ghana. The project spanned a period of 1 paar2009 to 2010 in collaboration
with the Water Resources Commission, Volta Basin Authority, Hydrological Services
Department, Irrigation Development Authority and Ghana Meteorological Agency. The main
objective was to generate scientifically based impaetific information that could be used to
directly inform the preparation of local and national action plans on climate change adaptation in
Ghana. The specific objectives were to:
A simulate the hydrology of the White Volta and Pra River basins usirsggthedistributed
hydrological model Soil and Water Assessment Tool (SWAT);
A construct regional climate scenarios using the stochastic weather generatod @RS
for climate change impact analysis;
estimate the impact of climate change on streamflows;
assessulnerability of the study basins to water stress conditions; and
recommend adaptation strategies for sustainable management of water resources under
climate change.

> > >

In the year under review, SWAT was successfullyugetcalibrated and validated for tk¢hite

Volta and Pra River basins using measured streamflow data for the stream gauges at Nawuni
(White Volta basin) and Twifo Praso (Pra basin). Statistics of annual calibration and validation
showed good agreement between simulated and observed streamflbe two basins with
coefficient of determination (% greater than 0.80 and NaShtcliffe model efficiency
coefficient (NSE) greater than 0.70 (Table 2). However, monthly calibration and validation
showed that the Rand NSE were greater than 0.71@h68 respectively for the two basins.
Generally, SWAT overestimated the high flows and underestimated the low flows. The
underestimation of the low flows could be due to more than one aquifer contributing to baseflow
in the basin, a scenario not simeldin SWAT at present.

CSIR Water Reseeh Institute 9
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Table 2: Stream flow statistics obtained during calibration and validation of the SWAT model for the White
Volta and Pra River basins

R & D Activities

Basin Drainage Simulation Period of | Annual | Annual | Monthly | Monthly
area (Km?) type simulation R? NSE R? NSE
White 90.856 Calibration | 1983-1993| 0.78 0.78 0.76 0.76
Volta ' Validation 1994-2000| 0.89 0.81 0.79 0.68
Pra 20.023 Cal?brqtion 1964-1978| 0.83 0.70 0.80 0.79
' Validation 1979- 1991 0.88 0.72 0.76 0.69

Compared to the baseline value, the mean annual streamflow estimated at Nawuni in the White
Volta basin for 2020 and 2050 showed decreases of 22 % and 50 %, respectively while a similar
estimation in the Pra basin showed reductions of 22 % and,4@spetvely for the same
periods. The significant estimated mean annual streamflow reductions in the two basins could be
attributed to decrement in the mean annual rainfall and increment in the annual mean daily
temperature projected by the Ghana Meteorologhkgéncy using the ensemble of climate
models (ECHAM4/MAGICC/SCENGEN) and based on IPCC SRE scenario A1F1.

Under the assumption of 100 % water usage in the two basins, the White Volta basin would
experience water stress before 2020 and water scarcity 2886, with or without climate
change. However, with the effects of climate change, the basin would experience absolute
scarcity condition before 2050, a situation that would have been prolonged beyond 2050 without
climate change. With the current wateress condition of the Pra basin, it is expected to
aggravate to water scarcity conditions before 2020, with or without climate change. The basin
will experience absolute scarcity condition before 2050 and much earlier under climate change.
Under a plausil@ level of water mobilization of 30 % in the two basins (100 % usage not
possible due to constraints such as topography, technology availability, financial status, high
evaporative losses and mandatory environmental requirements), the White Volta bakimswhi
presently experiencing a water scarcity condition would be worsen to absolute water scarcity
towards 2020 and beyond, with or without climate change. However, climate change will worsen
the situation before the projected year. At the same 30 % déweobilization, the Pra basin is
already experiencing absolute water scarcity condition and the situation is expected to be worse
under climate change.

It was recommended that integrated water resources management (IWRM) with emphasis on
water use effiency, water conservation, environmental integrity and equitable distribution of
water resources should be adopted and implemented to promote awareness among stakeholders
on the dangers posed by the impacts of climate change and thus ensure a hobststaamable
management and use of water resources.

2.1.3 Groundwater in Sub-Saharan Africa:
Livelihood
(Project Staff: Dr. Emmanuel Obuobid Research Scientisand Dr. Benony Kortatsii Principal

Research Scientist)
This collaborative study with the International Water Management Institute (IWMI), University
for Development Studies (UDS) and Kwame Nkrumah University of Science and Technology
(KNUST) was initiated in 2009. The overall goal was to enhance the role afdyvater in the

Implications for Food Security and
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provision of improved food security and livelihood $nb-Saharan Africa and particularly, in
AGRA countries including Ghana. The specific objectives were to assess groundwater
availability and its current and potential use and impactsjdnaj its role in adapting to climate
change; identify opportunities and constraints in using groundwater and provide advice to
investors in groundwater interventions; and support the evolvement of a groundwater strategy for
Sub-Saharan Africa. It is exptad to be terminated in 2011.

Activities undertaken during the reporting year included selection of groundwater based
irrigation sites in the Upper East Region (Sapeliga and Zanlerigu in the Bawku West and Telensi
Nabdam Districts, respectively) (Fig. 7), baseline study, hydrogeolagiozeys and preparation

of country reports on groundwater status in Ghana, Burkina Faso, Mali and Niger.
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Fig. 7: Location of study sites (Sapeliga and Zalirigu) in the Upper East Region

The study showed that the geology of Ghana and Burkina Faso are dominated by the
Precambrian crystalline basement rocks that consist of metamorphic andymeetas rocks,
schists and granites, while that of Mali and Niger are dominated by unconsoliddieests of

Lower Cambrain and Palaeozoic age and consist mainly of sandstones with some argillaceous
and carbonate horizons. The crystalline rocks have little or no primary porosity and therefore
cannot store water. Groundwater availability in many plaseShana and Burkina Faso are
attributed to fractures, faults and weathering of the rocks and aquifer yields are generally low
(average of 2 fith). However, high yields of 100 %n or more are found in the Continental
Terminal aquifers in northwestern Bima Faso and in the Coastal aquifers in southeastern
Ghana. A large amount of the groundwater abstracted is used for domestic water supply in small
towns and rural areas. Groundwater based irrigation is limited and infofhmalpotential to
expand the wesof groundwater for irrigation exists in all four (4) countries but this could be done

if factors such as high cost of drilling boreholes, high initial and operational cost of water pumps,
land ownership problems and the difficulty in accessing marketgraperly addressed.
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2.1.4 Eco-Health Approach to the Control of Onchocerciasis in the Volta Basin of Ghana

(Project Staff: Dr. Emmanuel Obuobi& Research Scientist)
The Institute, in collaboration with Noguchi Memorial Institute for Medical Resebhaiversity
of Ghana; Institute of Statistical, Sociahd Economic Research, University of Ghana; UK
Meteorological Office Hadley Centre; Natural Resources Institute, University of Greenwich,
UK; Ghana Meteorological Agency and Institute of Mathemat®a@knce, Accra, started this
project in the reporting year and is expected to end in 2012. The goal was to study how the
effects of onchocerciasis could be reduced in Ghana through sustainable continecied
environmental management in ivermeeti@sstant areas. The specific objectives were to:

A identify factors which explain the reasons why some areas in Ghana are developing
resistance to the ivermectin control of onchocercaisis;

A identify vulnerable zones (e.g. mountainous areas where vectorsstouide at higher
altitudes with global warming or forest areas becoming savika)a and predict
probable changes in vector ecologies, distributions and transmission efficiencies for
policy attention;

A assess the suitability of mitigation measures totrobronchocerciasis (e.g. sustained
means of ivermectin distribution, vector control, immigration screening, afforestation or
locally managed control measures at dams and other locations); and

A recommend adaptation strategies for endemic communities Ibbeegham cope with the
impacts of climate change on so@oonomic activities.

The scope of work in the reporting year included field visits to hyaeteorological observatory
stations in the Pru and Black Volta basins (Fig. 8), analysis of trendsremextlimate events,
pre-processing of various data for modeling, initial set up of the hydrological model SWAT (Soil
and Water Assessment Tool) and training of Graduate saidemydrological modeling. Trends

in extreme climate events under present artdre climatic conditions were analyzed using
RClimDex software with the aim of understanding how the extreme events in the study basins
may be changing and how that change may be contributing to the occurrence and distribution of
Onchocerciasis. Twentydices were analyzed for each climate station in the study basins. Ten
of the indices were temperature related while the other 10 were related to precipitation. The
analysis covered the period 1962065. Data covering 20102065 were basically HADCM3
output for the IPCC scenario A1B that were downscaled with the stochastic weather generator
LARS-WG.
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Fig. 8: Location of project communities andhydro-meteorologicalobservational network in and around the
Pru (left) and Black Volta (right) basins in Ghana

Preliminary results for the Atebubu climate station showed increasing trend in the total annual
precipitation, maximum of the daily maximum temperature, minimum of the daily maximum
temperature, maximum of the daily minimuemperature and minimum of the daily minimum
temperature (Figs. @ 12). With the exception of the annual precipitation, all the increases
obtained were significant at 95 confidence level.
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Fig. 9: Trend in total annual precipitation at the Attebubu weather station in the Pru Basin from 1965 to 2065
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Fig. 10: Trend in the maximum of the daily maximum temperature at the Attebubuweather station in the
Pru Basin from 1965 to 2065
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Fig. 11: Trend in minimum of the daily maximum temperature at the Attebubuweather station in the Pru
Basin from 1965 to 2065
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Fig. 12 Trend in maximum of the daily minimum temperature at the Attebubuweather station in the Pru
Basin from 1965 to 2065

2.1.5 Rethinking Water Storage for Climate Change Adaptation in SubSaharan Africa
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(Project staff: Dr. B. A. Amisigoi Senior Research ScientisDr. K. KankamYeboahi Principal
Research Scientist anilir. Etornyo Agbekoi Principal Technical Officer)

As part of Adaptation of African Agriculture to Climate Change program, this study was
initiated in 2008 in collaboration with IWMI; Centre for Development Reserarch (ZEF) of the
University of Bonn, Germany; Institute of Watéechnology, Arba Minch University, Ethiopia;
Institute of Statistical, Social and Economic Research (ISSER), University of Ghana, Legon; and
Gesellschaffir International Zusammenarbdi©lZ) GmbH on behalf of the German Federal
Ministry for Economic Coperation and Development (BMZ). The overall goal was to improve
the livelihood and increase resilience of the rural poor in SSA vulnerable to climate change risks
through better water storage mechanisms, improved investments and institutional supgport. It i
expected to be completed in 2011. Activities carried out in the year under review included field
surveys on efficiency and performance of water storage systems at Vea in the Upper East
Region, Golinga in the Northern Region and Sata in the Ashanti Refy®hnana.

The commonest water storage systems identified in the study area were dams of various sizes
and natural aquifers tapped by means of boreholes anddugnavells. Few roof rainwater
harvesting systems were also identified. The dams were usedofoestic water supply,
livestock watering, irrigation and fishery while the other systems were mainly for domestic use.
However, the available storage systems were poorly managed and generally inadequate to meet
the water supply demand of the target gapons, particularly during the dry season. Three
large dams identified were among the 22 irrigation dams managed by the Ghana Irrigation
Development Authority nationwide. The small dams, boreholes and-chapdvells were
community managed. Parts of tharious dams identified and the canals delivering water to the
irrigated fields were in bad condition and needed urgent rehabilitation. The lack of regular
maintenance due to inadequate internally generated resources from water use fees has resulted in
redwed functionality and efficiency of the systems. The status of the systems indicated that they
lacked the necessary resilience to population increase and impacts of environmental and climate
change.

It was recommended that external financial assistanegdwie required to adequately handle
broken down pumps and dilapidated dam structures and canals so as to increase the resilience of
the systems to both human and environmental change impacts.

2.16 Update on Flood Phenomenon in Ghana
(Project Staff: Dr.K. Kankam-Yeboahi Principal Research ScientistDr. P. GyauBoakyei Principal
Research ScientistMr. F. Y. Logahi Research Scientist)

The goal of the study was smpport decision makemmanage flood disasters in Ghaarad thus
minimize their potentiaimpacts on life and property. The specific objectives were to:
A give an overviewof flooding situation in Ghana with particular attention on the capital
city, Accra; and
A determine the occurrences, trends and magnitudes of flooding in Ghana.

During the eporting year, hydrometeorology and hydrological data were collected and analysed.
Poor and/or lack of drainage systems, building in water courses, siltation and improper waste
(especially plastic waste) management were identified as the primarily cdusesdoin the

capital of Ghana. Apart from the South Western River System which showed almestange

in the trend of high streamflow at Okyereko, the Volta (F&y 4nd the Coastal systems at
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Bamboi and Okyerekaespectivelyshowed an increasingetnd of high streamflow magnitudes

R & D Acti

vities

with the Volta system showing higher rate of increase over the period of records.
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Fig. 13 Trends and magnitude ofhigh stream flows in the Voltasystem at Bamboi

Estimations from the extremealue distribution shoed that there was a 100 % chance that

streamflows (floods) with magnitudes 650.6/sn296.4 n¥s and 36.6 m*/s would occur any
day during the year in the Volta, South Western and the Coastal river systspectively.
Similarly, streamflow of magnitudes 3529%s, 5610 m%s and 10% m*s could occur once
during any day in 10 years in the Volta, South Western and Coastal river systgmastively.
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2.2 GROUND WATER DIVISION

The longterm objective of the Groundwater Division is to generate, process and disseminate
information on the availability of groundwater, quantity of water to be abstracted for various
uses as well as the reliability and sustainability of its recharge.

Beneficiaries of the Divisionds research act.i
Borehole Drilling Companies

Community Water and Sanitation Agency

Groundwater Development/Management Consultants

Irrigation Development Authority

Minerals Commission

Non-Governmental Organizatis

The Mining Industry

Water Resources Commission

Individuals

> > > > > > > > D>

2.2.1 Isotope Techniques for Groundwater Assessment of the Central Region
(Project Staff: Dr. B. K. Kortatsii Principal Research ScientistMr. Collins Tay T Research Scientist
Dr. Shilo Osa&1 GAEC)

This study started in 2009 and is expected to end in 2012. The objediveto solve
groundwater problems in the Central Region using integrated conventional and isotope
techniques. Isotope techniques in ground and surface water studies aduld identifying the
sources of major ions in these waters and delineate high chloride areas which are major problems
in the Central Region especially in coastal ar€asing the year, water samples from selected
water bodies such as rivers, boreholes laand dug wells in the area were periodically collected

and analysed. The results obtained confirmed earlier results from the reconnaissance sampling
which indicated that groundwater in the area is weakly acidic with mean pH of 5.83 pH units.
The princip& hydrochemcal facies observed were-Gla NaCl-HCO; and NaHCOs-Cl water

types.

2.2.2 Groundwater Monitoring in Northern Ghana
(Project Staff: Dr. William A. Agyekumi Research ScientistDr. S. DapaahSiakwan i Principal
Research Scientiyt

As part of the data gathering process to aid
(DSS) 6 by Water Re s o ur gmmote Gtegnatad ¥Vater dRasourced/R C)
Management (IWRM) programme in the White Volta River Basin, the project start@®nt@

assess the groundwater of the three (3) Northern Regions. It would be terminated in 2011.

During the year, all the 37 monitoring boreholes were visited twice in July and December to
download the recorded groundwater fluctuation data. The data btagex from installed
automatic recording logger and barometric divers on the boreholes. Changes in groundwater
temperature were obtained everyh@ur interval. The water levels from each monitoring
borehole were measured and recorded manually with-anéeipr. Samples of water were also
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taken from all the boreholes for physichemical analysis. A geological map of the Northern
Ghana showing the location of the monitoring boreholes is shown in4zig. 1
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Fig. 14: Location map of DANIDA and CIDA -HAP monitoring boreholes

The compensated groundwater level fluctuation data as well as the maneaaByred
groundwater level data were plotted to depict changes in groundwater levels with time for each
borehole. The plots of the compensated water levels corresponded favourably with the controlled
dip-meter levels (master levels) for each of the monitoring boreholes. At each monitoring station,
sinusoidal trend of groundwater levels, depicting the climaitern (rainy and dry seasons) of
northern Ghana was observed. The general observation was that groundwater levels have
remained unchanged despite the general perception that they should rather decrease as a result of
overexploitation, ovepumping anctlimate change impact over the years and this might be due

to the deep aquifers within the study area. Fi§saridd16 show the compensated water levels as

well as the dipmeter levels of some selected monitoring boreholes in the projecTaera. was

alo an increase in groundwater conductivity and total dissolved solids during the raining season
and this could be the result of surface water infiltration into the groundwater system.
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Groundwater level-time graph from Go wrie-Tingre monitoring well (WVB 5); From Nov 2005-Dec 2010

Date
25/10/03 23/4/06 20/10/06 18/4/07 15/10/07 n/4/08 9/10/08 714109 4/10/09 2/4110 29/9/10 28/3/11

‘Water level (em) below ground
level

| —e&— Compensated levels —— Dipmeter readings ‘

Fig. 15. Groundwater levelplot from Gowrie -Tingre monitoring borehole (Nov 2008Dec 2010)

Groundwater level-time graph from Wa N/E monitoring well (WVB 2),from Aug 2006 - Dec
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Fig. 16. Groundwater levelplot from Wa-N/E monitoring borehole (Nov 2008Dec 2010)

2.2.3 Geologging and Diver Installation of 15 NewlyDrilled Monitoring Boreholes
(Project Staff: Dr. William A. Agyekumi Research ScientistDr. S. DapaakSiakwan i Principal
Research Scienti¥t
In collaboration with CIDAHAP and WRC, this project started in the reporting year and is
expected to end in 2011. The purpose was to obtairsatdiice infomation related to log
stratigraphy of the rocks penetrated during drilling and to determine the magnitude and vertical
variation of groundwater salinity in the different rock types underlying the study area.

Activities carried out included borehole loggi and diver installation. The-8m Calliper (3

ACS), Temperature, Conductivity and Gamma (TCGS), Resistivity (GLOG), High Resolution

FI ow (HRFM) | oggi ng t o olbgging &Softvaret were usBdoib ¢he t s o n
collection of the sulsurface data. &h tool was run down through the boreholes at a logging

speed of 6 m/min. This activity was followed by installation of both logger and barometric divers

on each of the boreholes. The automatic data recording frequency on the divers was programmed
tobeéhours. The data obtVewloge ds swfatswame.l ysed usin

The results (Figsl7 and18) showed that whilst groundwater salinity levels of boreholes drilled

through granite and sandstone rocks to a maximum depth of 120 m were lower than 1000 mg/I,
those that penetrated shale, mudstone and siltstone rocks increased sharply frang/20660
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10000 mg/I at depths between®and 120 m. This means that in order to obtain potable water,
the depths of boreholes drilled through shale, mudstone andrelisioks should not exceed 60
m.

Well Name: Kabingo HAP MBH 13
Location: Bawku Municipal, NearBawku (10.950000N, 0.192450W)
Reference: Ground Surface

GEOLOGY: GRANITE
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Fig. 17: Compositelog of Kabingomonitoring borehole (HAP14)

Well Name: DORINGA-NOVERINSA (HAP MBH 22)
Location: Builsa District, Upper-East Region (10.619000N, 1.420840W)
Reference: Ground Surface

GEOLOGY: Granite. DRILLING YIELD = 360 Ipm

Metres | Driller's Log S |Imtefpretation Diameter Av. Resistivity Gamma_TCGS| Fluid Cond Fluid Temp Flow Inflow Zones|
3 150 (mm) 340|2  (Ohm-m)5000 |0 200[200 (uS/cm)1000|30 (°C) 32[0 (%) 100
B Fluid Cond, Q=120| Fluid Temp
3 200 1000[30 (°C) 32
0
] HHUHWHWHHH“HH\WHlHHlHHlHH\HQ—H—H\HH\HH HHHHREEEHEEH (T Ty,
Sandy {
“[clay Clayey B
7 sand B r
20 _] I L
Sandy
Aclay  EFEHA - |
— - 1 1Granite, | - L 3%
i H- fractured 4,7‘\‘ | 11%
0] 4 i B
] ++ Granite T I
I weathered +
— Granlte i : - = [~
4 Granite, 1 - =
60_| feldspar ++ fractured ‘++ | |
4 n Granlte H - =
] H f Id * B e
eldspar
g ++ P n = ; 8%
80 _| L H 9 | L
| - Granite, 9+ L P4
+b Jquartzitic Ha L
] o I =
] i+ ° i ,
-100 _| ++ + - S
JGranite, +H Granite, = n - 8%
_|with H fresh + | |
biotite + H
i n n L L
120 _] + L L - I - L
| b L L L L L |
] + L L - I - L
i It | i | i | I
+
140 _| n L L - I - L
| n |
H -
il v b bbb oo b Lo bbb o o

Flg 18 Compositelog of Doningamonitoring borehole (HAP22)
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2.3 ENVIRONMENTAL CHEMISTRY DIVISION

The longterm general objective of the Environmental Chemistry Division is to generate, process
and disseminate water and wastewater quality information tassd. Specific objectives are
to:
A perform quality and quantity assessments of industrial, @gmal and domestic
discharges in both urban and rural areas and identify their impact on aquatic ecosystems;
A collect, process and disseminate comprehensive high quality and reliable environmental
data on surface and groundwater with regard to their daonstituents; and
A monitor pollution in coastal waters and lagoons of Ghana.
Currently, the major research programmes of the Division are:
A Water quality monitoring

A Industrial wastewater studies
A Environmental impact studies
A Development of strategies farater pollution control
Beneficiaries of the Divisionds research act.i

Association of Ghana Industries

Barry Callebaut Ghana Ltd.

Benso Oil Palm Plantations Ltd.

Cadbury Ghana Ltd.

Cob-A Industries Ltd.

CocaCola Ghana Ltd.

Cocoa Processingompany Ltd.
Community Water and Sanitation Agency
District and MunicipalAssemblies
Environmental Protection Agency
Environmental Solutions

GAFCO

Ghana Wildlife Division of the Forestry Commission
Golden Tulip Hotel

Goldfields Ghana Ltd.

Koajay Co. Ltd.

Major & Co Ltd.

National Disaster Management Organisation
Nkulenu Industries

Non-Governmental Organisations
PhytoRiker Pharmaceutical Ltd.

Pioneer Food Cannery Ltd.

Polykraft (Ghana) Limited

Sachet Water Producers and Consumers
Twifo Oil Palm Plantations td.
Universities and Polytechnics

Volta River Authority

World Vision

> > > P > D> > DI > > > D>
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2.3.1 Industrial Water and Wastewater Studies
(Project Staff: Dr. Isaac O. A. Hodgsoh Senior Research ScientisMr. Anthony Y. Karikari i Senior
Research ScientisMrs. Joyce Amoakd Research Scienti¥t

The study was aimed at generating relevant and comprehensive data on raw and spent water
which could be used to implement rational water utilization and management programmes in the
Cocoa Processing Company Limited (PORTEM), Cadleinana Limited, Kasapreko Ghana
Limited, Bamson Company Limited, Pioneer Food Cannery, PRiker Pharmaceuticals and
Golden Tulip Hotel.

In the reporting year, water samples, raw and treated effluent samples were collected on monthly
and sometimes on gtterly basis and analyzed. The data produced was used to design treatment
plants in some of the industries such as the Cocoa Processing Company Limited. The data was
also used for developing environmental management plans for the industries.

2.3.2 Ground and Surface Water Quality Assessment
(Project Staff: Dr. O. D. Ansa-Asard Principal Research ScientistDr. Ruby Asmahi Research

Scientis})
The objective of the study was to verify whether the activities of Goldfields Ghana Limited
(GGL) have any negai ve i mpact on the communitieso6 wate

the effects of mining operations on the quality of surface waters, sediments and groundwater
through drilled observation wells for monitoring.

In the reporting year, water and sedmh samples were taken from 26 stream sampling sites; 31
boreholes; 21 treated seepage and leachate water sites; 35 Wells for potable use in Samanhu,
Atuabo, Huniso and Esuman; and 30 Wells at Tebe, Abekoase and Pepesa. These samples were
analysed using ahdard methodologies.

Results obtained from the surface water samples showed that the pH of 63 % of the rivers and
streams in the operational area fell within the range of @% pH units. However, the pH of

about 19 % of the rivers and streamsr&vbdow 6.0 pH units while a similar percentage
exceeded the pH of 8f#H units. Conductivity of the streams ranged from 301.B010 uS/cm.

There was a significant correlation between pH and conductivity (.64, p <0.01), which
implied that areas with high conductivities had higher pH values and vice versa. The ionic
dominance pattern observed in the Tarkwa area, Na > K > Ca > Mg 3 FISQ, > ClI, did not
conform to the ionic dominance pattern of Ca > Mg > Na > K and HEGQ, > CI for
freshwater. Thea@minance of Na over Ca could be attributed to human activities in the area. The
highest nitrate concentration of 12.5 mg/l was recorded at statieh &Rl this could be
attributed to pollution by human or animal waste, fertilizer-oeffnand human activies
including mining. Iron level (10.4 mg/l) at S9°was above the background level. The high iron
levels recorded could be due to the geology of the area. Mercury showed higher levels at AVS
(0.0024 mgl/l). Lead and copper were very low, mostly below theiection limits and this
indicated that the streams were good for potable use and with no influence of the mining
activities.

Analysis of the groundwater indicated that the pH of the selected wells ranged from74336
pH unitswith a mean value d.8 pH units, an indication that most of the pH values measured
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were largely acidic. The wells with the lowest pH values (<5.00) were WPA 75 and WPA 79
located at Pepesa and WAO 70 located at Atuabo. The pH values for 40 of the wells out of the
47 sampledell below the WHO minimum limit of 6.5 pHinits and this could be attributed to

the geology of the area. Depending on environmental conditions, the acidic waters could leach
trace metals from their surroundings. The highest nitrate concentration (> )5olvggived in

wells WAO 58 and WPA 58 was below the WHO maximum guideline value of 10.0 mg/l. The
range of nitrite concentrationsas0.017 1.98 mg/lwith someabove the WHO recommended
guideline value of D0 mg/l. Nitrite concentrations in wells WSU 36, WPA 10 and WPA 08
exceeded the maximum recommended level. Concentrations of lead were below detection (<
0.005 mg/l) in all the wells sampled. Mercury concentrations ranged from < 0.001 mg/l to 0.002
mg/l which were less than the WHO maximum guideline value of 0.006 mg/I for drinking water.
Copper concentrations in the wells were also within the WHO recommended levels. Manganese
concentrations in the wells ranged from 0.003.87 mg/l with a mean value of 0.44g/l as
compared to the WHO maximum recommended level of 0.4 mg/l. The wells with manganese
concentrations higher than the guideline value were WHO 14 (5.87 mg/l), WPA 10 (0.906 mg/l),
WPA 75 (1.16 mg/l), and WPA 79 (3.14 mg/l). The nitraittogen concetrations in the
boreholes gave no indication of contamination from the external environment and there were no
adverse effects with respect to heap leaching in terms of contaminating the groundwater in the
area.

It was recommended that:

A Communities livingwithin the concession of Goldfields Ghana Limited should be
educated to avoid pollution of surface waters (streams) through the impact of human
activities.

A Trace metals such as iron, manganese and zinc which were due to the geology of the area
could be emoved by treating the water before drinking.

A At least, once a year monitoring by CSIR Water Research Institute to confirm finding of
the regular monitoring of the Environmental Section of Goldfields Ghana limited is
necessary to promote public confiderinethe Company in terms of monitoring and
environmental management.

A The environmental Audits of Mines in Ghana should be placed in the public domain to
allow for public scrutiny.

2.3.3 Surface Water Quality Monitoring and Assessment of the VoltaSouthwestern and

Coastal River Systems
(Project Staff: Dr. O. D. AnsaAsare i Principal Research ScientistMr. Humphrey F. Darko i
Research Scienti$t

The project began in the reporting year to develop an efficient and effective management system
forsusai nabl e devel opment of Ghanaé&snomiaberefits r e s o u
for present and future generations. It is expected to end in 2011.

The scope of work included collection of water samples, laboratory analysis, data interpretation,

preparation and submission of reports. During the reporting year, three field visits were made to

40 stations in the Volta, Southwestern and Coastal River Systems and samples collected for
analysis. The sampling campaigns were undertaken in the months df,Malg and October
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2010. Water, sediment and fish samples were collected for phygtsgnical, metals, sediment
guality and bacteriological analysis.

The range of pH (6.52 9.09 pH units) was within the Target Water Quality Range (TWQR) of
6.007 9.00 pH units. Dissolved oxygen concentrations ranged from 5.0000 mg/l which
indicated that the water was well oxygenated and could support fish survival. Biochemical
Oxygen Demand (BOD) was high with annual mean values above the guideline value ofl 2.0 mg/
(Fig. 19). Levels of Pesticides and derivatives in the water samples were below their respective
WHO guideline values, except Beta Endosulfan which was 0.109 ug/l and 0.124 pg/l in March at
Twifo-Praso and Lake Barekesespectively as against the WHQidgeline of 0.030 pg/l. Beta
Endosulfan levels in Lake Bosomtwe (0.154 pg/l), Saiawso (0.257 pg/l), Sabari (0.144

pg/l) and Buipe (0.214 pg/l) in October were all above the WHO guideline. Concentrations of
trace metals in the waters were very low,eptdron (0.369 7.02 mg/l) which was above WRC
guideline value of 0.3 mg/l. The Water Quality Index classification of the waters indicated that
mo s t of the water bodies were in Claswa |1,
variations in gality states. The overall characteristics of the water samples indicated that, the
Volta River System was comparatively less polluted than the Southwestern and the Coastal River
Systems.
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Fig. 19 Annual mean BOD concentrations of the Volta, Southwestern and Coastaiver basins

2.3.4 Three Districts Water Supply Project
(Project Staff: Mr. Humphrey F. Darkoi Research ScientistDr. I. O. A. Hodgsoni Senbr Research
Scientist;Dr. J. A. Ampofoi Principal Research Scientiyt

This study started in 2008 to assess the quality and suitability of treated water for potable use in
the Dangme East, Dangme West and North Tongu Districts.

The scope of work includecbllection of water samples, laboratory analysis, data interpretation
andpreparation and submission of reports. At the project site at Aveyime where the Treatment
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Plant is located, water samples were collected from the Raw Water Tank, Slow Sandriltratio
Tank, Clear Water (Chlorinated) Tank, overhead tanks or booster stations and along the
distribution lines from stand pipes in the different communities for analysis.

The pH ranged from 6.56 7.53 pH units and this was within the WHO (2006) drinking tea
guideline range of 6.5 8.5 pH units The results of the physiathemical and bacteriological
examinations of the water samples indicated that the water from the stand pipes were suitable for
domestic purposdsased oWHO guideline and Ghana standadables 3 and 4).

Table 3: Results ofbacteriological quality of water samples from thesampling sites

Sample Identification Total coliform Faecal coliform | Total Heterotrophic
(cfu/200ml) (cfu/100ml) Bacteria (cfu/1ml)

Raw Water(Intake) Tank 84 0 2304

Slow Sand Filtration Tank 7 0 1408

Clear Water Tank (Chlorinated Tank] O 0 <1

Mepe Standpipe 0 0 <1

Dedukope Standpipe 0 0 <1

Caesarkope Standpipe 0 0 <1

Nakomkorpe Standpipe 0 0 <1

Sege (Vicco Office tap) 0 0 <1

DawaBooster Station Reservoir, 0 0 <1

Dawa Standpipe 0 0 <1

Tsokpoli Standpipe 0 0 172

Dawenya 0 0 <1

Ghana Standards 0 0 1000

WHO Guidelines 0 0 -
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Table 4: Physicochemicalparameters ofwater samples from thetreatment plant and standpipes (All results are in mg/l except otherwise stated)

Parameter Raw Slow Clear Mepe Dedukope | Caesarkope | Nakomkope | Sege Dawa Dawa Tsokpoli Dawenya | WHO
Water Sand Water | Standpipe | Standpipe | Standpipe | Standpipe (Vicco Booster Standpipe | Standpipe | Central (2006)
Tank Filtration | Tank Office ) | Station Univ. Guideline
(Intake) | Tank Tap Reservoir Hydrant | Values
Turbidity (NTU) 3.10 1.10 1.10 2.00 1.40 1.10 1.30 1.30 1.30 1.50 1.10 8.70 5.00
Colour (Hz) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 50.0 15.0
pH (pH units) 6.57 6.66 6.98 7.49 7.53 7.07 6.92 6.95 7.16 7.20 7.12 6.55 6.58.5
E:or;duc;tivity 76.8 79.9 97.6 135 143 80.8 84.9 834 93.3 81.6 86.0 90.4 -
puS/cm
TSS 4.00 2.00 2.00 1.00 1.00 1.60 1.00 1.00 2.00 2.00 1.50 8.00 -
TDS 42.2 43.9 53.7 74.3 78.7 44 4 46.7 45.9 51.3 44.9 47.3 49.7 1000
Sodium 5.20 5.80 5.80 4.95 4.96 4.90 4.90 5.10 5.00 4.90 4.80 5.40 200
Potassium 2.80 2.80 3.20 2.90 2.88 2.95 3.10 3.30 3.20 3.10 2.90 3.20 30.0
Calcium 8.02 6.41 8.02 12.0 12.0 8.02 6.41 7.21 6.41 6.41 6.41 7.21 200
Magnesium 0.962 2.42 2.42 2.90 2.90 1.45 2.91 3.88 4.37 4.37 4.85 2.91 150
Iron 0.172 0.068 0.046 | 0.032 0.082 0.073 0.022 0.013 | 0.016 <0.010 0.013 0.184 0.3
Chloride 1.00 1.00 5.96 8.93 10.9 3.97 3.97 4.96 3.97 3.97 4.96 2.98 250
Sulphate 1.00 2.00 2.00 1.00 2.00 2.00 1.00 1.00 3.00 2.00 2.00 2.00 250
Phosphate 0.088 0.092 0.084 | 0.046 0.043 0.066 0.054 0.072 | 0.083 0.062 0.052 0.098 -
Manganese 0.052 0.044 0.018 | 0.008 0.006 0.005 0.006 0.018 | 0.012 0.005 0.012 0.097 0.400
Nitrite -N 0.014 | 0.010 0.011 | 0.012 0.014 0.011 0.007 0.005 | 0.01 0.012 0.008 0.018 1.00
Nitrate -N 0.140 | 0.130 0.120 | 0.201 0.150 0.180 0.120 0.133 | 0.104 0.140 0.150 0.162 10.0
Total Hardness 24.0 26.0 30.0 42.0 42.0 26.0 28.0 34.0 34.0 34.0 36.0 30.0 500
Total Alkalinity 38.0 40.0 44.0 50.0 54.0 40.0 46.0 44.0 46.0 44.0 44.0 50.0 -
Fluoride <0.005 | 0.006 <0.005 | <0.005 <0.005 0.005 <0.005 <0.005 | <0.005 <0.005 <0.005 <0.005
Bicarbonate 46.4 48.8 53.7 61.0 65.9 48.8 56.1 53.7 56.1 53.7 53.7 61 1.50
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2.3.5 Limnological Study of Three Coastal Water Supply Reservoirs in Ghana

(Project Staff: Mrs. Joyce Amoakd Research ScientistDr. O. D. AnsaAsarei Principal Research

Scientis)
The Inchaban, Brimsu and Weija reservaiopply water to the Sekondi, Cape Coast and Accra
respectively. Adequate and sustainable supply of raw water from these reservoirs for treatment
and distribution is changing due to rapid urban population growth and pollution. It was against
this backgroundhat the study started in 2007 to monitor temporal changes in the water quality
of these reservoirs. It is expected to end in 2011.

During the reporting year, water samples were collected hourly in the day at the intake points of
the reservoirs duringhe dry season and analysed using standard methodologies. The study
showed that the pH increased considerably in the late mornings and afternoons but decreased
when sun was approaching (Fig$.1222). This could be due to changes in temperature of the
reervoirs which affead the amount of decomposing organic materials. In addition, the
Dissolved Oxygen (DO) increased with increased pH for all the three reservoirs @ig&5Q
depicting a positive correlation between the parameters.
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Fig. 20: pH versestime profile for Inchaban reservoir
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Fig. 21: pH versestime profile for Brimsu reservoir
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Fig. 22: pH versestime profile for Weija reservoir
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Fig. 23: Correlation betweendissolvedoxygen (DO) and pH for Inchabanreservoir
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Fig. 24: Correlation betweendissolvedoxygen (DO) and pH for Brimsureservoir
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Fig. 25: Correlation betweendissolvedoxygen (DO)and pH for Weija reservoir

2.3.6 Sustainable Cage Aquaculture Development on the Volta Lake
(Project Staff: Dr (Mrs) Ruby Asmali Research ScientistMr. Anthony Karikari i Senior Research
Scientist Dr. J. K. Ofori 7 Senior Research Scientisir. L. A. K. Awity - Fisheries Commission)

This collaborative study with the Fisheries Commission started in 2009 to estimate the carrying
capacity of the Volta Lake in relation to cage and pen aquaculture development. It was also
aimed at assessing the seemmmomic impact of cage aquaculture development in the Volta
Lake and providing guidelines for sustainable cage aquaculture development in Ghana. It is
expected to be completed in 2011.

In the reporting year, water samples for physibemical analysis wereollected from fifteen

(15) locations on the Volta Lake (Fig6) with clusters of fish cages or pens including the gorge
area, Atimpoku, Akuse and Sogakope. A sstnictured questionnaire was also administered to
the fish farmers in the Afram Plains, o Tongu District and parts of the Volta Region (Fig.

27) to determine the sizes of their farms operations and the types of inputs being employed as
these influence the environment.

The survey indicated that the sizes of fish farms ranged from 5&d&%00 n? and about 60 %

of the farmers used extruded feed which is known to have less negative impact on water quality.
Fingerlings for stocking were produced from thezochromis niloticu®btained from the Lake

and any incidence of gene pollution in casfefish escape was therefore minimized. The
analytical study of the water samples showed that pH values ranged froiin &E5pH units

Mean turbidity (2.94 mg/l), transparency (2.51 m) and dissolved oxygen (5.40 mg/l) were
comparable to previously refied works on the Lake, suggesting that the water quality of the
lake remains unchanged. The levels of trace metals were generally low and did not present any
threat to biota. The observed low ionic content of the Lake is good for aquatic ecosystem use.
Nutrient concentrations were generally low in areas with the fish cages except in the lower Volta
area. Overall observation from the study was that there were no clear detectable effects of cage
aquaculture on water quality in the vicinity of the producsdas and this could be attributed to
factors such as water currents and the use of floating feed. Although, there were no immediate
detectable impacts of fish farming on water quality of the Lake, the study recommended the need
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for regular water quality mmitoring and the need to estimate the carrying capacity of the Lake to
develop good water management practices to ensure sustainable use of the Lake.
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Fig. 26: Location map showing the sampling stations on the Volta Lake
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2.3.7 Quality of Water Bodies in Mining and Non-Mining Areas within the Ashanti Gold

Belt
(Project Staff: Mr. Collins Tayi Research ScientisDr. IsaacO. Hodgsoni Senior Research Scientist

Mining activities impact negatively on water bodies through inadequate management of tailings
and effluents from processing plants, exposure of mined surfaces leading to acid migedra
and the use of mercury by the srsdhle alluvial workings. It was against this background that
the study was initiated in 2008 to:

A assess the hydrochemical processes influencing water bodies; and

A identify and characterise the trace metal levels/ater bodies within the Ashanti Gold

Belt.

It is expected to end in 2011.

A total of 113 samples were collected from boreholes, wells and streams in Obuasi and some
communities within the Ashanti Gold Belt during the dry and wet seasons between 2008 and
2010. The samples were analysed using appropriate certified and acceptable international
procedures outlined in the Standard Methods for the Examination of Water and Wastewater.
Charge balances were calculated using the equation:

CB = [ ¢xz Nl Mc( + xz Ma)] * 100.
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The pH of boreholes in the mining and namning areas ranged from 5.9.5 pHunitsand 5.0

T 9.2 pHunitsin the wet season and 3.@.0 pHunitsand 3.7i 6.8 pHunitsin the dry season,
respectively as compared to the backg range of 6.5 9.0 pH units The disparity in pH
values between the dry and wet seasons could be due to déumibnature of deposits over
which they flow

The conductivity in the mining and nanining areas during the wet season ranged frod 47

450 pS/cm and 488 715 puS/cmrespectively while those of the dry season ranged fromi22.8

473 puS/cm and 23.4 473 uS/cm respectively. The chemical constituents were generally low
with relative abundance of cations and anions in the order'6tQda’ > Mg*?> K* and HCQ’

> CI' > SO, > NOs, respectively (Fig28). The study also showed that, gypsum, anhydrite,
calcite and dolomite dissolution were some of the processes influencing the water chemistry of
the study area. Two major hydrochemical wdtgres, CaMg-HCO; water type with sources
comprising either dolomite (CaMg(G}p) or calcite (CaCg) in the rock matrix and N&I or
Na-CI-HCO;-Cl water type which have saline characteristics, were delineate@id.he Na
Mg-CaHCO; water type was also delineated. The summaries of the results are shown in Tables
5 and 6.The trace metal level assessment (Table 7) of the water bodies showed that Fe, Mn, Cu,
Cd and Pd could be introduced into the water bodies during -watkerinteradons. The
geochemical and biochemical processes, therefore, influenced the water chemistry of the study
area.Generally, there were no significant differences in the water quality parameters between the
mining and normining areas as the levels were conapée.
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Fig. 28 Mean values ofmajor ion constituents in thewater bodies within the Ashanti Gold Belt
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Fig. 29: Piper plot showing the chemicaltypes ofgroundwater sources within the study area

Table 5: Summary of water quality of boreholes in the Ashanti Gold Belt et season)

Community

Mining Area Non-mining Area
Parameter Range Mean Range Mean
pH (unit) 5.91 9.5 7.2 5.01 9.2 7.1
Conductivity (uS/cm) 47.07 450.0 205 48.57 715.2 196.8
PO,-P (mg/l) 0.37 1.4 0.6 0.37 2.9 1.2
Total alk. (mg/l CaCg) 11.07 100.0 41.3 9.07 140.0 43.6
NO,-N (mg/l) 0.0177 0.045 0.033 0.017i 0.081 0.04
NOs-N (mg/l) 1.17 16.7 5.9 1.27 25.7 8.2
HCO; (mgl/l) 13.47 122 50.4 11.071 170.8 53.2
CI (mg/l) 1.87 28.8 11.0 4.071 37.6 10.3
SO, (mgll) 0.971 98 30.5 2.61 64.5 19
Na’ (mg/l) 4.21 28.2 14.8 4.2 40.5 14.9
K™ (mg/l) 0.371 10.9 3.3 0.47 10.2 2.3
Ca'” (mg/l) 2.47 30.9 11.9 2.27 60.5 13.0
Mg * (mgll) <0.005i 19.1 6.39 <0.005i 11.8 3.9
Tot Hard (mg/l CaCg) 8.17 155 56.2 107 200 48.7
TDS (mg/l) 2.01 9.0 4.4 26.71 399.3 108.2
Ca Hard (mg/l CaC¢) 6.01 77 29.8 5.57 151.3 32.6
Mg Hard (mg/I CaCg) 0.17 78.8 26.3 1.07 48.8 16.1
F (mgll) <0.005 <0.005
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Table 6: Summary of water quality of boreholes in the Ashanti Gold Beltdry season)

Community

Mining Area Non-mining Area
Parameter Range Mean Range Mean
pH- unit 3.67 8.0 6.0 3.771 6.8 5.4
Conductivity (uS/cm) 22.8i 473.0 172.0 23.41 473.0 184.0
POy-P (mg/l) 0.071 3.85 0.91 0.17 3.6 0.8
Total alk. (mg/l as CaCg) 2.071 208.0 47.0 2.71 218.0 54.6
NO,-N (mg/l) 0.014i 18.9 0.77 <0.0017 0.3 0.1
NOs-N (mg/l) 0.017 16.1 2.08 <0.001i 15.4 2.1
HCO; (mgl/l) 2.47 253 59.1 2.31 257.0 66.5
CI" (mg/l) 1.071 65.5 15.1 1.271 63.2 16.4
SO, % (mgll) 0.01i 15.0 1.31 <0.01i 2.5 0.9
Na’ (mg/l) 1.271 25.5 9.09 1.67 22.2 9.6
K* (mg/l) 0.17 9.6 1.5 0.17 5.4 1.4
Ca'” (mg/l) 0.87 62.5 13.4 2.87 63.5 13.7
Mg " (mgll) 0.57 39.8 5.38 0.81 28.5 5.2
Tot Hard (mg/l CaCg) 4.07 216.0 56.0 4.37 208 62.3
F (mg/l) <0.005 <0.005
Table 7: Statistical summary of the trace metal levels in thewater bodies of thestudy area

WHO
guideline
Element Borehole water (mg/l) Well water (mg/l) Stream water (mg/l) (2004)
Range Mean Range Mean Range Mean

Fe <0.0171 5.1 0.62 <0.017 3.7 0.15 <0.017 1.58 0.9 0.3
Mn <0.005i 1.17 0.2 <0.005i 0.17 0.05 0.017 0.08 0.04 0.3
Cd <0.002i 0.009 0.005 | <0.002i 0.006 | 0.004 | <0.002i 0.007 | 0.005 | 0.005
Cu <0.027 0.1 0.04 <0.021 0.04 0.03 <0.02
Pb <0.005i 1.58 0.22 <0.005 <0.005 0.05
As <0.001i 0.62 0.07 <0.001i 0.2 0.11 0.003i 0.005 0.004
Hg <0.001i 0.04 0.04 <0.001 0.002i 0.006 0.004 | 0.001
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2.4

ENVIRONMENTAL BIOLOGY AND HEALTH DIVISION

The longterm objective of the Environmental Biology and Health Division is to enhance public
health status through sound environmental management and water pollution control strategies.
TheDivision has expertise in areas of microbiology, parasitology, entomology, aquatic
invertebrates, molecular biology and public health. It has multidisciplinary approach to research,
consultancy and advisory services, technology transfer, sngleged pubt health and

environmental issues. Activities of the Division include:

A

> > >

w
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>

> > > P > > > D> > D> > > D>

>

Enhancement of public health status through sound environmental and water pollution
control strategies.

Microbiological quality analyses of water and other samples.

Research into wateelated/borne parasitic diseases of public health importance with the
aim of their prevention and control. Targeted diseases include malaria, giardiasis,
cryptosporidiosis and Neglected Tropical Diseagd¥Ds) such as onchocerciasis,
schistosomiasis, sbiransmitted helminthiasis andishmaniasis.

Research into wataelated vectors of diseases of public health importance to develop
innovations in control and prevention.

Environmental impact assessment and watershed management

Identification and managesnt of invasive plants in Ghana.

Molecular epidemiology, understanding the mechanism and genetics of drug resistance
and the development of molecular biology diagnostic tools.

Production of health education and supply of biological specimens as teaclémigina
Consultancy in the establishment of science and medical laboratories.

Training of scientists, technologists, technicians and students.

eficiaries of the Divisionbds activities
Ghana Water Company Limited

Community Water ad Sanitation Agency
Municipal andDistrict Assemblies
EnvironmentaProtection Agency

Food and Drug Board

Industrial and Mining Companies

Hospitality Industries

Ministry of Environment,Science and Technology
Ministry of Health

Ministry of Food andAgriculture

Food and Beverage Industries

SachetndBottled Water Producers

Volta River Authority

Water Resources Commission

National Onchocerciasis Secretariat

Public and Private Universities

Polytechnics

Senior High Schools

Individuals
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A Diplomatic Missions
A Borehole Drilling Companies
A Ghana Oil Palm Development Company

2.41 The Role of Algae and Macrelnvertebrates in the Removal of Faecal Bacteria from
Domestic Wastewaterand in Open WatersUsing Natural Treatment Systems
(Project Staff: Mr. E. D. O. Ansd Research Scientist; Dr. J. A. AmpofoPrincipal Research Scientist)
The Institute, in collaboration with Environmental Engineering Laboratory, UNEBEO
Institute for Water Education, The Netherlands and the Environmental Science Programme,
Universityof Ghana, Legon initiated this study in 2006 to:
A assess the performance and mechanism of faecal bacteria removal from a pilot scale
hybrid algal and duckweed domestic wastewater treatment system; and
A assess the ability of some gastropod mollusks of rakdgportance to withstand some
environmental stresses and their contribution to the removal of faecal bacteria from open
waters.
It is expected to end in 2011.

During the reporting year, the performance of a glle hybrid duckweed and algal domesti
wastewater treatment plant under tropical conditions was investigated. In addition, the response
of the macranvertebratesBiomphalaria pfeifferiand Bulinus truncatugo salinity stress was

also investigated under laboratory conditiobaboratory expriments were also conducted to
investigate the role of two most abundantly occurring mavrertebrates in the removal of
faecal bacteria from a polluted river modified for providing drinking water to nearby
municipalities. Adults ofMelanoides tubercuta and B. truncatusfrom this ecosystem were

used in freshwater microcosms to investigate their ability tsuspend decal bacteria from
leaves into the water column and to influeraechl bacteria and algal numbers.

The hybrid pond system (combinations of algal and duckweed ponds) performed well in BOD
and faecal coliform removal and is therefore recommended for optimized BOD and faecal
coliform removal. Final faecal coliform concentrations of hybrid pond system sugitar to

t hat of the al gal pond system and final BOD
mgd™) were similar to that of the duckweed pond system and met the@Aa BOD guideline

of 50 mgl*. Removal of BOD, total phosphorus and faecalfaotis were not affected by
seasonal changes in all the three pond system types. Faecal coliforms removal was 4.3 log units
for the hybrid pond systems in both the wet and dry seasons (B)g.TBe presence of
invertebrate did not result in-sispension fofaecal bacteria in microcosms but rather in the
removal of all &ecal bacteria located on leaves. Ten times the concentratieacal bacteria in
microcosms were observed on leaves in microcosms with no invertebrate pré$ence,
invertebratesM. tuberculata and B. truncatuscould play a role in the regulation oéekcal

bacteria numbers in ecosystems with significant leaf litter.
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242 Management of PBréupsondidas papyefer&a y i i t he Ri ver
Headwaters Forest Reserve, Ghana

(Project Staff: Dr. A. B. Salifu; Mr. K. A. A. deGraflohnson; Mr. Felix J. Akpabeyi Research
Scientist Mr. Emmanuel Brakoh; Mrs. Edna Awudi Mr. Ohene AsaOffei i VRA)

Pulp mulberry,Broussonetia papyrifer@oraceae) is native to the tropical Americas and was
introduced into Ghana in 1969 by Dr. Kadamby, an Indian national. The purpose of its
introduction was to supply raw materials to a planndg pad paper and the sack industries in
Ghana. However, in the course of time the experiment was abandon&farsgonetiahas

since invaded forest edges and canopy gaps disrupting succession processes with a likely long
term negative impact on native Higersity. It was against this background that the study was
initiated in 1996 and finalized in the reporting year. The objective was to produce practical
means of controllingBroussonetiareservoirs in Ghana in order to facilitate forest and
biodiversity restoration improve agricultural efficiency and reduce the rate of spread of the
infestation. The study was carried out in collaboration with the United Nations Environment
Programme (UNEP), Global Environment Facility of the World Bank (GEF), The World
ConservatiorUnion (IUCN), CABI Africai Nairobii Kenya, CSIRForestry Research Institute

of Ghana (FORIG) and the Volta River Authority (VRA).

In the reporting year, three experimental trial plots were demarcated and used for biodiversity
restoration studies in thRiver Afram Headwaters Forest Reserve at Abofour in the Offinso
South Municipality of the Ashanti Region. Each plot was one hectare in extent. One of them had
a fairly low B. papyriferainfestation, the other was moderately invaded while the third ploahad

fairly high density ofB. papyriferatrees. Each plot was then sdivided into 100 1 10 m

quadrats and the species present and their abundance recorded. This was to enable the
determination of the impact &. papyriferaon established trees and fomest regeneration. Fifty

(50) of these quadrats were then randomly selected and vaBoupapyrifera control
methodologies implementddl0 quadrats per treatment and 10 quadrats for the control:

A Treatment 1: Ringparking at soil surfacé band 10 cm wde and 1 cm deep;
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A Treatment 2: Ringparking at soil surfacé band 10 cm wide and 1 cm deep plus
herbicide A (Spear);
A Treatment 3: Ringparking at soil surfacé band 10 cm wide and 1 cm deep plus
herbicide B (Glyphosate or Rouug);
A Treatment 4: Frillingvith herbicide A (Spear); and
A Treatment 5: Frilling with herbicide B (Glyphosate or Rowm;
All B. papyriferatrees less than 10 cm in diameter were recorded and removed usstgnept
treatmenti they were excluded from the trial but monitored néwsdss to determine the
efficacy of the treatment. Costs associated with each treatment were also recorded in order to
determine the most cesffective control strategy.

The study showed that the use of Rbvayking without herbicide was largely ineffeet. Larger

B. papyriferatrees with buttresses generally survived because the buttress (root) merely grew
over the area where the bark had been removed and the trees continued growing with only some
crown dieback. Ringbarking with both herbicides wasfegtive. Although there were some
coppicing on trees treated with Glyphosate or Rewmdhere was no coppicing on trees treated

with Spear. Frilling with the herbicide, Spear appeared to be the most effective control strategy
with trees dying relativelysoon after application. Frilling with the chemical Glyphosate or
Roundup did result in high crown mortality but was not as effective with many of the trees
coppicing. The Spear was considerably more expensive than the-Rpund

2.43 The Occurrence, Diersity and Ecological Attributes of the Blackfly in the River

Densu Basin
(Project Staff: Dr. A. A. Opoku Senior Research Scientist)

This studywas aimed at assessing the status of the blackflyoandocerciasis in the River
DensuBasin. It is expectedb end in 2012. In the reporting year, aquatic forms of immature
simuliid were sampled from twigs, stems, stones and trailing vegetations in the flowing sections
of the River Densu and its tributaries. The samples were examined and identified using Freeman
and De Meillon (1968) keys and preserved in%0alcohol. Empty pupal cases were also
sampled, identified and recorded as a measure of adult emergence. At each sampling site, the pH,
DO and flow rates were also determined.

Simulium species identified ithe study weres. unicornutum, S. alcocki, S. damnosum s.|, S.
adersiandS. cervicornutunfTable 8). The immature simuliid were invariably found attached to
trailing vegetation in the rivers. unicornutunwas the most abundant and widely distributed.
The blackfly was predominantly found laying its eggs on vegetation. However, algal growth
which is a common phenomenon in the River Densu limited the distribution of the simuliids. The
pH and flow rate which are important ecological factors in the distabudi the simuliidae
ranged from 6.1 7.2 pH units and 0.B 2.8ms’, respectively. The medically important species,

S. damnosum s.bccurred at sites with pH range of 6.6.8 pH units, flow rate range of 1i7
2.1ms* and mean dissolved oxygen levels above6@> 60 %) saturation. Hence, while the
other species appeared to be tolerant of varying ecological characteristics of the riv8ts, the
damnosum s.appeared to exhibit some sensitivity. The sympatric occurreht®o or more
species at a site was an indication of their adaptability to varying conditions.
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Table 8: Simulium speciesidentified at the various sampling locations

No. Location (River/flow) Mean flow rate (ms™) Mean pH | Species Identified

1 Bayera/Tafo 0.12 6.1 S. unicornutum, S. alcocki
2 Bonwoana/Nsawam 0.23 7.0 S. unicornutum

3 Kvia/Asuboi 0.31 6.4 S. alcocki, S. unicornutum
4 Doboro/Pokuase 0.4 6.1 S. unicornutum

5 Densu/Akwadum 1.7 6.6 S. damnosum s.|

6 Asuoyaa/Asuoyaa 2.1 6.8 S. damnosum s.I, S. adersi
7 Boribea/Adawso 0.22 7.1 S. unicornutum, S. cervicornutum
8 Abomina/Tafo 0.15 7.2 S. unicornutum

9 Densu/Amangoase 0.2 6.9 S. alcocki, S. unicornutum
10 Suhyien/koforidua 0.3 6.8 S. unicornutum

11 Yensi/Adawso 0.24 7.3 S. unicornutum

12 Adaisi/Adaisi 0.21 6.7 S. unicornutum

2.4.4 The Impact of Collection and Disposal of Solid Waston the Environment and on

Health: The Case of Accra Metropolitan Area

(Project Staff: Dr. J. A. Ampofd Principal Research Scientist)
This study ended in the reporting year. The Institute, in collaboration with the Environmental
Science Programme, University of Ghand.egon and the Accra Metropolitan Assembly
(AMA), initiated it in 2009 in the Accra metropolis toviestigate the impacts of solid waste
collection and disposal on the environment and on human health. It was also aimed at examining
the effectiveness of the various solid wasteanagement systems put in place. The specific
objectives were to:

A enumeratehe quantity of different helminths eggs in the soil, water and leachate samples

collected at the various disposal sites within the Accra metropolis;

A determine the levels of microbial indicators (total heterotrophic bacteria, total and faecal
coliforms) inthe surface water and leachate samples collected at the various disposal or
landfill sites; and
undertake a social survey for contribution towards sustainable svasteagement in
general and particularly through resource recovery in Accra.

)

Water,leachate and soil samples were collected from six sampling sites {rigv& a period

of six months. The water samples were analyzed for coliform bacteria and helminths. The
leachate samples were analyzed for coliform bacteria and helminth eggs,hsfslaltsamples

were analyzed for only helminth eggs. The Membrane Filtration Method was used for the

determination of the total and faecal coliforms while the Schwartzbrod Method was used in the
determination of helminth ova. One litre of water andg2@vet weight) of soil samples were

used for the analysis of helminth egg count. The helminth ova were quantified on the Rafter
Sheet. The identities of the specific helminth eggs were established using the WHO bench aid for
the diagnosis of intestinal partesi
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Fig. 31: Map of the Accra metropolitan area showing sampling locations

The total and faecal coliforms concentrations in the water samples ranged fro@32.0 x 10
cfu/100 ml and 0.2 22.4 x 10 cfu/100 m| respectively(Fig. 2) while those registered in the
leachate samples ranged from 5R.820 x 1¢ cfu/100 ml and 1.0 186.0 x 106 cfu/100 m|
respectively (Fig. 3). The Population of helminth eggs in the water, leachate and soil samples is
shown in Fig. . The level of concentration of coliform bacteria could pose a major risk to
human health and the environment. The water bodies within the metropolis are likely to
experience eutrophication due to the elevated levels of BOD, turbidity, suspended solids,
phosphate and nitrate recorded in the water samples.
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Fig. 32 Mean total coliform and faecalcoliform population of the water samples
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Fig. 34: Population of helminth eggs inwater, leachate andsoil samples

Social survey revealed that the increasing solid s@s&®reration in the Accra metropolis has not

been accompaniedith adequate sanitation facilities and management programmes. Some key
problems identified included indiscriminate dumping and difficulties in the acquisition of
suitable disposal sites; landfills not engineered and located in ecologically and hydtglogica
sensitive areas (Plate 1); inadequate logistics and difficulties in applying service charges (Fig.
35); difficulties with conveyance of solid waste by road due to worsening traffic problems and
the lack of alternative transport options; and weak denmfandomposting and recycling as
options for waste treatment and disposal. Scavengers and recyclers recovered most hard plastics
and metal scraps but majority of the people did not practice any safe method of waste disposal.
The Ghanaian experience showttht within the existing socieconomic context, manual
systems were appropriate. The challenge, however, was to develop and promote disposal systems
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that require minimum mechanical equipment. The long term measures require the exploitation of
other optioms like landfilling which must be engineered to prevent leachate containing potentially
dangerous chemicals and biological agents from polluting the environment.

., .
Plate
landfill site (right)

B Pay Fully

m Partial Payment

I No Payment

Fig. 35 Willingness to pay for wastemanagementservices

To ensure effective and efficient solid wasteanagement in the Accra metropolis, it was
recommended that:

A The Environmental Health Directorate of the AMA should draw up a health education

plan every year to educate the people on safe methods ofdsgiesal.

A Policies on private participation isolid waste management must be redesigned and
implemented to address the solid wastanagement issues.
The AMA should provide assistance to individuals to purchase standard refuse bins for
the storage of household refuse.
The metropolitan authoritiesiust monitor constantly to check consumers responses on
the services rendered to them by the private \sastetractors.

p=

p=
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A There is the need for more communal containers which are emptied regularly and timely
in the communities in order to prevent solid teaspillage resulting in indiscriminate
dumping of waste

A People should be encouraged to practice composting of organicsaadtenlightened
on wasts re-use/recycling.

A Landfill siting, construction and operation must be done with the assistangperfseto
prevent risk to the environment and to the health of the people it is supposed to serve. In
this regard, the government, technocrats and stakeholders must be involved in all the
aspects of the designing process.

A Byelaws on solid wastemanagemeanmust be vigorously enforced and people who
contravene these laws must be punished.

A Stakeholders like churches, NGOs, opinion leaders and others should inculcate the need
for proper disposal of wastén their programmes in order to enlighten more people

2.4.5 Water Supply and Sanitation and their Effects on the Health Status of the People of
Chorkor in the Ablekuma Sub-Metro of the Accra Metropolitan Assembly
(Project Staff: Dr. J. A. Ampofd Principal Research Scientiyt
This study was carried ouh icollaboration with the Environmental Science Programme,
University of Ghana, Legon and the Ablekuma 8ddtro, Accra Metropolitan Assembly
(AMA). It started in 2009 and ended in the reporting year. The aim was to identify the present
water supply and s#ation situation and their effects on the health status of the people of
Chorkor. The specific objectives were to:
A examine sources afomestiovater supply for households in the study area;
A review the present sanitary conditions in the area;
A conduct badriological and chemical analyses by taking samples from the various
sources of water to ensure that quality guidelines are not compromised;
A evaluate the role of Government and Nywvernmental Organizations in the provision of
potable water towards ensuring that there is proper sanitation in the study area; and
A make appropriate suggestions and recommendations to stakeholders on how @ mitigat
the problems.

In the reporting year, water samples were collected at vantage points3@rigrom the

distribution pipelines and analyzed. Social survey was also undertaken to assess the sanitary
condition of the study area.
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Fig. 36: Map of Chorkor showing sampling points

The analyses revealed that the physical and chemical parameters of most of the water sources in
the community were within the WHO and Ghana standards with few sources having values that
were quite high. However, the microbiological parameters of the water sources extremely
exceeded the WHO and Ghana standards for permissible limits of Total Coliform, Faecal
Coliform and Total Heterotrophic Bacteria for potable water. Poor sanitary condiimss and

leaked pipelines, illegal connections and distribution pipelines laid through wastewater channels
were observed in the study area (R@. Plates 2 and 3). These practices were responsible for

the presence o¥ibrio cholera, Salmonella typhidiarrhoea and dysentegnd malaria within

the area and its catchments.
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Fig. 37. Methods of disposingsolid and liquid waste in Chorkor
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Plate 3:

Some
A

p=

p=

p=

lllegal connections,leaked andburst pipelines at Chorkor

recommendations made were:

There should be public education on attitudinal change towaristsan and hygiene
practices.

There should be regular sanitary inspection bystiiemetropolitan authorities to keep
Chorkor clean.

Thorough microbiological examination of water from homes antémwendors should

be conducted

There should be routine anitoring of distribution pipelines by Ghana Water Company
Limited and its operating agencies to check on illegal connections, burst and leaking
pipes.
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A Aged distribution pipes should be changed.

A Provision of more public bins at designated locations r@mgilar disposal to ensure
adequate sanitation.

A The Accra Metropolitan Assembly should build modern public places of coneerian
the community to avoid open defecation.

A Indiscriminate refuse disposal should attract spot fine to serve as deterrdwrso ot

The assembly should embark idri¢ep Chorkor cleancampaign.

>

2.4.6 Cattle-Grazing on Playing Fields: Source of Environmental Contamination to

School Children in the Greater Accra Region

(Project Staff: Dr. J. A. Ampofd Principal Research Scientistyirs. Regina Banui Research Scienti$t
In collaboration with the Environmental Science Programme, University of Ghana, Legon and
the Ablekuma Suldetro, Accra Metropolitan Assembly (AMA), the Institute started this study
in 2009 and ended in the reporting year. The aim was to investigate the presence of pathogenic
organisms in cattle dung and grass from playing fields used for cattle grazing. The specific
objectives were to: swab palms of randomly selected school childeanpédying on the field;
culture dung, grass and swab samples; isolate coliforms and other pathogens; and determine by
direct microscopy the presence of other parasites and helminths eggs.

Two playing fields used for cattle grazing (Plate 4) and one pthging field not used for cattle
grazing (control sample) (Plate 5) were selected. Cattle dung and grass samples from the fields
and finger/hand swab samples from children who played on the fields were collected on monthly
basis in the dry and wet seasdor six (6) months. A total of 288 samples were collected and
examined bacteriologically arfdr helminth. The Membrane Filtration technique was used for

the bacteriological analysis whilst the Sludge Method was applied in the helminth eggs analysis.

Plate 4: Schoolplaying fields used forcattle grazing within the Greater Accra Region
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i

Plate 5: Playing field of Bisho Bowersschol, Accra (control sample)

The study indicated that there wepathogens in cattle dung from playing fields which are
zoonotic. The presence &almonella, E. coli, Ascaris, Strongyloidasd Hookworm in the

cattle dung was indication that other pathogens sudPiastridia, Shigella, Giardiaand other
helminths couldbe present in the dung. These were transferred onto the grass and were
subsequently picked on the fingers/hands of the children who played on the fields. For instance,
Ascaris specific mean of 0.63 for the dung, 0.259 for the grass and 0.093 for thensrap
recorded with pralue of 0.0020 (at 36 significance level). In addition, the grand mean for
E.coliwas 257.00 with specific mean of 381.00 for Ashaiman, 378.00 for Kawukudi and 13.00
for Bishop Bowers parks. Cattle grazing on playing fields coulcetbee contribute immensely

to the endemicity of diarrhoeal, typhoid fever, helminthic and other communicable infections
across the Greater Accra Region and beyond.

Recommendations made included:
A Educating the cattle owners/farmers, schools and comynigaitiers who have allowed
their premises to be used for cattle grazing and the general public on the health hazards of
their activities to the society;
A Laws against cattle grazing in cities/towns should be revisited and enforced,;
The crusade for hand waiag with soap after playing, visiting the toilet, handling wastes
and similar activities should be inculcated in the school children in order to curtail the
infection and spread of fae@wal infections.
A There should be further research to identifydtieer species of the pathogens present in
thecattle dung.

b=
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2.4.7 The Impact of Doxycycline Treatment on Transmission ofOnchocerca volvulusn
Communities Showing SubOptimal Response to lvermectin Treatment
(Project Staff: Mike OseiAtweneboand Research Scientistyir. Samuel Armooi Research Scientijt
Onchocerciasi s, commonly Kknown as Oriver bl i
filarial nematode©nchocerca volvuluand transmitted by the infective bite ®imulium species
In Ghana, onchocerciasis is endemiaine Q) of its ten (L0) regions and a population of about
3,400,000 persons living in 3,204 communities is at risk. lvermectin (IVM) has been used for the
control of onchocerciasis since 1987 and it still remains theawaifable drug for the control of
the disease worldwide. IVM treatment in Ghana has been ongoing for more than two decades in
some communities leading to drastic reduction in onchocerciasis morbidity, prevalence and
transmission. However, some hot spotseve parasite burden is high, transmission persists and
suboptimal responses to IVM treatment have been documented still remain. If this situation
persists, onchocerciasis elimination may be jeopardized and recrudescence infections could
occur in areas wdre the disease is no longer a public health problem. It was against this
background that this study was initiated in 2007 and finalized in the reporting year in
collaboration with the Noguchi Memorial Institute for Medical Research (NMIMRccra,
KumasiCentre for Collaborative Research (KCCR), McGill University Research Foundation and
the European Union. The aim was to determine whether the treatment of \Auptoial
responders with doxycycline would significantly impact on onchocerciasis transmi3sien
specific objectives were to:
A assess vector abundance, densities and the man biting Btel@ihnosurm the study
areas;
A determine the vector infection rates and transmission potential following treatment of
suboptimal responders with doxycyclinand
A assess the reduction in transmission of onchocerciasis following doxycycline treatment
and determine whether possible disease recrudescence can be prevented using
doxycycline.

Thirteen onchocerciasis endemic communities showingpgtinal response to IVM treatment

were selected from Yeji, Kintampo and Tain districts of the BwAhgfo Region. The
communities were Bolga Nkwanta, Tigamgam, Abua, Bita Nkwanta, Prang, Adjarajgsdep

and Mantukwa in the Yeji district; New Longoro and Ayorya in the Kintampo district; and
Tainso, Fawoman and Nyire in the Tain district. Blackflies were caught for five consecutive days
per month for eight months. A total of 3,790 and 14,555 blackfleze collected during the dry

and wet seasons post trials respectively. The flies collected were identified and dissected on the
same day to determine the fly parity and presence of the parasite lar@evolvulus The

regular community mass IVM treatmis were also assessed.

Analyses of the three sets of entomological data collected before and after the doxycycline trial
showed that the interventions with doxycycline had significant impact on onchocerciasis
transmission in communities showing soitimal responses to IVM treatment. The fly densities

in the dry season was significantly lower<)9.001) than both the fly densities in the wet season
posttrial and at prdrial. The most significant impact of the doxyairwas observed in the Yeji
district where 75% of the communities showed significant reduction<(.02) in seasonal
transmission potential up to zero level following the fstycycline treatment (Fig38). The
reduction in transmission potential up to zero levels observed espeaidihe iYeji district
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suggest that the anfialbachia drug, doxycyclinecan be used to augment Ivermectin for
clearing possible resistant parasites in communities respondirgpsoially to IVM treatment.
The vector abundance and densities, man biting pat&y rate, infection and infective rates and
transmission potential of the study are shown in Table 9.

It was recommended that in endemic communities where onchocerciasis transmission is still
moderate high, individuals responding safiimally to IVM treatment should be identified and
treated with doxycycline. This will help eliminate all possible resistant parasites and prevent
possible recrudescence of the disease.
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Fig. 38: Comparison of seasonaltransmissionpotentials of pre and post Doxycyclinetreatment periods
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PostTreatment Entomological Parameters | PostTreatment Entomological Parameters
Pre-Treatment Entomological Parameters | (Dry season) (Wet Season)
Sub district Communities | MONTHS | MBR MTP | SBR | STP | MONTHS | MBR MTP | SBR | STP | MONTHS | MBR MTP | SBR | STP
NOV 834 6 JAN 12.4 0 AUG 1016.8| 6.2
Bolga
Nkwanta DEC | 2232| 0 | 2166 7.57 | FEB 682 | 0 | 78 | O SEP | 2466 |0 4416 | 6.35
FEB 1041.6 0 DEC 0 0 OCT 998.2 | 0O
NOV 5148 | 55.96 JAN 0 0 AUG 2089.4| 6.2
Tigamgam DEC 1153.2 0 8850 | 35.94 FEB 93 0 96 0 SEP 1704 0 4458 | 6.17
FEB 2413.6 0 DEC 6.2 0 OCT 756.4 | 0
NOV 4050 | 23.82 JAN 254.2 0 AUG 1525.2| O
Abua DEC 3193 | 6.25 | 14808 15.11 FEB 235.6 0 504 0 SEP 1002 | O 3066 0
FEB 7156.8| 0 DEC 31 0 OCT 607.6 | O
_ NOV 1536 6 JAN 161.2 0 AUG 892.8 | 0
NE\I:/Zr-na DEC 706.8 0 5088 6 FEB 93 0 318 0 SEP 372 0 1974 0
FEB 2676.8| 0 DEC 74.4 0 OCT 7626 | O
PRANG AREA NOV 834 | 24 JAN 248 | 0 AUG |837 |0
(BP;z;r;gr]) DEC 179.8 0 1740 24 FEB 279 0 516 0 SEP 816 0 2238 0
FEB 683.2 0 DEC 6.2 0 OCT 6324 | 0O
NOV 5046 | 46.44 JAN 74.4 0 AUG 1643 0
Adjaraja DEC 6.2 0 5358 | 42.52 FEB 675.8 0 786 0 SEP 2370 | O 6318 0
FEB 285.6 0 DEC 62 0 OCT 2436.6| 0
NOV 2388 6 JAN 33914 0 AUG 5840.4| 0
Beposo DEC 111.6 0 7938 6 FEB 1965.4| 0 5538| 0 SEP 3360 | O 12042 | 12.84
FEB 5079.2| 0 DEC 365.8 0 OCT 3131 | O
NOV 1746 12 JAN 1382.6 0 AUG 3707.6| 0
Mantukwa DEC 1271 0 6450 12 FEB 1252.4 0 2712 0 SEP 3894 7.16 8454 | 25.93
FEB 3242.4 0 DEC 167.4 0 OCT 1004.4| O
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KINTAMPO
AND TAIN
AREA

NOV 4674 0 JAN 768.8 0 AUG 5307.2| 12.4
New-Longoro DEC 6733.2| O 12672 O FEB 37.2 0 3804 | 12.21 SEP 2262 | 0O 11592| 12
FEB 1383.2| O DEC 3124.8| 12.68 OCT 4333.8| 0
NOV 858 0 JAN 204.6 0 AUG 1847.6| 12.4
Ayorya DEC 11594 O 2028 0 FEB 80.6 6.2 | 576 | 6.06 SEP 366 0 2952 12
FEB 44.8 0 DEC 387.5 0 OoCT 8246 | 0
NOV 2286 6 JAN 1519 | 12.66 AUG 2839.6| 0
Tainso DEC 3558.8| O 7326 6 FEB 936.2 0 4536 | 18.87 SEP 1464 | O 7068 | 42.65
FEB 1489.6| O DEC 2232 | 6.76 OoCT 2951.2| 38.66
NOV 3438 0 JAN 589 0 AUG 3906 | 6.23
Fawoman DEC 13578 O 4914 0 FEB 124 0 2202 | 6.26 SEP 2964 | 18 11088 | 24.22
FEB 151.2 0 DEC 1674 | 6.49 oCT 4488.8| 0
NOV 1758 6 JAN 130.2 0 AUG 3453.4| 6.21
Nyire DEC 1351.6| O 3078 | 6.14 FEB 0 0 1080 0 SEP 3420 | 18 11664 | 30.02
FEB 11.2 0 DEC 985.8 0 OoCT 5065.4| 6.2
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2.5 FISHERY DIVISION

The Fishery Division has a mandate to engage in research to generate scientific information
whose application would enhanseu st ai nabl e management and dev:¢
fisheries and aquaculture resources. The Divi
support livelihoods through increasing yield from existing fisheries and development of
sustainable agculture and culture based fisheries practices.

Currently, t he Di visionods maj or research an
development, environmental impact assessment and monitoring of fish population in relation to
sociaeconomic development tadties, and fisheries enhancement and cuthased fisheries.

Beneficiaries of the Divisionds research act.i
Government policymakers

Development partners

Ministry of Food and Agriculture

Ministry of Health

Ghana Wildlife Division of thé-orestry Commission
Water Resources Commission

Fisheries Commission

Universities and Polytechnics

Fishers, farmers

Individuals

> > > > > > > > D> >

2.5.1 Population Characteristics of Chrysichthys nigrodigitatusn the Weija Reservoir in

Ghana

(Project Staff: Mr. Theodore Qarcoopoméd Research Scientist)
The Weija Reservoir was impounded in 1977 mainly to satisfy the need for potable water supply
by Ghana Water Company Limited (GWCL). Currently the reservoir provides treated water to
western parts of Accra and supports gation and fisheriesChrysichthys nigrodigitatus
(Lacepede) (Commonly known as silver catfish) is one of the most important with highly food
value, supports thriving commercial fisheries in many West African countries and with high
potential for culturen Ghana. It was against this background that this study was undertaken to
provide information on the population characteristicsCofnigrodigitatus which would be
helpful in the conservation and sustainable management of the species for food security and
sociceconomic development.

During the reporting year, monthly fish sampling was undertaken from March to December at
three @) existing and easily accessible sampling stations in the Weija Reservoir n&agly
Intake, Machigani and Galileawith two (2) sets each ofeight @ multifilament and
monofilament gill nets of laterally stretched meshes. All fishes sampled were etbraiid
standard length and weight measured for the computation of length frequency, length weight
relationships and condition factor. Catches in each raegll net were counted and weighed for

the computation of Catch Per Unit of Effort in terms of nundyet weight. Sexes of individual
fisheswere determined for sex ratio computation.
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Out of a total number of 549 specimen @f nigrodigitatusexamined, 39.896 were males,
55.19% were females while 4.9% were undetermined. Of the 522 individuals wheeres

could be determined, 219 (41.99 were males while 303 (58.05) were females. The largest

male specimen measured 33.5 cm and weighed 1000 g while the largest female measured 30.5
cm and weighed 800.0 g. The smallest male specimen measured 9.7 emeighed 18.3 g

while the smallest female specimen measured 8.4 cm and weighed 11.7 g. The most frequently
recorded length class size (modal SL class) for both male and fé€nalgrodigitatuswas

14.957 17.95 cm while the most frequently measured steshéength (modal SL) was 17.5 cm

(Table 10).

Table 10: Descriptive statistics ofChrysichthys nigrodigitatusn Weija Reservoir (March i December 2010)

Parameter Male (n = 219) Female (n = 303) Pooled (n=549)
Minimum standard legth (cm) 9.70 8.40 6.50

Maximum standard length (cm) | 33.50 30.50 33.50

Mean standard length (cm) 18.753 £3.975 17.871 +£3.610 17.952 +3.988
Minimum weight () 18.3 11.7 4.8

Maximum weight (g) 1000.0 800.0 1000.0

Mean weight (g) 149.7 +11.369 130.67 +9.290 134.15 +10.232
Total weight (g) 32,784.2 39,594.0 73,650.3
Standard length modal class (cn 14.951 17.95 14.951 17.95 14.951 17.95
Standard length mode (cm) 17.5 17.5 17.5

Mean condition factor

1.9648 + 0.0588

2.0253 + 0.1101

1.9963+ 0.0392

Relative Abundance

38.59%

55.19%

100%*

*Individuals with undetermined sex represented 4.92%

The least dominant length class for males was 323595 cm while that for females was 5.95
T 8.95 cm (Fig.39). It is noteworthy that while no malgas recorded for the 5.958.95 cm
length class, no female was recorded for the 3R.95.95 cm length class. Fig04hows the

length frequency histogram.
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Fig. 39 Length frequencydistribution of male andfemaleC. nigrodigitatusfrom Weija Reservoir based on
standard length class (Marchi December2010
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Fig. 40: Histogram of male andfemaleC. nigrodigitatusin Weija Reservoir based ornengthfrequency
(March 1 December2010

The length weight parameters for males, females and mixed populati@snigrodigitatus
(Table 11) are not significant at 96 Cl (Tables 12 and 13).

Table 11. Length weight relationships based on sex fo€. nigrodigitatusin the Weija Reservoir (Marchi
December 2010)

Species N Length range (cm) a b r

Males 219 9.7-335 -4.793 3.04 0.991
Females 303 8.4-30.5 -4.794 3.04 0.992
Mixed data 549 6.5-33.5 -4.790 3.04 0.993

Table 12: Analysis of variance (ANOVA) of length weight relationships for maleC. nigrodigitatusin Weija
Reservoir at 95 % CI (March i December 2010)

Source of Variation SS Df MS F P-value F crit
Between Groups 3.5361 1 3.5361 79.754 1E-17 3.8629
Within Groups 19.331 436 0.0443

Total 22.867 437

Table 13: Analysis of variance (ANOVA) of length weight relationships for femaleC. nigrodigitatusin Weija
Reservoir at 95 % CI (March i December 2010)

Source of Variation SS Df MS F P-value F crit
Between Groups 6.718273 1 6.7182731 | 166.8917 | 6.95E34 3.8569
Within Groups 24.31419 604 0.0402553

Total 31.03247 605

The mean monthly condition factor for male, female and mixed populations ranged froni 1.847
2.069, 1.927 2.308 and 1.950 2.078, respectively. Almost 50 % of males and 44 % of
females had condition factor values above the respective mean values.

The lowest mean Catch Per Unit of Effort (CPUE) in terms of both number and weight was

recorded in May 2010 wisit the highest mean CPUE in terms of both number and weight was
recorded in September 2010 (Fid) 4

CSIR Water Reseeh Institute 54



Annual Report 2010

R & D Activities

=g CPUE Numbel === \\ater Level CPUE Weight
160 - 20000
140 - 18000
120 16000 =
T 14000 =
£ 100 — 12000 2
= 80 - 4 10000 =
= 60 - sooo 5
o 20 4 6000 &
4000
20 1 p—— i =—a—— [ 2000
o T — 4 T T T T T T T o
& 0 < < < <
« 2 vgk\ Q'o* S S SN Q‘?S\% R &50‘2’ (,:\o‘z’ &QQ,
x& o< \% <
Q S <
2 < <
Months

Fig. 41 Monthly changes in CPUEnumbers and CPUEweight of C. nigrodigitatuswith water level in Weija
Reservoir (March i December2010

It was concluded among others tRatnigrodigitatusfemales were of better condition and were
better suited to the Weija environment than males as indicated by the mean condition factor of
1.9648 and 2.0253 for males and females, resfabgti

2.5.2 Production Parameters and Economics of Smalbcale Tilapia Cage Culture with
Micro -Credit Support in Two Communities of Asuogyaman District- Ghana
(Project Staff: Dr. Joseph K. Oforii Senior Research ScientistMr. Francis Anani i Research
Scientist Mr. Emmanuel Tetteh Mensali Research Scienti¥t
Aquaculture, including cage farming of tilapia, is a means for decreasing fish supply gap as well
as generating jobs among resources poor farmers. Hence, in collaboration with Rkames-F
France based NGQand Asuogyaman Rural Bank, this study started in 2009 to establish
production pattern and profitability of smaitale tilapia cage farming when miercedit and
technical knowledge is provided to smsdiale farmers. The specifobjectives were to:
A study a public private partnership scheme of assisting resource poor farmers with
financial (micracredit) and technical support to farm fish in small cages;
A introduce and train selected members of two communities in-sce# cag culture of
tilapia through use of high density low volume (HDLV) cages on the Kpong reservoir;
and
A assess the potential fish yield characteristics and production economics of the introduced
HDLV cages for tilapia culture in the two communities.
It is expected to end in 2012.

Activities carried out during the reporting year included selection of members of the two
communities at Tusker and South Senchi, in the Asuogyaman District in the Eastern Region,
conducting interviews, training qualified and sl members in cage fish farming and small
scale business management and planning in preparation for the granting etnmeitrdoan
managed by the Asuogyaman Rural Bank for the purpose of farming fish in cages. Members in a
group were assigned a b# cage, stocked with 2000 fishes and fed with floating pelleted feed

at a declining feeding rate of i5 1.5 % total body weight five times daily. Fifty fish was
sampled at three weeks intervals for measurement of standard length (SL), total length (TL) and
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individual weight (Wt g). Data obtained was used to determine growth and yield characteristics
such as mean size (weight and length), gross and net yield, survival/recovery at harvest.
Economic assessments and scenarios were also made for improvemezitis @ngd revenues.

Fish harvested after 6 months culture in cages for New Powmu and South Senchi ranged from
247.977 248.29 g and 216.3i7 239.82 grespectively Survival averaged 81.% and 75.1 %,

FCR averaged 2.17 and 2.5, Net yield averaged 34kdgf@age/group and 280.84
kg/cage/group, respectivel@growth was curvilinear and mean sampling weight (g) was related

to sampling event by the equatioh = 3.6238 X% (R? = 0.9968 (Fig. 42). Economic
assessment of the smatale tilapia productionhewed that most farmers did not make profit
(Table 14) and this could be attributed to fwamformity by farmers to use recommended feed

due to their insistence to use a supposedly high performing feed that was more costly than what
was intended for theisd. Additionally, some farmers over applied fe€thersrecorded lower

than expected recovery due to stocking, sampling mortalities or fish escape.
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Fig. 42 Trend of meanweight at sampling for Tilapia cultured in small cages (4 n? cages)

Table 14: Economic assessment of cage cultured Tilapia operated for six months in the Kpong Reservoir in
Ghana at New Powmu and South Senchi

New Powmu South Senchi

G1 G2 Gl G2 G3 G4
Average fixed cost 133.75 133.75 133.75 133.75  133.75133.75
Average variable cost 1984.00 1904.00 1964.00 1745.00 1811.00 1745.00
Total cost 2117.75 2037.75 2097.75 1878.75 1944.75 1878.75
Revenue 1679.45 1498.00 1430.00 1255.53 1084.45 953.53
Net revenue -438.30 -539.75 -667.75 -623.22 -860.D -925.22
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Profitability projections shoedthat smaHlscale cage culture could make a profit (G326.00)

when feed cost could be reduced by?2mand FCR to less than 1.5. Ninety percent¥9ish
survival/recoverycould further improve profit to GH¢650.00. Fish farmers could make
appreciable yield and gfits if they adhere to the use of good technical information and
instructions provided them in the choice of feed and its application to feeding fish. Furthermore,
micro credit support properly packaged and extended could get poorly resourced farmers to
undertake farming and improve their economic status.

2.5.3 Assessment of the Ecological and Public Health Status of a Water Storage Facility

(Project Staff: Dr. H. R. Dankwa Senior Research Scientisir. Francis Amevenkui Research

Scientis)
NewmontGhana Ltd., a gold mining company operating in the Brong Ahafo region of Ghana
has created a Water Storage Facility (WSF) to provide water for its operations and for
community use. The WSF had been stocked earlier with the Nile ti@pe@¢hromis nilotus.
After some years of existence, the company was desirous of developing the WSF to provide fish
for the community on sustainable bases. It was against this background that the Institute, in
collaboration with Newmont Ghana Ltd., initiated and finalite@d study in the reporting year
to assess its biological and environmental status with the view of enhancing its fish production.

Activities carried out included fish sampling and identification, and measurement of fish length
and weight. Five fish spees caught during the study period and their corresponding numbers
and weight and percentage representation in the total catch are shown in Table 15.

Table 15: Fish species caught in the WSF and their percentage representationttal catch

Species No caught | Weight () % Number % Weight
Oreochromis niloticus 784 56,093 93.2 71.2
Clarias anguillaris 24.0 14,132 2.0 17.9
Clarias gariepinus 1.00 584 0.120 0.700
Parachanna obscura 31.0 7,674 3.70 9.70
Brycinus nurse 1.00 349 0.120 0.44

The Nile tilapia O. niloticus, was the predominant species in the WSF and constituted®3.2
and 71.2 % by number and weighgspectively of the total catch. This tilapia was followed by
the catfish Clarias anguillaris and the snake hea&arachanna obscurawhich constituted
17.9% and 9.7 %respectively of the total catch. The dominanc@®ohiloticusin the system
could be explained by the stocking of the reservoir Witmiloticusafter its formation.

The distribution of length &guency ofO. niloticusfrom the reservoir is presented in Fid. 4

The distribution ofO. niloticusin the reservoir indicates that the dominant size group was
between 110 120 mm (SL). It is likely that much bigger fish could have been caught if bigger
net mesh sizes were deployed. This is anticipated because fishing was not allowed in the
reservoir.
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Fig. 43: Length frequency distribution of O. niloticusin the WSF

The diversity (HO6) and eve i280ersspectively dvere B8 ( Ds)

indicating poor diversity and distribution of species. The Forage Carnivore ratio (F/C ratio) was
13.75 (for number) and 0.40 (for weight). These values respectively fall outside the
recommended range of 114 10.0 indicating thathe fish community in the reservoir is
ecologically unbalanced. The population was skewed towards forage species.

Recommendations given included:
A The water quality of the reservoir should be improved by frequently diluting the water
with fresh one while allowing some of the resident water out.

A Once the water quality is improved other species e.g, the Nile,peatds niloticus
(carnivore), Chrysicdthys spp and the bony tonguéHeterotis niloticus could be

introduced to ensure a more diversified and balanced fish community.

2.5.4 The Threat of Pesticide Residues to Fisheries of Bontanga Reservoir in Ghana

(Project Staff: Dr. K. KwarfeApegyahi Research Scientit
This study was undertaken to determine the impact of pesticide residues concentration on the
condition factor of major fish species, nhamefchenoglanis occidentalis, Brycinus nurse,
Clarias gariepinus, Hemichromis fasciatus, Maseunius senegalensis, Oreochromis niloticus,
Sarotherodon galilaeus and Tilapia zilbf Bontanga reservoir during the dry and wet seasons.

In the year under review, pesticide residues in fish were analyzed @Gasm@hromatography

and SolidPhaseExtradion (SPE) via Turbo Vap Il. Sixtegd6) organochlorine (OC) pesticide
residues were identified in the reservoir (Figtadd %).
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Pesticide residue concentration during dry season
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Fig. 44: Organo-chlorine pesticidesconcentrations in BontangaReservoir during the dry season
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Fig. 45: Organo-chlorine pesticides concentrations in Bontanga reservoir during the wet season
During the dry season, heptachl or, p, p6DDE a
pg/l, 0.0610¢g / | and 0.019 Og/ I, respecti vCHwnd | n th

heptachlor were 0.07gg/l and 0.069 ug/lrespectively. The condition factor (K) of the major

fish species did not fluctuate significantly (P < 0.05) around the mean Keointtividual

species during the wet and dry seasons. Therefore, the minor variations observed in fish
condition factor during the seasons could be
factors notably the hydrology and internal factors of species such as maturity stage and
stomach contents of the fishes. The calculated acute risk ratio (ARR}@Figf the pesticide

residues was less than 1.0 indicating that the concentrations were below toxic level to the fishes.
This ARR value, howevelis a cause for concern considering the-dgoumulative nature of
organechlorine compounds.
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Fig. 46. Calculated Acute Risk Ratio (ARR) of the pesticide residues

The pesticide residues in the reservoir water were found to have originated from pesticides used
by farmers on the farms around the reservoir. For conservation of the fisheries and biodiversity,
farmers were advised instead to bsaogical control methosland organic pesticides on farms
around the reservowererecommended

2.5.5 Evaluation of Selected Commercial Fish Feeds
(Project Staff: Dr. Felix Attipoe i Research ScientistMr. Francis K. Y. Amevenkui Research
Scientist Mr. Seth Agyakwd Research Scienti¥t

In collaboration with Ghana Aquaculture Association (GAA) and Food and Agriculture
Organization (FAO), the Institute initiated and finalized this study in the reporting year. The
objective was to determine the most cost effective,feempare the different fee currently
availableon the marketo producersand suggest interventions thatillvlead to increased fish
productivity and better the livelihood prospects of fish farméhe types of commercial fish
feeds used in this studilycluded Ranaan feed, Indonesia Tilapia feed, Inter Aqua feed, Nicolluzi
feed, Ghana Protein feed and China Tilapia feed.

During the reporting year, experimental, technical and administrative data on the study were
obtained and analysed. Depreciatiorsveamputed using the straigite method based on the
estimated economic life of the capital items. Cost of repairs and maintenance was computed at
5.0% of the capital asset value at GH¢10,480.00. Similarly, marketing expense was estimated at
2.0 % of total revenue from sale of fish obtained from a given feed type. Costs and returns
analysis was used to determine the return on investment (ROI) as a comparative indicator. The
undiscounted ROI was calculated by dividing income by the total investment.-8reak
analysis was used to determine the level at which the gains and losses are equal. Break even
quantity of fish was calculated by dividing the total fixed cost by the contribution per unit
weight of fish. Breakeven unit price was obtained by equatiatal cost to total revenue using

the relation: F + Vx = Sx where F is Fixed cost, V is variable cost per unit, S is selling price per
unit and x is the break&ven quantity of fish.
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The capital outlay was valued at GH¢10,480.00. Food conversion ratié® @Che feeds
employed were estimated to range between 1.69 and 2.46. Crude protein varied fr861980
(Table 16). The respective unit prices rashgetween GH¢1.35 and GH¢1.80. In terms of usage,
the quantities follow the order: BB > C > E > A > F. With respect to theicosthowever, the

order wasD > B > C > E > F > A. Table 17 shows the comparative costs and returns
computation of the different feed types employed. Feed was the major component of cost,
averaging 6246 of the total variable cost€omparatively, the estimated ROI was highesOat

and lowest at18.3 and followed the orderF > C > B > A >D > E. At these levels of
profitability, the various feeds could not be considered as alternatives. Table 18 reveals that at
the prevailing assuptions, the average price of GH¢3.80 per kg received from fish sales should
be increased by about 80to enable the usage of the respective feed break even. Therefore, at
the given level of production and sales prices, prospective farmers are likedg tasing any of

the feeds evaluated at the corresponding input prices.

Table 16: Characteristics of thefeedtypes andusageduring the experiment (1.0 US$ = 1.45 GH¢)

Type of Feed Feed Crude Protein Unit Price Quantity of Total Cost of
Conversion (%) (GH¢/kg) Feed employed | Feed employed

Ration (FCR) (kg) (GH¢/kg)
A 1.78 30 1.6 782.63 1,252.21
B 2.46 30 1.35 1,081.61 1,460.18
C 1.89 33 1.75 831.00 1,454.24
D 2.12 30 1.8 932.12 1,677.82
E 1.87 30 1.75 822.20 1,438.85
F 1.69 36 1.8 743.06 1,337.51

Table 17: Break even quantities and prices offish (1.0 US$ = 1.45 GH¢)

Type of Feed Quantity of fish required to Break even Unit Price
break even (kg) (GH¢/kg)
A 440.0 7.02
B 560.0 5.90
C 606.5 5.45
D 451.0 7.79
E 603.0 5.50
F 709.0 4.52
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Table 18: Cost andreturns for the cagesstocked andfed with the seven (7)types offeed (1.0 US$ = 1.45 GH¢)

R & D Activities

Feed Type A Feed Type B Feed Type C Feed Type D Feed Type E Feed Type F Feed Type G
Item Qty. Total Qty. Total Qty. Total Qty. Total Qty. Total Qty. Total Qty. Total
(kg) Value (kg) Value (kg) Value (kg) Value (kg) Value (kg) Value (kg) Value
(GH¢) (GH¢) (GH¢) (GH¢) (GH¢) (GH¢) (GH¢)
Revenue 439.7| 1,586.40| 559.9| 2,181.00| 473 | 1,685.50| 603.4| 2,522.00| 452.1| 1,625.90| 604.7| 2,509.30| 708.9| 3,160.60
Variable costs 324 324 324 324 324 324 324
Fingerlings 394 394 394 394 394 394 394
Labour
Feed 1,252.21 1,460.18 1,454.24 1,677.82 1,438.85 1,337.51
Vehicle running (Fuel, engine oil 143 143 143 143 143 143 143
etc.)
Marketing expenses (2%) 32 43.6 33.7 50 32.6 50.2 63
Sub total 2,145.21 2,364.78 894.70 2,365.24 2,571.42 2,350.05 2,261.51
Fixed costs 524 524 524 524 524 524 524
Repairs and maintenance (5 %) 417.2 417.2 417.2 417.2 417.2 417.2 417.2
Depreciation 941.2 941.2 941.2 941.2 941.2 941.2 941.2
Sub total 3,086.41 3,305.98 1,835.90 3,306.44 3,512.62 3,291.25 3,202.71
Total costs
Return on investment (ROI) -14.3 -10.7 -7.5 -18.0 -18.3 -0.4
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2.5.6 Catch Assessment and Reproductive Seasonality of Major Commercial Catfishes in

Strata Il and Il of the Volta Lake

(Project Staff: Mr. Seth Koranteng Agyakwah Research Scientist)
In collaboration with the Challenge Program for Water and Food Project 34 (CPWF: PN 34) of
CGlI AR6s Worl dFish Center, Egypt, this study b
of catfishes of the geneBagrus, Chrysichthy<larias and Synodontisgn the Volta Lake for
sustainable management strategy development. During the year under review, catch assessment
was conducted by determining the composition of fish species by weight per major gear of
commercial fishers, changesriglative abundance of fish species, lerigguency distribution,
condition factor (K), catch per unit of effort (CPUE), seasonality of spawns, size at first maturity
and relationship of catches and spawning activities with phyg$iemical parameters dhe
lake. Fish species diversity and similarity between Dzemeni (Stratum Il) and Kpando (Stratum
[l) study sites were conducted.

The clarotid catfishes of the gen@hrysichthys(i.e. C. auratus, C. nigrodigitatus and C.

walkeri) dominated all catchesylall gears with the exception of hoakdline fishery in both
Dzemeni and Kpando study areas (Hig).
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Fig. 47: Relative abundance by wight of fish speciescaught by (a)gillnet, (b) palm-frond baskettraps (PBT),
(c) multifilament nettraps (MNT) and (d) hook-and-line in the lacustrine section (Strata Il and Ill) of the
Volta Lake
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Distributions of lengthi frequencies by major gear typesz:wgilinets (GN), multifilament net

trap (MNT) and palmfrond basket trap (PBT) of th® most exploited catfishg€hrysichthys
auratus and C. nigrodigitatysit Dzemeni and Kpandborkor were similar by location for same

gear, but different by species feame gear. More than 50 % of claroteids were caught at sizes
below 13.5 cm SL fo€C. auratusand below 17.5 cm SL fd€. nigrodigitatuswhich suggested
growth overfishing. All three gears captured more than one size class of the claroteid catfishes.
At both study sites, only gilinet catches©f auratusshowed bimodal length class distributions,
whereas MNT and PBT gears showed three or more distinctive modal length classe43(Figs.

and49).
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Fig. 48 Length i frequency distribution of Chrysichthys auratusaught by gilinets of various meshsizes at
Dzemeni in Stratum Il of the Volta Lake
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Fig. 49 Length i frequency distribution of Chrysichthys nigrodigitatusaught by palm-frond baskettraps
(PBT) at Kpando in Stratum Il of the Volta Lake

Relative fecundity among the claroteids was comparable between same species in the different
study locations, excefi. nigrodigitatusandC. walkeriin Stratum Ill at Kpando that produced
relatively higher number of eggs per female body weight in grams compared to their counterpart
species in Stratum Il at Dzemeni. The mochokids produced relatively higher numbers of eggs per
female, ranging from 38B 21,452 eggsS. schallat Kpando (Stratum Ill) produced the least
number of eggs among the mochokids as well as the highest number of eggs in the same Stratum

(Tables 19 and 20).
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Table 19: Mean relative fecundity, numbers andsizes ofripe eggsper femalecatfishes at Dzemenstudy area in Stratum Il of the Volta Lake

Egg size (mm) No. of ripe eggs / female Relative fecundity (/g)
Species Mean (£s.e.) | Min. Max. n Mean (£s.e.) Min. Max. n Mean (£s.e.) Min. Max. n
B. bajad* -- - -- -- -- -- -- -- -- - - --
B. docmak* - - -- -- -- -- -- -- -- - - --
C. auratus 1.6 (0.05) 1.0 2.5 46 988.9 (203.69 88 10125 49 17.6 (3.77) 2.7| 185.8 49
C. maurus 1.9(0.1) 1.8 2.0 2 925 (470.0) 455 1395 2 13.3(7.72) 5.6 21.0 2
C.nigrodigitatus 1.9 (0.07) 1.5 2.5 16| 1645.2 (166.36 901 3000 16 12.5 (2.18) 4.4 39.7 16
C. walkeri 1.9 (0.07) 1.5 2.0 9 1009 (180.3) 367 1874 9 11.5(1.34) 2.3 16.3 9
S. eupterus 1.0 (N/A) 1.0 1.0 1 6000 (N/A) 6000 6000 1 41.1 (N/A) 41.1 41.1 1
S.ocellifer 1.25(0.25) 1.0 15 2 17475 (225.5 1522 1973 2 13.4 (0.28) 13.1 13.7 2
S. schall 1.3(0.14) 1.0 1.8 6| 8853.3(2189.9 538 16253 6 38.3(9.16) 1.6 64.3 6
S. velifer 1.2(0.17) 1.0 15 3| 6078.0(1557.4 3754 9036 3 38.9 (8.66) 30.1 56.3 3

* Information not provided because no ripe eggs were encountered, s.e. = Standard error, N/A = undefined standard gromefeaomle observation, Min. = minimum
value, Max. = maximum value.

Table 20: Mean relative fecundity, numbers andsizes ofripe eggs perfemalecatfishes at Kpandostudy area in Stratum 11l of the Volta Lake

Egg size (mm) No. of ripe eggs / female Relative fecundity (/g)
Species Mean (zs.e.) Min. Max. n Mean (£s.e.) Min. Max. n Mean (£s.e.) Min. Max. n
B. bajad* -- -- -- -- -- -- -- -- -- -- -- --
B. docmak* -- -- -- -- -- -- -- -- -- -- -- --
C. auratus 1.6 (0.05) 1.0 2.0 26 1023.0 (153.15) 192 4000 26 17.2 (2.08) 4.1 49.6 | 26
C. maurus 1.8 (0.44) 1.0 2.5 3 1412.3 (66.68) 1297 1528 3 14.9(1.99) 11.0 17.4 3
C.nigrodigitatus 1.8 (0.08) 1.0 2.6 25 1949.6 (405.61) 354 9967 25 20.7 (7.45) 2.9 1949 | 25
C. walkeri 1.8 (0.11) 1.0 2.6 17 1564.3 (490.14) 241 8000 18 22.5(6.31) 3.1 121.4 | 18
S. eupterus 1.5 (0.00) 15 15 2 2102.5 (757.5) 1345 2860 2 25.1 (10.66) 14.4 35.7 2
S. ocellifer 1.6 (0.22) 1.0 2.0 4 1626.8 (912.63) | 438 4329 4 10.4 (7.06) 2.0 315 4
S. schall 1.3 (0.09) 1.0 1.8 9 6475.9 (2284.2) | 383 21452 9 40.8 (12.36) 2.3 101.2| 9
S. velifer 1.1 (0.1) 1.0 1.2 2 12260 (8600.5) | 3659 | 20860 2 48.6 (33.24) 15.4 81.8 2

* Information not provided because no ripe eggs were encountered, s.e. = Standard error, Min. = minimum value, Max. = mlagmum v
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Diversity of fish species in commercial catches of artiséisaers at Kpanddorkor was
significantly higher than at Dzemeni (P < 0.05). Fish species occurrence in commercial
catches of fishers at Dzemeni was however very similar to that of Kpem#tor as depicted

by a high Jaccard similarity indeg') of 0.8L1 (Table 21).

Table 21: Indices do species diversity and similarity of commercial fish catches at Dzemeni and Kpando
during June 2006 and March 2008

Indices of Diversity and Similarity * Probability (5 %)
Location S' H' D¢ Variance df t-calculated t-inverse
Dzemeni 1.097 0.505% 0.003

0.811 65 14.474 1.997
Kpando 1.19 0.564 0.028

* §' = Jaccard similarity indeXt' = ShannorWeiner diversity indexDs = Simpson diversity index
Avalues with different letters in a colunshowsignificant differenceat P < 005.

Total annual catfish production at Dzemeni was 806 tonnes, which was aousé the
guantity produced at Kpan€borkor (444 tonnes) over the same study period. At Dzemeni
and Kpandelorkor study sites, catfishes contributed 92.2 % and 90.6 % of total fish
production respectively. Generally, the catch per unit of effort (CPUBB® or MNT was
significantly higher than that of gillnet.

It was concluded that unapproved gillnet mesh sizes of less than 2 inches (51 mm)
contributed to about 4% of gillnet catfish landings of immature or first time spawning
populations. Hence, Fishs should be identified by the gears they use, be registered in their
respective fishing communities and be monitored regularly to facilitate effective management
of the fishery resources. It was recommended that there should be regular monitoring of
comnercial catfish catches by way of catch assessment to control and sustain the catfish
production in the Volta Lake. Further studies should also be conducted on the reproductive
activities and food habits of the less abundant, yet highly valued commettisties (e.g.
Synodontispp andBagrusspp) in the Volta Lake for improvement of their productivity and
sustainable management.
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