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ABSTRACT

The Lower Anayari catchment (LAdgcatedin the Upper East Region of Ghamapart

of the transboundary(Ghana and Burkina FasoAnayari catchment The other
transboundarycatchments are Atankwidi and Yarigatanga. These catchments are noted
for intense farming activities. The population within Lower Anayari catchment area is
estimated to be about 19,44&n estimate of about 80% of the population depeors
groundwater for domestic and agricultural purposes. Agriculhagdirect or indirect
effects on the chemical composition of groundwater and aquifer geochemistry. This study
was carried out to investigate the dominant geochemical processes and anthropogenic
activities that influence groundwater chemistry in LAC. The study employed
hydrochemistry and isotopic techniques to assess the chemical quality of groundwater in
the Lower Anayari catchment. A total of fifgne (51) samples comprising of thirty
seven (3Y boreholes, four (4) hanadug well and ten (10) surface waters were sampled
from six (6) principal communities (KulwaseManyoro, Mirigu, Nakolo, Paga and
Pungu) for the study. The samples were analysaiturfor pH, conductivity and salinity
using a HACH potable meter; and bicarbonate using a titrimetry. Analytical methods
employed for the determination of major and minor ions were: &ml K (Flame
photometry), C& (complexometric titration), and FCI, NOs, PQ®, and SGQ" (ion
chromatography)Atomic absorption spectrometry was used for the determination of
Mg and heavy metals (Fe, Co, Cd, As, Ni, and Pb). Stable isotopd ahd *20
composition of the water samples were determined using LMyaitkr stable isotope
analyser [OffAxis Integraed Cavity Output Spectroscopy (off axis ICOS) via Laser

Absorption]. The general trend of major cations and anions, and trace element



concentration were Na& C&* > K* > Mg®*, HCO; > CI' > NO; > SQ?, andFe > Pb >

As > Co > Cd > Ni respectivelyThe concentration ofNi [0.001- 0.019], As [0.001-
0.008], Co [0.005 0.010], and Fe [0.006 0.586] mg/L,were averagely below WHO
standard values for drinking water. The concentratiorCdf[0.002 - 0.009 and Pb
[0.001- 0.020]mg/L, wereaveragely bove WHOstandard values (0.003 and 0.01 mg/L
respectively) for drinking water The data was subjected to Principal Component
Analysis (PCA) this help delineate principal physateemical processese{ated to
minerals dissolutions, organic and synthetiertifizers influences) implicated in
groundwater quality. Hierarchical Cluster Analysis (HCA) further classified the
groundwaters of the study area into two groups. The groups show different degrees of
waterrock interaction or mineralisationWater Quality Index (WQI) estimations
indicated that the groundwater in the study area is suifabt¥inking with the exception

of groundwater in Nakolo and Mirigu which showed deteriorating water quéliper
Trilinear dot indicated three (3hydrochemichfacies CaMg-HCO;, NaCaHCO; and
Na-HCO; and are consequence of silicate weathering and silicate mineral dissolution,
cation exchange and to a lesser extent fertilizer application which is more evident in
Nakolo and Mirigu communitiesThe Wilcox diagren, and the United States Salinity
Laboratory diagram (USSL) method for assessment of the groundwater suitability for
irrigation revealed that the groundwater from the LAC are suitable for irrigation. Stable
isotopes composition measurements for groundwRitezr Anayari and irrigation dams
were clustered closely along the global meteoric water line (GMWL) suggesting an
integrative recharge from meteoric origmith a few showing evaporation effects before

recharge.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 BACKGROUND

Freshwater is a necessity for liyd a very important natural resource of the ecological
system. The availability of freshwater resources péalgey role in promoting good living
standards, enhancing economic growth, food security and livelihood, amdualy
alleviatingpoverty(Adomako, 201Q0) Fr es hwat er constitutes | e
water resource¢Odada, 2006)River, streams , lakes and groundwater available and
usable for the ecosystem a3%dffreshwateAEA const i
2011) Surfacewaters (rivers, streams and lakes) are easlisceptible to pollution.

Pollution of surface water is éimajor causeof waterborne and waterelated diseases

such asguinea worm infestation, bilharziaand typhoid fever(Alleyne et al., 2015;

Vellinga, 2015) According to thelAEA (2011), groundwaterconstitutes onghird of
globalfreshwater available for use. Groundwater is much less susceptible to pollution, for

much of it is in seclusio(WHO, 1993)

In Ghana, groundwater is one of the most important sources of fa@atelomestic and
household chores, irrigation and industrial .u$lis is probably because it is hardly
contaminated thus require less or no chemical treatment before use, it is convenient for
scattered settlements, so reduce relatively large cost involved in supplying treated water
over long distances to serve communities, and lastly, is accessible even during extreme
dry seasons. Clearly groundwater is a key freshwater resourbetforural and urban
population, hence its assessment estimation, proper management and sustasmabil

major concerrfAdomakoet al., 2010)



In the Upper East Region of Ghana, groundwater is a major source of fresharater
domesic purposes, agriculture amdmmercial purposes. This is probably due to the high
percentage of rural population (scattered settlements) which is about 71.9 % of the
regional population(GSS 2013) Additionally, short rainfall seams, and long dry
seasonsmakes communitieso often times experience inadequate benefits of surface

water, hence, resort the use ofjroundwate(Ofosu, 2011)

Therefore provision of groundwater for communities has resulted in borehole drilling
activities growing appreciably in the Upper East Region,stipofunded through

development aigMartin, 2006)

The Lower Anayari catchment is one of the trnsindary neighbouring catchment areas
(others areAtankwidi, Yarigatanganoted for intense farming activities in Upper East
Region. The population within Lower Anayari catchment area is estimated to be about
19,445 per the 2010 cens(SSS 2013) The majoroccupation ofmajority of the
population is raiffed farming, alongside animal rearjreetty trade and tdhtional cloth
weaving. The maimagriculturalcrops cultivated include millet, groundnut, rice, sorghum,

cowpea, vegetabs (tomatoes, pepper) and maize

Apart from rainfed agricultural practicessome of thef a r mpracscé irrigation
farming using irigation ponds whiles a very small fraction of farmers also practice
irrigation farming along river banks using groundwater from-dugwells duringthe dry
season. As at 2010rrigated landscoveredan area of about 0.4 and 4.83 for
government andrpvate led irrigation schemes respectivéBfosu, 2011) This is higher
than in the two neighbouring catchment area nanfgbnkwidi, Yarigatanga. The main

irrigated crops are tomatoes, pepper, cabbage, and carrot. Field survey reveals that

2



majority of the farners apply manure on their farms while some vegetables and rice

farmers apply inorganic fertilizers.

Studies have shown that frequent use of fertilizers by farmers caencBuhe chemical
quality of groundwater For instancenitrate levels in groundwateneasured in 1977 and
1980 in the Upper Region although they were low, shown a significant increase between
1977 to 1980this was due to frequent use of fertilizers by farmers in the (Adag,

1982)

Groundwater use ithe Lower Anayari Catchment is mainly for domestic purposes (such
as drinking, cooking, washing, and for buildingdarepair of mud houses), and

agricultual purposes (such as watering of livestock and irrigation which seems minimal).

There is limited or scare data on the impact of agricultural activities on the groundwater
system inthe Lower Anayari catchment, andetavailability of harnonised information

and datawill aid hydrogeologists to understand hydyeochemical processes, which
controls the water chemistry and the vulnerability of the aquifeoidaminationwithin

the Lower Anayari catchment

In this study, multivariate statistical tools, bivariate plots and Piper diagram will be used
to understand the chemical processes and to demonstrate possible evolution of a water
type into another groundwater type due to anthropogenic influences in the catchment
baed on hydrochemical data generated from the stlkaythermore, environmental
isotopes of groundwater will be used as an additional tool to understand process and local
process like selective infitition, direct percolatiorand evaporation effect on the

groundwater and possible interaction of surface water with groundwater in the catchment.



1.2 STATEMENT OF THE PROBLEM

In the Upper EasRegion groundwatelis significantly depend upon by communities
source of portable watéMartin, 2006) It is estimated that at least about 70% of people
living in the Upper East region use groundwater as a source of drinking water, and in the
dry season, fairly used for irrigation purpog&detunde and Glover, 2010; Ofostal.,

2010; Ofosu, 2011; Oyelud al.,2013)

Anthropogenic activities such as agricultural practices (fertilizers application) can pose a
serious threat to the groundwat@ritish Geological Survey, 2009Agriculture is the
predominant land use \mih the Lower Anayari catchment of Upper East Region
(Anayah and Kaluarachchi, 200%ience, intense farming activities are done during
raining season, and crops cultivated include maize, millet, rice, guinea corn, and

groundnuts.

The intensity of the farmingctivities issuch that approximately every household farms,
and farm areas are mostly located close to their houses, boreholes argbotbes of
water (small irrigation ponds/dams, dugout wells). Application of fertilizers are done
mostly by rice, maize and vegetables farmers to increase productivity both in dry and rain

seasor{Laary, 2012)

Groundwater occurrence in the study area are mainly controlled by secondary porosity as
a result of chemical weathering, faulting and fracturf8&§C-Lavalin, 2011) Hence,

wells and borehole sited are in fractured or sheared zone, resulting in high probability of
easy gravitational movement of water into aqu#&kiti, 1982). The groundwater table

in the weathered zone of the study area range between 5 m to(Banim, 2006)



Therefoe, the probability of contaminants like nitrate, phosphate diffusions/infiltrating

into the groundwater system within the study ardagh.

The majorproblem that has been identified is; anthropogenic influences mainly from

agricultural inputs such as fertilizers, pesticides, and manure in the entire catchment.

In literature, the major works donein the study area are sustainable irrigation
development (Ofosu, 2011) and climate change impact on smallholder farmers
(Amikuzuno, 2013) Therefore, hgrogeochemical and isotopic studisgroundwater
in the study area will serve abaseline information for groundwater resource

management.

1.3 RESEARCH OBJECTIVES

1.3.1 Main Objective
The main aim of this work is to use geochemical and isotopic techniquesseas the
chemical quality of groundwater in the Lower Anayari catchment, focusing on the

dominant geochemical processes and anthropogenic activities that influence groundwater

chemistry.

1.3.1.1 Specific Objectives

The specific objectives dhis study are

a) to deermine the hydrochemical facies of growrader within the catchment area.

b) to assess thguality of the groundwater in the Lower Anayari catchment.area



C) to investigate the probability of surfageoundwater interactions in the catchment

areausing nvi ronmental i'WotmdHe itechniques [ U

1.4 RELEVANCE AND JUSTIFICATIONS

The chemicalnat ur e o f groundwater deter mi nes [
Contamination of groundwater has become an important issue; the sources of
contaminationcan be dfuse or localized. To sustain and maximize the benefit of the
groundwater resource, knowledge about the natural hyelbtogical, hydrechemical

and geochemical processes, as well as anthropogenic activities on the groundwater
resource necessitate a qmehensive and complete scientific understanding of the
vulnerability of the aquifers toontamination Data generated will be usefulrfdecision

and policy makers to adopuitable and practical remedial measures to protect the

groundwater sources.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 GEOCHEMICAL STUDIES

Geochemical studies profoundly provide knowledge on the distribution and migration of
elements in and between different environmental compartments, and happens to be
crucial in understanding pollution that originates from natural and anthropogenic sources
(Gaguszka and Mirhpsassverg significant shauld thee be pollution

increase in the future.

In groundwater studies, however, the key issues of geochemical studies include finding
anomalies resulting from geogenic and amplogenic activities, origin and evolution of

the groundwater etcThe integrated use of geochemical methods has proved to be an

effective approach for investigating the evolution and movement of groundwater

(Adomakoet al.,2010; Bath and Strémberg, 2004; Edmuetial.,2003;2002; Trevor,

1990)

Furthermoregeochemical and hydrochemical studies play a vital role in understanding
the controls of groundwater qualityhe quality of groundwater imainly influenced by
factors, such as rock chemistry in recharge atbHerent geochmnical processes
occurring within the aquiferand anthropogenic activitie¢British Geologtal Survey,
2000; Chilton, 1996; Fadaei and Sadeghi, 2014; Fathgl.,2012; Gibrilla, 2010a; 1zzat

et al.,2013; Kumatret al.,2011)

Factors that controls of groundwater quality @&weaporation and evapotranspiration,

selective uptake of ions by wvetgtion, decay of organic matter, weathering and



dissolution of minerals, precipitate of minerals, ion exchange reactions, mixing of

different water qualities, and anthropogenic activi(fspelo and Postma, 1996b)

Various studies on ground water chemistry have revealed that either some or all of the

mentioned factors influeecthe chemistry of groundwater.

Cartwright et al., (2004) employed hydrogeochemical and isotopic techniques to
investigate origins of dryland salinity of Murray Basin, Victoria, Australia. The studies
emphasis that the chemistry of groundwater of low salinity in the area was controlled
largely by dissolution osilicate minerals whiles those of higher salinity groundwater in
the area was controlled largely by mixing of groundwater, and evaporation as a

consequence of a shallow water table.

Bennettset al., (2006) also report thadryland salinization in discharge aremsthe
Willaura catchment in soutkastern Australia, which is affected by both primary
(natural) and semdary (humasnduced) salinity is as result off) evapotranspiratign
(i) mineralwater interactions within the aquiferghich cause a slight overall reduction
in salinity; conversiorof kaolinite to smectite and illite, and cation exchange of fia
C&* on smectitesand, (i) progressive addition of this saline swihter to fresher
groundwaters rechargesh the catchment marginghich has occurred throughout the

Holocene.

In four village districts in nortitentral and northwestern Sri Lankéunget al.,(2011)
reports that highluoride concentrations (> 1.5 mg/L), in the study area was influenced
greatly by pH and the coantrations of Na, Ca, and HGOIn addition, their studies
highlighted that occurrence of high fluoride concentrations in shallow groundwater

although was attributed to longer residence tgraindwatein basement rocks aquifers
8



(hornblende biotitggneiss, biotite gneiss, and granitic gneiss), was however related to

intensive agricultural activities due to successive irrigation.

Reported work byhu et al.,(2008) shows that groundwater quality in the Heihe River
Basi n, China is strongly influence by di s
dolomite and calcite as well as pesses such as evaporation, HGC&change and

deposition.

Jianget al.,(2009)used 42 groundwater sampling sitesstudy groundwater chemistry
in the Nandong Underground River System (NURS) in theheast Yunnan Province,
China. The eport suggest that, groundwater cherngigvolved from CaHCO; or Ca
(MQ@)i HCO; type to the CiCl (+NOs3) or Ca (Mg) Cl (+NOs), and CaCl (+NOs+SQy)
or Ca (Mg)Cl (+NOs+SQy) type, indicating increases in NQ CI' and SQ*'
concentrations. Theause of the variations were associated to; (a) congion from
human activities such as sewage effluents and agricultural fertilizers; (b)i roeker
interaction inlimestonedominated system; ana)(watei rock interaction indolomite

dominated system.

Similar, extensive groundwater quality studigsing factor analysis and kriging with
information entropy theoryn Taiwanby Shyu et al., (2011) showsthat groundwater
guality was strongly influenced by progressing seawater intrusion, industrial wastewater,

and to a less extent domestic wastew.

Similarly, the major cause of groundwater salinization and arsenic pollution in the coastal
area of YunLin, Taiwan was studied byLiu et al., (2003) Report from the study
suggested ovesxtraction of groudwaterto be a major cause. The reason g over

pumping of the local groundwateauses land subsidence and gradual salinization by
9



seawater, and introduction of excess dissolved oxygen that oxidizes the immobile
minerals, and releases arsenic by redive dissolution of arsenigch iron

oxyhydroxides.

Reported workin India, on the major geochemical processes that regulate groundwater
chemistry in Chithar River basiiubramanet al.,2010) Suggest that, the predominant
factors affecting the groundwater chemistvgre weathering of carbonate and silicate
minerals, ion exchange reactions and the impact of agricultural activities such as

irrigation return flow and fertiliser application.

Similar studies byKrishnarajet al.,(2012)in Thirumanimuttar basin, India also suggest
that thegeochemical evolubn of groundwater from CHCO; to NaCl water types, is
largely by ion exchange process, silicate and carbonate weathering along with

anthropogenic activities.

The primarily controls of groundwater chemistry in Chhatarpur area, (Adiar et al.,
2013)are reported to be carbonate and silicate mineral weathering followed by ground

wateil surface water interactions, ion exchange and anthropogenic activities.

In Al Batinah coastal aquifer, OmagAskri, 2015) reveals that the principal factors
controlling the groundwater chemistry analite dissolution, reverse ion exchange with

clay material and anthropogenic pollutants.

However,Murad and Krishnamurthy;2004) used chlorine86 along with oxygen and
hydrogen stable isotopes and selected major toriavestigate the factors controlling
groundwater quality in the eastern part of the United Arab Emirates. Report from their

study suggest that seawater intrusion was not a major control of groundwater quality but

10



rather agricultural practicemnd weatheng of host rocks. Although previous studies in
the study area suggest that groundwater quality was influenced by seawater intrusion and

evaporation.

Hydrogeological and hydrochemical study conducted on a shallow alluvial aquifer
located in the Taif regio of western Saudi Arabiay Al-Shaibani, (2008suggest that
groundwater quality is strongly influenced by stream runoff and sewage water. This was
evident in their study by significant improvement of groundwater quality after the

installation of a concrete runoff tunnel and a waster treatment plant.

In Africa, Abid et al., (2011) studied hydrologic and geologic factors controlling
groundwater geochemistry in the Turonian aquifer, southern Tunisia. His studies revealed
that factors controlling groundwater chemistry in the area were calcite precipitation,
gypsum and halitelissolution, ion exchange and mixing of different waters which was

revealed using stable isotopes.

Reported work in Pliguaternary eastern coastal aquifer, TunisiaHaynoudaet al.,
(2011)reveals the causes$ groundwater qualitative degradatimereoverexploitation of
groundwater resulting in sea water intrusion, and irrigation that induces soil leaching and

transfer of fertilizers into groundwater system.

Similarly, hydrogeochemical survey on the Nllioi Quaternary aquifer system, Tunisia
by Yangui et al., (2011) sugges that the groundwater chemistry patterns and main
mineralization processes occurring in the system, are controlled by dissolution of

evaporate minerals and evaporation.
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Similar wor k i n Ch Kantel@tsal., 2@08) shows, grolindwaiers i a ,
quality is influenced by dissolution of evaporites and carbonates and to a lesser extent
carbonate precipitation, and also interaction wiie basinal sediments due the flow

pattern and time of residence.

However, reported work in Ethiopia byemlie et al., (2007) suggest that factors
governing the groundwater chemistry following the regional flow direction in Akaki
volcanic aquifersystem, are dissolution of silicate minerals coupled with precipitation of

kaolinite, chalcedony, and rare calcite.

Similar work, in the Senegal River delta aquifertigw et al.,(2012)suggest three main
hydrochemical facies of groundwater relypn Cad HCO;, Ca/NaAHCO;, Na Cl and

Ca/Na Cl water type, andhis consequence from saline intrusion and secondary brines,
halite, gypsum and calcite dissolution, and processes such as evaporation, salt deposition,

ion exchange and reverse ion exchange i@t

Detailed hydrogeochemical and isotopic studies of groundwaters from the Hammamet
Nabeul unconfined aquifemorthreastern TunisigMoussaet al., 2011) reveal that
control of groundwater of N&| and CaSO:-Cl water facies mineralization were mainly

by dissolution of weaporates, dedolomitization, catiemchange process and

anthropogenic process in relation with return flow of irrigation waters.

2.2 PREVIOUS STUDIES IN GHANA AND THE STUDY AREA

In Ghana there have been several works that have employed hydrogeochemistry and

environmental isotopes to evaluate recharge processes, understand groundwater flow

Ssystems, origin of salinity, Examples obraagpe 6 de't
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works in groundwater geo@mistry in Ghana are ifAcheampong and Hess, 1999;

Adomakoet al.,2010; Akiti, 1980; Ankuet al.,2008)

Anku et al.,(2008)studiedgroundwater qualityin northern Ghana using 95 groundwater
samples, and report that groundwater qualiédg mainly controlled by the weathering of
silicate mineralssince they are stable in montmorillonite fieldigh nitrate (50 to 194
mg/L) was reported toebevident in the western portions of the study area. High fluoride
(>1.5 mg/L) concentrations were also recorded at Bongo in the upper east region of

Ghana.

Adomakoet al., (2010) investigate the geochemistry, thengsis of groundwater flow

and its characteristics recharge processes and estimation in the Densu River Basin.
Findings from their studies suggest that groundwater flow from recharge to discharge
areas, chemically evolves from €& O3, Ca/Mg HCOs to Ca/NaCl, CaNa-HCO;, and

Na-Cl. The evolution is reported to be governed grgcessesuch asweathering of
silicate mineralsgarbonatedissolition, ion exchange and sligavaporation which seem

to be more pronounced down gradient of the flow system

In the northern part of the Densu River bas@iprilla et al., (2010b)used 26 water
samples (boreholes, haddg well andsurface water) to assess the hydrogeochemical
processes influencing groundwater quality. The study reports that, groundwater quality
parameters were within the WHO recommended values, with the exception of nitrate
(NOs-N). Also, the groundwater chemistryag/reported to be Nal or NaHCOs-Cl, Na
Mg-CaHCO; and NaHCO; and CaMg-HCO; water types, and this was influenced by

factors such as ieaxchange reactions, weathering, oxidation, dissolution of minerals,
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and some extem@xtensive agriculture and rapid urbanization in the middle portion of the

basin.

Rossiteret al., (2010) used 260 wells and boreholes in Ghana to assess the chemical
water quality and found 38% of the samplesving high concetrations of inorganic
contaminants that exceed the WHO guidelinEse study reportsidentified major
problemsto be high turbidity, low pH, and high concentrations of NG-, Al and C|

and in localised areas As, Pb, B and U. The study recommehdeatkedof regular

monitoring of groundwater sources.

Ackah et al., (2011) used 16 sampling point to assess the quality of groundwater in
TeimenQOyarifa, Ga west district and reports that it is suitable for irrigatiot ih
chemical constituents are within guidelines for drinking water quality set by both national

and international bodies.

In Gushegu district, Northern Regidsalifu et al.,(2015)used 19 groundwater sampling
points and 7 rock samples to evaluate watelity, water types, and sources of various
ions as well as origin of the groundwater. Report show that the groundwater chemistry
from the area is oNai HCO; and N&aCa Mgi HCO; water type, and wagenerally
influence byrock weathering and precipitatioAlso, the study report that, most of the
groundwater are of meteoric origin with some showing considerable evaporation before
recharged, and 53 % of the groundwater samples are of poor quality due to high F

concentrations (> 1.5 mg/L).

Hydrogeochemistryof groundwater and surface water in Ellembelle district, western

region was studied bidjahet al, (2015) Thirty eight samples was used to reveal four
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hydrochemical facies namely, N4CO; and CaCI-HCO; for surface water, N&I, Na
HCO;, CaHCO; water type for groundwater. Geochemical processes influencing the
chemistry of groundwater and surfas@ater were dissolution of calcite and dolomite
precipitations, silicate and carbonate weathering, -baskange reactions, and

evaporatiorcrystallization which influences the rivers.

Bakobie and Awal(2015)used 10 handug wells to investigate groundwater quality in
JangaWest Mamprusi Distrigtbased on the parametepsi, EC, TDS,NO5, PO,>, CI,
F , SO, Faecal coliformand E. coli. The study suggest that although chemical
parameters where below WHO recommended guideline fokidgnwater, coliform

bacteriave r e above WHO | suitabletfs direchhemao eonsumptios u n

The groundwater chemistry in SW Ashanti a miningioa in Ashanti region was studied

by Bempabhet al.,(2016) Geochemical process that influence the variation eMGa

HCO; to NaK-HCO; water type were @termined to be alumirsilicate weathering,
dissolution of carbonate minerals, and ion exchange reaction. Furthermore, dissolution of
arseniecontaining mineralsvere suggested to account for high As and Fe concentrations

in the study area.

In Upper Eastegion, quite a number of studies have been conducted gedtlcaerstry
and stable isotopes compositions, biological and chemical qualitygraindwater
Among them are(Akiti, 1982; Apambie et al.,1997; Oyeludeet al.,2013; PeligBa,

1998; Smedlegt al.,2002; Tiimub and Forson, 2008)

Akiti, (1982)investigated Nitrate levels in Upper region of Ghana. In his resaatcite

level of shallow groundwater > 30 m measured in 1977 and 1980 were low but showed a
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significant increasavithin the three years perio@he increase and source of Nitrate was

attributed to animal excrements resulting from cattle rearing and agricultural fertilizers

Apambireet al., (1997) study the geochemistry, gesis, and distribution of fluoride in
relation to the geology and health implications in Upper Region of Ghana. In their study,
groundwater fluoride levels ranges from 0.11 to 4.60 ppm. The highest concentrations
were associated to the fluorieariched Bago coarseyrained hornblende granite and
syenite suite. The source of groundwater fluoride within the Bongo granitoids was
explained to result from the dissolution of the mineral flupated anion exchange with

micaceous minerals and their clay products

PeligBa, (1998) analysed about 20 trace elements in water samples from 60 boreholes
located n the Upper East and West Regions of Ghana. His findings indicated that most
trace element concentrations were higher as compared to their concentrations found in
natural water systems. Tloecurrence of these trace elements in the analysed water
samplesvasassociated to the local bedrock as the dominant source of the trace elements.
Furthermore, Al, Fe, Mn, Zn, Sr, and Ba concentrations from his finding were

excessively high, in comparison with WHO guidelines.

Adetunde ad Glover, (2010) research reports thdioreholes located irunsanitary

environmenthat isnear septic tanwere found to have higtoliform bacteriacounts.

Kubreziga,(2012)investigatedisk of infant methemoglobinemi@ condition as a result
of exposure to high nitrate concentratjan Upper East region. In his research, ab&git
% of undergroundwater sources had nitrate levels above accepted limits. The risk of

being exposed to methemoglobinemia was found to be 0.08; meaning about one (1) out
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of every twelve (12) children standsethisk of being exposed to methemoglobinemia

when using unregulated water sources

In Atankwidi subbasin a neighbouring subasin to Lower Anayari subasinBarnieet

al., (2014) assessd the quality of shallow groundwater forrigation using the
relationship betweersodium absorption ratio (SARInd salinity (EC) hazargUSSL
salinity diagram)magnesium hazard and alkalinitiyn their study,40 wellswas used,

and two main watetypes (CaMg-HCO; and NaMg-CaHCQO;) were identified. The
relative abundance of cations and anions in groundwater were reported to be in the
decreasing order of N& C&* > K* > Mg® > F&* and HCQ > SQ, * > CI > PQ? >

NOs > F respectively. Conclusion from their study were that the suitability of
groundwater for irrigation, evaluated based on sodium (SAR), salinity and magnesium
hazards, pH and alkalinity, are good for irrigation but with some potential magnesium
hazard and aldinity problems which can partially limits its use for irrigation since the

likelihood of developing sodic soil conditions with continuous use are high.

2.3 GROUNDWATER QUALITY

Groundwater is commonly considered safe for consumpt@npathogenic organisms
cannot survive at very great depths below the e@#ligBa, 1998) However, some
dissolved constituents do not depend on depths aingkwater and can pose health
problems when it is in high concentrati{PPeligBa, 1998) The dissolved constituents
range from major constients (> 5 mg/L) to trace elements (< 0.1 mg(Ejeeze and

Cherry, 1979h)
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2.3.1 Parameters

2.3.1.1 Electrical Conductivity

This measures the ability of water to conduct an electric current; it is sensitive to
variations in dissolved solids, mostly minerals s@tgl, 2000). Electrical conductivity
relates to total dissolved solids by a multiplication a factor commonly between 0.55 and
0.75. It has been reported that, multiplication factor close to 0.67 are usually for waters in
which Na and Cl ionslominate, and for higher for waters containing high concentration
of SQ,. The conductivity of most fresh water ranges from 10 to 1000 uS/cm. Electrical
conductivity have used in some studies to establish a pollution #mgpman and

Kimstash, 1996)

2.3.1.2 pH
The pH is a measure of the acid balance of a solution at a given temp@#atug900).

pH is controlled by the dissolved chemical compounds and biochemical processes in the
solution. In unpolluted waters, pH is principally controlled by the balance betwegn CO
CO;s, and HCQ ions as well as compounds such as humic and fulvic &lispman and
Kimstash, 1996)pH of most natural waters ranged between 6d08ah, lower values can

occur in dilute waters high in organic content.

2.3.1.3 Sodium
It is one of the most abundant elements on earth. Generally increased concentrations in

surface waters may arise from sewage and industrial effluents. In coastal areaseisea wa
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intrusion can also result in higher concentrations. In groundwater sources of increased
concentration of sodium are atmosphere, feldspar, -saltk (halite), zeolite, and
mirabillite (Appelo and Postma, 1996bkElevated sodium in groundwater used for
irrigation in certain soil types can degrade soil structure thereby tegjrizvaste
movement and affecting plant growth. The sodium adsorption ratio (SAR) is used to
evaluate the suitability of water for irrigation and this estimates the degree to which
sodium is adsorbed by the soil. High values of SAR imply that the sodiuthein
irrigation water may replace the calcium and magnesium ions in the soil, potentially
causing damage to the solil structure. Examples of works in which sodium adsorption
ratio (SAR) have been used in evaluation the suitability of water for irrigatiqpoges

are in(Gibrilla et al.,2011;Nagarajuet al.,2016; Peiyueet al.,2011; Singhet al.,2015;

Tiwari and Singh, 2014)

2.3.1.4 Potassium

It is found in low concentration in natural waters since rocks which contain potassium are
relatively resistant to weatheringhapman and Kimstasii996) However it mostly
enters into fresh water from industrial discharge;atirfrom agricultural land and from
weathering of Kfeldspar and biotite silicate minera{&ppelo and Postma, 1996d)
Concentration in natural waters are usually low (<10 n{@hapman and Kimstash,
1996) whereas carentrations as high as 100 and 25,000 mg/L can occur in hot springs
and brines, respectively. However, high concentration of dissolved K in groundwater may

occur where there are not sufficient alumsilicate to fix it(Garrels, 193).
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2.3.1.5 Calcium

Is present in all waters for it readily dissolves from rocks rick in calcium minerals (Ca
feldspar, pyroxene, amphiboléjppelo and Postma, 1996b; Chapman and Kimstash,
1996) Calcium concentration in natural waters are generall snd/L, however, may

reach concentrations 30100 mg/L for waters associated with gypsum and carbenate
rich rocks like dolomite and calcit¢Chapnan and Kimstash, 1996)in streams,
carbonate minerals are the chief source Ca and contribute about 80% or more on a global
scale (Garrels, 1975)Only about 10% of Ca in the average stream is derived from
silicate minerals, ah about the same or less is derived from sulpf@tarels, 1975)
Research has shown that other sosiroé calcium in groundwater arises from

anthropogenic activities such as application of Cafjpfertilizers (Stigteret al.,2006)

2.3.1.6 Magnesium

Magnesium is common in natural waters as’Mgnd along with calcium. It principally

arise from the weathering oflisate rocks containing ferromagnesium minerals, biotite,
pyroxene and amphibol@ppelo and Postma, 1996dnd from some carbonate rocks
example dolomite anthagnesite mineralppelo and Postma, 19964) can also occur

in many organometallic compound, organic matter, and clay minerals as a result of
oxidation of abundant pryrite in orgarich shales (Garrels, 1975) Natural
concentrations of magnesium in fresh waters may range from 1 to > 100 mg/L, depending
on the rock types within the catchment. Mg in groundwater may beotledt by
montmorillonite formation in neutral or alkaline water, likewise the formation of

dolomite(Garrels, 1975)
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2.3.1.7 Carbonates and Bicarbonates

Carbonates and bicarbonate content in natural water arise from sgilp@€3sure
(atmosphere and biological respiration) and weathe{Aqpelo and Postma, 1996b;
Chapman and Kimstash, 1996 groundwater, weathering of rocks in areas of-non
carbonate rocks, carbonate and bicarbonates concentrations in groundwater arise when
dislved CQ in rainwater passing soil becomes enriched in biogenig d@omposes

and dissolves silicates, olivine, orthoclase, mica and clay min@vizor, 197%Hill,

2000) In carbonate rocks, like dissolution of calcite and dolomite are the primary source
of carbonate and bicarbonate ions in groundw@eapman an&imstash, 1996; Mazor,

1975)

2.3.1.8 Chloride

Most chloride occurs as chloride in solution, and enters surface waters with the
atmosphere deposition of oceanic aerosols, weathering of some sedimentary rocks (halite,
sylivte) agricultural and road ruwif (Benedictet al., 2003) In pristine freshwaters
chloride concentrations are usually lower than 10 mg/L and sometimes less than 2 mg/L.
In arid and wet coastal eas, higher concentrations can occur near sewage and other
waste outlets, irrigation drains, salts water intrusi@@sapman and Kimstash, 1996)
Chloride is frequently associated with sewage, it often incorporated into assessments as
an indication of possible faecal contamination or as a measure of the extent of the
dispersion of sewage discharges in water bo(Benedic¢ et al., 2003; Chapman and

Kimstash, 1996)
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2.3.1.9 Nitrate

The nitrate ion (NG) is the common form of combined nitrogen found in natural waters.
Natural sources of nitrate to surface waters include igneous rocks, land drainage, plants
and animals debrigChapman and Kimstasti996; Younieet al., 1996) Nitrate in
groundwater results from soil leaching and also leaching in areas of high nitrogen
fertilizer. Generally, nitrate concentration in groundwater are low, however,
concentrations in excess of 5 mg/L are associatggoliotion by human and animal
waste, or fertiliser rwoff (Chapman and Kimstash, 1996; Youmeal., 1996) High
concentration (200 mg/L) of nitrate in groundwater have been related to increased
fertilizer applications(Akiti, 1982; Chapman and Kinesh, 1996; Fianket al., 2008;

Jeyaruba and Thushyanthy, 2009; Munster, 2008; Y airaé,1996)

Nitrates levelsin drinking water above legal limits could result in detrimental effects
such as cancer, methemoglobinemia, birth defects and disruption of thyroid functions

(Kubreziga, 2012)

2.3.1.10Sulphate

Sulphate is naturally present in surface waters ag Si©arises from the atmospheric
deposition of oceanic aerosols and the leachingutghur compounds, either sulphate
minerals such as gypsum or sulphide minerals such as galena (PbS), sphalerite (ZnS),
matte (CuFeg, pentlandite [(NiFgSg], and pyrite, epsomite, mirabillite, from
sedimentary rockgAppelo and Postma, 1996a, 1996b; Beneeical.,2003; Chapman

and Kimstash, 1996}t is the stald, oxidised form of sulphur and is readily soluble in

water. Sulphate can be as an oxygen source by bacteria which convert it to hydrogen
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sulphide under anaerobic conditions. Sulphate concentrations in natural waters are
usually between 2 and 80 mg/L, hoxee, they may exceed 1000 mg/L near industrial
discharges and in arid regions where sulphate minerals, such as gypsum, are present

(Chapman and Kistash, 1996)

2.3.1.11Fluoride

Fluoride originates from the weathering of fluordentaining minerals faphiboles
(hornblende), apatite, fluorite, micaand enters surface waters with +offi and
groundwaters through direct cont&Chilton, 1996) Fluoride mobility in water depends,

to a large extent, on the €don content, since fluoride forms low solubility compounds
with divalent cations. Other ions that determine water hardness can also increase F
solubility. Fluoride concentration vary from 0.05 to 100 mg/L, however, in most
situations they are less than 0.1 mg/L, and in groundwater concentration can be as high as
10 mg/L. Fluoride levels in groundwater exceeding the WHO guideline value of 1.5
mg/L (WHO, 2004)have been encountered in volcanic aquifers and lakélsei East
African Rift systems(Chapman and Kimstash, 199&edimentary and metamorphic
rocks in Ohio, Sri Lanka, India, Malawi and Tanza(@apman and Kimstash, 1996)

and in granites aquifers in Ghana and Tanz¢®maedleyet al.,2002)

2.3.1.12Phosphorus Compounds
Phosphorus is an essential nutrient for living organisms and exists in water bodies as

dissolved (phosphates) and particulate species. Phosphates concentrations are expressed
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as mg/L P@ P, and arise in natural water mainly from the weathering of phosphorus
bearing rocks and decomposition of organic matter. However, demeastewater
(particularly those containing detergents), industrial effluents and fertiliseoffun
contribute to edvated levels in surface wate€hapman and Kimstash, 1996)
Phosphorous is rarely found in high concentrations in freshwaters for it islyataken

up by plants. However, phosphorus ranges from 0.005 to 0.020 mgHP R©Osome
pristine waters and as high as 200 mg/L,#70n some enclosed saline watéZfiapman

and Kimstash, 1996)

2.3.2 Water Quality Studies

The intricate process of assessing water quality have been ease into a single parameter
called water quality index, a tool which reduces the large number of data into single value
and makes information easily and rapidly understood by the layfhamer, 2015)

Water quality indeXWQI) is a dimensionless value and combines multiple waguelity

factors into a single number and aids in interpreting the quality of water as a single

numerical valug¢Horton, 1965)

Most commonly used water quality index are; Canadian Council of Ministers of
Environment (CCMEWAQI), National Sanitation Foundation (NSFWQI), British
Columbia (BCWQI), Oregon (OWQI), Overall Index of Poitut (OIP), Bhargava

met hod, Smithodés i ndex, The River Ganga | nc
index (Tomer, 2015) Extensive review on the various water quality index for surface

water are given ir{Bharti and Katyal, 2011&nd for groundwater are given fomer,

2015)

24



Currently, most researcher employ integrate advance statistics and GIS with water quality

indices to delineate water qualitytheir study(Tomer, 2015)

In Ghana,Gibrilla et al.,(2011)used Water Quality Index (WQImultivariate statistic
and geostatisticsto assess thesuitability of groundwaterfor drinking, as well as
groundwater quality for irrigation inDensu River basin. The study shows that
groundwater quality varied d®xcellent" and "good" water qualitysing WQI Also,

cluster, principal emponentanalysis andgeostatisticsshowed areas with potential

deteriorating water quality

Additionally, chemical indices like peentage of sodium (Na%), sodium adsorption ratio
(SAR), residual sodium carbonate (RSC), and permeability index (PI) indicate that the
groundwater in the study area are suitable for irrigatiéowever, factor controlling
groundwatergquality wassuggestedo bethe geology asthe mainsource ofdissolved

ions,andanthropogenic contributions in some areas.

In theUpper East Region of Gharaoahet al.,(2015)have appliedVater Quality Index
(WQI) to asses¥ea Damsuitability for drinking purposes. Ten (10) physicoemical
parameters namely pH, Electrical Conductivity, Total Dissolved Solid, Total Hardness,
Nitrates, Sulphates, Chlorides, Calcium, Dissolved Oxygen and Biochemical Oxygen
Demand weraised for assessmeiithe weighted arithmetic indexethod calculation of

the WQIusedwas found to be 54.21 indicatipgor quality.

2.4 ENVIRONMENTAL ISOTOPES STUDIES IN GHANA

Groundwater studies using environmental isotopes in Ghana was pioneered in 1980s

(Akiti, 1980). Later studies on isotopes focusad origin of groundwatefAcheampong
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and Hess, 2000; Peliga, 2009) identification of sources of dissolved io(geogenic
and anthropogenic)in groundwater(Gibrilla et al., 2010a; Zakariaet al., 2012)
groundwater rechargéAdomako et al., 2010; Fym et al., 2016) Volta lake and
groundwater interactiofKakaet al.,2011) role of meteoric recharge in the Voltain basin
(Yidana, 2013) tr aci ng st ab’H e n d'%pifrompreeseoric( Water to
groundwater in the Densu River basin of Gh@hdomakoet al.,2015)and estimation

of evgotranspiration losses in the vadose zpfidanaet al., 2016)

Kaka et al.,, (2011)used s abl e i sotope’) oanchyd®Opigen (U
groundwater, streams and Volta Lake in southwestern margin of the Voltathake
investigate possible intrusion of Volta Lake into aquifers near the banks of the lake
Account from the study shows th#fO in most of thegroundwaer (3.61t0-2. 17 & Vv s
VSMOW), depleted inheavyisotopewere located in theorth-eastern portion othe

study aregKwahu Platea) and those enrich in heavgotopeqfrom-2.62to-2 . 1 7a v s
VSMOW) were found in areas in proximity of the Volta Lalkdso the account from

study show thatrechargeof groundwater in the areia of meteoric originwith same

possible intrusion of Volta Lake into the aquifers near the banks of the Volta Tlad&e.
calculated proportion of the Volta Lake water in groundwater at Oterkpolu, Bormase

Tenyal, Kasakope, Akrus&aisi, Treboanya, and Akotue was reported to be 32%, 28

25%, 18%, 16% and 12% respectively.
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CHAPTER THREE

3.0 MATERIALS AND METHOD S
This Section is divided into six (6) parts (Section 3.1 to Section 3.6). Section 3.1 is a
description of the study area. Data collection and Field work are presented in S&&ions
and 3.3 respectively. Section 3.4 is a description of Laborate@asurements. Methods
used in gochemical data analysis are presented in Section 3.5. Quality assurance and

Quiality control measures employed in the study are presented in Section 3.6.

3.1 STUDY AREA

3.1.1 Geographical Location of Lower Anayari Catchment

The study area is the Lower Anayari catchment located in the Upper East Region of
Ghana. It is a subasin of the White Volta basin and covers an area of about 178.4 km
(Ofosu, 2011) The Lower Anayari dahment constitutes about forty per cent (40%) of
the Anayari catchment. The other portion (60%) of the catchment is located in Burkina

Faso.

The Lower Anayari catchment is located partly in the Kas$éargkana East Municipal

and Kassen&lankana West Digtt. The catchment is between Navrongo (the capital

town of KassendNankana Municipal) an8umbrugu [11 km away frofBolgatanga (the

Upper East regional capital towyn)The catchment lies between latitud€5l0 6 06 N t o
11°0600 N and%7o6Bom@wraad8eo 1W. The Lower Anay
made up six (6) principal communitidsid 3.1). Each principal community is made up of

a host of smallecommunities.
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3.1.2 Climate, Drainage and Vegetation

The climatic condition of LoweAnayari catchment is mainlgemt arid. It has a mono

modal rainfall distribution which approximately begins in early May and ends in late
October. The mean annual rainfall of Navrongo which is closest town to the catchment is
about 993 mm (calculated from average monthly rainfalladfrom 1980 to 2008
obtained from Navrongo Meteorological Service Departmdititg highest temperatures

are usually observed from early March, while the lowest temperatures occur in December
and January. The lowemperature iscaused by the harmattan i High relative
humidity is observed during the rainy season around 65% and decreases rapidly to less

than 10% after the end of the rainy season in Ocidbartin, 2006)

The Anayari River takes it sources from Burkina Faso, and flows thrtheggfNakolo
community to the Doba community and finally joins with the Atankwidi river
southwards The tributaries of the Anayari River stretch in communities around Pungu

and Mirigu conmunity (Fig 3.1).

The vegetation of the study area is characterized mostly by moderately dense herb and
bush with scattered trees (Sudan savannah)emsdgrassland with or without scattered

trees and shrub6SNGC-Lavalin, 2011;S.R.l, 1964b) Droughtresistant trees such as
acacias, mango trees, sheanut trees, neems and baobabs are usually found in the study
area. Land is usually used for smsdhle raiafed agriculture in the form of bush or
compound farming. Bush farms are generally lagt@eproximately within 10 km of the
community, a mixture of cereals/vegetables crops particularly maize, sorghum, millet,
and rice; yam, cassava and groundnuts are generally cultivated. Compound farms are

mostly located near the homes of the farmer. Cgypsvn generally include maize and
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vegetables. After harvesting, agriculturally used lands are left bare until the next rainy
season. Land not used for agriculture is either sparse vegetation on shallow soils in stony

areas or land used for the grazingioM e s t(Madik, 2096)

3.1.3 Sail

According to Soil Research Institute (SRI), (1964j the Council for Scientific and
Industrial Research (CSIR) of Ghana the soil types found in the study area are; Bianya
as®ciation, Kolingu association, Nangodi association, Sizagare Complex, and
Tanchera associatiofRI1, 1964)[Fig 3.2]. The Bianya association are light grey fine
sandy clay soils derived from greyackes ad quartzsericite schists; in valley bottoms

they are very dark grey clays. The Kolingu association are moderately eroded, brown or
pale brown coarse sandy loams associated with hornblende or biotite granites; frequent
stones occur on ground surface; inlesabottoms they are grey sandy loams and clays.
Nangodi association are very brashy soils derived from greenstones, andesites, schists
and amphibolites occurring on lower to middle slopes of hills; on valley slopes and
bottoms they are olive grey or vemjark grey clays. SiarBagare Complex are
distributed along the Anayari River and its tributaries, and consist of a mixture of loose
coarse sand and silty loams, and plain alluvium consisting of yellowish grey and dark
grey calcareous clays. The Tanchassociation are largely distributed within the study
area and are moderately deep, pale brown coarse sandy loams associated with biotite

granites; in valleys they are grey sandy loams and clays.

30



Generally, the organic matter content of the soils in théystwea are usually low as a

consequence of high temperatures and annual burning of vegetati@Lavalin,

2011)
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Fig 3.2: Soil Map of Lower Anayari Catchmeilfinset: Map of Ghana showing study
area) [Source: SRI, (1964)]
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3.1.4 Geology

The Lower Anayari catchment is underlain mainly by the Birimian Supergroup strata of
volcanic rocks and synvolcanic intrusive rocks. In generakks of the Birimian
Supergroup consist mainly of volcanic and metavolcanic material. These rocks are
strongly foliated and are intruded by large granitoid masses during the Palaeoproterozoic
(SNG-Lavalin, 2011) The main rocks in the study area are biotite granitoidvalwhnic
flow/subvolcanic rock and minor interbedded volcaniclastie&S 2009) The biotite
granitoid rocks cover a larger portion of the catchméabout 90% and are
undifferentiated and mostly granodiontic. Subvolcanic rock covers a small area at the
North West, and across the South west to north east portion of the catcRigehB)(

These rocks are minor interbedded volcaniclastic and are undifferentiated

Rocks in the study area are overlain by a regolith comprising in situ chemically
weathered material and, to a lesser extent, transported surfeer@amahe thickness of

the regolith generally ranged between less than 30 m to §8Ng-Lavalin, 2011)
Weathering processes as a result of chemical weathering of bedrock usually exhibits a
progressive degradation from fresh bedrock to residual soil. The typical zones forming
the weathered profile aré) residual soil (sually sandyclayey material); (i) saprolite
(completely to slightly decomposed rock with decreasing clay content with depth); (iii)
saprock (fragments of unweathered bedrock in an altered matrix); (amdfresh

(inconsistently fractured) bedro¢€hilton and Foster, 1995)

The first two zones namely, residual soil and saprolite form the regolith while the saprock

is usuallyconsidered as a part of bedrock.

32



1 °8'p"W 1 “6'p"W 1) °4'p"W 1“2'I0"W 1 DO'I()"W D“SSI'D"W
11°0'0"N  H1°0'0'N
'1
|
10°580"N; H10°58'0"N
10°560°N H10°56'0"N
SER— H10°54'0"N
10°52'0"N- r10°52'0"N
STUDY AREA
Legend
10°500°N; H0°50'0"N
Towns
— Anayari river tributaries
wowon] Anayari River L10:aa0'N
Subvolcanic rock
- Biotite granitoid
0o 1 2 4 6 8
10°46'0"N - e— me——— Kilometers FID4EOIN
1°80"W 160" W 1°40"W 120"W 100" W 0°58'0"W

Fig 3.3: Simplified Geological Map of Lower Anayari Catchméhtset: Map of Ghana
showing study aredgpource: Ghana Geological Survey (GGS), 2009]

33



3.1.5 Hydrogeology andGroundwater Occurrences

In the Lower Anayari catchment, the dominant hydrogeology is Rhecambrian
basement (PCB) rocks. The rocks of Brecambrian basement (PCBually have low
primary porosities and permeabilities. However, groundwater occurremtdlav in

such basement rocks are mainly controlled by secondary porosity as a result of chemical
weathering, faulting and fracturing (from tectonic activity and isostatic ugstyC
Lavalin, 2011) Available literature suggest that on average, areas underlain by rocks of
the Birimian Supergroup [Precambrian basement (RG&)s] exhibit deeper weathering
[about 23 m](Nathan and Harris, 1970and weathering is known to have a significant
impact on water storage capacity of crystalline ro@larsson, 1984)Also, available

data suggest that vital swiertical fracture or fault zones originating from tectonic
activity may occur at great depths (> 150 m) in these rocks which help provide significant
amounts of groundwaterAveragely, borehole depth is reported to be less than 80 m in

Precambrian basemeuoftwhich the study are falls withigAgyekum, 2004)

The main aquifer is suggested to be comprised of regolith aquifer, and deep fractures
rock aquifer (Martin, 2006) Other researchers describe three basement aquifers systems
for similar aquifer typei(i) a shallow, perched aquifer (sandy layer covering the less
permeable clay materialfij) the principal regolith; andjii) fractured aquifefWilkes et

al., 2004)

The shallow aquifer is discontinuous with an average thickness of about one meter. It
dries up during the dry season and is dalgeted for water supply by traditional hand

dug wells. While the regolith and the fractured bedrock aquifers form an integrated
aquifer system. The regolith aquifer can exhibit a higher transmissivity than the fractured
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rock aquifer because of its greagaturated thickness general§NGC-Lavalin, 2011) In
Precambrian basnent rocks, transmissivity ranges from 0.1 to 143%dmwith an

average of 16.6 ffd, andaverage specific capacity of 9.4 L/mim

3.1.6 SocicEconomic Activities

The study area has an estimated population of about 19,445 according the 2010
Population and Housing Cendi@hana Statistical Service (GSS), 2013]he occupation

of majority of the people is raifed farming, alongside small scale animal rearing, petty
trading ad, traditional cloth weaving. The main types of crops cultivated include millet,
groundnut, rice, sorghum, cowpea, vegetables (tomatoes, pepper) and maize. Some
farmers practice traditional irrigation farming along river banks on during the dry season.
The main irrigated crops are tomatoes and pepper. From field sunesyfarmers apply
manure on their farms while some vegetables and rice farmers apply inorganic fertilizers.
Others also apply mixture of organic manure and inorganic fertilizer. The mepeare
applied mainly include the cow and donkey dung, sheep and goat droppings and their
mixtures and on some occasions fawbppings The main inorganic fertilers applied

are the NPK 15:15:15 and Ammonia (jJHAttempts made to estimate the quantity of
manure or fertilizer applied per farm size per year proved difficult as most of the farmers

could not provide the estimated amounts they use yearly per the size of their farms.

The major use of groundwater inower Anayari catchment is largely for domestic
purposes. The use of groundwater for irrigation purposes is minimal. Other uses of water

in the catchment area are for feeding farm animals, building and repairing of mud houses.
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3.2 DATA COLLECTION

Prior to sample collection, data related to the study to be undertaking at the study area
was reviewed through a Desk Study. A Field Reconnaissance Study was also undertaken

to getfirst-hand information on key activities the area related to the study

3.2.1 Desk Study

A deskstudy was carried out to assess the general hydrological and hydrochemical facies

prevailing in the surface and groundwater around Lower Anayari Catchment.

This task involved literature review, collectioh topographical maps, collection of data
from Ghana Meteorologicahgency, Navrongand the Geological Survey Department
(GSD). The study also involved the assessment of equipment required for measurement

of key physicechemical parameters on the field

3.2.2 Reconnaissance Field Work

A Two-week reconnaissance field survey was carried out prior to actual sampling, to
identify the sampling points, the type of kits that were required for the sampling task, to
identify the types of surface water (rivers, and atign dams) and, groundwater (hand

dug wells and boreholes) to be collected.
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3.3 FIELD WORK

3.3.1 Sampling

3.3.1.1 Sampling containers

Three hundred millilitre (300 mL)gyethylene containers (bottles) used for collection of
waterssampledor assessment d¢fydrochemical parameters were prepared for sampling
by immersion in 10% (v/v) HN®solution for 48 hours, and thoroughly rinsed with
doubledistilled water before uséSundaramet al.,2009) One hundred millilitre (100

mL) pdyethylene containers (bottles) were used to collect sample water for stable isotope
studies. In addition, a secondary polyethylene container was used to aid sampling of

surface water and also sampling for stable isotopes studies.

3.3.1.2 BoreholesHanddugwells, River and Dams sampling

A total of sixtysix (66) water samples were collected from equipped boreholes, hand dug
wells, irrigation ponds/dams and river across the catchment between September 2015 and
October 2015The samplingperiod was in the rajnseasonAt each sampling point,

three (3) replicate water samples were collected for hydrochemical studies, stable isotope
studies, and trace metals determination respectively. For quality control (QC) purposes,
additional samples (apart from the threplicates) were collectechndomly at some
sampling pointgTable 3.1) This was done to check analytical precision of sampling and
analysis. Summary of number of water samples collected and description of sampling site

are shown imable 3.1 and Table 3r2spectively.
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Standard procedures with regard to well purging were followed for the collection of the
groundwater samples as outlined(IAEA, 2010; Sundaranet al.,2009) Samples from

the Anayari River and figation Dams in the study area were collected using a
polyethylene container. Samples were colleatader waterabout 10 m away from the

banks of the water source (river or irrigation dam)

Sampledor hydrochemical studiesere filtered through a 0.45 pumembrandilter into
acidwashed300 mL polyethylene bottlesightly sealed and stored in thermos insulated

containerswith ice pack

Samples for heavy metals analysexre filtered through a 0.45 um membrane filter into
300 mL acidwashed polyethylene bottles awdre acidified by adding two drops of 70%

(w/v) nitric acid and tightly sealed.

Samples for®0 and®H analysis were collected by filling the 100 mL bottles from a
secondary polyethylene container. It was tigisttaled underwater, wipe dry, retightened
and tape capped using an electrical tape in a clockwise direction. This was done carefully
to avoid air bubbles. They were then labelled carefully with the relevant information
about the sampl&he geographicabkations of all sampling points were recorded using

a handheld Global Positioning Systems (GP5ig 3.4].

3.3.1.3 Storage and Transportation of Water Samples
Samples for hydrochemical parameters and trace metals determination were stored in
thermosinsulated containers with ice packs. Water samples for isotopic studies were kept

in separate thermaHlysulated container without ice packs. They were then trarespo
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over night from Navrongo to the laboratories of the Ghana Atomic Energy Commission,

Kwabenya, Accra.

Fig 3.4: Map of Lower Anayari Catchment showing sample collection pdinset: Map
of Ghana showmg study area)
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