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Abstract. Groundwater which accounts for 30% of the 

estimated earth's freshwater is an essential natural 

resource stored in the subsurface geological 

formations in the critical region of the earth’s crust for 

sustaining ecosystems and human well-being. One of 

the challenges in water resources management in 

semi-arid and tropical regions like Eastern Dahomey 

basin, Lagos state, Nigeria is how to sustainably 

manage groundwater resources in relation to water 

pollution. Despite its importance, groundwater 

management in the region has been hampered by lack 

of comprehensive policies, leading to overexploitation 

and contamination issues. Therefore, a better 

understanding of the quality processes to a changing 

future is necessary. This study delves into assessing 

the groundwater quality in Eastern Dahomey basin, 

aiming to provide insights for effective management 

in the face of growing water pollution, scarcity and in 

relation to the world Health Organisation (2022) and 

Standard of Nigeria (2015) standard for drinkable 

water. Fourteen parameters were investigated on forty 

samples selected from a transient mapping of 6km 

square transient and the dug wells samples were 

selected randomly. The samples were taken to the 

laboratory for in depth analysis for both dry and wet 

season to denote seasonal variation and climate change 

impacts. Findings showed significant variations in 

physiochemical groundwater quality across seasons 

and parameters. pH levels fluctuated, likely due to 

rainfall and evaporation, but remained within standard 

ranges. Odors varied, with most samples not meeting 

odorless standards. Appearance showed particle 

concentrations mixed, with clarity below standard. 

Temperature also varied between seasons but 

conformed to standard guidelines. The study 

recommends the development of integrated water 

resource management plans, adoption of sustainable 

land use practices, and robust monitoring systems to 

ensure the long-term viability of groundwater 

resources. Moreover, there is a pressing need for 

stringent regulations, comprehensive awareness 

campaigns, and collaborative research efforts to 

address groundwater quality issues and promote 

sustainable groundwater use. By implementing these 

recommendations, stakeholders can mitigate the 

adverse impacts of climate change, safeguard 

groundwater resources, and ensure the well-being of 

present and future generations in the Eastern Dahomey 

Basin and similar regions globally. 
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1. Introduction 

 

The most abundant natural resource on earth and a 

major substance that ensures continuity of ecosystems 

and biodiversity is water. All organisms, including 

humans, require water for their survival. Oki and 

Kanae (2006) opined that ensuring adequate supplies 

of water available is essential for human well-being. 

Our planet is often called the “Blue Planet,” warnings 

of increasing water scarcity in the world are common. 

Adeboye (2015) In specific terms said that over the 

last 50 years the world has changed from a situation of 

an abundance of water to a situation of water scarcity. 

Mancosu et al. (2015); Usha et al. (2021) and Vrbka et 

al. (2008). Agreed that water having both surface and 

groundwater sources for human domestic activities, 

Agricultural, Industrial, flora and fauna uses cannot be 

over-emphasised; the management of either surface 

and groundwater resources are highly an interactive 

study that is very vital to the socio-economic 

sustainability of a society.  
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Groundwater is an essential natural resource stored in 

the subsurface geological formations in the critical 

region of the earth’s crust that accounts for 30% of the 

estimated earth's freshwater Senanayake et al. (2016) 

and Arulbalaji et al.. (2019) argues that despite the 

importance of groundwater, no major public policy 

has been promulgated to promote sustainable use 

which poses a significant threat to the future water 

accessibility of inhabitants of these cities in Sub-

Sahara Africa. The West-African coast has some of the 

largest and densely populated cities (Almar et al., 

2022). The increasing population without 

commiserate development of public waterworks 

results in the overexploitation of groundwater 

resources from a fragile coastal aquifer. This leads to 

among others the saltwater intrusion into the 

freshwater aquifer (Alfarrah & Walraevens, 2018). 

 

Previous works on groundwater quality were limited 

by the availability of resources, precision level 

required, spatio-temporal components, range of 

research, time and cost constraints. The direct/insitu 

approach to quality assessment is usually expensive 

and not feasible for estimation at a large scale that 

involves a whole catchment area or a system of 

catchments similar to the southwestern region of 

Nigeria. The indirect approach, especially the use of 

tracers is very popular because of its accuracy and 

reliability and can be used for studies over a relatively 

large sample area. The approach is however not 

suitable for areas with rich mineral basement 

formations like the Southwestern Nigeria as well as 

densely populated and industrialized southern part of 

Lagos and Ogun states which can cause anthropogenic 

mineral leaching into the aquifer and thus obstruct the 

result of the approach. The use of remote sensing 

technique is however scarce. 

 

For instance, Healy et al. (2020) indicated that around 

70% of Lagosian in Nigeria rely on groundwater for 

their domestic, industrial and commercial activities 

since the municipal water agency could currently only 

serve between 10% and 30% of the state’s population. 

This has resulted in the emergence of individualized 

water supply infrastructure through borehole and well 

development across the state. The increasing 

population in this region without commiserates 

development of public waterworks results in the 

overexploitation of groundwater resources from the 

fragile coastal aquifer leading to imbalance in the 

hydraulic gradient and eventually resulting in 

saltwater intrusion into the freshwater aquifer. 

Therefore, this study aims to investigate the 

physiochemical parameters of groundwater in the 

Eastern Dahomey Basin, focusing on southwestern 

Nigeria. This research aims to address gaps in 

understanding groundwater quality, especially in 

densely populated areas like Lagos and Ogun states. 

By leveraging remote sensing techniques and 

assessing groundwater quality indicators, the study 

seeks to inform sustainable water resource 

management policies and mitigate the risks of 

overexploitation and saltwater intrusion in coastal 

aquifers. 

 

2. Literature Review 

 

The physical and chemical characteristics of 

groundwater can be altered by anthropogenic factors 

like wastewater, industry, agriculture, and natural 

phenomena. This poses a major risk to the 

environment as well as the social and economic 

advancement of many areas (Soceanu et al., 2021). 

Adebayo et al., (2021) conducted a study on the 

physicochemical properties of groundwater in parts of 

Irun Akoko, Ondo State, Nigeria. Their research 

aimed to assess the suitability of this groundwater for 

drinking and irrigation. Ten groundwater samples 

were collected from hand dug wells within the local 

basement complex. Analysis included pH, Total 

Dissolved Solids (TDS), turbidity, and the presence of 

various ions (Na, Ca, Mg, K, Cl, SO4, PO4, NO3). The 

findings revealed that the groundwater tended towards 

neutral to slightly alkaline pH (7.0 – 7.9) and was 

characterized as fresh based on TDS levels (12.26 – 

19.35 mg/l). Cation concentrations ranked in the order 

of K>Ca>Na>Mg, while anions followed 

Cl>SO4>NO3>PO4. Notably, potassium and chloride 

levels exceeded WHO drinking water standards in 

approximately 90% and 40% of samples, respectively. 

Other parameters such as Ca, Mg, Na, SO4, PO4, and 

NO3 fell within WHO guidelines. 

 

Longe iet ial., i(1987) and Edwards iet ial; i(2015) 

delineated three major regional aquifers, which form 

part of the Dahomey Basin in south-west Nigeria. The 

uppermost Coastal Plain Sands Aquifer is 

characterized by interbedded sand and clay horizons. 

Below this is the confined Ilaro Formation Aquifer, 

described as a sequence of predominantly coarse 

sandy estuarine deltaic and continental beds (i.e., 

alternating sequences of sand and clay). The Deep 

Confined Aquifer, which is the most productive, also 

consists of alternating sequences of sand and clay. In 

the study area the Coastal Plains Sands Aquifer is the 

most significant in terms of water supply. This aquifer 

is divided into three distinct units: a shallow 

unconfined unit, an intermediate semi-confined unit, 

and a deeper confined unit. The unconfined unit, 

accessed by hand-dug wells and shallow boreholes, is 

vulnerable to pollution from surface activities. Along 

the coast, the semi-confined and confined units are 
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found at depths of 30-120m and 120-270m, 

respectively. In inland areas, the deeper confined 

aquifer occurs at depths of 30-150m. These aquifer 

units are utilized through boreholes and serve as the 

basis for water supply systems in parts of Lagos State. 

Saline intrusion has been noted in the semi-confined 

units, particularly along a zone extending from Apapa 

to Lekki, beneath a freshwater lens up to 5km inland 

in certain locations. Additionally, further east, 

freshwater layers are situated between saltwater-

bearing sands within the Coastal Plain Sands 

Aquiferi(Oteri iand Atolagbe, i2003) 

Increasing interest in seawater intrusion as a 

consequence of over-exploration of groundwater and 

sea-level rise has been generated in recent years. 

Alfarrah and Walraevens i(2018) contented that 

groundwater overexploitation and seawater intrusion 

concludes that arid and semi-arid regions of the world 

suffer extreme water stress, and the saline water 

intrusion is more prominent because of the 

overreliance ion groundwater as the main freshwater 

source. The complex geological formulations in these 

areas further complicate the issue, such that the aquifer 

formations are becoming more sensitive and fragile.  

 

Direct and indirect risks to igroundwater quality are 

posed by a wide variety of human activities and 

processes (such as agriculture, urbanization, industry, 

population increase, and climate change). Fertilizers, 

plant and animal protection goods i(such as herbicides, 

fungicides, and other pesticides), and other 

agricultural operations are a major cause for alarm and 

have received a lot of attention across the world 

(Ascott iet ial. i2017). The production, processing and 

treatment processes of the industrial sector are also 

major contributors to anthropogenic pollutants. 

Lapworth, et al (2012) showed numerous organic 

pollutants, bacteria, viruses, and macronutrients all 

originate in domestic wastewater systems. In areas 

where shallow groundwater is utilized for drinking and 

irrigation and wastewater systems like pit latrines and 

septic tanks are in use, this may pose a serious danger 

to groundwater quality. Graham and Polizzottoi 

(2013) advocated in respect of agricultural uses that 

groundwater from the different basins is of low 

salinity and low alkalinity hazard. This indicates the 

usability of these waters for irrigation in most soil and 

crops with little danger of development of 

exchangeable sodium and salinity. Considering 

sodium percentage (%Na), the groundwater of the 

different basins suggests good to excellent quality and 

can be used for irrigation purposes. 

 

3. Materials and Methodology 

 

3.1 Study Area 

 

Eastern iDahomey Basin is administratively located in the South‐Western part of Nigeria. It is bordered to the west, 

east and north by the Republic iof iBenin, Okitipupa Ridge, iand the Precambrian Basement Rocks, respectively, while 

stretching into south intoithe Atlantic Ocean. Geographically, the EDB iis located between iLatitudes 2°41’10” and 

i4°59’59” N iand iLongitudes i6°21’13” iand i7°52’42” E along the coast of the Gulf of Guinea. iThe iNigerian part 

iof ith6s ibasin iis known as the Eastern iDahomey Basin which the three states iof Lagos, Ogun, and iOndo. iThe 

istudy iarea iis low lying, with several points virtually iat or below sea level, which iis always saturated with iwater, 

iand prone to flooding. iThe highest elevation, 265 m above sea level, iis at Abeokuta town, where the ibasin thins out 

intoithe Precambrian basement rocks. The climate iof the ibasin iis characterised by wet iand dry seasons, iwithin the 

itropical rain forest belt. Precipitation in this iarea occurs as irainfall iand ranges between i750 iand i1000 imm imostly 

ibetween April and October (wet season)iand 250 mm and 500 imm between November iand March (dry iseason).  

Fig.1: Groundwater recharge sampling points communities 
Source: Author, i2023. 
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3.2 Methods 

 

Groundwater samples of the forty selected wells were 

collected iand taken to the chemical laboratory for the 

physiochemical. They were analyzed to establish the 

baseline groundwater conditions of the istudy iarea. At 

each sampling location of the forty wells, 

Groundwater sample were collected into a i2-litre 

polyethylene bottles eachiand immediately transferred 

into a rinsed i50cl bottles each with a well labelled 

samples tag and same taken to ithe laboratory for 

general physio-chemical analysis iand microbial 

analysis. The wells were selected within a transient 

plot of i6km by 6km iand ithe selected wells were 

randomly selected within ithe communities/sites 

within each transient plots. The fieldwork was carried 

out during the dry season (24th– 28th February, 2023 

and also during the wet season (26th–30th June, 2023). 

The samples were collected and delivered for 

laboratory analyses within i24 hours for ithe accuracy 

of results. The forty well samples were tested with 

twelve water quality parameters:IColour level, Odour 

Appearance, pH of water, Temperature iT(0C,), 

Turbidity, Conductivity (mS/cm), Salinity (ppm), 

Dissolved Oxygen(mg/L), Oxygen i(%,), TDS (ppm), 

TSS(mg/L), Total Hardness (mg/L) iand Alkalinity 

level i(mg/L) for ithe idry iand wet seasons. The 

researchers aim to investigate whether there were 

seasonal fluctuations in the groundwater quality 

within the study area. The range iand ithe mean for ithe 

samples were also calculated to give adequate 

information ion ithe istudy iarea igroundwater quality. 

The results were compared with ithe Federal 

Environment Protection maximum permissible 

levels), in order to determine itheir suitability iand ithe 

significance of each parameter tested despite ithe 

season variation to denote ithe significant level of ithe 

water quality of ithe istudy iarea with Standard 

Organisation of Nigeria (2015) standard limitsiand the 

World Health Organization (2022) standard. 

 

4. 4. Result and Discussion 

 

Assessing the Physiochemical quality of 

groundwater resource in the istudy iarea  

 

This section presents findings from the assessment of 

physiochemical groundwater quality in the study area. 

Forty wells were sampled during dry and wet seasons, 

analyzing twelve parameters to explore seasonal 

variations and compliance with water quality 

standards. 

pH i 

The pH of the water shows range of i5.0 – i7.4 in the 

dry season, with mean as i6.2; while the range during 

the wet season shows i4.2i– i6.8 with mean as i5.5. 

The Ph of water fluctuate between the two major 

seasons. During the wet season, increased rainfall can 

cause runoff, carrying organic matter iand minerals 

from ithe soil into water bodies, which can alter the 

water's pH. In contrast, during the dry season, water 

bodies may have experience more evaporation, which 

led to the slightly elevated pH levels. Therefore, the 

ipH is in conformity with standard of i6.5 i– i8.5. One 

of the ecology factors that provides an important piece 

of information in many types of geochemical 

equilibrium is pH. It was based on this importance the 

findings revealed that the maximum ipH value 

recorded was iat i7.1 iand the minimum was iat i5.0 

during dry season while the maximum ipH recorded 

was iat i6.8 iand minimum was iat i4.4 during wet 

season. In comparison of the findings to the standard 

values Standard Organization iof Nigeria (2015) iand 

World Health Organisation (2022), the results 

revealed no significance value. The result was similar 

in most cases in other studies conducted by various 

researchers as reported in the literature. Yadav et al., 

(2012) reported from their study that the pH value of 

i7.7 was recorded as maximum while i7.2 was 

recorded as minimum of the groundwater samples 

collected for the istudy. In the istudy 0ofi Ayodele et 

al., (2017), the ipH value of i6.77 was recorded as 

maximum while i5.61 was recorded as minimum from 

the water samples of hand-dug well collected for the 

istudy.  Jyothilekshmi, iet. ial. (2019) from their istudy 

reported i7.14 of ipH value was recorded as maximum 

iand i6.00 was recorded as minimum value of ipH 

from the water samples collected for the istudy. In 

another istudy of Iyasele & iIdiata (2011), i6.54 of ipH 

value was recorded as maximum iand i5.30 was 

recorded as minimum value of ipH of the borehole 

water samples. Isa, Allamin et al., (2013) from their 

istudy reported i6.60 of ipH value was recorded as 

maximum iand i5.72 was recorded as minimum value 

of ipH. Also, in the istudy of Nagamani, et al., (2015), 

the ipH value of i7.2 was recorded as maximum while 

i6.9 was recorded as minimum without considering the 

seasons. I 

 

Odour 

 

The results reveal on the forty samples that some 

samples are with slight indifferent smell in both dry 

iand wet iseason; some with slight and major smell of 

decaying organism matter in dry and wet season 

respectively; some samples with no characteristic 

smell in both the dry and wet season; some samples 

with a slight and major sewage smell in the dry and 

wet iseason; some samples with slight smell of rotten 

egg in both dry and wet season iand some samples with 

slight foul smell in the dry and wet season and samples 

with no significant Odour in both dry iand wet season. 
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Therefore, the odour range could be said to be from no 

significant odour to sewage smell in both dry and wet 

season which indicate that most of the samples are not 

in conformity with the required standard ion Odour for 

groundwater which is to be odourlessless. This result 

indicates that most of the samples are not in 

conformity with the required standard of the Standard 

Organization of Nigeria (2015) iand World iHealth 

iOrganisation (2022) standard on odour for 

groundwater. This result was supported by Shukla et 

al., (2013); iIyasele & Idiata (2011) as they obtained 

odourless for the water samples collected for their 

studies. Similar results were also obtained by 

Nagamani et al., i(2015) from their respective findings 

as zero value was recorded for Odour.  

 

Appearance 

 

The iresult ishows iappearances iof ismall ireddish 

itiny iparticle, iLow iconcentration iof ivisible 

iparticles, iHigh iconcentration iof ivisible iparticles 

iand ivery iClear iAppearance. iTherefore, ithe 

iappearance irange icould ibe isaid ito ibe ifrom ilow 

iconcentration iof ivisible iparticles ito ivery iclear 

iappearance iin iboth idry iand iwet iseason iwhich 

iindicate ithat imost iof ithe isamples iare inot iin 

iconformity iwith ithe irequired istandard of iClear 

iAppearance ion iAppearance ifor igroundwater iand 

idrinkable iwater. iThe ifindings iof ithe istudy 

irevealed ithat ieither iin ithe idry ior iwet iseasons, 

ithe iappearance iwas irecorded ias ilow iparticles 

iwhich iis isignificant iover ithe istandard ivalues iof 

iiStandard iOrganization iof iNigeria (2015) iand 

iWorld iHealth iOrganisation i(2022) ias ino iparticle. 

iThe iresults iis isupported iby ithe istudy iof iIyasele 

i& iIdiata i(2011) ithat ireported ithe iappearance iof 

itheir isamples ias iclear iappearances iand itwo iwith 

itiny iparticles iand iOkonko iet ial., i(2008) ifrom 

itheir istudy ireported ithat ithe isamples iare 

iappearances iof ismall ireddish itiny iparticle, iLow 

iconcentration iof ivisible iparticles, iHigh 

iconcentration iof ivisible iparticles iand ivery iClear 

iAppearance. I 

 

Temperature i(0C) 

 

On iTemperature i(o iC), ithe iresult ishows ithe irange 

ifrom i26.9 i– i30.5 iin ithe idry iseason iwith ithe 

imean ias i28.7, iwhile ithe irange iduring ithe iwet 

iseason ishows i20.0 i– i30.2 iwith ithe imean ias 

i25.1. i iTemperature iin ithe istudy iarea iduring ithe 

idry iseason itends ito ibe ihotter ithan ithe iwet 

iseason. iAs ia iresult, iWarmer iwater ican iinfluence 

ithe isolubility iof icertain isubstances iand iaffect ithe 

irates iof ichemical ireactions ioccurring iin iwater 

ibodies. iTherefore, ithe itemperature iis iin 

iconformity iwith iFederal iEnvironmental iProtection 

iAgency, iStandard iOrganization iof iNigeria iand 

iWorld iHealth iOrganisation i(2014) istandard iof 

i<40oC. iOn itemperature iof iwater isamples, ithe 

ifindings irevealed ithat ithe imaximum itemperature 

ivalue irecorded iwas iat i30.50C iand ithe iminimum 

iwas iat i30.10C iduring idry iseason iwhile ithe 

imaximum itemperature irecorded iwas iat i30.20C 

iand iminimum iwas iat i28.10C iduring iwet iseason. 

iThis iresult iwas isimilar ito ivarious iresearchers iin 

ithe iliterature. iNagamani iet ial., i(2015) ifrom itheir 

istudy ireported i300C iof itemperature ivalue iwas 

irecorded ias imaximum iand i290C iwas irecorded ias 

iminimum ivalue iof itemperature. iIn ithe istudy iof 

iIsa, iet. ial. i(2013), i300C iof itemperature ivalue iwas 

irecorded ias imaximum iand i26.60C iwas irecorded 

ias iminimum ivalue iof itemperature. iJyothilekshmi, 

iet. ial. i(2019) ifrom itheir istudy ireported i27.50C iof 

itemperature ivalue iwas irecorded ias imaximum iand 

i27.40C iwas irecorded ias iminimum ivalue iof 

itemperature. iAlso, iin ithe istudy iof iOkonko, iet. 

Ial., (2008), i29.20C iof itemperature ivalue iwas 

irecorded ias imaximum iand i28.00C iwas irecorded 

ias iminimum ivalue iof itemperature. iAyodele, iet. 

Ial., (2017) ifrom itheir istudy ireported i28.10C iof 

itemperature ivalue iwas irecorded ias imaximum iand 

i26.00C iwas irecorded ias iminimum ivalue iof 

itemperature. iThus, iin icomparison iof ithe ifindings 

ito ithe istandard ivalues iof iWorld Health 

Oeganisayion (2022)iand iStandard Orrganisatiom of 

Nigeria (2015) ithe iresults irevealed ino isignificance 

ivalue ias i<400C. 

 

 Colour 

 

The ilaboratory iresults ion iColour ishows ithat ithe 

isamples irange ibetween i4.0 i- i305 iin ithe idry 

iseason, iwhile ithe irange iduring ithe iwet iseason iis 

i3.0-315, iof iwhich isome icolour iare iseen ias iout 

iof irange ifor iboth idry iand iwet iseason. iFederal 

iEnvironmental iProtection iAgency, iStandard 

iOrganization iof iNigeria iand iWorld iHealth 

iOrganisation i(2014) istandard ion icolour ifor 

igroundwater iand idrinking iwater iis ito ibe 

icolourless, i iIt iis itherefore iobvious ithat isome 

isamples ifell ibelow irequired istandard iOn ithe ipart 

iof icolour, ithe ifindings irevealed ithat ithe 

imaximum icolour ivalue irecorded iwas iat i48.0 iand 

ithe iminimum iwas iat i33.0 iduring idry iseason 

iwhile ithe imaximum icolour irecorded iwas iat i53.0 

iand iminimum iwas iat i31.0 iduring iwet iseason 

iwhich iare iaverage ivalue iof icolourless. iThe 

ifindings icorrelate ithe istandard ivalues iof 

iiStandard iOrganization iof iNigeria (2015) iand 

iWorld iHealth iOrganisation i(2022)  ithat iestablish 

ithe iwater isample icolour ito ibe icolourless. iThis 
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iresult iwas isupported iby iIyasele i& i iIdiata,i(2011) 

istudy ithat icolourless iwas irecorded ifor iall ithe 

iwater isamples iof ithe istudy ibut isimilar iwith 

iOkonko, iet. Ial.,i(2008) iwho irecorded icolourless 

ifor imost iof ithe iwater isamples iwith iexemption ito 

ione iwhich iwas irecorded ias ibluish icolour. iThis 

iwas ialso isimilar iwith iJyothilekshmi, iet. Ial., 

(2019) iwho ireported ithat iseven isamples iout iof 

iten isamples ias icolourless ibut idifference iwith itwo 

isamples ias iyellow icolour iand ione isample ias 

ibrown icolour. iIsa, iet. Ial., i(2013) ifrom itheir 

istudy ireported inot idetermined ifor iboth imaximum 

iand iminimum ivalues iof ithe icolour iof iwater 

isamples. I 

 

Turbidity 

 

On iTurbidity ithe iresults iof ithe ianalyses ishowed 

ithat ithe isamples irange ifrom i1.0 i- i37 iin ithe idry 

iseason iwith ithe imean ias i19, iwhile ithe irange 

iduring ithe iwet iseason iis i3.0 i– i40 iwith ithe imean 

ias i21.5. iTurbidity irefers ito ithe icloudiness ior 

ihaziness iof ia ifluid icaused iby ilarge inumbers iof 

iprticles isuspended iin iit. iDuring ithe iwet iseason, 

iincreased isediment irunoff iled ito ihigher iturbidity 

ilevels iin iwater isamples ithan ithe idry iseason iwith 

iclearer iand ilower iturbidity. iTherefore, ithe 

iturbidity iis inot iin iconformity iwith i iiStandard 

iOrganization iof iNigeria (2015) iand iWorld iHealth 

iOrganisation i(2022) istandard iof i(NTU)5. 

Turbidity iis ian iimportant iparameter ithat iaffects 

iquality iof iwater idue ito icolloidal iand iextremely 

ifine idispersions iin imost iwaters. iThe ifindings iof 

ithe istudy irevealed ithat ithe imaximum iturbidity 

ivalue irecorded iwas iat i4.0 iand ithe iminimum iwas 

iat i1.0 iduring idry iseason iwhile ithe imaximum 

iturbidity irecorded iwas iat i6.0 iand iminimum iwas 

iat i3.0 iduring iwet iseason. iIn icomparison iof ithe 

ifindings ito ithe istandard ivalues iof iWHO, iSON 

iand iSON, ithe iresults irevealed isignificance ivalue 

ias iover i50% iof isamples ishows igreater ivalue 

ithan iprescribed ivalue. iSimilar iresults iwere 

ireported iby iYadav, iet. ial., i(2012) iwith iturbidity 

ivalue iof i31.4 iNTU iwhich iwas irecorded ias 

imaximum ihigher ithan ithe ifindings iand i1.1 iNTU 

iwas irecorded ias iminimum ivalue iof iturbidity 

iclosely ito ithe ifindings. iNagamani iet ial., i(2015) 

ifrom itheir istudy ireported ithat ian iincrease ivalue 

ioccurs ifor ithe ivalue iof iturbidity. iOn ithe 

icontrary, iAyodele, iet. Ial., (2017) ireported 

iturbidity ivalue iof i0.6 iNTU irecorded ias 

imaximum iwhich iis ibelow ithe ifindings iand i0.1 

iNTU iwas irecorded ias iminimum ivalue iof 

iturbidity ifrom itheir istudy iwhich iis ialso ibelow 

ithe ifindings. iIsa, iet. Ial., (2013) ifrom itheir istudy 

ireported i0.98 iof iturbidity ivalue iwas irecorded ias 

imaximum iwhich iis ibelow ithe ifindings iand i0.77 

iwas irecorded ias iminimum ivalue iof iturbidity ialso 

ibelow ithe ifindings. iAlso, ibelow ithe ifindings, 

iIyasele i& iIdiata i(2011) ireported i0.0 iNTU iof 

iturbidity ivalue iwas irecorded ifor iall ithe iborehole 

iwater isamples iand iOkonko, iet. ial. (2008) ireported 

i0.56 iof iturbidity ivalue iwas irecorded ias 

imaximum iand i0.08 iwas irecorded ias iminimum 

ivalue iof iturbidity. I 

 

Conductivity 

 

On iConductivity, ithe iresults ishowed iyhe irange iof 

0.1 i- i3.54 iin ithe idry iseason iwith ithe imean ias 

i1.82; iwhile ithe irange iduring ithe iwet iseason ias 

i0.03 i– i2.86 iwith imean ias i1.45. iTherefore, ithe 

iconductivity iis iin iconformity iwith iFederal 

iEnvironmental iProtection iAgency, iStandard 

iOrganization iof iNigeria iand iWorld iHealth 

iOrganisation i(2014) istandard iof i(ns/cm)1000. The 

iusefulness iof iconductivity iin iestimating ithe 

icleanliness iof iwater icannot ibe ioverestimated ias 

ithis istudy isees iit ias ian iessential itool. iThe 

ifindings irevealed ithat ithe imaximum iconductivity 

ivalue irecorded iwas iat i1.52 iµS/cm iand ithe 

iminimum iwas iat i0.08 iµS/cm iduring idry iseason 

iwhile ithe imaximum iconductivity irecorded iwas iat 

i1.12 iµS/cm iand iminimum iwas iat i0.03 iµS/cm 

iduring iwet iseason. iThis iresult iwas isupported iby 

iNagamani iet ial., (2015) iwho ireported ithat 

iconductivity ivalue iof i290 iµS/cm iwas irecorded ias 

imaximum iand i180 iµS/cm iwas irecorded ias 

iminimum ivalue iof iconductivity; iAyodele, iet. Ial., 

i(2017) ireported i586.00 iµS/cm iof iconductivity 

ivalue iwas irecorded ias imaximum iand i129.00 

iµS/cm iwas irecorded ias iminimum ivalue iof 

iconductivity; iJyothilekshmi, iet. Ial., (2019) 

ireported i625 iµS/cm iof iconductivity ivalue iwas 

irecorded ias imaximum iand i1.04 imS/cm iwas 

irecorded ias iminimum ivalue iof iconductivity; 

iIyasele & Idiata, i(2011) ireported i33 iµS/cm iof 

iconductivity ivalue iwas irecorded ias imaximum 

iand i0.02 iµS/cm iwas irecorded ias iminimum ivalue 

iof iconductivity; iIsa, iet. Ial., (2013) ireported i1092 

iµS/cm iof iconductivity ivalue iwas irecorded ias 

imaximum iand i189 iµS/cm iwas irecorded ias 

iminimum ivalue iof iconductivity iand iYadav, iet. 

ial., (2012) ifrom itheir istudy ireported ithat ithe 

ielectrical iconductivity iranges ifrom i1580 

imicromhos/cm ito i5200 imicromhos/cm iwhich ithey 

iare iall ihigher ithan ithe ifindings. iHowever, iin 

icomparison iof ithe ifindings ito ithe istandard ivalues 

iof iiStandard iOrganization iof iNigeria (2015) iand 

iWorld iHealth iOrganisation i(2022)  ithe iresults 

irevealed ino isignificance ivalue iwhich iis ilesser 

ithan iprescribed ivalue. 
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 Salinity 

 

On iSalinity, ithe ianalyses ishow irange ias i64 i- 

1579 iin ithe idry iseason, iwith ithe imean ias i821.5; 

iwhileithe range iduring ithe iwet iseason ishows 

irange ias i53 i- i8020 iwith ithe imean ias i4036.5. 

iTherefore, ithe isalinity is inot iin iconformity iwith 

iFederal iEnvironmental iProtection iAgency, 

iStandard iOrganization iof iNigeria and iWorld 

iHealth iOrganisation i(2014) istandard iof ippt iN5. 

The ifindings irevealed ithat ithe imaximum salinity 

ivalue irecorded iwas iat i1579 iand ithe iminimum 

iwas iat i64 iduring idry iseason iwhile ithe imaximum 

conductivity irecorded iwas iat i8020 iand iminimum 

iwas iat i53 iduring iwet iseason. iHowever, iin 

icomparison of ithe ifindings ito ithe istandard ivalues 

iof iWHOiand iSON, ithe iresults irevealed 

isignificance ivalue iwhichiis igreater ithan ithe 

iprescribed ivalue. iJyothilekshmi, iet. Ial., i(2019) 

ifrom itheir istudy ireported i0.0 ipsu ifor iall iten 

iwater isamples iof itheir istudy. 

 

 Dissolved iOxygen 

 

The iresult ishowed irange iof i1.5 i– i4.7 iin ithe idry 

iseason iwith ithe imean ias i3.1; iwhile ithe irange 

iduring ithe iwet iseason ishowed ithe irange iof i1.1 

i– i4.1 iwith ithe imean iof ithe isample ias i2.6. iThe 

iconcentration iof idissolved ioxygen iin iwater ican 

ivary ibetween ithe itwo iseasons. iIn ithe iwet iseason, 

iincreased iwater iflow ifrom irainfall ican ilead ito 

ihigher ioxygen ilevels idue ito iaeration iand imixing. 

iIn icontrast, iduring ithe idry iseason, iwater ibodies 

imay iexperience ireduced ioxygen ilevels idue ito 

idecreased iflow iand iincreased ibiological iactivity, 

isuch ias irespiration iby iaquatic iorganisms. 

iTherefore, ithe iDissolved iOxygen iis iin iconformity 

iwith iiStandard iOrganization iof iNigeria (2015) iand 

iWorld iHealth iOrganisation (2022) standard iof 

iNy02 iL i= i7.5. iThe ifindings irevealed ithat ithe 

imaximum idissolved ioxygen ivalue irecorded iwas 

iat i2.5 img/L iand ithe iminimum iwas iat i1.5 img/L 

iduring idry iseason iwhile ithe imaximum idissolved 

ioxygen irecorded iwas iat i2.1 iand iminimum iwas 

iat i1.1 iduring iwet iseason. iAyodele, iet. Ial., i(2017) 

ifrom itheir istudy ireported i50.00 img/L iof 

idissolved ioxygen ivalue iwas irecorded ias 

imaximum iand i29.17 img/L iwas irecorded ias 

iminimum ivalue iof idissolved ioxygen. iHowever, 

iin icomparison iof ithe ifindings ito ithe istandard 

ivalues iof iWHO and iSON, ithe iresults irevealed ino 

isignificance ivalue iwhich iis ilesser ithan ithe 

iprescribed ivalue. 

Oxygen 

On iOxygen i(02) ithe ianalyses iresult ishows irange 

iof i4.1 i– i10.0 iin ithe idry iseason iwith the imean 

ias i7.0; iwhile ithe irange iduring ithe iraining iseason 

ias i3.8 i– i9.0 iwith ithe mean as i6.4. iTherefore, ithe 

iOxygen (02) iis iin iconformity iwith iFederal 

iEnvironmental Protection iAgency, iStandard 

iOrganization iof iNigeria iand iWorld iHealth 

iOrganisation (2014) iof ino iparticular istandard. iThe 

ifindings irevealed ithat ithe imaximum ioxygen 

ivalue irecorded iwas iat i8.9 iand ithe iminimum iwas 

iat i4.1 iduring idry iseason iwhile ithe imaximum 

ioxygen irecorded iwas iat i6.5 iand iminimum iwas 

iat i3.8 iduring iwet iseason. iHowever, iin 

icomparison iof ithe ifindings ito ithe istandard ivalues 

iof Standard iOrganization iof iNigeria (2015) iand 

iWorld iHealth iOrganisation (2022), ithe iresults 

irevealed ino isignificance ivalue iwhich iis ilesser 

ithan ithe iprescribed ivalue. 

 

Total idissolved isolids 

 

On iTotal iDissolved iSolids, ithe iresults iof ithe 

ianalyses ishow ithe irange iof i1.0 i– i199 iin ithe idry 

iseason iwith ithe imean ias i100; iwhile ithe irange 

iduring ithe iwet iseason ishows ithe irange ias i0.5 i– 

i197 iwith ithe iaverage irange ias i98.75. iTotal 

iDissolved iSolids i(TDS) irefers ito ithe itotal 

iconcentration iof idissolved isubstances iin iwater. iIn 

idry iseason, idue ito idecreased iwater iflow iand 

iincreased ievaporation, ithe iconcentration iof 

idissolved isolids imay iincrease, ileading ito ihigher 

ilevels iof itotal idissolve isolids icompared ito ithe 

iwet iseason. iTherefore, ithe iTotal iDissolved iSolid 

iis iin iconformity with Standard iOrganization iof 

iNigeria (2015) iand iWorld iHealth iOrganisation 

i(2022) standard iof iMg/L500. iTotal idissolved 

isolids iare itypically irelated ito iconductivity iwhile 

iwater icontaining imore ithan i500 img/L iof itotal 

idissolved isolids iis inot iconsidered idesirable ifor 

idrinking iwater isupplies. iThe ifindings irevealed 

ithat ithe imaximum itotal idissolved isolids ivalue 

irecorded iwas iat i186 iand ithe iminimum iwas iat i11 

iduring idry iseason iwhile ithe imaximum itotal 

idissolved isolids irecorded iwas iat i155 iand 

iminimum iwas iat i6 iduring iwet iseason. iThis 

iresult iwas iin icontrary ito iYadav, iet.al., (2012) 

iwith itotal idissolved isolids ivalue iof i4950mg/l iwas 

irecorded ias imaximum iand iwas1020 img/L iwas 

irecorded ias iminimum ivalue iof itotal idissolved 

isolids. i iOn ithe iother ihand, iNagamani iet ial., 

(2015) isupported ithe ifindings iwith itotal idissolved 

isolids ivalue iof i75 iwas irecorded ias imaximum 

iand i58 iwas irecorded ias iminimum ivalue iof itotal 

idissolved isolids. iJyothilekshmi, iet. Ial.,i(2019) 

ifrom itheir istudy ireported i297.5 img/L iof itotal 

idissolved isolids ivalue iwas irecorded ias imaximum 

iand i34.29 img/L iwas irecorded ias iminimum ivalue 

iof itotal idissolved isolids. iIyasele i& iIdiata, (2011) 
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ifrom itheir istudy ireported i14 img/L iof itotal 

idissolved isolids ivalue iwas irecorded ias imaximum 

iand i0.1 img/L iwas irecorded ias iminimum ivalue 

iof itotal idissolved isolids. iIsa, iet. Ial., (2013) ifrom 

itheir istudy ireported i547 img/L iof itotal idissolved 

isolids ivalue iwas irecorded ias imaximum iand i94 

img/L iwas irecorded ias iminimum ivalue iof itotal 

idissolved isolids. iAyodele, iet. Ial., (2017) ifrom 

itheir istudy ireported i1.08 img/L iof itotal idissolved 

isolids ivalue iwas irecorded ias imaximum iand i0.16 

img/L iwas irecorded ias iminimum ivalue iof itotal 

idissolved isolids. iHowever, iin ithe icomparison iof 

ithe ifindings ito ithe istandard ivalues iof , ithe iresults 

irevealed ino isignificance ivalue iwhich iis ilesser 

ithan ithe iprescribed ivalue. 

 

Total iSuspended iSolid i 

  

On iTotal iSuspended iSolid, ithe iresult ishowed 

irange iof i0.01 i– i0.1 iin ithe idry iseason iwith ithe 

imean iof 0.05; iwhile ithe irange iduring ithe iwet 

iseason reflects the range of-rld                                                                                                                                                                  

0.04 i– i4.0 iwith ithe imean ias i2.02. iTherefore, ithe 

iTotal iSuspended iSolid iis iin iconformity iwith 

iiStandard Organization iof iNigeria (2015) iand 

iWorld iHealth iOrganisation i(2022) istandard iof 

iMg/L500. iThe ifindings revealed ithat ithe 

imaximum itotal isuspended isolid ivalue irecorded 

iwas iat i0.01 imaximum iand ithe minimum was iat 

i0.10 i iduring idry iseason iwhile ithe imaximum 

itotal isuspended isolid irecorded iwas iat i0.04 iand 

minimum iwas iat i40 iduring iwet iseason. iAyodele, 

iet. Ial., (2017) ifrom itheir istudy ireported i0.07 

img/L iof total isuspended isolid ivalue iwas irecorded 

ias imaximum iand i0.02 img/L iwas irecorded ias 

iminimum ivalue of itotal isuspended isolid. 

iHowever, iin ithe icomparison iof ithe ifindings ito 

ithe istandard ivalues iof iiStandard Organization iof 

iNigeria (2015) iand iWorld iHealth iOrganisation 

i(2022), ithe iresults irevealed ino  significance value 

iwhich iis ilesser ithan ithe iprescribed ivalue. 

 
 Table i1. Summary of ithe Physiochemical Analysis  

Characteristics  i i i i i range MEAN MEAN 

AVERAGE 

WET i 

W.H.O 

& iS.O.N 
   Dry ISeason     Wet Iseason I AVERAGE 

DRY i 
Ph 5.0 i– i7.1 4.4 i– i6.8 6. i5 5.4 6.5 i– i8.5 i 

Odour i Little Odour i Little Odour Little Odour i Little Odourless i Odourless 

Appearance Low Particles i Low particles i Low particles i i Low I 

particles i i 

No particles i 

Temperature i(T i0c) 30.1 i– i30. i5 28.1 i– i30.2 30.3 29.4 < i400c 

Colour i 33 i– i48 31 i– i53 Colour code i Colour code Colourless 

Turbidity i 4.0 3.0 i– i6.0 2.3 4.8 (NTU)5 

Conductivity i 0.08 i– i1. i52 0.03 i–1.12 0.95 0. i60 1000(ns/cm) 

Salinity i 64 i– i1108 53 i– i8020 571.1 1844. i5 ppt iN5 

Dissolved iOxygen 1.5 i– i2. i5 1.1 i– i2.1 2.1 1. i68 Ny02 iL=7.5 

Oxygen 4.1 i– i8.9 3.8 i– i6.5 5.9 1. i68 No 

specification 

i 
Total dissolved solids i 11 i– i186 6 i– i155 109.5 91.3 Mg/l=500 

Total Suspended Solids 0.01 i– i0.04 0.07 i– i0.1 0.03 0.08 mg/l Ins 

Total Hardness i 510 i– i820 495– i790 625 599 (mg 
icaco3=250l) 

Alkalinity 

 

62. i5 i– i1012.5 60 i– i1010 562. i5 56 No 

Specification 
i 

Source: Author, 2024 

Note: OOR was valued as 500 for the plotting of the graph 

 

Total iHardness i 

 

On iTotal iHardness, ithe iresult iof ithe ianalysis ishows irange iof i93 i– i980 iin ithe idry iseason iwith ithe imean 

iof i536.5; iwhile ithe irange iduring ithe iraining iseason iis i82 i- i900 iwith ithe imean ias i491. iTherefore, ithe 

iTotal iHardness iis inot iin iconformity iwith iiStandard iOrganization iof iNigeria (2015) iand iWorld iHealth 

iOrganisation i(2022) istandard iof i(mg icaco3 i= i250L).The iproperty iof iwater iwhich iincreases iits iboiling ipoints 

iand iaverts ithe ilather iformation iwith isoap iis irefers ias ihardness. iThe ifindings irevealed ithat ithe imaximum 

itotal isuspended isolid ivalue irecorded iwas iat i980 iand ithe iminimum iwas iat i93 iduring idry iseason iwhile ithe 
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imaximum itotal isuspended isolid irecorded iwas iat i900 iand iminimum iwas iat i82 iduring iwet iseason. iAyodele, 

iet. ial. i(2017) ireported itotal ihardness ivalue iof i208.74mg/L iwas irecorded ias imaximum iand i36.20mg/L iwas 

irecorded ias iminimum ivalue. iYadav, iet. ial., i(2012) ifrom itheir istudy ireported itotal ihardness ivalue iof i1425 

img/L iwas irecorded ias imaximum iand i240 img/L iwas irecorded ias iminimum ivalue iof itotal ihardness. 

iHowever, iin ithe icomparison iof ithe ifindings ito ithe istandard ivalues iof  iiStandard iOrganization iof iNigeria 

(2015) iand iWorld iHealth iOrganisation i(2022)  ithe iresults irevealed ino isignificance ivalue iwhich iis ilesser 

ithan ithe iprescribed ivalue. 

 Alkalinity 

 

The iresult ishowed irange iof i25 i– i1012.5 iin ithe idry iseason iwith ithe imean ias i518.75; iwhile ithe irange 

iduring ithe iwet iseason iis i60 i- i1010 iwith ithe imean ias i535. iTherefore, ithe iAlkalinity iis iin iconformity iwith 

iFederal iEnvironmental iProtection iAgency, iStandard iOrganization iof iNigeria iand iWorld iHealth iOrganisation 

(2014) iof ino iparticular istandard. iAlkalinity ivalue iin iwater iprovides ian iidea iof inatural isalts ipresent iin iwater 

iand iit icauses ithe iminerals ito idissolve iin iwater ifrom isoil. iThe ifindings irevealed ithat ithe imaximum 

ialkalinity ivalue irecorded iwas iat i1012.5 iand ithe iminimum iwas iat i25 iduring idry iseason iwhile ithe imaximum 

iconductivity irecorded iwas iat i1010 iand iminimum iwas iat i60 iduring iwet iseason. iThis iresult iwas isupported 

iby iYadav, iet. Ial., (2012) iwith ialkalinity ivalue iof i525 img/L iwas irecorded ias imum iand i330 img/L iwas 

irecorded ias iminimum ivalue. iIsa, iet. Ial., (2013) ifrom itheir istudy ireported i100 img/L iof itotal ialkalinity ivalue 

iwas irecorded ias imaximum iand i60 img/L iwas irecorded ias iminimum ivalue iof itotal ialkalinity. iAyodele, iet. 

Ial., i(2017) ireported ialkalinity ivalue iof i382.20 img/L iwas irecorded ias imaximum iand i43.26 img/L iwas 

irecorded ias iminimum ivalue. iSimilarly, iNagamani, iSaraswathiDevi iand iShalini, (2015) ifrom itheir istudy 

ireported ithat ian iincrease ivalue ioccurs ifor ithe ivalue iof iAlkalinity. iHowever, iin icomparison iof ithe ifindings 

ito ithe istandard ivalues iof iiStandard iOrganization iof iNigeria (2015) iand iWorld iHealth iOrganisation i(2022), 

ithe iresults irevealed isignificance ivalue iwhich iis igreater ithan the iprescribed ivalue. 

 

Dry Season Physiochemical Analysis 

 
Figure 1.1: Physiochemical parameters of water samples in Dry season  

 

 
Figure 1.2: Physiochemical parameters of water samples in Dry season 
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Wet Season Physiochemical Analysis 

 
Figure 1.3: Physiochemical parameters of water samples in dry season  

 
Figure 1.4: Physiochemical parameters of water samples in Wet season  

 

5. Conclusion 

 

The assessment of physiochemical groundwater 

quality in the study area revealed notable variations 

across seasons and parameters. pH levels showed 

seasonal fluctuation, likely influenced by rainfall and 

evaporation. Despite these fluctuations, the pH values 

remained within the standard range. Odour assessment 

indicated a range of smells, from slight to significant, 

with most samples not meeting the required standard 

of being odorless. Appearance assessments showed a 

mix of particle concentrations, with clarity falling 

below the standard. Temperature variations were 

observed between seasons, with values conforming to 

standard guidelines. Similarly, findings related to 

color, turbidity, conductivity, salinity, dissolved 

oxygen, and total dissolved solids were reported, 

showing some discrepancies with standard values. The 

study advocates for integrated water resource 

management, sustainable land use practices, and 

robust monitoring to preserve groundwater. There is 

need for stringent regulations, awareness campaigns, 

and collaborative research for sustainable groundwater 

management to ensure groundwater quality aligns 

with regulatory standards. 
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