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Abstract The Stratigraphy of the aquifer and hydrochemical properties of groundwater in Ikwerre Local 

Government Area were assessed. This was to determine the aquifer location, composition and type, and also to 

ascertain the groundwater suitability for domestic use. Six boreholes in six communities were used.iStrata log 

was used for the stratigraphic studies while water samples were analysed for iron, chloride, salinity, pH, 

conductivity and Alkalinity. Two aquifers were delineated at varying depths. Sample analysis in the laboratory 

was done using the standard method of ASTM and APHA. From the analysis, it was indicated that all 

parameters investigated are within the WHO (1997) except for iron and pH. ron is excessive at Isiokpo, 

Omagwa, and Omerelu.iAlso pH values are below the permissible range of 6-8.5 in all the locations except 

Ubima and Omerelu. The acidic nature of the groundwater is attributed to anthropogenic activities or leaching of 

organic vegetable materials. There is therefore need to treat the groundwater in these locations to reduce the iron 

content and bring the pH to normal. Further studies is recommended to identify the real source of the iron. 
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1. Introduction  

The iissue iof isustainable ipotable iwater isupply ihas ibecome a major iwater iworld iissue idue ito irapid 

iurbanization iand iindustrialization, iwith an iattendant irapid iincrease iin ipopulation, ileading ito an 

iastronomical idemand ifor iwater. Safe iand iaccessible idrinking iis inow a imajor iglobal ichallenge ito 

ihumanity. The iissue iis ithe iavailability iand iaccessibility iof igood iquality iwater ithroughout ithe iworld 

[14].    

Groundwater ihas ibecome a good isource iof ipotable iwater ifor idomestic iand iindustrial iuses.iA ilarge 

percentage iof ithe iglobe idepends ion igroundwater ifor ivarious iuses. This iis ibecause iit iis ireadily 

available, iespecially iin ithe isedimentary iterrain. [3] It iis ialso inot ieasily icontaminated, iunlike isurface 

waters, iwhich icould ieasily ibe ipolluted iwith iinfectious iagents iand itoxic ichemicals idue ito ihuman 

activities. Groundwater iis istored iin itiny ipores ibetween irocks, isoils, igravels iand/or a combination iof 

these in ivarious iproportions. Such igeologic istructures, (aquifers) iwhich ihave igood iinter-connectivity iand 

can easily itransmit iwater (and iother ifluids), iare isaid ito ibe ipermeable. The ivolume iof isubsurface 

materials, as iwell iasithe isize iand inumber iof ipores iand ifractures, idetermine ihow imuch iwater an aquifer 

can ihold [12].                                                           

Groundwater ipollution ican ioccur iin a variety iof iways. One ipossible iway iis ithrough ithe irecharge iof an 

aquifer byipolluted isurface iwater.iAlso, ihazardous isubstances from human iactivities ican iinfiltrate iinto 
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subsurface iaquifers, causing icontamination. Contaminants idissolved iin groundwater ican ipotentially iflow 

into iwells iused ifor domestic iand iindustrial ipurposes. This iposes iserious health risks [13].                                       

The iuse ithat iwater iis iput iinto idepends ion iits iquality, which iis ideterminediby iits ichemistry. Therefore, 

knowing ithe ihydrogeochemistry iof igroundwater ibecomes as iimportant as iits iavailability [2] [14]. Water 

that iis ipolluted iis iunfit ifor idomestic iuse iwithout igoing ithrough ivarious itreatment iprocesses ibecause of 

the ihealth irisk iit iposes. Water itreatment, iin imost icases, iis iquite an iexpensive iand icannot ibe iafforded 

especially iin irural icommunities. It iis iwith ithe iabove iview iin imind ithat ithis istudy iwas icarried iout, ito 

examine ithe ilithostratigraphy ifrom iground ilevel ito ithe iaquifer-bearing iformation iof ithe iarea as iwell as 

determine ithe ihydrogeochemistry iof ithe igroundwater. [7][9] These iare iexpected ito iaid ipractitioners iin  

the iwater iindustry iin iproviding ihigh-quality, iportable iwater ito ithe icommunities iin ithe iarea. 

 

1.1 Study Location 

The istudy iarea (Ikwerre ilocal igovernment iarea iof iRivers iState, iNigeria) iis iin ithe iNiger iDelta, ithe 

southern ipart iof iNigeria. It has igeographic icoordinates iof ilatitude i4o.50’N ito i5o.15N iand ilongitude 

6o.30E ito i7o.15’Ni(See iFig. 1). The iarea iis igenerally ilow-lying iwith an iaverage ielevation iof i13 im above 

isea ilevel. 

 
Figure 1: Map ishowing iIkwerre iLocal iGovernment iRivers iState  Figure 2:  Geology Map iof ithe iNiger iDelta [2] 

 

1.2 Geology 

The igeology iof ithe iarea iis iassociated iwith ithat iof ithe Niger iDelta, iwhich iwas iformed iin ithe 

iHolocene byia process iof ierosion iand isedimentation [1]. It iis ilocated iin the isouthern ipart iof iNigeria, ion 

ithe icontinental ishelf iof West iAfrica.     Three imajor ilitho-stratigraphic iunits ihave been iidentified iin ithe 

iNiger iDelta. [2].I                                                                                  

These iare ithe ilower iAkata, ithe imiddle iAgbada iand ithe top iBenin iFormations. The iAkata iFormation iis 

imainly marine ishale iwith ileases iof isiltstones iand ifine-grained sandstone.iIt iis iapproximately 4000im 

thick [13]. Its iage range iis ifrom ithe iPaleocene ito iRecent [9]. Below ithe 

Akata iformation iis ithe iAgba iFormation, imade iup iof alternating ibeds iof isand, isandstones, iand shale. 

The poorly sorted iand ihighly iporous isands iand isandstone irange iin grain isize ifrom ifine to icoarse. The 

ithickness iof ithe Agbada iFormation iis ibetween i10000 ikm iand i12, 000 ikm and is of iEocene ito iRecent 

iage. [2]                                 

 i i i i i i i i i i i i i i i i i i i i i  i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  
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The itop iformation, ithe iBenin iFormation, icovers ithe iwhole iof the iNiger iDelta iand isouthward ibeyond 

ithe icoastline. It consists of icoastal iplain isands iand iis ioverlainiby iQuaternary ideltaic deposits. The iBenin 

iFormation iis imainly isand iwith isome localized ishale iinterrelations.iIts ithickness iis ibetween iiand i30 m. 

It iis ithe imain iaquifer iin ithe iNiger iDelta [11] [10]. The Akata iFormation iis ithe isource irock, iwhile ithe 

ihighly iporous Agbada iFormation iis ithe ireservoir irock iof ithe iNiger iDelta petroleum isystem [3]. 

 

1.3. Hydrogeology 

The ideltaic iplain isands iand ithe iBenin iFormation, iwith aithickness iof iabout i1892 im, iare ithe main 

aquifers iin ithe iNiger iDelta. The iBenin iformation iconsists iof imainly isands (90%) iand sandstone iwith 

about i10% iclay iand ilignite ibeds [4]. iIt iis irecharged imainly by iinfiltration ifrom rainfall iwith iinterflow 

and ibaseflow ito ithe iriver idischarge isources iand ialso by iabstraction through iboreholes.                                               

Several iaquifers ihave ibeen idiscovered iin ithe iNiger iDelta [8] [1], iwith ithe itop ishallow unconfined 

aquifer iranging in idepth ifrom i0 ito i40 im idepending ion ilocation. In isome coastal surface iaquifers, ithere 

is ithe iproblem iof isaline water iintrusion iinto ithe iunconfined iaquifer, thereby making ithe iwater iunfit ifor 

various ihuman iuses [10] [12]. Different iunits iwithin ithe multi-layered iaquifer isystem iof the iNiger iDelta 

have ibeen idelineated iusing iaquifer frequencies [6] [10] [9]. The ivariation iof iaquifer frequencies with idepth 

shows ithat iall ithe iaquifers iare generally overlain by aisandy/silty iclay ior iclay iat ithe isurface, except in 

most iof ithe icoastal beach iislands. Ngah [8] delineated three iaquifer izones iin ithe iDelta iwithin a depth 

range iof i0 to 250 imm, iwith ithe ipossibility iof aideeper aquifer as ione goes idown. The iaquifers iare iof 

continental deposit. Some hydrogeological iparameters irecorded iin ithe area iare igiven in iTable i1 below. 

Table i1: iSome ihydrogeological iparameters iof ithe iNiger iDelta 

Parameter Range iof iValues 

Transmissivity (1.05 i– i8.58) ix i10-2 im2/sec 

Hydraulic iconductivity 0.03 i– i65 im/d 

Storativity (1.07 i+ i3.53) ix i10-4 

Specific icapacity 4.13 i– i98.52 im3/hr/m 

The iwater itable iis igenerally iaffected by ithe iclimate, rainfall, iand idrainage iconditions. Rain ifalls ialmost 

continuously ithroughout ithe iyear, ifor iabout inine imonths (March ito iNovember). The idry iseason ibetween 

November and iMarch iis inot iwithout irainfall. The iwater itable increases iduring ithe irainy iseason iand ifalls 

in ithe idry season iin ithe iunconfined ishallow iaquifer [2] [12] [15] [11]. 

 

2. Materials and Methods 

The istudy iinvolved ifield isampling iof isoil iand iwater samples iand ilaboratory ianalysis iand iinterpretation 

of analyzed iresults. Six isampling icommunities iwere iselected based ion ispread, iaccessibility, iand ihuman 

activities (population). Soil isamples icollected iand ianalyzed iduring drilling (drillers log iwere used).iSamples 

were iobtained at a regular iinterval iof iabout i1.0 im iand iat aidepth where there iwas an iobserved ichange in 

soil itype.                                                

The icollected isamples iwere iwashed iand ifirst iinspected for field idescription iand iclassification ibefore 

being bagged for ifurther ianalysis.Six iborehole ilitho-stratigraphic logs were iused ito iaccess iaquifer 

lithology. The lithology-stratigraphic ianalysis igives an iindicationiof the iaquifer ithickness, iposition, idepth, 

and icomposition iof the iaquifer. The ihydrogeochemical istudy iincluded ithe sampling iand ianalysis iof isix 

(6) iwells, iwhich iwere drilled mainly for idomestic ipurposes. All ithe iwells iwere fully iscreened iand 

samples were itaken iat iabout ihalf iof the imaximum iwell idepth. Water isamples ifrom ithe istudy boreholes 

were collected iand ipreserved iaccording ito standard iprocedures [5].                 

                                              

All isamples iwere iput iin iiced-boxes iand itaken ito ithe laboratory ifor ifurther itests. The ilaboratory 

parameters determined iin ithe ilaboratory iincluded iiron, ichloride, alkalinity (TA), iand idissolved ioxygen 
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(DO). The sampling bottle iwas ifilled ito ithe ibrim ito iavoid iair bubbles, iand 1ml iof imanganese isulphate 

was iadded iand mixed. In-situ, parameters isuch as ipH, iwater temperature, turbidity, itotal dissolved isolids 

(TDS), iand ielectrical conductivity iwere determined iin-situ iusingia iquality instrument (Ex iTECH multi-

parameter iwater iinstrument iDO700). Data iobtained from ithe ianalysis iwas icompared iwith iboth ithe World 

Health iOrganization (WHO) iand ithe iNigerian Industrial Standards. 

Table i2: iSample iLocation 

S/N Community 
Borehole iLocation i(Bps) 

Depth i(m) 
Northing Easting 

1 Isiokpo 5o58’33” 6o53’21” 70.1 

2. Omagwa 5o33’98” 6o88’72” 70.1 

3. Omujechem 5o54’82” 7o15’70” 132 

4. Elele 5o06’30” 6o48’51” 61 

5. Ubima 5o7’14” 6o54’10” 70.0 

6. Omerelu 5o03’33” 6o88’70” 71 

 

 

3. Results and Discussion 

Lithostratigraphy iunits iwithin ithe iboreholes iwere iidentified ibased ion ithe isoil isamples. Soil samples 

collected iand iprocessed igave iaccurate ilithologic iwell ilogs (Figure i3).iAnalysis iof ithe samples igave ian 

indication iof ithe ilithologic icharacter iand ithickness iof the iaquifer iand boundaries.The istratigraphy iof ithe 

study area, ias irevealed iby ithe ilogs, iis imade iup iof iclay, silt, and igravel icombined iin ivarious proportions 

and iof ivariable iproportions iand ivariable thickness iand itexture. The itopmost ilayer iis iclay, iwhich iis 

followed by a layer iof ifine ito mediumisand.                                                            

The isands iare isharp iand iunconsolidated ibut ipoorly sorted. Below ithe isand iis ianother ilayer iof iconfining 

clay iat various idepths.                                    

The iclays iwhich iare ikaolinitic iare ilight igrey iat ithe itop and idark igrey ibelow. The ithickness iof the iclay 

ranges from i2m iat iIsiokpo ito i10.0m iat iElele. They iare ilaterally extensive iand ican ibe correlated (figure 

3). Multiple aquifer systems iare iobserved iin ithe iarea, ithe itop ishallow iaquifer at a depth iof ibetween i3m 

and i10m iandia more iextensive confined iaquifer ibelow aicapping clay layer. Below ithis second iclay ilayer 

is isand iof ivarious igrades iranging ifrom fine ito ivery icoarse and igravel iwith ivarying ithickness. They iare 

laterally iextensive iand ipoorly isorted, iporous and permeable. This iis ithe imain iaquifer iin ithe iarea. Its 

depth iis ilocation idependent. 
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Figure 3: Lithostratigraphic Logs of study Area 

3.1 Hydrogeochemical iAnalysis 

The iwater iquality iof ithe iarea iwas idetermined ithrough ithe ianalysis iand iinterpretation iof ithe 

iphysicochemical iconstituents iof ithe iwater isamples. The iresults iof ithe ianalysis iare irepresented iin iTable 

i3. The iaverage iwell idepth iis i70.1m. This iis ithe ilowest iat iElele (61.0m) iand ithe ideepest iat iOmuechem 

(132m). The ichloride, isalinity, iconductivity, ialkalinity, iand itotal ihardness ivalues iare iwithin ithe iWorld 

iHealth iOrganization (WHO) iand ithe iNigerian iIndustrial iStandard (NIS) ifor idrinking iwater. 

The iiron iand ipH ilevels iare, ihowever, ihigher iat isome locationsi (Fig. i4). iAt iOmerelu i(0.4 img/l), 

iOmagwa i(0.43 img/l), iand iIsiokpo i(2.0 img/l), iiron iconcentrations iare ihigher ithan ipermissible ilevels iat 

iOmerelu i(0.4 img/l). Also, waters ifrom iIsiokpo, iOmagwa, iOmuechem, iand iElele iare islightly iacidic 

i(below ithe iminimum ivalue iof ipH i6), iwhile iUbima iandiOmerelu iare iwithin ithe iWHO ilevel. The 

irange iof ivalues iof isalinity iis ifrom i20 ito i100 img/l. iThe ihighest ivalue iof i100mg/l ioccurs iat 

iOmuechem, iwhile ithe ilowest ivalue iof i20m/l ioccurs iat iOmerelu. The iaverage ichloride iconcentration iis 

i25.5 img/l iin ithe iarea. This ifalls iwithin ithe irange iof iacceptable ilimits (250mg/l) isetiby iWHO.  

 

Table 3: Max and min mean values of some parameters 

 Maximum Minimum Mean 

Iron 2 0 0.52 

Chloride (mg/l) 38.94 18 25.6 

Salinity (mg/l) 100 20 57.4 

Conductivity (µs/cm) 36 15 21 

pH 65 5.1 3.73 

Alkalinity (mg/l) 15 0.6 4.8 

Total hardness i(mg/l) 10 4 6.3 

 

 

 

 

 



Morrison T et al                                      Journal of Scientific and Engineering Research, 2022, 9(11):119-130 

 

 

Journal of Scientific and Engineering Research 

124 

 

 

 

Table 4: Result of Water Analysis [16][5] 

Location Iron 

(mg/l) 

Chloride 

(mg/l) 

Salinity 

(mg/l) 

Conductivity 

(µs/cm 

pH Alkalinity 

(mg/l) 

Total 

Hardness 

Isiokpo 2 38.94 64.4 20 5.6 15 10 

Omagwa 0.4 20 20 20 6.5 0.6 8 

Umejechem 0 18 50 18 6 2 4 

Elele 0 29.8 49 15 5.2 3 5 

Ubima 0.3 26.0 100 36 5.7 3 6 

Omerulu 0.43 19.7 0 1.0 5.9 5 5.3 

                                 WORLD HEALTH ORGANISATION STANDARD (WHO) 

 0.3 250 500 2000 6-8.5 200 300 

                                 NIGERIAN STANDARD FOR DRINKING WATER QUALITY 

 0.3 250 500 1000 6-8.5 200 300 

 

Table 5: Iron (mg/l) concentration 

Locations Isiokpo Omagwa Umuejechem Elele Ubima Omerulu Av 

Iron (mg/l) 2 0.4 0 0 0.3 0.4 0.5 

 
 

Figure 5: Iron concentration (mg/l) in groundwater from all sampling Communities 

 
Figure 5: Contour map showing the concentration of iron (mg/l) in groundwater samples from all sampling 

communities 
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Table 6: Chloride (mg/l) concentration 

Location Isiokpo Omagwa Umuje chem Elele Ubima Omerulu Av 

Chloride (mgl) 38.94 20 18 29..8 26.9 19.7 25.5 

 

 
Figure 6: Chloride concentration (mg/l) in groundwater from all sampling Communities 

 
Figure 7: Contour map showing the concentration of Chloride (mg/l) in groundwater samples from all sampling 

communities 

Table 7: Salinity (mg/l) concentration 

Location Isiokpo Omagwa Umuje chem Elele Ubima Omerulu Av 

Salinity (mg/l) 64.4 20 50 49 100 0 57.4 

 
Figure 8: Salinity concentration (mg/l) in groundwater from all sampling Communities 
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Figure 9: Contour map showing the concentration of Salinity (mg/l) in groundwater samples from all sampling 

communities 

Table 8: Conductivity (µs/cm) 

Location Isiokpo Omagwa Umuje chem Elele Ubima Omerulu Av 

Conductivity (µs/cm ) 20 20 18 15 36 1.0 21 

 

 
Figure 10: Conductivity analysis (µs/cm) in groundwater from all sampling Communities. 

 
Figure 11:  Contour map showing level of conductivity (µs/cm) in groundwater samples from all sampling 

communities 
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Table 9: pH (mg/l) concentration 

Location Isiokpo Omagwa Umuje chem Elele Ubima Omerulu Av 

pH 

(mg/l) 

5.6 6.5 6 5.2 5.7 5.9 5.7 

 

 
Figure 12: pH i(mg/l) concentration iin igroundwaterisamples fromiall Sampling icommunities 

 
Figure 13: Contour map showing the concentration of pH (mg/l) in groundwater samples from all sampling 

communities 

Table 10: Alkalinity (mg/l) concentration 

Location Isiokpo Omagwa Umuje chem Elele Ubima Omerulu Av 

alkalinity 

(mg/l) 

15 0.6 2 3 3 5 4.7 

 
Figure 14: Alkalinity (mg/l) concentration iin igroundwaterisamples fromiall sampling icommunities. 
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Figure 15: Contour map showing the concentration of Alkalinity (mg/l) in groundwater samples from all 

sampling communities. 

Table 11: Total Hardness (mg/l) concentration 

Location Isiokpo Omagwa Umuje chem Elele Ubima Omerulu Av 

Hardness 

(mg/l) 

10 8 4 5 6 5.3 6.3 

 

 
Figure 16: Total Hardness (mg/l) concentration iin igroundwaterisamples fro all sampling communities 

 
Figure 17: Contour map showing the concentration of Total Hardness (mg/l) in groundwater samples from all 

sampling communities. 
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This ishows ithat ithe ichloride iconcentration iin ithe igroundwater iis inot ihazardous ito ilife. The slightly 

acidic inature iof ithe igroundwater iat iOmerelu, iIsiokpo, iand iOmagwa imay ibe attributeditoithe ipresence of 

organic imaterials idue ito ithe idecomposition iof iorganic vegetative materials iin a reducing ienvironment. 

This iprocess igenerates iorganic iacids iwhich icould iinfiltrate subsurface iand igroundwater iaquifers. It icould 

also ibe iattributed ito ianthropogenic iactivities associated iwith ifarming iand ipollution ifrom ipetroleum 

exploration iactivities. 

 

4. Conclusion 

Groundwater iis a valuable inatural iresource [7][16][12]. It iis ithe imain isource iof iwater iin ithe iarea iunder 

study idue ito ithe ipaucity iand ipollution iof imost isurface iwaters iin ithe iarea as a result iof ipetroleum 

exploration iactivities.       The iarea (Ikwerre ilocal igovernment iarea) ihas ienough igroundwater ifor iboth 

domestic iand iindustrial iuses. The igroundwater iin ithe iarea idoes inot ipose a ihealth ithreat ito ithe ipeople as 

iit imeets iboth ithe iWHO iand ithe iNIS istandards ifor idomestic iwater iuse, iexcept ifor iOmagwa iand 

Omerelu, iwhich ihave islightly iacidic iwater, ifor iwhich itreatment iis irecommended ifor ihuman iuses. 

Regular hydro-chemical studies should be carried out in the area to detect any further deterioration of the 

groundwater quality. Also, strict measures should be put in place to discourage or minimize the cause (s) of 

water quality deterioration in the area. The slightly high acidic pH values in iIsiokpo, iOmagwa, iOmuechem, 

and iElele areas should be treated with sodium bicarbonate, to reduce the acidity and keep the water in the area 

within the regulatory standards and requirement for the various purposes. 
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