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Original Research Article
Hydrogeology and Water Quality Assessment of the Middle Aquiferous Horizon of Onitsha and
Environsin Anambra Basin, Eastern Nigeria.

Abstract
Onitsha is a commercial, ecclesiastical and aditnatige city located on®@930'E and 68'30"N in
South-Eastern Nigeria with a high population dgndihe study area is close to a confluence and
occupies a landmass of 300 kamd geologically belongs to the Ameki group in Ataanbasin. The
lithology of ten (10) wells labeled ¥WW-, Wg, W12, W16, Wao, W21, Wap, Wa3, and W, were obtained
from which a geologic fenced diagram was generdted;aquiferous horizons were detected which
range from shallow (15-24m), upper (30-32m), midg@0m) and the deep (>90m). The study revealed
that the flow direction of the groundwater is miliectional which was influenced by the piesometric
heights; the study also revealed that there igpaedsion (sinkhole) at the middle aquifer occasidme
the massive extraction of groundwater from the faguihis is as result of the population densityief
study area with several functional boreholes tagimgiater from the middle aquifer on an hourlyibas
Biogeochemical analyses were carried out on therghwater from these wells and the result obtained
when compared to WHO standard shows that the wasrseverely polluted particularly with coli form
count, for example the an average of 14.7 totalfooin count was recorded against 0 recommended by
WHO. The cations and the anions were analized uactgptable method such as American Public
Health Association, Allenet al; 1974 and Adeleke and Abegunde 2011, while the yheaatals were
analized with AAS model PYE Unicam SP 2900. Thevattue of the groundwater was found to range
between (6.5-7.05); other parameters measureddie¢htal hardness (TH), total dissolve solid (TDS),
Electrical Conductivity (EC) and alkalinity has th@lowing range of values (64-120 mg/l), (10-40
mg/l), (71-109 s/cm) and (56—220 mg/l) respecyivéhe cations and anions were obtained as follows;
Ce* (1.46-8.62 mg/l), MY (0.72-2.57 mg/l), C(153.8—-449.7mg/l), PO(7.5-61.5 mg/l) and NO(6-
21.6 mg/l). The heavy metals includes; Fe (0.2B-0r@/l), Zn (0.04-1.16 mg/l), Mn (0.03-0.52 mg/l)

and Ba (0.02-0.26 mg/l). The Chemistry of the watas traced to anthropogenic activities due to high
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chloride and heavy metals measured; this is inftadnby the countless number of septic tanks, open
dumpsite, battery manufacturing companies, andiefti from pharmaceuticals and textiles industries
amongst others present in the area. The authoosnraend that drillers and borehole contractors shoul
therefore drill deep into the deeper aquifer teatapped with clay/shale body for potable watelevie
water from the middle aquiferous horizon should voell treated before consumption by applying

Adsorption and Osmosis filter method etc

Keyword:Onitsha, Anambra Basin, Groundwater, WHO and Anslys

I ntroduction

The study area was found about 1680, has beentaragncommercial activities, an ecclesiastical and
administrative center [21]. Onitsha and its enwraronstitute one rapidly urbanizing region. The
urbanization process was correctly anticipated 2%],[ while investigating and modeling the urban
sprawl pattern of Onitsha. Onitsha and Environsalighin the Nkisi-ldemili water shed and covers an
area of about 300 Km within coordinate points°8'30'N and 64930'E as shown inKig 1). The
elevation of the study area range between 32 meabea level from the East to the Coastal portion of
River-Niger to about 100 m above sea level fromcddetral half to East extremity. The area is draibg
Anambra, Nkisi and Idemili Rivers all of which digrge into the River Niger. The sediments origidate
from the Cameroon massif and Abakilike anticlinaral range from Campanian to Recent, [1, 2]
According to [3], Onitsha falls within the tropiegith mean annual temperature range of@2 27C

and mean annual rainfall between 1,500 mm-2,500cmanacterize by two distinct seasons; wet and dry
with average monthly rainfall of 2000 mm. The weason range between the month of April to October
while the dry season is between November and Md&rceé.area of study covers basically Onitsha North,
Onitsha South, Nkpor, Obosi and lyiowa Odekpe. Wdtal population of the study area according to
1991 census was 428,272 (four hundred and tweght #iousand two hundred and twenty seven), while
2006 census put it at 512,939 (five hundred andviewvéhousand nine hundred and thirty nine) with

19.77% increase according to the “Official Gazaftéligeria government” [4, 20] Table 1.
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Several researchers have worked on the qualitth@fground water in the shallow, upper and deep
aquiferous horizons in the study area but littlenothing have been said about the hydrogeology and
hydrogeochemistry of the middle aquifer. For exampl5] worked on the biophysiochemical
characteristics of the deep aquifer at Onitshainenvirons. A wide spread of contaminates assedia
with groundwater at Onitsha was dealt with by [6lile [7,8] worked on the unconfined shallow aquifer
in the study area. Groundwater resources are dynanmature and are noted to be the largest sairce
fresh water as a result, monitoring and conseritibgcomes imperative [9]. In the last decade orano
the government of Nigeria has partially realized #gignificance of water resources and the need to
develop it [10]. Hydrological models have been ewypas a tool to explain the interrelation of the
various hydrological phenomena and in the procebdse shydrological and water resource problem.
Nigeria depends largely on groundwater supply letingt attracting attention it deserve [11]
Geologically, Onitsha metropolis is majorly underldy the Ameki group which consists of Nanka
sands, Nsugbe Sandstone and Ameki Formaiton FM [12]

The present study is focused on the hydrogeologyGhemistry of the middle aquiferous horizon using
the fenced diagram as a model to reveal the staglity and hydrogeology while the biophysicochemical
analysis is to characterize the water quality oft€bra and its environs. This became imperative tdue
the high demand in groundwater exploitation andewaality monitoring; this will help researchers,
government, borehole contractors and other stallehdb understand the hydrogeochemistry of the

study area consequently contribute to sustainableldpment.

Table 1: Population Figures of the Study Area ( After Ezemeodo and | gbokwe, 2013)

S/IN Names of areas 1991 Population 2006 Population
1. Onitsha North 121,157 124,942

2. Onitsha South 135,290 136,662

3. Nkpor 64,732 94,697

4. Obosi 85,249 124,699

5. lyiowa Odekpe 21,844 31,939
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Source: Official Gazatte of Nigerian government B#&/52007/2,500(0L24)
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Fig 1: Location and Geologic Map of Onitsha and Environs

Materials and Method

The study area falls within°4930'E and 68'30'N and geologically belong to the Ameki group
(Nwanjide, 1979 and 2014), (Fig 1) shows the lagatand geological map of the study area. Field
survey was carried out using global positioningtestys (GPS). Litho log, from ten(10) wells (Fig.1)
constructed by experienced hydrogeologist withatis¢ apart as presented in (Fig.1), the wells were
labeled W, W7, Wy, W12, Wi, Wao, Wa1, Way, Was, and W4 from which geologic fenced diagram (3D
diagram) showing the subsurface stratigraphy wawmlr(Fig 3). Water samples from the ten (10) wells
were collected and tested for coli form count, @i anions and heavy metals. Acceptable methods
according to [13, 14 & 15] were used to determine ¢oli form count, cations and anions while the

heavy metals was determine with atomic absorpi@ttsometer (AAS) model PYE unicam SP 2900.
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Fig 2: Litho Log of the wells and their Piesometric Hig)

Results and Discussion

Fig. 4 shows the hydro-geological section acrosssthdy area whileF{g 2) shows strategraphic (Litho
log) and piesometric water surfaces of the stuéya.aA quick look atKig. 4) shows that the area of
study is overlain by lateric soil with variable ¢khess which is then underlain with a thick coaaedy
horizon with lenses of medium shale to medium saclirring with the coarse sand. The thickness of
the coarse sand range between 8 — 27m. The fidggweshows that the coarse sand horizon is underlain
with clay with thickness of six (6) metres at Awaeliastic industrial area to twenty three (23) nete
Nkpor. Below the shale and sand horizon at abogtrétres is the top of a medium grained sand zone
which is the main aquifer which varies in thickn&ssn twenty three (23) metres at Obosi to morentha
ninety two (92) metres at Nkpor. The aquifer isliimand extends from the main market-GRA- inland
Town, - Akwa Road- Nkpor and Obosi. The geologieckd diagram is shown in (Fig.3). The diagram
shows the subsurface stratigraphy and the variqugesous horizons from unconfined, semi-confined t
confined in the region. At the base of the uncadiraquifer lie the semi-confined and the confined
upper, middle and deep aquiferous horizons madefigandstone within the Ameki Formation. The
groundwater flow direction in the middle aquiferpeesented in (Fig.5); it shows multidirectionaivil

that is superimposed on the regional southwest flin@ction. The diagram revealed that there is a
sinkhole or depression occasion by groundwateaettm within and around the densely populated area
such as Okpoko, Fegge, Housing Estate and Main édanea. When groundwater is pumped from an
aquifer, the rate at which water flows in from sherounding rock to replace that which is extradgsed
generally slower than the rate at which water ketaout [23]. When this happen, a cone of deprassio
can likewise develop in potentiomentric surfacessegjuently lower the regional water table. Another
consequence of lowering the water table is thatstireounding rocks can no longer hold water due to
compaction by the weight of the overlying rockssttlecrease their porosity, permanently reduciedy th
water holding capacity and may also decrease fflegineability. At the same time, as the rocks below
compact and settle, the ground surface itself niégige. It imperative to state that lowering of weger

table or the potentiomentric surface also may doumtie to sinkhole formation [23] which is the caxe
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117  the study area, this assertion is supported bylf4,17, 23 & 24]. From the foregoing, there is a
118  possibility of mass movement leading to land sld#in a geological time frame due to soil instépil
119 and the lowering of water table.The values for stegic water level and hydraulic head in metredwit
120 their coordinate in the area of study are show({T able 3).

121 Geochemical and bacteriological analysis of theewaamples shows a high concentration of almost all
122  the parameters that were analyzed for (Table 2. mkan values of the parameters were also shown in
123  the table, most of the value exceeded World He@lidpanization [18] standard for drinking water. The
124 mean values for the anion were 286ifgir CI' against 250 mgli recommended WHO; the presence of
125  high amount of chloride indicates linkage from s=pPQ? value was found to be 36.2 md Other

126  anions such as NQ SQ? where below the permissible limit. The major caipNd, C&* and Md"*

127  were within the required standard. Electrical caniity (EC) was found to below (WHO, 2006)
128  standard of 1200 mg'l The alkalinity recorded 1.51md lagainst 100 mgi The TDS, DO, BOD,
129 COD, TSS mean values were; 20 riig64 mg I, 4.26 mg T, 25.9 mg T and 20 mg't respectively. Of

130 the heavy metals assessed, the values were hggme areas while in other areas, the values were lo
131 as summarize in (Table 2). Most worrisome is thaltooli form count measure in MPN/100M1. The
132 values of all the total coli form count across Wels where above WHO value of value of O (Table 3)
133  some of the wells recorded 38, 23,14,13,12 andedfectively, this is alarming. From the foregoiting

134  inhabitants of Onitsha and environs are serioughpsed to health risk. The geochemical resultslar

135 to early researcher in study [4,8]

136  Table 2: Results of Physiochemical Parameters for the Séudg. Compared with WHO (2006)
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139  Fig. 3 Geologic Fence Diagram for Onitsha and Environs
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Fig 5: Groundwater Flow Direction

Table3: Coordinate an@iydraulic Head Value Calculated for Boreholes aroundstioely Area

SN LATITUDE LONGITUDE ELEVATION DEPTH TO HYDRAULIC LOCATION
ASL (M) SWL (M) HEAD (M)
5 6°46'38".3 6°07'07*1.5 42.2 39.6 2.6 New Heaven Layout
Okpoko
7 6°46'29'".4 608'29'.4 39.6 75 32.1 Fegge Obosi Street
9 6°46'12".4 6°08'47'' .4 23.6 72.248 -48.7 Niger Steel Road:
Main Market
12 6°47' 07" 6°09'48.3 79.6 63 16.6 GRA Phase 1
16 6°48'00" 6°09'01** 103.1 88.392 14.7 Awka Road
Emmanuel Ch Rd.
Inland town
20 149.¢ 64.00¢ 85.¢ Nkpor

6°50'0C".6 6°08"48".9
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21 6°49'59".6 6°08'41".3 121.5 64.008 57.5 Nkpor

22 6°49'03" 6°06'30*.4 107.¢ 10¢ -0.2 Near Federal
Ministry of Works
Obosi

23 6°47'540" 6°07"1 7.6 111.2 106.5 4.7 Awada Plastic
Industry

24 6°47°64™ 3 6°07*35.0 59.6 67.8 -8.2 M gbemena St.
Awada

Table 4: Values of Coli Form Count

SN CODE COL| FORM COUNT
1 BH1 11
2 BH 12 38
3 BH2 23
4 BH23 12
5 BH9 1
6 BH7 12
7 BH16 12
8 BH21 11
9 BH20 13
10 BH22 14

WHO 0
Conclusion

The hydrogeology and groundwater quality assessiwofetite middle aquiferous horizon of Onitsha in
Anambra Basin in Eastern Nigeria have been cagestildied. The aquifer based on 3D geologic fenced
diagram belongs to Ameki group in Anambra basinutSoEastern Nigeria. The lithology and
piesometric surfaces of the study area are shoWign2). The diagram revealed that the study aaeas
overlain with lateritic overburden with variableidkness (Fig.4). Below the lateritic overburden is
sequence of coarse sandy horizon which is undebiainlay of about six (6) metres at Awada Plastic
Industrial area to about twenty three (23) mettabe@ Nkpor. It also show that the clay is underhaith
shale and sandy horizon at about 102 meters bélewurface is the top of a medium grained sand zone

which is the main aquifer that varies in thickneBse aquifer is prolific and flows in a multidirémbal
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local network occasion by the depression which cas a result of massive extraction of groundwater
from the closely sunk boreholes in the middle agudouple with the ever increasing population & th
inhabitants in the study area [21, 22 & 23].

The results obtained from the groundwater sampilewss that coli form counts were very high in thie al
the well. The cations and anions were slightly bigthan normal while others were below limits when
compared with [18]. Other physicochemical paranseserch as COD, BOD, BO, TSS, TDS, etc were
also measure and the results were presented ihe(Zab

The ultimate results shows that the water quabtyweéry poor; this is influenced by infiltration of
leachate, linkages from the septic tanks couplén wiinoff from dumpsite and poor environmental
management of the study area occasion by anthropogetivities [5, 19]. In the nearest geologicald
frame, there may be a natural disaster such aslidadowning to mass movement as a result of soil
instability due to extraction of water from clossignk boreholes in the study area.

Recommendation

» Drilling of wells into the middle aquiferous horizshould be discontinued in other to minimize
the rate of water extraction the aquifer.

» Dirillers and contractors should be encouraged itbd#reper into the deep aquiferous horizon so
as to obtain clean and potable water, and decotigestumber of wells being sunk in the middle
aquiferous horizon.

» The water from the middle aquiferous horizon shooddwell treated before consumption by
applying Adsorption and Osmosis filter method etc.

« Government should ensure compliance to existerit@mental laws and stiff punishment given
to defaulters.

» Health survey should be carried out to shows thtend»of exposure and health impact on the

receiving communities.
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