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Abstract

Nekede, Ihiagwa and Eziobodo coomunities has witnessed an upsurge in its nonulation shce the establishment of

Federal polyrechnic Nekede (FEDpoGii--a f.a"*f University rif -Iechnologr Owerri (FUTO) A ,"."t 9f 
ol

souDdwater samples were collected frorn-'#Jotcs tupping rorn rhc shallow.aquifers system in-rhejrea and analy?€d

f#;;; r,";il ii"-J -a Ua"t*otogic"t pu*."i.o usioC stafl.dard analvtical methods. The essenc€ ol the

sudy is ro compare rhe q""fiayip.,.tiiiry'.i"Oldorno*u,"r $i$"-rhe world H;alrh Organization- (wHo) and tie

iil**ir" i -J"io r., orlnrniwarc. {.iaitv NsbwQ) The pH of the water ranses from45to 7'l with ar average

vatuo of 5.7. The total cotirorm counts iif ii", ii "ni"- a ,iz5 cfrr/cm with an iverage value of I15.0-cflr/crn The '

concenuation of manganese ,-i", fro,n-O'.0*f io i's*gt -O u mea' value of o'3mg/l' The results of the physio-

"i.*i*i 
p*urn"*., L.p"r" f"nor.tiy *itfr the Worli t teahh Organization and Nigerian Stafldad for Drinldng

water eualiry exc€pt un ana ptt in soiJ to"urionr. f-fr. to* pu ind ica]es rhar rhe wate. is slightly acidic and should be

,*i"oi"i pi befoie consumitioo. Th" 
-uu"i"rioi"E"a *.rti shows high level of rotal colifotm and Escherichia coli

i, ir," g",iJ*",* which is an inaication of raeial contarninarion, The rvater in the area is predominantly soll.to

.J'"f"ry t *a. h view of the high uuaerlu *tiro- 
"ounl 

boiling of waler before drinkirg is impodant. lt is also

[io.-"ria"a ,f,u, prop€r sanitaty 6ile; ; const ucred ir the arca- The water i., rhe arca is Calcium-BicarboDate t ?e'

i"yn.i*t Ana"utiorq water quility, shaliow aquifer, Southeastem r'"igeria.

lntroduction

Groundwater is one of Nigeria's precious natural resources' providing reliable ryater *f1l]l?,f:'
millions of people. The ability of groundwater to provide a buffer against climatic vanabrhty ano II:; Iaurv

"""t"* "ti'tp,iti 
ioo 

"o"or*g", 
i" ut"Uifity over surlace water' tue to the ephemeral nature of surface

;;;;;;;e;". stilt remaiL the onlv ,"ili,ti" -d uffotdable means,of providli.I^"1^"0.t-:^1fi:'fl'
i"r'p.r:"y ,"ar"rirn and economic devllopment- Groundwater occurs aknost everywhere beneath the land

.*i""" "ia is largely controlled by the geology and geomorphology of th: arga The widespread

occuretrce of potable groundw*"t -t tt 
" 
nitutiptcessi that tind to provide barrie rs 1o- s:T^P-:t-:f

.o.tu*inutioo *" .o.i ofthe reasons why it is p;efe,ed by rnost Nigerians as the* source ol waler supPty

(Amadi and Olasehinde, 2008)..'*'-o* 
or,n. objectives of the Millennium Development Goals (MDGs) is the reduction.by half the

number of people without access to potable warer by the year.20l5- Since Water is the elixir of life'

O.naoping -O'rnonitoring ttr" quaiity'J louodo'ate' tesources is. a. sure way of attaining-the Millennium

p"r"flp.?* c"at (MDds) and reatization of part ofthe seven point agenda ofthe Federal Government'
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Localion of lhe stud! area

Nekede community hosts Federal Pol)technic Nekede OEDPONEK) while Ihiagwa and Eziobodo
communities host Federal University of Technology Owerri (FUTO). The presence of these two tertiary
institutions has itrcreased the economic base oftheir host communities. The study area are situated between
longitudes 6o55'E to fl5'E and ladnrdes 5ol5'N to 5"35'N covering an area of about ll40 km'z (Fig.l).
The area is a low lying terrain with good mad network. It is &ained mainly by Oramiriukwa and Otamiri
Rivers, which are tributaries tc Imo fuver (Fig.l). 
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Fig. t: Map ofthe study area showing the road network and drainage Paner (Amadi, 2007)
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Clin.zte and physiogruPh! ofrhe arca

The prevalent climatic condition is marked by two main regimes: the rainy and the I *lolt: Th:

ruiny seasons are from (April to october) during which the temperature varies fiom 23 ac to 26 trC and

these seasors are as.ociaied with the pievaleni moisture-laden south-west trade wind from the Atlantic

Ocean. The wet season is also characterized by double maximum rainfall during which the hrst peak occur

in July and the second occurs in september with a mean annual rainfall of 2152 mm (Monanu and Iyang'

1975). The dry season starts in November when the dry continental north-eastern wind blows from the

Mediterranean Sea across the Sahara Desert and Samarian desert and down to the southem part ofNigeria.

Due to yagaries of weather, the 'August' break sometimes occurs in July or early September.- Humidity is

usually loi and clouds are absent, during the dry season. The effect of the harsh north-easterly wind, also

calledHarmattan, is felt within the period. The average monthly temperatures are high throughout the year.

A mea.n annual temperature of32 LC is q?ical ofthe area (Monanu and Iyang, l9?5)' The a'ea lies within

the tropical rain forest belt ofNigeria. The natural vegetatioD in greater part of the area had been replaced '

by derived savannah grassland interspersed with oil Palm trees.

L a n d- us e C h aructe t b tics

The area is characterized by large scale urbanization and poor land use pattern. It is occupied mainly 
-

by residential buildings, commercial areas comprising ofboth private and government offic€s..OPen spaces

are occupied by motoi mechanics workshops, block molding units, farming and urban gardening The land

use pattern is prone to groundwater pollution and hence the need for the present study'

Geolog) an.l hydrogeologt of lhe area

The major outcrop in the study area is the Benin Formation which is known as the coastal plain-sands

(Fig. 2). lt consists mainly of sands, sandstone and gravel \,vith ciays occurrin8 in lenses. The sandstones

i."""oi.r" to fure grainei, partly unconsolidated and with thickness ranging &om 0-2100 m (Avbovbo,

l97g). The sediments reprtsent upper deltaic plain deposits. The shales are few and they may represent

uppei deltaic plain deposii. The formation lacks faunal content and tbis makes it dimcult to date, though an

dligo""o"-R"""nt uge is generatly accepted (Avbovbo, 1978). The Benin Formation is composed mainiy of
fres'h water-bearinglcontinental iands and gravels which form very high prolific aquif€rous f-orm1]o1s

(Onyeagocha, l9S0). .The enyionment of deposition is partly lagoonal and fluYio.lacustrine/deltaic

in"y-Jot, fSOr. fhe fonnatiou which dips south westward starts as.a thin edge layer at its contact witl
[e bgtrasni-asaUa Formation in the northem part of the area, and thickens southwards to about l00m in

Owerii area @eymen! i965; Etu-Efeotor and 6digi, 1983). The sandy unit which constitutes about 95% of
the rock in the area is composed of over 96 yo of q\arlz (Onyeagocha, 1980). Large scale cross beddings

constitute the major sedimentary stnrctures in the area (Amadi and Amadi, i990; Ngah, 2002)'
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Water sampting was undertaken using standard procedures. A pair of 45 grouadw-ater samples was

colleded in plasiic 6ottles from water boieholes tapping &om the shallow aquiferc (between l0 to 
_45

meters) in the area ancl adjoining communities. Two drops of concentrated trioxonitrate (v) acid was added

per bofle (one set of sarniles) ior the homogenization and prevention of absorption of trace. metals to th*e

ivaUs otthi container (Scircli, 1975). These samples were used for the determination of cations (Na', K-'

Ca2t and Mg2) as well'as trace metals (Fe and Mn). The otber ser (45 samples) in which no acid was added

were used fir ihe determination of the anions (NOr', SO42., HCOi and Cl'). Prior to the collection of the

wat€r samples, some physical parameters (pH, conductivity and temperatue) were determined in the field

using a caiibrated pH metre, conductivity meter and thermometer respectively while the other paramelers

were determined in the laboratory.
After the collection, the water samples was stored in a cool box and latter taken to the regional water

quality laboratory of Fedeml Ministry oiAgriculture and Water Resouces, Minna for the determination of
ions and trace mitals. Nitrate was measured using the method of Crumpton et al., (1992). Calcium, calcium

hardness, sodium, potassium, magnesium, iron and copper concentrations were measured using standard

mettrod itttg of apue (APHA, 1980). Total dissolved soLid, ctrloride, sulphate, bicarbonate and

marganese were measured using the United States EnvLonmental Protection Agency (USEPA) methods

160i,325.3,375.4,340.2 nd 365.2 respectively (USEPA, 1983). The determtuation of Total coliform and

Escherichia coli was carri€d out using pfesumptive count and differential count respectiYely.

The coordinates of the sampled loCation were determined using global positioning sy.stem (GPS). The

values ofrhe longitude, latitude, el€vation and static water level (SWL) were used to generate the contour

map Gig. 3), digital terrain model (Fig. a) and groundwater flow direction (Fig' 5) of the study area' A

au,"n t 6Ur",,utto of these maps reveals the contour lines are very close at northwest and northeast

(Figwes 3 and 4) indicating the area of groundwater discharge (Fig. 5). This implies that groundwater

dlsitrarge is topographically controlled. These maps will also aid in the study of the possible contaminant

migration pathway in the area.

I
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Fig. 3: Contour map ofthe study area (Souce: Amadi, 2007)
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Results and discussion
The statistical summary of the physico-chemical and bacteriological data are contained in Table l. The
result revealed that the g:oundwater is colour)ess, odourless and h[bulent fiee. The temperatue yaries
fiom 29.6"C to 33.0'C and a mean value of 32.04oC white the conductivity ranges froni 8.0 pS/cm to
121.93 ps/cm with an average value of 35.93 ps/cm. Tolal dissolved solids (TDS) ranges from 3.3 mgll to
76.27 mgfl and an average value of 19.99 mg/l while suspended solid varies liom t.8 mgll ta 38.92 mgl
with a mean value of 9.61 mg,/l. Total hardness (TlI) is of the order of 8.0 mg/l to t36.0 mg/l and an
average value of71.3 mg/I. Hardness causes scale precipitation in boilers, but can also protect pipes against
corrosion (Ibe and Sowa, 2002). The values of these pammeters are lower than the maximum permissible
limits of world Health organization (wHo, 2003) aad Nigerian srandard for Drinlcing water eualify
(NSDWQ, 2007) thus indicating good water quality. TDS is a quantitative measure of the sum total of
organic and iDorganic solutes in water and should not exceed 500m1. The pH is ofthe order of 4.5 to 7.1
with a mean value of 5.71 as against a pH range of 6.5 to 8.5 recommended by WHO (200j) and NSDWe
(2007). This implies that the groundwater in the area is slightty acidic. The low pH could be as a result of
the breakdown of the organic mafter derived from vegetation cover and humus buried in sediments, aud
subsequent infil$ation ofrain rvater (acid rain) through the highly porous and permeable overburden into
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Fig. 5: Groundwater flow direction for the study area (Amadi, 2007).
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ih.hallowwatertable.ThelowpHvaluesintheareamaybeduetothedecomPositionoforganicmatt€r
Jro 3u, flrriog which gives rise io acid rain (Etu-Efeotoi and Akpokodje' 1990; Amadi .*d O]:::!:-d::

i,]Oij. Thi" is-in agreerient with the pH concenrations obtained in the present study. Most groundwater m

Nin"riu tur" pH ianging from 4.5 io 6.5, however, pH values ofup to ?0 or more may be obtained

ii?i.t 
-lS8,if. 

c*U"oniio*iae emitted inio the air via gas flaring and water in the air react together to

ii'fi ."iuo"i" i"ia, a weak acid according to the equation below: H2O (l) + Co2 G) * HzCO: (aq).

Amadi, A. N

Table I : Statistical Summary of the Groundwater data

SAlo Parameters Min. Max. Mean SD wHo
Stardard

NSDWQ
Standard

I
2
J

4

5

6

8
9
l0
t1
l2
13

14

l5
l6
t7
l8
l9
20
/t
27

Temperature(uc)
Colou (TCU)
Ph
E.C (mm-hos/cm)
TDS (mgfl)
Suspended solid (mg/l)
Bicarbonate (mgll)
Cbloride (mg/l)
Manganese (me/l)
Iron (mg/D
sutphate (mg/l)
Nitrate (mg^)
Calcium hardness (mg/l)
Total solid (mg/l)
Magnesium (mgil)
Catcium (mg/l)
Total hardness (mgfl)
Potassium (mg/4)

Copper (mg/l)
Sodium (mg/l)
Total coliform (cfu/cm)
Escherichia coli(ctu/ I 00ml)

29.60
2.00
4.50
8.00
3.30
1.80
0.00
0.45
0.00
0.03
0.90
12.00
28.90
9.00
1.20
3.20
8.00
0.00
0.00
0.00
32.00
0.00

33.00
24.O0

7.10
12t.93
76.27
38.92
45.00
16.93
1.50
0.71
l?.00
40.00
104.00
124.20
9.80
49.00
156.00
16.31
r.00
0.50
425.00
25.00

32.04
11.63
5.71
35.93
19.99
9.61
27.52
3.46
0.30
0.27
4.64
23.81
5l.r 1

31.01
5.50
23 _76

't t 2'l
2-54
0.19
0.0s
115.00
3.60

0.92
'1 .17
0.93
34.86
19.96
9.18
12.46
3.82
0.45
o.2t
4.7
7.84
20.41
27 .8s
2.72
I 1.55
34.32
4.01
0.25
0.15
3.42
0.14

Ambient
Colourless
6.5-8.5
1000.00
500.00
500.00
150.00
200.00
0.10
0.30
r50.00
45.00
200.00
150.00
200.00
200.00
500.00
150.00
1.00
150.00
10.00
0.00

Ambient
5.0
6.s-8.5
1000.00
500.00
500.00
200.00

_- 250.00
0.20
0.30
100.00
50.00
150.00
150.00
200.00
250.00
500.00
150.00
1.00
200.00
10.00
0.00

I
T

TDS-Total Dissolved solids; wHo-sTD-world Health organbation standqrd; NSDWS-Nigetian Standardfot'

Dinlring Woter Saality, E,C-Electrical C onductivity'

Acid rain has the Potential of causing severe corosion of the metal casing used for the water well

construction (Olarewajq et.al., 1996). Iiedically, consumption of water with low pH over a long period of
il*" -uy f"ui to ttt" disorcler of the acid-base balance in the body system, causing metabolic {aos-i1 }e
concendation of bicarbonate ranges Aom 0-45.0 mg/l and a mean value of 2'1'52 mg/l while chloride

concenmtion vari€s from 0.45-16.9 mg/l with an ave;ge value of 3'46 mg/l The concentratio-n-of sul.phat:

.*ges ao- 0.g-17.0 ml with a mein value of 4.64 mg/l while nifiate concentration is of the order of

12.6-40.0 mg/l and an iverage value of 23.81 mgil. The concentrations of the anions fall below the

-*lril pJrmissible limits ;f wHO (2003) and NSDWQ (2007) indicating good water quah-q' ff
"or""rt 

utioo of calcium varies from z.z m/l to 49.0 mg/l with an average value of 23.76-mg/l while

*ugn"riuln concentmtioD ranges from 1.2 ;g/l to 9.8 ml and a mean value of 5'5 ml Sodium has

con-centration ranging from 0-0.5 ml with anlverage value of0.05 mg/l while potassium c,oncentration is

ofthe order of0-i6.6-mg/l and a me-an value of2.54 mgl1. The general lo'x concentrations ofthe major ions

i' the g.ound*ute, are riay be due to the paucity of soluble materials in the underlying formation and the

T
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o', lying soils. Furthermore, the porous and perrneable aquiferous formation in the area allow rapid

inl, ratior of water and thus little contact and solution time betweeri the percolating water and the few

soluule materials present. The iron concentration ranges from 0.03 mg/] to 0.71 mg/l with a mean value of
0.3 mg/l while manganese concenkation varies from O-l.smgn and an average value of 0.3 mg/l. The

concentrations of the analyzed hace elsments are within the atlowable limits recommended by WHO
(2003) ad NSDWQ (2007) except Manganese in some locations. High concenEation of manganese causes

neurological and gastrointestinal disorder (NSDWQ, 2007). High iron content in water may cause staining

of laundry, corrosion and scaling ofmetal pipes. The presence of iron, copper and manganese in water can

give undesirable taste (Ezeigbo, 1988; Olarewaju, et.al., 1996; Ibe and Sowa,2002). Copper concentratiotr

is ofthe order of0-1.0 mg/l and a mean value of0.l9 mglI.
Bacteriologically, the water is contaminated as shown by tle high concentrations of total coliform and

Escherichia coli. The concentation of total colilorm varies Aom 32.0 cfrr/ml to 425.0 cfir/ml with an

average value of 115.0 cfu/ml as against a maximum permissible value of l0 cfir,/ml- by the WHO and

NSDWQ, while Escherichia coli concentration ranges from 0-25 cfrr/l00ml and a mear value of 3.6

cftr/l00ml as against 0 cfr/ml by WHO and NSDWQ- The faecal contamination is higher in surface water

than groundwater and their eorichment in groundwater via infllt?tion camot be ignored. Faecal hdicator
bacteria are universally present in high numbers in the faeces of humans and warm-blooded animals. The

principal risk associated wittr water is that of infectious diseases and is related to faecal contamination.

Majority of the water-bome diseases are caused by pathogenic bacteria, viruses and protozoa contained in

the human and arimal faeces, The mean concenffation of calcium, bicarbonate and total coliform from the-

major towns in the area are shown in Figures 6, 7 and 8 respectively.

t
l
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Fig. 6: Bar chart representation for Calcium Concentration in the area
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Fig. 8: Bar chart rcpresentation for Total Coliform count in the area

For the pwpose of Piper diagram, the cations are grou-ped inlo thee major divisions: sodium (Na) plus

potassium (K), calcium iCi,) ana magnesium qr4g'?). tire anions are similarly grouped into three

categories: ti"2.bonut" lffbOrj ptus carbonate (CO3l, sulphate (SO4'z) and chloride (Cl). Each sample

will be represented by a point in each trilinear diagram. IJnique symbols may be selecled for each samPle

and can bi referenced in a symbol index at the top of the diagram. Concentrations entered in the source

data-frle in units of milligrams per litle (mg/l) are converted to milli-equjvalent per litre (meq/l) for display

on the diagram (Fig.9). The diamond field is designed to show both anion and cation?oups. FoI each

sample, a tine is pm.lectea from its point in the cation and anion trilinear diagrams into the upper region

where the lines interiect. Fifteen samples out of the 45 samples analyzed were used to construct the Piper

diagram (Fig. 9).
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Fig. 9: Piper diagram ofGroundwater samples in Ihiagwa and envtoru

Couclusion

The physical and chemical parameters evaluated falls within the WHO and NSDWQ permissible limits for
safe drinking water, indicating good groundwater quality except Mn that showed high value in few
locations and mean pH value of 5.7, which is an indication that the goundwater is slightly acidic. The

water is however poor with respect to its high bacteriology. due to the high content of total coliform and

Escherichia coli. The high population in the area due to studefts' concenhation in the area is a major
contlibuting factor. Boiling of the water before consumption is recommended as most bacteria camot
withstand high t emperature.

Recommendation

The water should be treated for pH and boiled before consumption. Il is also recommended that proper
sanitary toilets be constructed in the araa, Periodic examination of the water is advocated- Water intended
for drinking and household pwposes must not contain water-bome pathogens. Frequent examinations for
faecal indicator organisms remain t}re most sensitive and specihc way of assessiag the hygienic qualiry of
water, and should be carried out on the water regularly, especially as provided for in the Nigerian Standard
for Drinliing Water Quality CNIS 5542007).
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