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Abstract

Groundwater occurrence and its chemical features in basement aquifers are often products of localized
geological controls and structure. This study was aimed at delineating zones of groundwater occurrence in
Odo-Oba near Oghomoso as well as ascertaining its chemical features. Four Horizontal Resistivity Profiling
(HRP) traverses were studied within Odo-Oba town and two control sites; 500m and 1000m away. These
were followed by twelve Vertical Electrical Soundings (VES). The dipole-dipole and Schlumberger arrays
were adopted for the HRP and VES, respectively .The VES data were filtered and inverted for correct
depth matching using appropriate computer application software. Three to four subsurface geoelectric layers
were identified. The resistivity and thickness of the topsoil ranged from 46.0 to 661.0 Qm, and 0.5 to
1.2m, respectively. The weathered bedrock with resistivity and thickness which ranged from 16.0 — 156.0
Qm and 1.5 —26.0 m, respectively, were underlain by the fresh basement rock with resistivity of 124.0 Qm
- oo and undeterminable thicknesses. These delineated unconfined and fractured basement aquifers. Low
resistivity values (< 20.0 Qm) were recorded in stations close to the dumpsites, in contrast to high
resistivity values (>50.0 Qm) and (>80.0 Qm) obtained in VES stations sited within the town and at control
sites respectively. Unconfined and fractured basement aquifers were delineated in Odo-Oba town. In
conclusion, it was observed that distance is a major determinant of the seepage of the pollutants in the study
area.The hand-dug wells that are closer to the waste dump site are vulnerable to pollution from the waste dump
and this has caused both environmental and health risks among the populace. Hence, the need for identifying
flaws in siting, design and construction of households’ wells and on-site waste disposal systems should be
minimized with provisions of technical information by environmental protection establishment at the planning
stage. Also continuous monitoring should be enforced to prevent an outbreak.
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INTRODUCTION integrated use of hydro-chemical and geophysical
In Nigeria, groundwater is a major source of water to  methods in the investigation of groundwater
many municipal industries, irrigation, sub-urban  contamination in the community with a view of
settlements and farms. It is a potential source of  providing an insight into the level of environmental
drinking water for more than half the population in  impact of the dumpsite in the study area with respect
the country source . The pollution of ground water by ~ to groundwater. Due to the climatic setting of
leachates, oil spillage, agricultural fertilizers and  Ogbomoso, the rocks of the study area have been
pesticides is becoming a prevalent problem (Agbede,  particularly deeply weathered thus serving as porous
1994). The adverse implication of this may result in  and permeable zone for shallow groundwater. The
serious health and environmental consequences recharge into this weathered aquiferous zone is
(Sikoki and Kolo, 1993). A critical problem faced in  through infiltration of rainwater. The quality of the
Nigeria is lack of adequate capacity for disposal of  groundwater is assessed by its physical, chemical and
solid wastes and as such indiscriminate disposal most ~ microbiological characteristics. The objectives of this
times in open dumps is the bane of most cities. study are to delineate the vadose zones and
characterize their features.

There was a reported case of cholera outbreak in Odo-

Oba town bedrock. Many lives were lost and the  Study Area

source of the outbreak was not immediately known  Odo-Oba falls within latitudes 8°210"N and 8°355"N
(Adewoye, 2012). Although, the major source of and longitudes 4°800°E and 4°915 E. (Figure 1). The
water supply in the community is hand-dug wells. The  relief of the Odo-Oba area is generally low lying with
surface water sources are not reliable and are a N-S gradient defined by outcropping rocks. The
inadequate. There are only three boreholes in the  vegetation is rainforest vegetation. The land surface
study area and no pipe borne water.This led to the areas are cultivated leaving only the seasonal and
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permanent plants. The drainage is dominated by Oba
river which fluctuates in volume with season. All
rivers take their sources from a NW-SE striking
escarpment but slightly lower in the south-east. The
drainage system in Odo-Oba is dendritic comprising
the major river Oba with tributaries flowing. Odo-Oba
lies on the basement Complex area of southwestern
Nigeria, comprising undifferentiated Gneiss
migmatite complex (Oyawoye, 1972).

Rock exposures in the Odo-Oba is generally poor,
although where present they are underlain
predominantly by Banded gneiss, Granite occur as
subordinate rock, Banded gneiss is a compositionally
banded metamorphic rock, typically composed of

alternating dark and light layers that range in
thickness from  millimeters to meters. The
compositional banding gives gneiss a striped
appearance. Light layers contain light — coloured
minerals like quartz, feldspar, and muscovite also
called white mica, whereas the dark layers contain
dark coloured minerals like amphibole, pyroxene and
biotite (dark mica). Granite occurs towards the
western part of the study area, alkali feldspar
conferred pinkish appearance on the rock body. An
unmappable intrusion of quartzite which trends NE /
SW and westernly dipping. Quartzite occurs as minor
rock especially in the southern part of the study area
Figure 2a and 2b.
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Figure 2Za: Geological ANMap of Odo Oba Village (Source: Adewoye. 2012)
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Figure 2b- A Geologic Map of Nigeria (After Ajibadeer, al . 1988).

Figure 3:Photomicrograph of Banded Gneiss at Odo-Oba under Cross Polarised Light
Modal Composition-Biotits-33% Feldspar-7%,Quartz-33% and Opaque mineral-3%

Microscopic examination of the banded gneiss
revealed occurrence of constituent minerals such as
biotite, quartz and feldspar. Quartz appear as the
dominant phase. Biotite exhibit perfect basal
cleavage, its fabric determined the foliation of the
rock. Biotite appears in its distinguishing mottled
brown colouration. Quartz occurs as an irregular
body displaying whitish to off white colouration in
Granite rock .Portions of the slide show that the
mineral has been deformed due to extinction. The
feldspar is essentially microcline. This is evident in
cross hatched twinning feature exhibited by the
mineral in Granite rock. Visual estimation of the
constituent mineral show quartz to be dominant
mineral in Banded gneiss. Plagioclase and alkali
feldspar are also abundant in the rock. Biotite occur
as minor constituents.

Figure 4:Photomicrograph of Granite at Odo-Oba under Cross Polarised Light
Modal Composition-Biotitz-10%,Plag. Faldspar-12%,Quarz-70% Microcline Feldspar-3% and Opaque

mineat3%
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METHODOLOGY

The electrical resistivity method was adopted as
geophysical survey field technique. The horizontal
resistivity profiling (HP) and vertical electrical
sounding methods were employed to delineate the
subsurface sequence. The electrode array adopted for
horizontal resistivity profiling was the dipole-dipole
array. In this array, the distance between the current
electrodes A and B (Current dipole) and the distance
between the potential electrodes M and N (measuring
dipole) are quite smaller than the distance r, between
the centers of the two dipoles. The measuring
stations were marked at 5m interval. The expansion
factor, n was varied from 1 to 5. For each
measurement, the apparent resistivity value (p,) was
obtained by multiplying the measured ground
resistance (R) by the geometric factor (G). The
measurement value of subsurface resistance obtained
was for a particular depth at the middle point of the
distance between the current and potential electrodes.
The further away from the current electrodes the
potential electrodes were moved, the deeper was the
probing depth. The field data were inverted using the
Dipro Version 4.01 software and the results of the
modeling are presented in generated 2-D structures.

The colours were added to differentiate between
areas of high and low resistivity values and to give
a clearer picture that indicates contamination. For
any linear symmetric array, (AMNB) of the
electrodes, the apparent resistivity (p,) can be
calculated, for the Schlumberger array, using the
expression;

wav (3)

N MN

Where Av is measured potential difference, I is the
charging current

A total of twelve Vertical Electric Sounding (VES)
stations were occupied .The exact location of the
VES Stations along Traverses 1, 2, 3 and 4 and their



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 10(2):61-72 (ISSN: 2141-7016)

coordinates are presented in Table 1. The process
adopted for the interpretation of the VES data in this
study involved both partial curve matching and
computer modeling involving the RESIST Software.
The VES data were plotted on a log-log graph paper.
The values of apparent resistivity, (p,) and half
electrodes spacing (AB/2) were plotted on the
vertical (ordinate) and horizontal (abscissa) axes
respectively. The curves obtained were then
interpreted  quantitatively using partial curve
matching technique using a computer software
programme, RESIST version 1.0

Table1: VES Sation Locations along Traverse 1 - 4 (North-South)

TRAVERS VESPOINTS LONGITUDE LATITUDE
TRAVER¥ 1 VESI 00470822 080302
VES2 0040822’ 080306
VES3 0040822 080309
TRAVERE 2 VES ! 0040829 08°0254
VES2 004°0829 080258
VES3 004°0829 08'0306
VES4 0040829 080311
TRAVEREE 3 VES! 004°0838 080302
VES2 004°08 38 08'0310
VES3 004°08 3 080312
TRAVERS 4 VES! 004°08 44 080314
VES2 00408 44° 0803 15

(Olayinka and Olorunfemi, 1992; Olayinka and
Mbachi,1992). The geo-electric parameters (layer
resistivity and thickness) obtained from the partial
curve matching process were to generate theoretical
VES curves which were compared with the field
curve.Field Photograph showing part of the heap of
waste dumpsite in Odo-Oba town.

RESULTS AND DISCUSSION

Res 2-D Pseudosection

The interpretation results are presented as 2-D
resistivity structure shown in Figure 5 — 8. The
resistivity values along Traverse 1 (Figure 5) show
resistivity values that range between 6.0 and 9999
Ohm-m. The 2-D image identifies three layers — a
thin topsoil in yellowish green / brown colour,
weathered layer (in green colour and a basement
bedrock (in brownish colour). Depths to basement
vary from less than 5m up to 12m which correlate
with the geo-electric section. Patches of low
resistivity substratum (in bluish colour) typical of
conductive leachate are found at depth up to 7.5m
between station 8 and 10 between VES 2 and 3.

Texveren 1 [0 Recehy arucany

Figure 5: Dipole — Dipole Section Along Traversel
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The resistivity values along Traverse 2 also identified
three subsurface layers-topsoil, weathered layer and
basement bedrock. The resistivity values range
between <20 and 895 ohm-m (Figure 6). Depth to
the basement bedrock varies from <5.0 to >25m
between VES 1 and 2 in Traverse 2. The subsurface
image identifies a suspected linear structure
(probably a fault) at around station 7 (between VES 1
and 2 in Traverse 2) which was missed out on the
geo-electric section . The 2-D image identifies two
patches of very low resistivity layers (in deep blue
colour) between station 11 and 14 and 15 - 17
suspected to be conductive leachate from the waste
dump. The leachate has a vertical extent of about
2.5m. The impacted zone is from about midpoint
between VES 5 and 6 (right at the middle of the
waste dump) to up to Traverse 2 and VES 4 and

beyond.
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Figure 6: Dipole-Dipole Section along Traverse2

The resistivity structure along Traverse 3 is presented
in Figure 7. It also identifies three layers — topsoil,
weathered layer and basement bedrock. The
resistivity values range from 16 — 1150 ohm-m.
Depth to bedrock ranges from about 6m to >30m.
Patches of relatively low layer resistivity values (in
bluish colour) suspected to be polluted zones were
delineated within the weathered layer and between
station 7 — 13 and 16 — 20, the impact may have been
severe between station 16 — 17 and 19 — 20 with a
depth of migration of up to 12m beneath station 11 —
20 beyond Traverse 3 VES 3.

Travers 3010 Reshivity Struchure)

Jl AL

CEPTH pMETER)

Figure 7:Dipole — Dipole Section Along Traversed

The resistivity structure along Traverse 4 (Figure 8)
show resistivity values ranged from 17 to 75 ohm-m,
the subsurface image shown near — surface basement
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bedrock beneath station 2 — 8 and 10 — 13. In other
places, depth very low layer resistivity values (in blue
colour) typical of conductive leachate were
delineated between stations 15 and 18 in the areas
around VES 12. The leachate appears to have
migrated depth wise up to 6m. The dipole- dipole 2-D
subsurface electrical images developed along
Traverse 1 — 4 delineated very low layer resistivity
value (generally <20 ohm-m) in deep blue colour,
typical of conductive leachate from the waste dump
within the topsoil and the weathered layer. The depth
extent of the leachate varies from 2.5m beneath
Traverse 2 up to 12m beneath Traverse 3. The
impacted zones were delineated towards the northern
part of the traverse lines. This may indicate a
northward migration of leachate and a possible
northerly groundwater movement. It was suspected
that both the near — surface soils and the groundwater
contained in the weathered layer may have been
polluted by leachate from the waste dump.
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Figure 8:Dipole — Dipole Section Along Traverse 4

Groundwater Flow Directions

Fifty seven hand dug wells were measured in Odo
Oba and the static water levels above sea level
determined. From this, a groundwater flow direction
of the area was determined (Figure 9) .

Groundwater Flow Directions

Figure9: Groundwater Flow Direction of Odo Cha

Hydro-geochemical Results

The hydro-geochemical result is presented in Table
2. The physico-chemical parameters determined
include pH, TDS, EC and total hardness (TH). The

pH values of the groundwater samples of Odo-Oba
ranged between 4.0 and 9.1 with a mean of 5.62.
Hand dug wells very close to dump sites had pH
values of 5.8-9.7 while those far from the dump sites
have low pH values that range of 4.2-6.3. The
recorded trend was in consonance with the
classification of Adewoye (2012), the groundwater
samples of Odo-Oba vary between slightly acidic to
slightly alkaline and fell within the WHO (2006)
standard.

Generally, pH values for groundwater in Nigeria
range of between 5.5-6.5. Conductivity ranged from
140-1120pS/cm in the water samples with an
average value of 305.65uS/cm. High Electrical
Conductivity values (276-1278uS/cm) were recorded
for water sample retrieved from wells close to the
dumpsite. This corroborated with the work of
Kayabali et.al, 1998 which suggested that high EC
values could be linked with high enrichment of
dissolved ions in the water samples, impacted by
possible leachate from the dumpsite. Total dissolved
solids (TDS) concentration in the groundwater
ranged between 7.0-560.0mg/I.

The TDS values obtained for the water samples fell
within the desirable level (<500mg/l) and
Permissible Limit (1500mg/l) for WHO (2006)
(Table 2). The chemical parameters analysed include
major cations ; Na*, K*, Ca*" and Mg*"; anions such
as HCOys', CI', SO4, NOs and trace / heavy metals
such as Fe and Pb. Na is derived geologically from
decomposition of various minerals. Na concentration
varied from 4.1mg/l to 83.3mg/l , a concentration
that fells within the acceptable limit of WHO (2006)
standard (Table 2). The principal effects of sodium
are a reduction in soil permeability and a hardening
of the soil. Na+ and K+ are possibly transported in
solution as base exchange of clay minerals. The
concentration of calcium varied between from 0.87 —
131.5mg/l while the concentration of magnesium
varied from 0.02 to 81.4mg/l. The concentration fell
within WHO (2006) highest desirable level of 50mg/I
and Maximum Permissible Level of 75mg/l
respectively.

The Total hardness was between 8.20mg/1-640.9mg/I
making the groundwater to be classified as soft to
moderately hard using Sawyer and McCarthy, (1967)
hardness classification standard. (Table 3).

Table 3: Classification of Water Hardness  (Sawyer and McCarthy, 1967)

Hardness (Ca+MgCO;)mg/l1 Water Classification
0-75 Soft
75-150 Moderately hard
150-300 Hard
>300 Veryhard
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The two cations Ca** and Mg?* are quite relevant to
the hardness of the groundwater; they cause water
hardness and scale forming properties of water. High
concentration of magnesium may be Carthartic and
Siuretic for the initial user but a tolerance is
developed within a short time. The concentration of
the total iron for the study area ranges from 0.00 —
6.10mg/l with samples close to the waste dumpsite
having high concentration of iron above WHO (2006)
recommended  limit  (0.3mg/l). High Iron
concentration in water may have been sourced from
weathering rock minerals or infiltration of leachates
from solid or liquid waste. High iron content in the
water samples of Odo-Oba could be linked to the
infiltration of the leachate generated by the waste
from the dumpsite. lron content in water pose both
aesthetics and health problems. The Lead (Pb*")
concentration varied from 0.01 to 21.0mg/l, these
values fell within the (WHO 2006) recommended
drinking water standard that has the highest desirable
level Of 200mg/I.

Chloride (CI') concentrations levels varied between
10.1 — 117.8mg/l . The values were much less than
the WHO standard, although higher chloride content
were obtained very close to the dumpsite. The
sulphate concentration ranged from 0.06 to 82.7mg/I.
The sulphate values are less than the WHO
maximum permissible level. High sulphate values
were recorded for groundwater gotten from
uncovered wells and wells very close to the waste
dumpsite, therefore the high concentration of
sulphate in these wells may be due to leachate from
the dumpsite. Nitrate value in the groundwater of
Odo-Oba ranges from 0.31mg/l to 281.3mg/l . Water
samples from wells farther away from the dumpsite
have nitrate concentration ranging from 0.31-29.0
while those very close to the dumpsite have nitrate
values ranging from 80.71-281.3mg/l.

High nitrate content recorded in groundwater from
wells close to the waste dump in Odo-Oba could be
linked to the leachate infiltration into the
groundwater system. High nitrate concentration in
potable water causes cyanosis in infants under two
years old this can be fatal.

In addition to cyanosis, nitrate in drinking water is
also a probable factor in stomach cancer
development (Forslund, 1986). Contaminations level
will increase with increased industrial growth and
probable influence from farm pesticide and fertilizer
commonly use by farmers in the area (Abimbola
et.al. 2008).

Hydro-Chemical Processes/Evolution

The plot of log TDS values against the ratio of Na*/
(Na" + Ca?") on the Gibbs diagram (1970) revealed
that the groundwater samples plot across the
weathering and dilution fields of the boomerang
(Figure 10). This is an indication that geology
particularly the rock types and its weathered products
have contributed greatly to the chemistry of the
groundwater. The inter elemental associations
between the metallic ions in water samples from the
study areas using Pearson Correlation reveals a
significant level of positive correlation between some
elements while in considerable significant level of
negative correlations were also observed between
some of the following elements, K*, Na* , Mg,
Ca®*, HCOy, SO,% , CI', pH and TDS (Table 4).
Strong and significant positive correlation exist
between pH — TDS (0.76); Na - pH (0.78); Na - TDS
(0.86); K - pH(0.78); K — TDS (0.93); Ca — pH
(0.71); HCO; — TDS (0.81); HCO;— Na* (0.70); Cl —
pH (0.76); Cl - TDS

Hydro chemical Processes Esolution
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Figure 10: Classification of water According to Gibbs (1970)
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Table 4: Correiation A mbysis Result For Odo - Oba Refuse Dump Groundw ater Sample.
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(0.86); Cl — Na (0.83); Cl —K (0.84); CI — Ca (0.78);
Cl — Mg (0.72); NO; — CI (0.70), NO3 — pH (0.72);
NO; — TDS (0.72); NO; — K (0.75) at 0.01%
confidence level. This is an indication that these
elements have common sources of input or co-
precipitated  together under similar  hydro-
geochemical influence or suggesting progressive
enrichment of both parameters. The relationship
between NOs and Cl is relatively strong with a value
of 0.71 which is a clear indication of a common
anthropogenic source (Piskin, (1973)). Ritter and
Chimside (1984) pointed out that if correlation
coefficient between NO; and Cl is greater than 0.35,
the effect of municipal waste is suggested. This is
true for most of the water samples very close to the
dump site in Odo oba town.

Elements that show some levels of significant
positive correlations were plotted on Cross Plots and
presented in (Figure 11). Weak correlations were
observed between pH — PO, (0.33); pH — HCO;3
(0.34); TDS — HCOj3 (0.31); TDS — CO5 (0.10); Na -
C05'(0.13).This indicates that the parameters are not
from the same source. R — Mode factor and
component analysis was performed on the data of
groundwater in order to better understand their
interrelationships and behaviors which could provide
the clue to understanding their origin and association,
and to explore the reduction of the experimental
variables. Table.5a show the principal components,
%variance and cumulative explained in the physico-
chemical data and communities. The two extracted
factors Table5h explain 68.13% of data set variance.
Factor 1 explains 58.224% of the total variance,
while factor 2 explains 9.906%. Factor 1 has the
highest factor loadings of pH, TDS, CI', NOs’,, and
low factor loadings for the remaining parameters.
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Figure 11: Cross Plot of Odo-Oba groundwater Sample

Table 52 : Determination of Origin of Dissolvedions Using Factor Component Analysis

Component
Parameters ] !
i 083 an
0§ 083 0.03
N’ 0.04 093
K X} 09
G 003 048
Ny 3 04
HCOY 0.36 06
Ct 092 0.01
0* 09 00
NOy 0 M
0* 011 0H
ro’ 0 2
1 036 04
Elevation
O Variance | 382M 8,806
Cummulative ¥ | 38224 68.13

Table 3b: Origin of Diccolved fone Using Factor Comporent Analyeis

Factor (1 (1

Range of Assign Factor Loading | -0.90- 0% 012404

Extracted factor (%v and Comm¥ | 38224 ad 38224 9808 and 68.130
Controllng variables Pl TDS,CLNO3,  C03)-Na,Kr, Calt Mg

This association strongly suggests that C1 may
represent anthropogenic variables from influence of
waste dump on groundwater system around Odo-
Oba. Factor 2 has the highest (positive) factor
loadings of HCO; Na, K*, Ca®* and Mg and low
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(negative) factor loadings for other major ions and
can be considered as geogenic which implies that
they are released from weathering of the underlying
rocks into the water. The result of factor analysis 1
(i.e. C1) with loading parameters of pH, TDS, Cl and
NO;™ show anthropogenic influence. Factors two
account for about 9.9% of the total variance and is
strongly loaded with CO; (0.74), while factor
analysis 2 (i.e. C2) with loading parameters of CO5?,
Na, K, Ca and Mg indicates a geogenic influence.

Quality and Usability

Geology and usability through mining, urbanization,
industrialization and disposal of associated wastes
are liable to cause deterioration of the quality of
surface and groundwater, (Tijani,1994;0Olayinka
etal, (1999) and) equally suggested that water
quality is subjective and as such depends on its usage
therefore water quality standard differ for various
uses such as domestic (drinking), agriculture /
irrigation. For drinking purposes, Davies and De-
Wiest, (1966), proposed two main criteria to be the
presence of objectionable tastes, odour, colour and
the presence of substance with adverse physiological
effects. For this study, groundwater samples from the
shallow hand-dug wells close to the dumpsite did not
satisfy the first criterion. From the measured
physico-chemical parameters such a TDS, NOg,
SO, and ClI, it can be infer that the groundwater
samples from the study area are contaminated when
compared with the (WHO, 2006) standard for
drinking water.

Good quality water for agricultural activities is one
that when applied on agricultural farm is free from
the undesireable effect due to some major ions on
plants growing condition and crop yield through the
physical structure .The criteria for the evaluation of
groundwater quality for agricultural use are Sodium
Adsorption Ratio (SAR) and Bicarbonate hazard
(RSC). The SAR is useful in definition of the
permeability, corrosion in boiler and problem in ice
manufacture (Todd,1980).The two principal effects
of sodium are a reduction in soil permeability and a
hardening of the soil. Both effects are caused by the
replacement of calcium and magnesium ions by
sodium in the soil clays and colloids.The extent of
this replacement is estimated by the Sodium
Adsorption Ratio (SAR) which have been worked
out for some of the water samples . Using the Wilcox
Classification Model (Figure 12), the Sodium
adsorption ratio of the studied water are generally
less than 10 and fall under the category of C2 SI
indicating low alkaline hazard and excellent
irrigation water. The principal effect of salinity is
reduction of soil permeability and hardening of soil.
Goodwater for irrigation purposes must thus combine
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low salinity hazard with low sodium absorption
hazard.

The SAR values for the groundwater samples ranges
from 0.80meq/l — 49.75meq/I.. According to Mendel
and Shiftan (1981), water cotaining SAR 0 -10 can
be applicable on all agricultural soil, while the water
having SAR range of 26 — 100 is uunsuitable for
irrigational purposes (Figure 13a and 13b) .Based on
the following water classifications for SAR, most
groundwater from the study area are suitable for
irrigation purposes except for groundwaters in the
well points
(9,22,25,26,27,28,29,30,31,32,33,35,38,39,40,41,42,
44,45,46,47,48,50, 51,52) which have SAR values of
(19.2mg/l, 18.4mg/l, 20.7mg/l, 18.1mg/l, 33.6mg/I,
40.7mg/l, 28.0mg/l, 47.8mg/l) .

The Residual Sodium Bicarbonate (RSBC) values
obtained for the water samples vary between -
0.03mg/l — 0.08mg/l .The concentration of
bicarbonate and carbonate within soils affects the
suitability of water for irrigation purpose in the sense
that water samples with RSBC value tend to have
relatively high pH values.Land irrigated with high
pH water causes infertility,stunted growth in
plants.With respect to the criteria for groundwater
quality for agricultural practices as presented in
Table 6 and Figure 14a and 14b.Water samples in
the study area good to excellent for irrigation except
water samples 27,31,39,42,47,28,29 and 30 which
are greater than the recommended value of 2.5meq/L"
! and are described as Fair for irrigation purposes.
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Figure 12: Plot of SAR against Electrical Cond uctivity or irrigation water
classification by WILCOX
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Table 6: Criteria for Evaluating Groundwater Quality for Agricultural Practice

CILASSES (mg'1l) WWELL POINTS CILASSIFECATION

({ SAR)

0-10 12.3456.7.8.10.11 All Asricultural soils
1213 14.1516.17.18,1920

10-18 21222324 34 36.37.43 4553 Praferably vsad on coarss
545556 texctor= soil

i8-26 9.2625.32.38.3322.35.40 FProducs harmiful effct
4144 45 4648.51.52.50

26-100 2731.39.42 472829 .30 Unsuitable for imrigational

purmposs

CLASSES

@RSH) TWELL PAOINTS CLASSIFICATION

0-1.25 21.22 23 2527.30.37.38.43 ExcellentPraferably safe.

12525 5. 4041 4445 46485152 GoodHizhSoil Amendment

49 50 shouvld be adopt=d.
>2.5 2731.35.42 47 28.29.30 FairScoil trooble is immin=nt.

&

8054

& 028~

414 4.145 415 4155 416 4.165

Bacteriological analysis was carried out using

.. WEOCCUAS(imCATION standard microbiological techniques to detect the

w prevalence of indicator organism of faecal origin in it

- N ‘ and also to ascertain its portability and suitability for

0 Q general use. Prescott et.al, (1990) reported that waste

' ' harbor a lot of microorganism. Bacteriological

analysis revealed that the Coliform counts ranged

Figure 14a: Pie chart Showing RSBC Classification in Groundwater Samples between 4 CO|If0I’m/100m| and > 1100+ |n

groundwater from well points (9,22, 25, 26, 27, 28,

29, 30, 39, 42 and 47). There is higher values of

bacteriological counts in some well points that are

close to the dumpsite than those that are far away

which could be due to the impact of leachates from

waste on the ground water system of the area. Kris

et.al, (1967) and Nester et.al, (1983) reported that the

number of bacteria indicate the level of readily
available organic matter.

Figure 14b: Contour Map Showing RSBC Classification in Groundwater Sample:

RSBC CLASSIFICATION

Coliform bacteria are microorganism in water, soil,
and in the faeces of human and animals in which
their presence indicate that waste may be
contaminated. The high microbial count in wells
sampled can be attributed to the fact the wells were
Figure 14a: Pie chart Showing RSBC Classification in Groundwater Samples not fenced, uncovered or not plastered and close to
the dumpsite or pit latrine. The fact that E. coli was

i present in all water samples (Table 7), suggest that
the groundwater may have been contaminated with
faeces. Moran et.al. (1983) for instance puts a limit

: of 10-25 coliform per 100ml of water as safe. High
= - = concentration of coliform bacteria in water may lead

Figure 14b: Contour Map Showing RSBC Classification in Groundwater Sampled tO gaStI’OIntestlna| dlseaseS or hepatltls
There is need to make periodic check on the ground
water quality because it is a time dependent dynamic
system, (Olasehinde et. al., 1998). The Na (K) -
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HCO; water type constitute 52% of the total number
of samples. Based on the concentration of Potassium
which is geogenic in origin, this might come from the
interaction of water and rock weathering. Good water
for irrigation purposes must thus combine low
salinity hazard with low sodium absorption hazard
.Bacteriological analysis was carried out using
standard microbiological techniques to detect the
prevalence of indicator organism of feacal origin in it
and also to ascertain its portability and suitability for
general use. Results of the analysis revealed that the
coliform counts ranged between 4 coliform/100ml
and >1100" in the area. There is a viable count of
bacteria load in groundwater of some well points
close to the dump site than those wells that are far
away. The high microbial counts in the groundwater
of the Odo-Oba can be attributed to the fact that the
hand dug wells were uncovered, not lined and close
to the dump site or pit latrine. The presence of E. coli
bacteria in all water samples (Table 7) suggest that
the groundwater may have been contaminated with
faeces. High concentration of coliform bacteria in
water may lead to gastrointestinal disease or hepatitis.

Table 7: Bacteriological Analysis Results for the Study Areas

SN Location Faecal E. Coli100ml
(Coliform/100m1)

1 9 3 70

2 2 20 70

3 pal 4 80

4 % 8 70

5 27 Nomerous >1100+
6 2 Nomerous >1100+
7 2 Nomerous >1100+
8 30 Nomerous >1100+
9 31 Nomerous >1100+
10 2 41 70

11 ki) 8 70

12 35 19 60

13 38 = 30

14 39 Nomerous >1100+
15 40 31 7

16 41 4 80

17 42 Nomerous >1100+
18 = 43 10

19 45 < 70

20 4 4 70

21 47 Nomerous >1100+
2 43 3 70

23 50 4 70

24 1 3 70

25 2 3 70

| Characterization of Water Types
The Piper, (1944) tri-linear diagram for all water
samples is presented in (Figure 15), the diagram
show two water types: Na (K) — SO4 — Cl and Na (K)
HCO3. The results show sodium and potassium (Na*
> K*) ions as dominant cations and sulphate and
chloride (SO,%> CI') as the dominant anions that is
the dominant water type is the Na (K) — SO, — CI
water type. This water type constitutes about 48%,
alkaline in nature and could be sourced from soil
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cover rich in sodium and potassium (Tijani and
Ayodeji, 2001). The presence of Na* and K* might
also be from clay material, a product of weathering of
the bedrock of the area. While chloride could result
from agrochemical waste such as pesticides and
herbicides as agricultural activities appeared to be the
dominant practice in this area, since biological
processes in the subsurface do not affect chloride, the
increase in chloride concentration is more or less
related to the contamination from leachates from the
waste dumpsite.

A HC03¢C0 3
Calclum (Ca)

CATIONS
Figure 13: The Piper, (1944) Trilinear diagram for all water samples

Chinag (ch)
ANIONS

Hmaol

The Schoeller semi — logarithmic plots of the data
further confirmed this water type (Figure 16 and 17).
The peaks indicate the dominant ions in the water
samples while the trough indicates the less dominant
ions. It revealed that the primary ions in solution
include sodium (Na*), potassium (K%), with the
predominant bicarbonate (HCOs3) ions.

CONCLUSION

Solid waste generation is an inevitable aspect of our
daily lives. Its management is a growing issue of
concern and has become a major challenge in recent
times. An investigation of the impact of the waste dump
on the groundwater quality in Odo-Oba village near
Ogbomoso southwestern Nigeria was comprehensively
studied using an integrated approach of Geophysical,
hydrogeochemical/hydrogeological and bacteriological
methods. The geo-electric sections drawn from the VES
method revealed three to four subsurface layers with
increasing depth which include the topsoil-brownish
loose sandy clay, weathered basement and fresh
basement. The dipole-dipole resistivity structure
showed that the groundwater has been contaminated by
leachate from the waste dump and this is revealed by
the presence of suspected contaminated plume with
typically low resistivity values of studied wells close to
the waste dump site and high resistivity values at
studied wells far from the waste dump site. The
groundwater is contaminated as shown by sampling and
the geophysical results. However,the studied water is is
fresh and sodium adsorption ratio indicates low alkali
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hazards and excellent irrigation water , acidic to neutral
in character, varies from moderately to very hard,show
dominance of cations and anions in the order of
Na">K*>Ca?*>Mg?">Pb*" andCI> SO,%> NO;> HCO5
respectively.  Bacteriological analysis for total
coliform/100ml ranges between 0-43cfu per 100ml
Piper diagram results showed that the water is
dominantly alkaline, predominantly SO,* CI" and earth
alkaline water predominantly HCOj indicating that
water may have acquired their chemistry from the
weathering /dissolution of the bedrock.

In conclusion, it was generally observed that the hand-
dug wells that are close to the waste dump site have
higher concentration of CI, S0,%, NO;™ and coliform
counts than those studied well far away from the waste
dump site. Distance is a major determinant of the
pollution. This type of water is unfit for human
consumption due to nitrate, phosphate and
bacteriological pollution. However it can suitably be
employed for agricultural and industrial purposes.
Waste disposal and use of pit latrines are among the
major sources and causes of pollution.The chemistry of
the groundwater in the study area have been
contaminated with respect to high value of NOs and
S0, and this may pose a kind of health threat to the
inhabitants if not properly treated. The identified flaws
in siting, design and construction of household wells
and on-site waste disposal systems could be minimised
with provision of technical information by enviromental
protection establishment especially at the planning
stage. Solute transport modeling and radionuclides
studies is recommended for future research.
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