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Abstract

The 2D resistivity tomography was used to delinedbe extent of
leachate plume in the subsurface in Uwalor-oke commmity, Esan North
Esat Local Government Area, Edo State. The petrdatterearth resistivity
meter was utilized for data acquisition and the wem-schlumberger
electrode configuration was employed, Zondre2D &hgrfer 11 softwares for
data interpretation were adopted. The result fror® 2esistivity tomography
revealed that the leachate plume is laterally loedtbetween 35m and 37m
and extends vertically to a depth of 5.0m, it wascaobserved from the
topographic setting that lateral migration of thelyme is towards the hand
dug well location which is 28m away from the plunlecation and if flow
continues, region down gradient from it might be m@aminated. Water
samples collected from hand dug well also revealddgh nitrate
concentration of 4.38mg/l as against 3.0mg/l recommiled permissible limit
of World Health Organisation (WHO) drinking waterdénchmark which is in
agreement with the presence of leachate plume. Thesence of nitrate in
drinking water can be hazardous to health espegjalfor infants and
pregnant women. It is recommended that hand dugls/should not be cited
close to potential pollution sources and also reserosmosis can be used to
treat well contaminated with nitrate
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1.0 Introduction

Water pollution is a major problem in the globahtaxt, and it has been suggested that it is thdingavorldwide cause of
deaths and diseases [1]. Human activities duriedast century have polluted most of the groundwiat®ligeria [2]. Water
on the earth can be said to be enormous in quantign it is considered that more than two-thirdshef earth surface is
covered by water [3]. It is not sufficient meretytlave access to water in adequate quantitiesyaber also needs to be of
adequate quality to maintain health and it mustirbe from harmful biological and chemical contantioa [4]. It was
observed that as surface water becomes increaspuilyted, people turn to groundwater for altenmatsupplies [5].
Therefore the development and efficient managemiegitoundwater resources is of particular concern.

Nitrogen-based fertilizers and pit latrine are thest commonly identifiable pollutant in groundwatarrural areas [6].
Nitrogen in the form of dissolved nitrate is thejanautrient for vegetation, when applied someatéris retained by plants
and soil particles. However, if applied in excessimounts, the excess nitrate not consumed bysptamt be flushed down
to groundwater. Although nitrate is relatively ntmxic it can cause certain conditions, a serioosdldisorder in infants [7].
The greatest danger associated with drinking watehat, it may be polluted by human or animal waahd leads to
ingestion of dangerous pathogens. Sanitation usitsh as septic system and latrines are designdistbarge domestic
waste water into the sub-surface. The necessibptaining portable water within an environmenteéstment [8]. This paper
therefore aims to locate and delineate plumes itiigydrom the surface sources down to the undeglgquifers using geo-
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electric method and to ascertain the health st#ttise hand dug well in the study area.

2.0 Methodology

In the research work, the Wenner schlumberger alestrode configuration was adopted. The basid éguipment utilized
for data acquisition was tHtETROZENITH EARTH RESISTIVITY METER MODEL PZ-02 . This meter consists of a
power supply with a 100mA output 12V DC power sypjlnalog to digital converter (ADC-voltage to fuescy converter
switching circuit), display system, and a procesém) memory, other accessories to the earth treisjs meter include
cables, electrodes, measuring tape, cutlass anthéafor driving the electrodes into the ground

Theory

Most surveys on modern electrical resistivity anmobtain the true resistivity values of subsurfasitactures because the true
resistivity is geologically significant. Resistiyiimaging technique depends on ohm’s law, whichestdhat the electric
current (I) in a material is proportional to thetgmtial difference across it. The linear relatiagpshetween these two
variables is expressed by the following equation:

V=IR 1)

Where (1) is the current (V) is the potential difface, and (R) is the resistance. The above equiatithe linear relationship
between (V) and (I). For a given material, resistais proportional to length (L) and inversely prdjpnal to the cross
sectional area (A) of the conductor. These relatiqps are expressed in the following equation:

R =pL/A 2

The proportionality constanp) is the resistivity of the conductor. Resisitivity physical property of materials, is the ability
to resist a flow of charges; it is the measurenoéhibw strongly a material resists the flow of éleccurrent [9].

Ohm'’s law states that, “for many materials (inchglimost metals), the ratio of the current densityhe electric field is a
constantr that is independent of the electric field prodgdhe current” [10].

J =cE (Ohm’s Law) 3)

The constant of proportionality) is the conductivity of the material, (J) is theremt density, and (E) is the electric field.
The inverse of conductivity is resistivity)(

E=pJ 4)

For a homogeneous area with one electrode, thetmtseparates radially away from the current seuwhere the area (A)
is a half sphere (&2 with radius (r). Equation (2) is rewritten as

p =RK, (5)

Where K = 2rr for a half sphere. Equation (5) consists of tvestg The first part is resistance (R) and the rseéquart is
geometrical factor (K), which describes the geognefrthe electrodes configuration.

The geological structures of the ground are inhanegus, and the obtained values of resistivity esgmt apparent
resistivity instead of true resistivity [11, 12]h&@refore, the resistivityp] in Equation (5) changes to apparent resistivity (
in an inhomogeneous area:

pa= RK. (6)

Where K =zn (n + 1) a

This is a new hybrid between the Wenner and Schéugdy arrays [13] arising out of relatively recemtrk with electrical
imaging surveys. The classical Schlumberger asayne of the most commonly used array for restgtsounding surveys.
This array (Fig. 1) is moderately sensitive to biodhizontal and vertical structures.

c1 na , P1 _ 4, P2 na c2

Fig. 1: Wenner-Schlumberger array method

The Wenner-Schlumberger spread was carried oudquisition of data. In each line location, eledg® numbered 0- 30
were staked into the ground at intervals of 5m gltime line. Each time measurement were to be takeay of four
electrodes are selected manually and connectedhetoPetrozenith Earth Resistivity Meter via singterec cable. The
longitude, latitude and altitude of begin and erfidhe survey line were measured using the Globaitl®aing System
device.

In this survey, a maximum current spread of 150emsetvas used to map the subsurface of the study Bor the first
measurement, electrodes number 0, 1, 2 and 3 ade Hiectrode 0 was used as the first currentreléetC1, electrode 1 as
the first potential electrode P1, electrode 2 as shcond potential electrode P2 and electrode easecond current
electrode C2. For the second measurement, elestrugteber 1, 2, 3 and 4 were used for C1, P1, PZ@nckespectively.
This was repeated down the line of electrodes etaittrodes 21, 22, 23 and 24 are used for therlaasurement with “1a”
spacing .After completing the sequence of measuntsmeith “1a” spacing, the next sequence of measeants with “2a”
electrode spacing was carried out. First electrdjez, 3 and 5 were used for the first measureniém. electrodes were
chosen so that the spacing between C1-P1, P2-Cfagles are “2a”. ‘The same process was repeatethéasurements
with “3a”, “4a”, “5a”, “6a” and “7a” spacings respively.
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Groundwater quality was evaluated from test on $arfipm hand dug well from Uwalor-oke community iltomi, Esan
North East of Edo State. Polythene bottles contaimesre used for the collection of water samplesaath location these
bottles were rinsed by the water from which samplese to be taken. The laboratory analysis of #reded water revealed
the chemical composition of water. The groundwai@mples were analysed in Quality Analytical Labmmnatand data
obtained were compared with the World Health Orgation (WHQO) benchmark of drinking water [14]. Thieemical
characteristics include, pH, Total Dissolved Sol{d®S), Electric Conductivity (EC), Total Suspend&dlids (TSS),
Hardness, Colour, Turbidity, Alkalinity, Nitrate (), Nitrite (NOs), Zinc (Zn), Copper (Cu), Calcium (Ca), Lead (Abn
(Fe), Phosphate (R Magnesium (Mg), Manganese (Mn) based on thequhoies outlined in [15, 16, 17].

3.0 Results and Discussion

The result of the geoelectrical survey employing thectical resistivity tomography (ERT) and utilizinlge Zondres2D
software and Surfer 11 software for data analysisshown in figures 2-4. The physicochemical patamseof water samples
collected in the study are shown in Table 1. The igi to identify the pollutants and also ascerthim health status of the
hand dug well in the study area.

Table 1: Test Results of Physicochemical Parameters

Parameters Units Sample 1 WHO Limit
pH 6.60 6.5-8.5
EC us/cm 218.0 1000
TDS Mg/l 136.0 1000
TSS Mg/l Nil N/A
Total Hardness Mg/l 2.50 100-500
Turbidity FAU 1.0 5.0
Colour Mg/l Pt/Co 2.0 5.0
Alkalinity Mg/l 96.0 500

Fe Mg/l 0.01 0.3

Zn Mg/l 0.23 5.0

Mg Mg/l 0.23 50

Mn Mg/l BDL 0.1

Cu Mg/l BDL 1.0

Ca Mg/l 0.92 75.0
NO, Mg/l 4.38 3.0

NO; Mg/l 0.02 10.0

Pb Mg/l BDL 0.05
PO, Mg/l 0.14 N/A

The physicochemical analysis from Table 1 showsdhadhe parameters analysed for water sampleci@t from hand dug
well were within the World Health Organisation (WH@rinking water benchmark apart from nitrite wahhigh value of
4.38mg/l as against 3.0mg/l World Health OrganisafMWHO) benchmark for drinking water.

Sample 1 = Uwalor-oke FAU= Formazin Attenuation unitgis/cm= Micro second per centimetr®g/l = Milligram per
litre, ptCo = Platinum cobalt scal®DL = Below Detectable limitN/A = Not Available
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Fig. 2: Geoelectric Image of Uwalor-Oke

Three different colour shades, green, yellow anbate seen in the resistivity block section moeetisn. The green 6.5-66
QOm (on the average 3@m), yellow 66-658Qm (on the average 362m) and red 658-150@m (on the average 1079
Qm).This probably shows three different geoeleatnaterials. The geological interpretation of thagstgty anomalies are
shown in the form of geoelectric section (Fig 2).
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Su rvey objective:To locate and delineate pollution plumes

Su rvey Location: Edo/Esan North East/Uromi/Uwalor Oke/N6.68025deg, E006.31947deg
Survey Date:15/12/12014

Array Used:Wenner-Schlumberger

Resistivity Inversion Software used:zondres2d

Geoelectric Section Drawn in:Surfer 11.0

Fig. 3: Geoelectric Section of Profile Uwalor Oke
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The average resistivities 43, 362 and 1@ inferred to be clay, lateritic clay and lateriResistivity anomaly, labelled PL
lie between 6.8m and 2@m (on the average €8n) indicating leachate plume is observed. PL1 %nlby 2.0m in cross
section, it laterally located between 35 m and 37anks, and extends vertically to a depth of 5.0m.
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Fig. 4: Topographic Cross Section across Plume, PL and Hagdvell Location Uwalor Oke

The plume, PL is located up elevation of the hangd well location, which is 28m away from the plutoeation (Fig. 4).
From this topographic setting, it could be suggkstat lateral migration of the plume is towards tand dug well location,
and if flow continues, region down gradient fronmiight be contaminated. The topographic cross@etig the topographic
information with leachate plume i.e predicts theediion of flow of plume.

4.0 Conclusion

The 2D electrical resistivity imaging successfulilineated the lateral and vertical extent of thetaminated zones as well
as determining the subsurface migration pathwa fEsult of 2D resisitivity imaging has helped cuaerize the landfill
subsurface such as landfill geometry and leachlat@gpin Uwalor-oke community. It is observed tHa¢ teachate plume
was delineated within the resistivity range of abb20 Qm which is laterally located between 35m and 371h extends
vertically to a depth of 5.0m. The topographic sexdion helped to predict the flow of leachate mudirection. The test
result of physicochemical analysis of hand dug weiter samples revealed nitrite concentration whiskifies the presence
of leachate plume in the subsurface. The preseinciribe in drinking water can be hazardous toltieaspecially for infants
and pregnant women (blue baby syndrome).
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