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ABSTRACT
Geophysical and physico-chemical investigations of a waste dumpsite was aimed at assessing the extent
of groundwater pollution arising, from leachate plume. Very Low Frequency Electromagnetic, Resistivity
Profiling and Sounding were employed within the range of 1to100 m in NI:-SW direction, in discordant
with orientation of outcrops in the area. VLF-IIM results showed high range values (0 -10 pS) of
conductivity within a depth range of 5-15 m. Profiling showed low Resistivity value range (3.79 - 11.0
Qm) within a depth range o9 - 12 m. The sounding results delincated fonr -~ five vertical lithological
layers from the geo-electric sections of K1 type sounding curves. High conductivity shown by the VLF-
EM could be a signature of aquilerious layers in the arca. The low resistivity value could be an evidence
of dissolved particles from the decaying rubbish in the waste, forming the constituent of the leachate. The
hydro-physicochemical —analysis  showed  concentration  of  Magnesium(6.8-8.4)mg/!,  Iron(2.0-
3.5)mg/l Manganese(0.5-0.85)mg/LLead(0.5mg/1),Chromium(0.6-0.8)mg/l and Nickel (0.05mg/l) present
in the water samples, higher than WO, 2006 and NSDQW, 2007 standards. Thus. migration of leachate

could have posed menace of pollution.

Keywords: leachate plume, heavy metals, sounding curve, health hazard, geophysical

INTRODUCTION

Industrial development  and uncontrolled
growth ol urban waste and population result
in the production of toxic and non-toxic
wastes which are incessantly disposed in
confined or unconfined waste disposal sites

(dumpsites). (Fig.1).The decomposition of

the refuse lead to the production of leachate

which infiltrates the carth in the direction of

rainwater percolation 1o contaminate  the
groundwater, depending on the topography,
hydrology condition, porosity and the rock
type within the locality. I.cachates can travel
several metres of vertical and  horizontal
distance, thereby polluting  soil, rocks,
surface water, and groundwater (Bernstone,
et al.. 2000).

In this study, Electrical Resistivity and
Electromagnetic methods were applied as
reconnaissance tools to deteet and delineate
leachate plume fromuncontrolled Eyenkorin
market  solid  waste  dumpsites  while
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hydrochemical assessment of the well water
in the study arca was also carried out. The
study is aimed at investigating  possible
Groundwater contaminant  signature  [rom
open dumpsites in the study arca. This
becomes necessary as the inhabitants in the
study arca depend mostly on groundwater
for domestic purposes and as such this might
have had deleterions effect on human health.,
Desceription and Geology of Study Area

Lyenkorin market dumpsite is within the
human  locality  sandwiched  between
Latitude 8% 23" 25" 10 8° 23" 41" N and
Longitude 4°27° 36™ 1o 4°27° 62" X in Asa
Local government arcas of Kwara State,
South-western, Nigeria.According  to
(Olaschinde, Virbka and lisan
1998:Rahaman, 1976: Oluyide, 1979), the
study arca is situated on the undifferentiated
Precambrian Basement Complex rocks of
granitic  Gneisses.  Migmatities  and
metamorphic origin. (Figures 2a and b).
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The two main types of aquiler in this area latter usually occurring below the former
are the¢ wecathered  basement  and (Davis and De Wiest .1966).
jointed/fractured basement aquifers with the

Figure 1: EycnkorinMacl dumpsite
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Figure. 2a: Location Map of the study area
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Figure: 2b: Geological Map showing the Study Area
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METHODOLOGY

Geophysical Techniques

The electrical resistivity techniques adopted
were Vertical Electrical Sounding (VES),
using Schlumberger electrode configuration.
2-D clectrical resistivity profiling using
Werner alpha array together withVery Low
Frequency  Electromagnetic  (VLF-EM).In
Electrical Resistivity Profiling and Vertical
Electrical  Sounding (VES) measurement,
electric current (I) was introduced into the
ground through a pair of clectrodes A (C1)
and B (C2)., while electrodes M (P1) and N
(P2) measured the potential difference (AV)
created in between A and B due to the
current pressures in them. This operation is
repeated when the distance between current
clectrodes are increased, together with an
incrcase of the study depth.  Values of
apparent resistivity (p.) were calculated in
cach distance AB using

Pa = ATVG (n
(&

G(= n’—';T) is the geometrical factor,
determinable from the arrangement of the
electrode configuration. The ficld data were
interpreted  usingRES2DINY  software.
(Lokeer  al., 1996) and WINRESIST
modeling software while 1-1) electrical
resistivity tomograms were gencrated.
VLF-EM data set was collected using
ABEM- WADI VLF equipment to measure
the vertical (HZ) (Real) and horizontal (HX)
(Imaginary) components of the secondary
clectromagnetic fields along the established
profiles at 5 m and 10 m data intervals. The
real component of the data is filtered
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following the Fraiser (1966)'s technique.
Using the method of Karous and Hjelt
(1983). the filtered real component of the
data was used to compute current density
pseudo-section  for each VLF profile.
Computation and plotting of current density
pseudo-section was done with the aid of
KHE-filter inversion software (Pirttijarvi,
2004). The inversion uses skin  depth
normalization that compensates  for  the
effect of attenuation with depth.

Skin depth () '—\/'_AB/m;l 2)

Where @ is the angular speed: p is the
magnetic  permeability  andp  is  the
resistivity.

PHYSICO-CHEMICAL ANALYSIS
Water samples were taken from the three
available hand dug wells around the
dumpsite area by adopting standard method
for sample collection and preservations.
Field measurements include
physicochemical ~ parameters  such as
temperature, pll and other physical
parameters including: water level, depth to
bottom of the well. total dissolved solids,
colour, odour, taste, and turbidity.. Cations
and heavy metals analyses were carried out
using Atomic Absorption
Spectrophotometer. Sodium and Potassium
metal ( Na and K) by Flame photometry
(Systronics) while anion analysis was
performed using Iron  Chromatographic
method (titrimetric method was used for
SOs and HCOy). Four anions were
quantified, while thirteen metal clements
were also quantified.

www.nipng.org
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RESULTS AND DISCUSSION
Results
(i) Very Low Frequency -EM
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Figure 3b: Current density Equivalent Pseudo-section along VLI profile

Figure 3c: Currcnl‘dcnsily Liquivalent Pseudo-section along VLI profile (Controlled)
(ii) Electrical Resistivity Profiling
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Figure 4a: 2-D Resistivity Tomograms for the ERP profiles NE - SW
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(iii) Vertical Electrica
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Figure 5: Modeled VES Field curves

Table I: VES Curves Analysis

LOCATIONS VES | Layers | Resistivity (@m) | “Thickness (m) | Depth (m
Ojaliyenkorin VIS Gedl SN 06 e
| 2 1058.2 M D MBI . A
| 3 1175 265 28.4
, . 4 14354.0
3 VES2 |1 163.2 0.6 0.6
2 855.6 0.9 1.5
3 133.9 5.6 7.1
4 77.9 852 62.3
5 13480.0 -
VIES3 |1 270 los 0.5
2 782.0 N 1 GOSN ¥, . N
3 31.0 o 5.8
s 4 4760 e —

(iv) Physico-Chemieal Analysis
Table 2: Comparative analysis between water quality standard and the result of Physico-
chemical analysis of hand dug well water samples in the study area

PARAMETERS WELLA | WELLB _[WELLC [ NSDWQ g/l | WHO (mgt)
Depthof wells n) [ 1375~ “[1540 | 100 | EJ ey
Distance of wells 28.00 24.50 70.00

from dumpsite(m) o

Colour colourless | colourless | colourless | Clear, colouless Clear, colouless

Taste lasteless lasteless tasteless Unobjectionable | Unobjectionable

Odour Repulsive | Repulsive | none i

L1 SRR | - IR 7 sl A58 o LORNE, 0.8-85

Temperature ('C)_ 1290 12950 (300 | I . L
57T N W ¥ T I 0.5 . G

P mgl) T los oS 0 o0 P TR <t STRET
Td L N . SO 1 e A 7 RTRE e,
Zn*'(mg/l) 18 26 0 N T |
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%\

v

K'(mg/l.) B

Nat(mg/) 2.3 200

Mgy 0. 0.2 _
Call (mg/l) ¥

Ni _o.02 .

Cd suhd 0003 L0008
Cromg/ty 1 2800 2800 T
ST'_‘_L'HEL” o 008 0.0
Mngmg/!) L N L. (I
Comg/l) [-0001 1004  ]005 Ei ol R LR

SO (ppm) 2500 fA000
NOy(ppm) i = . -
POs(ppm) oy e B
CN-(mg/l.) hal " !
TDS(ppm) e L0 B S S
DO(mg/1.) 3.0 2
BOD(mg/dl) 10 ] K .
COD(mg/dl) i 0 AN P IS S :
Turbidiymg/ty |70 - 5.0

DISCUSSIONS

Contaminant Presence

The Results of the study arca as presented in
figures 3a and b showed that the observation
recorded on the clectromagnetic response
from the Fraser Filtering graph and current
density Pscudo section pattern on the V-
M tomograms indicating the locations of
high positive current- density anomaly (0 to
F1OpS) of the VLI results representing the
arca ol high conductivity. This indicates the
presence ol contaminant in the arcas under
investigation. Places showing high positive
current-density anomaly along  the VLF
profiles on Figures 3a and b are interpreted
lo be rocks/soil infiltrated by contaminants.
Places with low negative - low positive are
interpreted to be rocks with low conductivity
property. Places with high negative anomaly
are interpretedto be  erystalline  rocks.
Crystalline rocks are veryresistive because
they lack porosity that will permit the
infiltrationol” water or leachate. ‘The VLI-
EM profiles located 50 m away from the
dumpsitesshowed — lower  current — density

(Figure 3¢) than their correspondingprofiles
within the dumpsite (Figures 3a and by, This
suggests thathigh current density s due o
the presence ol leachate.,

Similarly, a contaminant leachate plume was
delincated in 2-D resistivity sections as low
resistivity zones, as presented in ligure
daThe  2-1 resistivity  imaging — was
identificd as bluish zones of low resistivity
range ol 379 - 11O Qmowith the depth
ranging ol 6 10 12 m . The Tow resistivity
value revealed that the area has been
contaminated. Comparing the profile within
the dumpsite 10 the profile 60 m away
outside the dumpsite  (Figureadb), it was
noted generally  that rocks  outside — the
dumpsite are more resistive  than those
within the dumpsite

However, the resistivity pattern in the 2-D
LERP tomograms is similar o the current
density pattern observed in the VLI 1EM
tomograms —in the  sense  that  the
contaminated area of low

resistivity values on the ERI? is correlated 1o
the conductivity  structures seen in VILF

www.nipng.org
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tomograms. The Structures suggesting local
pool ol contaminant are consistent within
the vicinity of some ol the dumpsites as
shown on 2-D ERP tomograms and VI~
M tomograms. Tigh resistivity signatures
on 2-D ERP tomograms  suggest  the
presence ol basement rocks that are not
permeable to contaminant infiltration.

Interpretation of VES data (Figure 5) shows
that the study arca revealed four - five geo-
clectric layers. Based on previous study
(Olaschinde and Raji. 2007), the five geo-
clectric layers are interpreted as: top soil,
lateritic  layer,  weathered — rock — layer,
fractured basement rock and fresh basement
rock. “Topsoil layer is absent in places
interpreted for four geo-clectric layers, They
were meant Lo strengthen or substantiate the
conductivity —and  resistivity  structures
observed in the VLE-EM and ERP results.
The analysis carried out on the field data
acquired on dumpsite and control revealed 4
=5 layered model with KI and KQIT type
Curve (prpazpass prg pr-paepips ps). In
the first and third layer of the VES 3, the
resistivity values were 27.0 Qm and 31.9
Qm with a relative thickness of 0.5 m and
A m. The second layer has high resistivity

value of 782 Qm with relative thickness ol

L19 m which could be lateritic  layer.
However, the low resistivity values observed
in the first layer (ligure.5. VES-3) s
assumed due to pollution which resulted
from the high porosity and  permeability
characteristics ol the sandy soil encouraging
the seepages of the  contaminant o a
maximum depth of 0.5 m at the subsurface.

The Tourth ayer has high resistivity value ol

476 Qm which indicated the fractured to
fresh basement zones JThe thickness ol this
geo-clectric layer is o an infinite depth.
However, high resistivity values observed in
all the Tayers of the control sites of (figure S,
VES T and 2) showed non pollution of the
arca. The fourth Tayer with high resistivity

L]
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range value of 136:2 - LETE Q. indicated
the fractured or basement zones (Table 1)
Assessment ol Leachates  Impact— on
Surrounding - Ciroundwater - Quality — shows
that all major ions revealed concentration
below the acceptable limit of ‘The World
Health  Organization  (W10O.2006)  and
Nigeria - Standard — for - Drinking — Water
Quality (NSDWQ.2007) standard guidelines
used as o standard  for assessing the
groundwater quality in the rescaneh arca,
exeept: Iron, Lead. Magnesium,  Nickel,
Chromium — and  manganese  whose
concentrations  were  slightly  above  the
acceptable standards limit in most ol the
surlace and shallow groundwater downslope
ol the dumpsite. as presented in Table 2,
The levels of plEin majority of ground water
samples are in the range ol 7.3 - 7.88. this is
inconlormity  with The  World  Health
Organization  (WHO.2006)  and  Niperia
Standard  for  Drinking. Water — Quality
(NSDWQ.2007)  standard. The  various
parameters tested in the sampled wells show
different concentration, the depths of the
sampled wells and their various distances
from the waste disposal site are presented in
Table 2.

CONCLUSION

The study has revealed that the study arca
have been considerably contaminated due to
migration ol leachate which could pose
some health risks (o the residents. This is
evident from the high values of conductivity
obtained from the results of VEE-EM and
Low Resistivity values obtained from the
result of the ERT. The hydro peologic
features of the study areas showed  that
contaminants — derived — from  the waste
disposal site inliltrate through vulnerable
sandy  formations  and  henee (o the
groundwater  flow.  The variation in the
concentration ol some metals and element
might  have been oy a result ol (he
infiltration. 1t could be concluded from this

www.nipng.org
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study that contaminant is present in the area.
However, based on the result of hydro-
chemical analysis of

However, it is recommended that effective
and frequently monitoring ol ground water
quality will sale guard the health of the

the surrounding well water, it could be
concluded that the groundwater is mostly
unsuitable for human consumption.

public residing in the surroundings of the
dump site and an improved waste disposal
management  system is - also  necessary,
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