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INTRODUCTION

❑Solid wastes are generated by domestic, commercial and 

industrial activities.

❑Various methods of disposing solid wastes include open 

dumps, wasteland – farms containment ponds, containment 

in rocks and deep underground injection (Ismail and 

Hashim, 2006). 



INTRODUCTION CONT’D

❑The practice of landfill systems as a method for waste 

disposal in many developing countries is usually far from 

standard recommendations (Mull, 2005; Adewole, 2005).

❑Landfills are sources of groundwater and soil pollution 

due to the production of leachate and its migration 

through refuse (Christensen et al.,1993).



Landfill Leachate and Public Health 

❑There is common misconception that since the materials 

placed on solid landfills are basically household 

materials, they are relatively safe and would not 

adversely affect groundwater quality.

❑Recent discovery of numerous toxic chemicals in well 

waters have proved this traditional believe to be false 

(Brown and Donnelly, 2005).



Landfill Leachate and Public Health cont’d

➢The studies by Brown and Donnelly (2005) have shown 

that in municipal landfill leachate:

❑32 organic chemicals cause cancer (e.g. vinyl chloride, 

benzene), 

❑16 cause birth defects (e.g. endrin), and 

❑22 cause genetic effect (e.g. 1, 1, 1-Trichloroethene)



Sanitary Landfill

❑The long established method for solid waste disposal that 

demand a minimum of effort and expense has been the 

open dumpsite.

❑Landfills today in developed countries are built to prevent 

any hydraulic contact between the water and the 

surrounding environment, particularly groundwater 

(Osazuwa and Abdullahi, 2008). 



Statement of Problem

❑Contamination of soil and water is largely due to the 

explosion in world population and an inadequacy of 

waste management authorities to increase their waste 

handling capabilities in proportion to population growth. 

❑However, there is no any known environmental study 

using geophysical method in this area.



Justification

❑This study will create a reference database on the 

subsurface environment, protect the groundwater resources, 

protect public health and the environment, and would 

complement the surface geological and geographical 

surveys that exist for the cities. 

❑It will also be a valuable reference work for earth scientists, 

engineers and town planners to facilitate decision making 

process to reach site re-development objectives.



Aim of the Study

❑The aim of this study is to use Vertical Electrical 

Sounding method and heavy metal determination as 

indicators for ground water pollution at open waste dump 

sites located in Niger state, Nigeria and  to also 

determine the extent of groundwater contamination. 



Specific Objectives

➢The specific objectives of this study are to:

❑Locate geological structures (faults, fissures, shear 

zones, steep lithologic contacts etc.) under and around 

existing landfills and waste dump sites.

❑ Locate aquifers and hydraulically active structures 

tracing the movement of contaminated plumes and 

seepages in the ground.



Specific Objectives cont’d

❑ Detect and locate buried waste dumps in particular, 

delineation of their margins and physical characterization of 

major wastes.

❑Determine some heavy metals in hand dug wells as well as 

in soil within the vicinity of the surveyed areas.



Specific Objectives cont’d

❑Determine the physical parameters (Temperature, pH, 

Conductivity, Alkalinity, Acidity)  of water from various 

hand dug wells and soil around the surveyed areas.





Geology of the Area 
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LITERATURE REVIEW

❑Geophysics has been applied for some time to study 

saline water intrusions in coastal aquifers and, more 

recently; it has also been adapted to other water pollution 

studies (Benson et al., 1983).



LITERATURE REVIEW CONT’D

❑In fact, geophysics provides fast, economic and non 

invasive methods to study water contamination, as well 

as other environmental issues, and it has proved to be as 

promising and successful as predicted (Ward, 1985) 



MATERIALS AND METHODS

❑MATERIALS
❑Cables

❑Steel electrodes

❑ABEM Terrameter

❑GPS

❑Measuring Tape

❑IP2WIN



METHODS

❑The Schlumberger method 

was adopted for this study 

because 

❑The fieldwork is faster, easier 

and economical, and 

softwares are readily 

available for its interpretation  

(Patra and  Nath 1999 and  

Selvam et  al., 2010).

❑This configuration is 

mostly used as it would 

provide subsurface 

information considering 

the depth of penetration 

which ranges between 1/3 

and 1/4 of the total current 

electrode separation 

(Mallam and Ajayi, 2000).



FIELD PROCEDURE

❑VES survey was carried out in 198 locations in three 

towns namely: Bida, Kontagora and Minna.

❑Twenty two of the profiles were directly inside dump, 

while eleven profiles were taken outside the dump to 

serve as control.



Physiochemical Survey

Water Sample Soil Samples

❑Three samples of water at a 

distance not more than 20 m 

from each refuse dump from 

existing hand dug well at the 

three towns.

❑One sample water from 

distance far away from 

refuse dump.

❑Six samples of soil were 

taken at each site directly 

inside refuse dumps.

❑Three soil samples were 

also taken a distance of 

about 200 m from refuse 

dump to serve as control.



RESULTS AND DISCUSSION



1D Interpretation

❑Interpreted resistivities were obtained by iterative 

computer modeling of the apparent resistivity data using 

IP2WIN software



Muazu Ibrahim Commercial Secondary 

School, Refuse



Profile B



Control site



Table 4.11: Physio-Chemical Analysis of 

Hand Dug Wells in Muazu Ibrahim 

Commercial Secondary School Kontagora

refuse dump
Parameter Unit Well A Well B Well C ControlWell WHO

Temp OC 27.1 25.7 25.5 29.8 35-40

pH
6.6

6.7 6.7 7.9 6.5-9.2

Conductivity µS/cm
975

664 879 89 100

Alkalinity mg/dm3
1,100

690 770 82 200

Acidity
mg/dm3

78 82 88 45 NA

TDS
mg/dm3

1300 1020 1050 370 500-550

Total Hardness
mg/dm3

86 85 95 54 500

Zinc
mg/dm3

1.75 1.72 2.39 0.95 3.0

Lead
mg/dm3

0.693 0.769 0.0903 0.000 0.001

Manganese
mg/dm3

0.328 0.423 0.260 0.050 0.5

Iron
mg/dm3

1.365 1.758 0.974 0. 072 0.3

Copper
mg/dm3

0.840 1.500 0.780 0.057 2.0

Chromium
mg/dm3

1.400 06578 0.7500 0.009 0.05

Nickel
mg/dm3

0.650 0.460 0.620 0.030 NA

Cobalt
mg/dm3

0.987 0.695 0.875 0.050 NA

Cadmium
mg/dm3

0.076 0.085 0.075 0.002 0.003



Table 4.22: Physio-Chemical Analysis of Soil 

Samples in Muazu Ibrahim Commercial 
Secondary School refuse dump, Kontagora

Location pH
Zn

(mg/kg)

Pb

(mg/kg)

Mn

(mg/kg)

Fe

(mg/kg)

Cu

(mg/kg)

Cr

(mg/kg)

Ni

(mg/kg)

Co

(mg/kg)

Cd

(mg/kg)

MI1
6.54

6.84 68.51 27.31 6.57 64.00 150.83 28.00 10.57 1.19

MI2
6.67

5.71 40.61 21.57 6.37 57.00 132.00 22.00 8.43 0.87

MI3
6.80

4.76 29.72 17.39 5.60 49.50 105.33 18.00 7.61 0.69

MI4
6.78

4.42 23.84 14.29 4.65 36.00 80.67 15.00 5.85 0.43

MI5
6.76

3.84 20.72 11.57 3.77 28.50 56.83 13.00 3.73 0.29

MI6
6.68

2.85 9.87 7.85 1.90 21.50 32.36 10.00 2.489 0.15

Min
6.54

2.85 9.87 7.85 180 21.50 32.36 10.00 2.49 0.15

Max 6.80 6.84 68.51 27.31 6.57 64.00 150.83 28.00 10.57 1.19

Mean 6.71 4.74 32.21 16.66 4.81 42.75 93.004 17.67 6.45 0.73

S.D 0.15 1.40 20.7340 8.9765 1.9463 21.7024 76.8565 5.9463 3.8792 0.2973

MIC1
6.28

0.00 1.03 0.64 0.00 0.50 8.11 5.00 0.37 0.008

MIC2
6.31

0.06 0.41 0.25 0.08 8.50 12.83 2.00 1.28 0.004

MIC3
6.25

0.06 0.14 0.31 0.01 5.00 0.00 4.50 0.00 0.004

Min 6.25 0.00 0.14 0.25 0.00 0.50 0.00 2.00 0.00 0.004

Max 6.31 0.06 1.03 0.39 0.08 8.50 12.83 5.00 1.28 0.008

Mean 6.28 0.04 0.21 0.40 0.03 4.67 1.68 3.83 0.56 0.005

S.D 0.06 0.13 0.35 0.25 0 .08 1.88 1.04 2.13 0.35 0.004

TMC: Muazu Ibrahim Commercial School control



Discussion of Results

❑First layer shows a low resistivity zone (1-48 Ωm) at a 

depth of (1-5.8 m). This low apparent resistivity is 

attributed to contamination of top soil due to 

accumulation of leachate Osazuwa and Abdullahi 2008). 

❑The horizontal horizon made up of green, grey, yellow 

and pink colours is the water bearing zone



❑Control sites show resistivity that ranged between 89.8 

Ωm on the surface.

❑This apparent resistivity values show presence of gravel 

which is porous see table 4.1 (Mahmoud et al., 2009) 



Physio-Chemical Analysis of Water from 

Hand Dug Wells

❑The temperature for the groundwater in the study area 

ranged between 22.0 OC and 22.6 OC which is below 

WHO (2003) limits and the control well has a temperature 

of 28.7 OC. 

❑The pH values for both wells as well as control well meet 

the WHO (2003) standard (6.5-9.2). 



❑The value of alkalinity for most of the wells is 

above WHO (2003) limits, with the exception of 

well C in Angwan Jumpa which is within 

allowable limits. 

❑The Total Dissolved Solid in all wells studied 

showed that the values are above WHO (2003) 

permissible value. 



❑Water with high TDS (> 500 mg/l) is undesirable for 

consumption because it may taste bitter, salty and 

could have unpleasant odour (Aweto, 2012).

❑Electrical conductivity is also above permissible 

limits recommended by World Health Organisation, 

this confirm the result obtained from geophysical 

sounding. This is an indication of presence of 

electrolytes and picture of the concentration of ions 

in solution (Popoola and Fakunle, 2011)



❑High electrical conductivity is attributed to 

contaminant fluids rich in total dissolved solids 

(Abdullahi et al., 2010).

❑Some of the parameters measured in these wells are 

elevated especially Lead, Chromium and Cadmium, 

Iron, this is supported by Ozasuwa and Abdullahi

(2008), Jegede et al., (2011) and Popoola and 

Fakunle (2011).



❑High concentration of iron in the groundwater is 

probably due to the leaching of iron scraps which 

constitute a reasonable part of the waste (Abdullahi

et al., 2010). 



Physio-Chemical Analysis of Soil Samples

❑In all the metals analysed, the concentrations are higher at 

distance 10 m from the centre of each dumpsite and 

decreases as distance increases to 60 m.

❑The concentrations further decrease at control points of about 

200 m away from three sides of the refuse dump. This trend is 

observed in Awokunmi et al., (2010) and Shemdoe (2010).

❑This trend showed that the concentration of heavy metals is 

due to the effect of waste disposal.



❑Bahaa eldin et al., (2010) found that the average 

value for pH was 6.7 for municipal landfill leachate 

indicating the young leachate and waste degradation 

was at its late stage of acjdic phase. 

❑The values for the present study also fall within this 

range. These values imply that the pH of the soil 

within the study area is acidic and are probably due 

to the leaching of organic acids from decaying 

vegetation (Alile et al., 2010). 



Conclusions

❑Vertical Electrical Sounding of Schlumberger array, 

soil analysis and water analysis around landfill sites 

at Kontahkora in Niger state, Nigeria was carried out 

to detect groundwater pollution.

❑DC Resistivity results show a low resistivity zone (<5 

ohm-m) at shallow depths, which appears to be a 

zone fully saturated with leachate from the open 

refuse dump. 



❑The study has revealed that many parts of the refuse 

dump have been considerably contaminated due to 

migration of leachate which could pose some health 

risks to the residents.

❑The hydro geologic features of the study area 

showed that contaminants derived from the 

waste disposal site infiltrate through vulnerable 

sandy formations and hence to the groundwater 

flow



❑The vertical electrical sounding was able to show the 

depth and the resistivity of each layer.

❑The results indicate that the areas of high conductivity 

represent the leachate plume migrating from the landfill.

❑The interpreted apparent resistivity curve indicated the 

conductivity of the conductive layers beneath the dump 

site is enhanced as a result of enrichment by leachate 

plume and therefore more conductive than the 

conductive layers beneath the control site. 



❑The high concentration of heavy metals (lead, cadmium 

and chromium) is an indication of toxic or hazardous 

substances in the leachate.

❑The high values indicate that the water quality is poor 

and the high TDS could be attributed to the presence of 

clay (clays occur at depths up to 53.5 m as confirmed by 

the geoelectric data)



❑The concentrations of heavy metals were obtained to 

be highest at the centre of each dumpsite and vary 

significantly at a distance of 10 m away from the 

centre of these sites to 60 m down slope



❑Leaching of heavy metals was found to have taken place 

but not to a distance as long as 200 m from the last 

sampling point on each dumpsite.

❑The hydrogeological data confirmed the geophysical 

findings and thus, from the scientific, technical and 

economical points of view, joint geophysical and 

hydrogeoeogical surveys are the best approach to study 

groundwater contamination problems.



Recommendations

❑The severely polluted groundwater should be promptly 

extracted and managed to avoid further expansion

❑The severely polluted soil should be repaired or removed 

and filled with no pollution soil

❑Improved waste disposal management system is also 

advised, since the wetlands in the vicinity of this dumpsite 

could promote the migration of leachate



❑Constant monitoring of the groundwater quality is 

highly recommended especially around landfills to 

ensure the safety of drinking water in the lower 

reaches.

❑Dumpsites must be located on a geologically 

impermeable ground like clay. Clay being relatively 

impermeable to water is used when natural seals are 

needed such as in the cores of dams or as a barrier 

in landfills against seepage.



❑The presence of clay above the aquifer must be sought 

for before choosing any site for waste disposal. 

❑Also all existing waste dump sites in Nigeria should be 

investigated using VES, and the usage of any site without 

shallow clay of at least 4.5 m thick above the aquifer must 

be discouraged.

❑Assessment of water quality in relation to the 

bacteriological analysis is encouraged to complement 

the hydrochemical results. 



❑The use of impermeable liners made of geo-membranes is 

recommended at the inception of dumpsites to prevent 

seeping of contaminants through the subsurface. 

❑A sanitary landfill that will be properly engineered and 

monitored is also recommended and which will be far away 

from residents to prevent out-break of diseases



Thanks for listening


