GROUNDWATER CONTAMINATION MAPPING USING ELECTRICAL RESISTIVITY METHOD AND INADEQUATE WASTE MANAGEMENT PRACTICES IN NIGERIA
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Abstract: Regardless of the waste management practices adopted arising from the shortfall of indiscriminate dumping of waste/refuse, mankind will continue to be increasingly dependent on surface and groundwater supply to satisfy domestic and industrial needs.

A geoelectric survey involving the Schlumberger Vertical Electrical Sounding (VES) was carried out around refuse dumping site along Laje road Ondo in Ondo West Local Government Area of Ondo State. 

The area is underlain by the Precambrian Basement Complex rock. Maximum of four subsurface layers were delineated which include: topsoil, sandy clay, weathered clayey sand and fresh basement. Overburden thickness in the area is generally very thin. The area is characterized by a thin and shallow clayey aquiferous zones delineated at VES 5, 3, and 2. Groundwater extraction in the area is through hand dug well. This shows that buildings close to VES 4, 3, 2, and 1 are highly susceptible to infiltration of leachate from the dump site compare to VES 5 that is less susceptible to groundwater contamination. Level of groundwater contamination arising from the solid waste leachate is imminent in all the VES.
It is suggested that people living around this area should be evacuated and resettled because their live is endangered if they continue to consume water from the dug wells.

This paper has demonstrated the usefulness of electrical resistivity method as a tool for evaluating extent of contamination and postulate typical waste management model to be adopted based on socio-economic activity so as to impede the rate of endangering water resources. 
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1.
Introduction
Most countries of the world are now seriously concerned about problems of environmental pollution, whether it is of water, air or land. W.F. Lester (1987) said without population, there would be no pollution and that pollution is the price of progress.

Over the years, Nigerian cities and suburbs are besieged with lots of environmental problems and continue to experience devastation through human activities such as indiscriminate waste discharge, oil well blow-out due to overpressure during drilling and production, hydrocarbon spillage arising from sabotaged oil pipes and corrosion effect, storage tank and distribution facilities failure and unexpected oil tanker accident (Olorunfemi et al., 2001). Virtually every facet of modern civilization (e.g. industrial, commercial, mining, energy production, food agriculture etc.), generate waste in different forms caused by the advent, continued growth and usage of technological products. Leachates from these wastes find their way into the soil, air, the surface and groundwater thereby altering the natural distribution of elements, which lead to pollution. Most organic waste is quickly rendered harmless by bacteria action and oxidation and can be recycled to maintain the fertility of cultivated land. Pollution results from the release by man of substances likely to affect human health or damage ecological systems in general. 

Waste generation and environmental degradation have been associated with human settlements since the dawn of history. It has also been observed that amount, size, nature and complexity of wastes generated by man are profoundly influenced by the level of urbanization and the intensity of socio-economic development of the given settlement (Lester, 1987). Solid waste, if allowed to accumulate is a form of environmental pollution. 

Each year, staggering quantities of waste accumulated in major cities of Nigeria. The increasing volume of the cities’ solid waste reflects the dramatic population growth, and its shift from rural to urban dwelling (Population reports, 1995). The problem is exacerbated by the lack of well-organized waste management strategies in the country. 

The contamination of water by the discharge of untreated waste products, garbage dump along the roads (blocking major roads in some cases), abandoned borrow pits and open places is among the most serious form of pollution, especially in the urban cities. This is mostly responsible for various types of water borne diseases such as dysentery, cholera, typhoid, diarrhoea, hepatitis. Among the observed sources of pollution are:

· Leaking cesspits, soakaways and underground storage tanks,

· Leachates from waste and garbage dumps,

· Industrial effluents discharged into streams and other water courses that are hydraulically connected to the groundwater,

· Infiltrating wastewater from homes into unlined channels and gutters, and

· Saltwater intrusion due to over abstraction.

Water is a very important substance for survival and sustenance of life. Human beings depend on it for their daily activities. However, the main sources of water in Nigeria are rain, hand-dug wells and streams. 


Electrical resistivity is the physical property, which defines the resistance of a material to the passage of electric current. Most earth minerals (rocks, soil) are electrical insulators (highly resistive) and the flow of current is primarily through the moisture-filled pore spaces. As a consequence, the resistivity of the earth minerals depends on: (i) the porosity of the material or system (ii) the permeability of the material or system (iii) the amount of pore water (iv) the concentration of dissolved solids in the pore water. Groundwater is contained within weathered and or fractured/jointed basement columns (Olorunfemi and Fasuyi, 1993 and Ojo et. al., 1993). The aquifer system is discontinuous with limited lateral and depth extent (Satpaty and Kanungo, 1976). The groundwater is primarily recharged by surface precipitation (rainfall) and limited lateral groundwater flow. The groundwater obtained from basement complex area is generally known to be of good quality (Olarewaju et. al., 1997; Oyewole, 1997). Where the topsoil is sandy and permeable, the weathered aquifer is unconfined and highly susceptible to surface-sourced pollution. But where the weathered layer aquifer is overlain by low permeability clay or lateritic hardpan, the aquifer is signficantly protected. The specific objectives are (i) to determine thickness of the overburden / clay content (ii) to evaluate the extent of contamination (iii) to postulate a typical waste management model.
2.
Materials and Method of Study
the study area along Laje road lies within Ondo West Local Government Area of Ondo State. The area lies within X coordinates 700075 and 699998, and Y coordinates 782544 and 782498. Five vertical electrical soundings were carried out using Wenner electrode configuration. This is achieved by a gradual increase in the spacing AB about the center of the electrode array. The instrument used was the ABEM SAS 300C digital Terrameter. The field layout of the sounding points is as shown in Figure. 1. The VES data were plotted on bi-log graph paper with the apparent resistivity (
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) values on the ordinate against one third of the spread (AB/3) along the abscissa. The resulting curves were interpreted manually using the partial curve matching technique and the results were further iterated using RESIST computer software (Vander Velpen, 1988).The most prominent group is the Schistose quartzite and Granite undifferentiated which is believed to have folded during the Pan African Orogeny.
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Flg. 2: VES Polints at the Waste Site




Figure 1: Distribution of VES points at the waste site
3.
Results and Discussion
The VES sounding curves are the H, A, and KH type which range from 2 – layer to 4 – layer curve types. The interpreted results are presented in Table 1. The depth sounding interpretations are presented as geoelectric section in Figure 2.

Table 1: Interpreted Results of VES Sounding Points and Curve Types
[image: image3.png]VES THICKNESS (m)/ CURVE TYPE
STATION RESISITIVITY (Ohm-m)
NUMBER
1 10/13//135/15/360 H
2 1.0/32//900 /4747798 H
3 10/727/130/195/645 A
1 10/1.5//420/105/240 H
5 1.0/29/55//180/220/233/ © KH





Maximum of four subsurface layers were identified beneath the VES 5. These include topsoil, sandy clay, weathered clayey sand and fresh basement rocks.
The interpretation results in terms of the geologic layering are as follows:

1st layer- TOPSOIL:

This is composed of clay/sandy and clay/clayey sand. The thickness of the layer is 



1.0 m and its resistivity varies from 130 – 900 Ohm-m.

2nd layer- SANDY CLAY: 
This is a mixture of both sand and clay with the sand being more pronounced. The 



sandy clay is only present at the 2nd layer of VES 5 which is of 220 Ohm-m and 




thickness 1.9 m.

3rd layer- WEATHERED LAYER: This is made up of both sand and clay and the layer 

 resistivity ranges between 47.4 and 195 Ohm-m while 

 the layer thickness ranges between 0.3 m and 6.2 m.

4th layer- FRESH BASEMENT: 
Resistivity here varies from 360 - 
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Figure 2: Geoelectric section showing sounding points

4.
Geoelectrical and Hydrogeological Characteristics
The lithological unit is concealed with the survey area. The sandy topsoil generally varies in thickness from 0.0 to 1.0 m. The area is characterized by a thin and shallow clayey aquiferous zones delineated at VES 5, 3 and 2. Groundwater extraction in the area is through hand dug well. This shows that buildings close to VES 4, 3, 2, and 1 are highly susceptible to infiltration of leachate from the dump site compare to VES 5 that is less susceptible to groundwater contamination due very small amount of clay content. Level of groundwater contamination arising from the solid waste leachate is imminent in all the VES.  About 2.6 m thickness of clay in VES 5 reduces the risk of groundwater contamination though the aquifer system is unconfined and highly susceptible to surface and near surface pollution. No geology structure (such as major fault, cavity and sinkhole) was delineated within the survey area.
A modified typical waste management model to be adopted based on socio-economic activity so as to impede the rate of endangering water resources is shown in Figure 3
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Figure 3: Landfill design with leachate collection system, compacted clay liner, tight cover  and composite 


liner. (Adapted and modified from Rowe, R.K. and Fraser, M.J.1996).

This modern landfill (Figure 3) is well engineered facility that is designed, operated, monitored, closed, cared for after closure, cleaned up when necessary and financed to insure compliance with government regulations to protect human health and the environment, especially groundwater resources.

5.
Conclusions and Recommendations

The United State Environmental Protection Agency (US-EPA, 1989) has ranked the most environmentally sound strategies for waste management as follows: Source reduction (including re-use) is the most preferred method, followed by recycling and composting and lastly disposal in combustion facilities and landfills. The site is underlain by Schistose quartzite and Granite undifferentiated. The weathered layers constitute the aquifer unit. The hydrogeological characteristics revealed that about 80% of the study area below the topsoil is vulnerable to groundwater contamination. The site has typical very thin overburden which makes the aquifer susceptible to pollution from surface source pollutant.


The following recommendations are therefore made:

i. Indiscriminate dumping of refuse/waste should prohibited;

ii. Government at all levels should be encourage to adopt the best waste management method(s);

iii. Traditional pit latrines should be discourage as a common practice to prevent the shallow aquifer unit contamination resulting from uncontrollable seepage of leachate from such pits; and Periodical geophysical investigation should be carried out at the various dumping sites in order to monitor leachate movement from percolating into the groundwater.  


iv.
People living around dump site should be evacuated and resettled because their live 

is 

endangered if they continue to consume water from the dug wells.
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