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ABSTRACT

This study established the landuse pattern and determined the physio-chemical properties of the
groundwater of Jos South Local Government Area, Plateau State, Nigeria over a period of two years,
2013-2015. It also determined the variation of the physic-chemical parameters in relation to space,
depth, season and geology of the study are. This was with a view to providing information on the
groundwater quality of the study area.

The field period was divided into early dry, late dry, early rain, and rainy seasons. Sixty four (64)
sampling stations generated from grid demarcation were established. At each of the sampling station,
water samples were collected from wells and boreholes. The geographical coordinates of each sample
location were recorded using hand-held GPS device. Physical water quality parameters such as;
temperature, conductivity, well and water depth, and pH were determined in the field. Parameters
determined by Titrimetric methods include DO and BOD, organic matter, TOC and COD, total alkalinity
and total acid, Ca** and Mg”" and CI'. Parameters determined by instrumental methods include SO,*,
NO3, colour, Na*, K" and turbidity. Heavy metals (Mn, Pb, Fe, Cr, Zn, Cd, Co, Ni, Cu) were analyzed using
Atomic Absorption Spectrometery (AAS). The data obtained were analyzed using descriptive statistics,
ANOVA, correlation analysis, cluster analysis and Principal Component analysis (PCA). The results were
also integrated in a GIS environment and relevant thematic layers (terrain, geology, land use/ land cover
e.t.c) generated

The groundwater was classified as slightly buffered and bicarbonate with an observed ionic order of
dominance of the form:Ca®*> Na"> K">Mg”". This cations order occurred in therainy season with the dry
seasons cationic order of Ca®*> Na">Mg’*> K*. The results also revealed definite pattern of significant
variation (P< 0.05) in majority of the elements tested. Among the parameters investigated, water depth,
apparent colour, truecolour, turbidity, TS and TSS were higher in concentrations in the dry season than
in the rainy season while water temperature was higher in the dry season. Most ofthe major ions (HCO3
,CI¥,50,%, Ca**, Na* and K') were higher during the rainy season thanin the dry season whereas nitrate,
Mg”* and phosphate were higher during the dry season. The overall sequence of metals concentrations
in the groundwater were in the order ofMn>Pb>Fe>Cr>Zn>Cd>Co>Ni>Cu. The concentrations of the
tested heavy metals weregenerally lower and within the permissible limit of WHO. The mean coliform
abundance of 141.96 cfu100m/Lrecorded for the study area was higher than the maximum of 3
coliforms per 100 ml recommended by the WHO.The groundwater quality index of the study area fell
between 0 and 65 which classified the groundwater quality into bad, fair and good.

The study concluded that the geology of the study area, terrain characteristics, anthropogenetic
activities and landuse pattern remain dominantfactors affecting the groundwater quality. Although the
physicochemical parameters of the groundwater were within permissible limits recommended by the
WHO, the waters had elevated coliform concentration levels.
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CHAPTER ONE

INTRODUCTION

1.1 Background to the Study

Water is life. It is required by all living things for metabolism (Ayedunet al., 2011). It is second only to air
as the most essential natural resource for the survival of man. According to the World Health
Organization (WHO), the minimum water requirements for developing and developed countries per
person per day are 120 and 400 litres respectively due to difference in infrastructure for water
development(WHO, 2012, GLAAS, 2012). Water is a vital resource upon which most human activities
such as agriculture, industry, transportation, domestic use and recreation depend (Nwankwoala and
Nwagbogwu, 2012). The importance of water depends on its unique properties assingular universal
solvent. “The available water supply is a boundary line beyond which no society or nation, agriculture or
industry can go” (Daramola, 2004). There are different sources of water namely; atmospheric, surface
and groundwater. Surface water occurs as either fresh or saline. Saline water is found mainly in seas,
oceans and occasionally as fossil water trapped within rocks. It constitutes about 97% of total earth
water. Fresh water, which constitutes less than 3%, occurs either as solid in ice caps (68.70%), or liquid
found as groundwater (30.10%). Surface water (1.20%) which occurs as streams, rivers, lakes e.t.c. is
readily available for daily use, while groundwater is available and accessed through wells, springs and
boreholes (Oyebode, 2005; Ajewole, 2005; Hefkes et al., 1981).

Besides, the current level of urbanization and development has placed additional pressure on water
quality even in those areas where surface water is available. As a result of this, there is a need for
alternative sources. Groundwater sources provide the most readily available alternative.

Groundwater is an accumulated pool of water which occurs beneath the earth’s surface. It constitutes
an important source of water for domestic, agriculture and industrial production (Ranjana, 2009).

The use of groundwater has increased significantly in the last decades due to its widespread occurrence.
About 2 billion people depend directly upon aquifers for drinking water. About 40% of world’s food is
produced by irrigated agriculture that relies largely on groundwater (Morris et al., 2003).

Naturally, groundwater contains mineral ions. These ions are slowly dissolved from soil particles,
sediments and rocks as the water travels along mineral surface in the pores or fractures of the
unsaturated zone and the aquifer. Generally, metals associated with the aqueous phase of soils are
subject to movement with soil water, and may be transported through the vadose zone to groundwater
(Pierce et al., 1998). They are referred to as dissolved solids. Some dissolved solids may have originated
from the precipitation water or river water that recharges local aquifers. More importantly, it is the
dissolved solids and pollutants by man as a result of different anthropogenic activities that account for
greater pollution effect. Such contamination from anthropogenic factors is increasingly affecting the
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quality and limiting groundwater use. It has been established that once pollutants enters the subsurface
environment, it may remain concealed for many years, becoming dispersed over wide areas of
groundwater aquifer and rendering groundwater supplies unsuitable for consumption and other uses
(Sunderet al., 2010). Therefore, understanding the potential influences of human activities and the
impact of natural interaction on groundwater quality is important for protection and sustainable use of
groundwater resources (Jehangiret al., 2013).

The assessment of groundwater suitability for various purposes such as drinking, domestic, irrigation
and industrial production requires the determination of the concentrations of some important
parameters to show if they conform to appropriate guidelines stipulated by World Health Organization
(WHO) and other national and international water regulatory organizations (Srinivasamoorthyet
al.,2009). Evaluation of water quality prior to its use will assist in water treatment and disease
prevention. It will also guide farmers in preventing probable deleterious effects on plant productivity as
well as protecting industrial equipment against incrustation and corrosion.

Previous groundwater assessment involves various elemental analyses which are subjected to different
statistical computation either aimed to check for variance or trend. This method though still in use
produces numerous results that are sometimes difficult to interpret and inadequate for spatial analysis.
Based on this, the Water Quality Index Computation and the use of GIS (Geospatial techniques) have
been introduced to provide an easy assessment of spatial distribution of water quality in different areas
and multi-spatial criteria analysis combine physicochemical parameters, landuse indices and geology to
determine the quality of groundwater in such a way that highlights visible indicators of groundwater
quality. Kavita and Vineeta (2010) used this method to evaluate and develop WQI for drinking purposes
in Singhbhum District, India. Similarly, Babaeiet al.(2011) used similar method to outline the status of
water quality of Karoon River in Iran. In another study, Yogendra and Puttaiah (2008) also used WQI to
determine the suitability of different water bodies for urban water supply in Shimoga town, Karnataka,
India.

Similar studies have not been carried out in Nigeria especially in the Jos Plateau area which has a
peculiar geology in Nigeria. Surface water sources are generally seasonal in this area for which reason
most residents depend on groundwater.

1.2 Statement of ResearchProblem

The concern that physico-chemical elements in drinking water present a potential health hazard if they
exceed certain concentrations has prompted several statutory bodies such as the World Health
Organization (WHO) and Standard Organization of Nigeria (SON) to establish maximum allowable
concentrations of trace elements in drinking water supplies. This concern has heightened in recent
times considering the long list of diseases and health disorder caused by unclean water. In
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