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ABSTRACT

The Chanchaga river catc state, Nigeria. In order to evaluate the
quality of groundwater in the study area (Gurusu, Danu, Ruku, Kora, Gora and Bua villages), six (6) —
shallow wells were sampled ‘and ‘analyzed for various parameters. Physical, chemical and
' bacteriological parameters of groundwater such as electric conductivity, PH, Total dissolved solid, Na,

K, Ca, Mg, C1, HC03, C03, S04, NO3, Fe, Colour, Turbidity, BOD, COD, Temperature, TDS, PO4,

g bacteriological were deter‘mined. Chemical parameters like percentage Of sodium, sodium adsorption
atio and residual sodium carbonated, chloroatkaliné - indices and Permeability Indices (P1) were

calculated. Based on the analytical results groundwater in the study area is not suitable for drinking.
 Though it has not been treated, but it can be used for agricultural purposes. :

hﬁlent is a part of Minna,.‘Niger
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

Water 1s essentlal for human existence, and its importance for individual health and the wéll—b‘gaing of
|

a nation cannot be underestimated. Notwithstanding, many people in developing countries ‘do not

have access to safe and clean drinking-water or to adequate amounts of water for basic hygiene. Thls

sifu'ation can lead to a variety of health problems. Consumption of water contaminated by c‘hsease-
causmg agents (pathogens) or toxic chemicals can cause health problems such as diarrhoea, cizholera,
typhoid, dysentery, cancer and skin diseases Ince et. al., (2010) which accounts for 80% of the
disease in the tropics Ojo et. al., (2011). Nigeﬁa is the most populous country in Aftrica.| With a
population of over 140 million, the country is endowed with generous resources of water bodies. The
span of water bodies within the country is estimated at 900 km2. This water iarovides resources for
fishery, transportation, irrigation, recreation and domestic uses (Ekiye et. al.,2010)
Surface water is generally composed of dissolved solids from ground water overflows, surface run-
‘off, turbidity, organic matter as well as pathogenic organisms because surface water originateé partly
from éither outﬂows or rainwater run-offs, which would have flowed over the ground | Ojo et.
al.,(2011). Groundwater is alsoz a valued fresh water resource and constitutes about two-third of the
fresh watér reserves of the world (Chilton, 1992).
Water quality is determined by the physicai and chemical limnology of its .‘source Sidnei et al.,(1992)
and includes all physical, chemical and biological factors of water that influence the beneficial use of

the water. Water quality is important in drinking water supply, irrigation, fish production, recreation

and other purposes to which the water must have been impounded (Moshood, 2008).




All 1rr1gat10n waters contain some drssolved salts. Dissolved salts are present because some chemrcal

clements have a strong attractron for water and a relatively weak attractron for other elements. Two '

such chemical elements, for example, are sodium and chloride. -

1.2 Statement of Problem

The demand for water in Chanchaga River Catchment has 1ncrease in recent years. The increase is due

to the growing demand for water for aquatic wildlife and other uses. These demands are 1n addition to

the trad1t10nal use of water for irrigation. Managing existingiwater supply to fully satisfy all uses have

proven difficult particularly in dry years. Part of the solution may be to develop new source of water,

groundwater is likely to be one such source. There is broad interest in explorrng the use of

water to allevrate water supply problem. Groundwate’r use is likely to increase, in addition

to replace surfaces water.
1.3 Objections

The objectives of this prOJect work 1nc1ude -

ground

to this

traditional use a number of other gr()‘undwater uses are been proposed this include using grourrdwater

(1) To ascertain the suitability of groundwater of the study area for drinking and irrigation uses
. 1

) To classify groundwater for irtigation on the basis of RSC SAR and PI values

@iy To determine the physicochemical and bacteriological parameters. suitable for

domestic and irrigation purposes

1.4 Justification

treat. Hence the need for exploring ground water for domestic and agricultural purposes.

1.5 Scope of Study
This study cover the followmg areas Gurusu, Danu Rudu, Kora, Gora, And Bua Villages.

 these area are within Niger State and Chanchaga catchment area.

(Al

" The justification of the work arose from the fact that surface water resources is scares and difficult to




2.0 LITERATURE REVIEW

2.1 Introduction

A few number of literatures are available regarding the assessment of groundwater quality dat

based on different irrigation indices in different areas of the world Quddus and Zaman, (1996

Talukderet

2008).

Quddus and Za:man (1996) studied the irrigation water quaﬁty of some selected Villageé
Meherpur district of Bangladesh and argued that some of the following ions such as calcium,
magnesium, sodium, bicarbongte, sulphate, chloride, potassium, boron and silica are more or
less beneficial for crop growth and éoil properties in little quaﬁtities. Talukderet al. (1998)
reported that poor quality irrigation water reduces soil productivity, changes soil physical al
chemical properties, creates Crop toxicity and ultimately reduces yield.
Shahidullahet al. (2000) assessed the groundwater quality in Mymensigh district of Bangladesh
and observed a linear relationship between SAR and SSP. They also discovered thaf 1thé
groundwater can safely be used for long-term irrigation. Sarkar and Hassan (2Q06) investigated
the water quality of a groundwatervbasin in Bangladesh for irrigation pﬁrposes and observed

that standard water quality indices like pH, EC, SAR, RSBC, MAR, PI, KR, and TDS aré

within the

representation of groundwater quality

delineation of groundwater based on its suitability for irrigation purposes.

Obiefuna
indicated
Obiefuna

Quality o

CHAPTER TWO

5]

> .

R

al., 1998;Shahidu11ah et al., (2000); Sari(ar and Hassan, (2006); (Raihan and Alan

f

[®]

d

B

acceptable range for crop production. Raihan and Alam (2008) presented a pictorial

throughout the Sunamganj district that allowed|for

and Orazulike (2010) carried out their work in Yola area of Northeast Nigeria which
that the groundwater of the area is largely suitable for irrigation purposes. Simil arly,
and Sheriff (2011) carried out their work on Assessment of Shaliow Ground Water

f PindigaGombeArea,Yola Area, NE, Nigeria for Irrigation and Domestic Purposes

3




using fifteen water samples collected from well tapping aquifers. They asserted that major

i
v |
cations and anions, dissolved solids, important constituents were found to be within the safe{:
' o
L

LS

limits and t_hus largely suitable for jrrigation purposes.The water samples also fall within th

recommended limits and are found suitable for domestic purposes.

<

Fasunwon et.al., (2008) carried out some works on contaminants evaluation as water qualit

w

indicator in Ago-Iwoye, South-western, Nigeria. The study evaluates some functional pararhetex
of well water in a densely populated university town, Ago-Iwoye, South-western, Nigeria.
Well water samples were collected at ten sites across the town. Analysis of the presence of
Coliform count, Salmonella count, standard plate count, physicochemical properties (14
elements and 2 physical parameters) as indicators of water contaminants in the wells were

carried out on water samples. 40% of the well samples were contaminated with coli form,

whereas 20% were contaminated with salmonella, thus indicating the source of contaminati f)n

(faecal contaminant). Further analysis revealed that most of the wells have their mineral valqtes
within the tolerant level according to WHO standard, however, the two most toxic chemicﬁis
from the recommgndations of WHO were identified in well 2, 3, 5 and well 10 with Vah‘leé
exceeding tolerant level of 0.05 mg/L for lead and 2.56 mg/L value for njtrate in well 2.
Results confirm the presence of bacterial growth highty dangerous to life in these samples.
Also, wells 2, 4, & 8 were contaminated with excess concentration of Fe mineral which could
make the water tasty and have bacteria grow and Wells 1,2, 3, & 7 have excess concentrations
of Cu mineral which could cause a stringent taste.
Tackwa et. al. (2006) in their worked on an assessment of dug—ﬁell water quality and use in -
Mubi, Nigeria using 18 dﬁnking dug-well water in six selected wards (Yelwa, iLokuwa,

Nassarawo, Wuro-patuji, Kolere and Sabon-layi) within Mubi town. From their results, they

suggested that well water contamination in the area is largely due to facial (biological)




contaminations. Meanwhile, they recommended that dug-well waters be

consumption in order to curtail infections.

Moshood (2008) in his work on the assessment of the water quality of Oyun Reservoir, Offa

[

treated prior fc

>

Nigeria, using selected physico-chemical parameters suggested that Eutrophication which was
' \

noticed to be a threat to the water quality should be arrested at the nick

denitrification and nutrient control to halt the degradation of the water.

Finally, Arabi et. al. (2010) worked on the investigation of groundwater quality for domestic

and irrigation purposes around Gubrunde and Environs, Northeastern Nigeria.In their work,

of time through

fourteen groundwater samples were collected from boreholes, springs and hand dug wells in

and around Gubrunde in Borno State north-eastern Nigeria to investigate its quality for

domestic and irrigation uses. The area investigated falls within longitude 11°
latitude 10° 10° - 10° 31”. The samples were analyzed using Atomic Absorp

(AAS), multi-analyte photometer and Flame photometer while interpretation

35° - 12° 05” and
tion Spectrometer

of the results was

carried out with RockWareAq*QA software, a sp_readsheet for water analysis.Their results

showed that Six of the samples investigated are of NaCl water type while fourteen were CaCl

water types; Sodium Adsorption Ratio (SAR) values recorded ranges from 0.80 — 2.84,

Exchangeable Sodium Ratio (ESR) 0.33 — 1.78, Magnesium hazard (MH) 5.19 - 419,

Residual Sodium Carbonate (RSC) 0.00, Hardness 0.65 — 221.48 and Total Dissolved Solid

(TDS) ranges from 130 — 407308mg/l. Twelve of the samples analyzed had medium Salinity

Hazard (SH), and one each for high and low Salinity Hazard (SH), respectively. They asserted

that variation in chemical composition of groundwater in the study area may

be due to leaching

of terrestrial salts, extensive use of chemical fertilizers and ion exchange between watel and

the host rock. More so, they stated that result of samples analyzed indicates that all the samples

are under-saturated in calcite and aragonite, while most of the major anio

n and cations falls

within World Health Organization and Nigeria Industrial Qtandard for Drinking water Values.




NO3 values exceeding 50mg/1 has the tendency of causing asphyxia fo infants less than threx
months old.

A pldt of SO4, HCO3 and Cl indicates that the groundwater samples are from intermediat

suitable for agricultural uses and suitable for domestic utilization. (Ogedengbe, 2004). |

22  Groundwater Resources in Nigeria

filled with water. Water enterin_g this zone of saturation is called

(Schewab et. al., 1994).

Nine samples had NO3 values ranging from 53 — 106mg/l exceeding the 50mg/1 standards,

water table is the surface below which all openings in the rock or unconsolidated materials are
Recharge. Ground water, in response to gravity, moves from areas of recharge to areas of

topography. In valleys and depressions where the land surface intersects the water table, water

is discharged from the ground-water system to become part of the surface-water systém

Ground water perhaps constitutes the 1argest source of dug-well water. It is located below the

1§

(€]

water category (neither fresh nor old). They concluded that the groundwater quality is fairly

Ground water is the part of precipitation that enters the ground and percolates downward

through unconsolidated materials and openings in bedrock until it reaches the watertable. The

discharge. In a general way, the configuration of the water table approximates the overlying

soil surface and largely contained in interstices of bedrocks, sands, gravels, and other

interspaces through which precipitation infiltrates and percolates into the underground aquifers

due to gravity Ogedengbe (2004). Groundwater resources are limited by the geological

structure of the country more than half of which 1s underlain by the Pre-Cambrian Basement
Complex, composed mainly of metamorphic and igneous rocks. However, there are fairly
extensive areas of fractured schist, quartzite and metamofphosed derivatives of ancient
sediments from which water is often available at great depth. The sedimentary formations such

as the Tertiary deposits of the Chad-Sokoto basins, the Cretaceous deposits of the Niger and




quantities (Anukam, 1997)

water can only be accessed using a hand pump. Generally, the quality of groundwater 1

groundwater 1is corrosive, and some areas have iron, nitrate or fluoride concentrations aboy

Benue troughs, and the sedimentary formation of the Niger Delta, yield groundwater in varying

In Northern Nigeria, where rainfall is scarce and aquifers are shallow, groundwater is usually

the only practical source. The geology is such that well yields are unpredictable; often th
Nigeria is better than that of surface water in terms of health criteria, but much of th

WHO guideline values. The corrosive nature of the groundwater necessitates the use of

stainless steel and plastic materials for water supply equipment Ince ez. al., (2010).If pH is used

(€]

[¢)]

as an index of corrosive potential, about 20% of the groundwater is highly corrosive (pH <6.5‘r

40% is moderately corrosive (pH 6.5-6.8), and 40% noncorrosive (pH >6.8)NWSSP, (2000).
| |

of aquifers

arid region of northern Nigeria. Globally, the quantity and quality of groundwater reserves
diminishing day by day Arabi e. al., (2010).

2.3 Water Quality

of the condition of water relative to the requirements of one or more biotic species and or

which compliance can be assessed Wikipedia, (2011). The most common standards used

assess water quality relat

agricultural

From National Water Resources Master Plan completed in 1995, surface water is about 267

replenishable yield per year Maduabuchi, (2004). Urbanization, population increase, dewatering

for irrigation and extensive use of chemical fertilizers are some of the factors that

Water quality is the physical, chemical and biological characteristics of water. It is a measure

)9

billion cubic meters with groundwater resources estimated at 52 billion cubic meters of

have direct effects on quantity and quality of groundwater resources especially in arid and semi

is

any human need or purpose. Tt is most frequently used by reference to a set of standards against

to

e to health of ecosystems, safety of human contact, drinking water,

and irrigation uses. The parameters for water use are determined on the basis of its




|

1

|

|

|

intended use Schewab et. al., (1994).In the setting of standards, agencies make political an(g

4 ‘

te’chnical/scientiﬁc’decisions about how the water will be used.In the case of natural wateF

bodies, they also make some reasonable estimate of pristine conditions. Different uses rals{e

|
different concerns and therefore different standards are considered. Natural water bodies will

vary in response to environmental conditions. Soil and Water engineer work to understand how

o

these systems function which in turn helps to identify the sources and fates of contaminant
Environmental lawyers and policy makers work to define legislation that ensures that water is

maintained at an appropriate quality for its identified use. The vast majority of surface water on

<
j=n

the planet is neither potable nor toxic. This remains true even if sea water in the oceans (whi
is too salty to drink) is not counted. Another general perception of water quality is that of a

simple property that tells whether water is polluted or not (Wikipedia, 2011).

2.4 Water Quality Deterioration

Water quality deterioration in Nigeria occurs in both rural and urban areas. In rural areas,
drinking water from natural sources such as rivers and streams is usually poiluted by organic
substances from upstream Users who use water for agricultural activities. The most common
form of stream pollution associated with forestry activities is increased concentrations of soil
 particles washed into the stream by land disturbance. The large particles sink to the bottom and
increase the bed loads while, depending on the stream velocity, smaller paﬁicles remain in
suspension. In the fiver Niger, for example, studies have shown that the suspgnde,d matter| can
obstruct the penetration of light and limit the photosynthetic zone to less than 1 m depth.
Suspended sediments in watercourses have become a serious concern- for the water supply
authorities because they lead to increased water treatment costs. Various Industrial| and
manufacturing companies also contribute to groundwater deterioration but the Oil industry has

_been known to have the biggest effect on water quality. From time to time accidental oil




gpillages occur which endanger local sources of water supply and freshwater living resources,

especially in the rural areas (Anukam, 1997).

Urbamzatlon, population increase, dewatering of aquifers for jrrigation and extensive use of

chemical fertilizers are some of the factors that have d1rect effects on quant1ty and quality of

“

groundwater resources especiqlly in arid and semi arid region of northern Nigeria Arabi
(2010). Fasunwon et. al.,(2008) stated that improper waste disposal is the 1b;iggest source of
water quality deterioration. Water quality deterioration in reservoirs usually comes from
excessive nutnent inputs, eutr;)phlcatlon, acidification, heavy metal chtamination, organic

pollution and obnoxious fishing practices. The effects of these “1mports” mto the reservoir do

not only affect the socio-economic functions of the reservoir negatively, but also bring loss of

structural biodiversity of the reservoir Moshood, (2008). Ekiye et. al., (2010) stated that

indiscriminate dumping of effluents into open water bodies as a source of water quality
degradation These effluents range from chlorides, phosphates, oil and grease, nitrates, heavy
metals to name a few. The heavy metals present in most Nigerian rivers and found in
concentrations well above acceptable and permissible leveis are lead, copper, zinc, nickel,
cMomiuﬁ, Cadmium and hon Olayinka and Alo (2004); Esoka and Uma.ru‘ (2006), Eniola et
al., (2010). Degradation of water quality is most severe in the four states that contain|80
percent of the nations industries‘; Lagos, Rivers, Kano and Kaduna States Ekiye et. al.,(2010).
2.5 Irrigation Water Quality
All irrigation waters contain some dissolved salts. Dissolved salts are present because some
chemical eléments have a strong atftraction for water and érelatively weak attraction for
other elements. Two such chemical elements, for example, are sodium and chloride. The
amounts of these elements contained in water must be very high before sodium will combine
with chloride to form the solid material sodium chloride, common table salt. The total amount

s

and kinds of salts determine the suitability of the water for irrigation use. Water from some

‘9




sources may contain so much salt that it is unsuitable for irrigation because of potential danger

to the soil or crops. Irrigation water quality can best be determined by chemical laboratory

w

analysis. The two most important measures for determining irrigation water quality are: Th
total amount of dissolved salts in the water, the amount of sodium (Na) in the water compared

to calcium (Ca) plus magnesium Mg).

[#2]

The total dissolved salt content is estimated by measuring how well the water conduct

[72]

electricity. Salty water is a gpod conductor of electricity. Electrical Conductivity (EC) i
measured in units of micromhos/cm (umhoms/cm). The ppm salt concentration of the water 1S
estimated by multiplying 0.65times the EC value. For example, water having an electrical
conductivity of 1000 micromhos/cm would contain about 660 ppm salt. Other analytical
procedures are uéed to measure the amounts of individual chemicals, such as sodium, in the

water. The list of chemicals (and their symbol or formula) routinely measured to determine

irrigation water quality follow: Electrical Conductivity (umhos/cm), Chloride (C1), Sodium

(Na), Nitrate (NO3), Calcium (Ca) , Carbonate (CO3), Magnesium (Mg), Bicarbonate (HCO3),

Sulphate (SO4) (Gordon and Hailin,( 2008). |

The measurements of the rates of the exchange, absorption, residualness, adsorption of this
element are also important as stated by Arabi (2010), Obiefuna and Sheriff (2011). Moshaod
(2008) listed Temperature, transparency, pH, conductivity, total dissolved solids, dissolyed

oxygen, nitrate, phosphate, chemical oxygen demand, total alkalinity, total hardness, calcium,

magnesium, silica, sulphate, carbon dioxide as important factors in determining the suitability

of water for irrigation purpose.

Table 2.1 Classification of groundwater fof jrrigation based on EC and SAR

Quality of water Electrical conductivity SAR

10




Excellent ~ - <250 <10

Good 250-750 ' 10-18
Doubthful 750-2250 18-26
. Unsuitable ,>2250 ' >26

2.6  Basic Concepts of Groundwater Hydrology

Ground water is water that fills pores and fractures in the ground, much as milk fills the voids

within bits of granola in a breakfast bowl. The top of ground water is called the water tab]‘_e.
Between the water table and the land surface is the unsaturated zone or vadose zone. In 't‘}he
unsaturated zone, moisture is moving downward to the water table to recharge the ground
water. The water table can be very close to the surface (within a few feet), or very deep (up|to
several hundred feet) (Harter, 2008).
Ground water, in response to gravity, moves from areas of recharge to areas of discharge. Ina
general way, the configuration of the water table approximates the oveﬂying topography.| In
valleys and depressions where the land surface intersects the water table, watef is discharged
from the ground-water system to become part of the surface-water system. The interaction
between ground water and surface water can moderate seasonal water-level fluctuations in both
systems. During dry periodst base flow, or ground-water discharge to streams, can help
maintain minimum stream flows.
Conversely, during flood stages surface water can recharge the ground-water system‘ by
vertical recharge on the water covered flood plain and bank storage through streambed
sediments. The net effect of ground-water recharge is a reduction’ iﬁ flood peaks and
replenishment of availablle ground-water supplies Blake, (2008). The hydrologic characteri stics

of aquifers and natural chemistry of ground water determine the availability and suitability of :

ground-water resources for specific uses.

11
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261 Aquifers

A geologic formation from which significant amounts of ground water can be pumped fo

T

[¢)

domestlc mumc1pal or agncultural uses 1is known as an aquifer. In some cases, aquifers ar

vertically separated from each other by geologic formations that permit 11ttle or no water t

' O

flow in or out. Aquifers can be of two major types: unconfined or confined. An unconfined
aquifer has no overlying aquitard or aquiclude. Where there are multiple levels of aquifers, the

uppermost aquifer typically -is unconfined. Vertical recharge of an unconfined aquifer by

(€]
L]

rainwater or irrigation water that filters downward through the soil is not restricted. The wat

table at the top of the unconfined aquifer can migrate freely up and down within the sediment

18]
[aN

formatlon dependmg on how much water is stored there. The water level in a. borehole drill
into an unconfined aquifer will be at the same depth as the water table in the aquifer.
Confined aquifer, on the other hand, is sandwiched between an aquitard above and an

aquiclude or aquitard (e.g., bedrock) below. Because the water table in the recharge area of the

d

(¢}

confined aquifer is much higher than the top of the confined aquifer itself, water in a confin

()

- aquifer is pressurized. This pressurlzatlon means that the water level in a borehole d1111ed into a

confined aquifer will rise significantly above the top of the aquifer. A flowing artesian well
occurs where the pressure is 50 high that the water level in a Well driﬂed into the confined
aquifer rises above the land sufface; in other words, an open well flows freely with no
pumping. Sometimes hydrogeologists use the term semi-confined aquifer if an aquifer acts
partly like a confined aquifer (particularly if pumping rates are low or if pumping is necessary
only over a relatively short period of time) and partly like an unconfined aquifer |

(for example, after long periods of heavy pumping) (Harter 2008).
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2.6.2 Aquitards and Aquicludes

In some cases, aquifers are vertically separated from each other by geologic formations that
permit little or no water to flow in or out. A formation that acts as such a water barrier is called

acquitard if it is much less permeable than a nearby aquifer but still permits flow

)

(e.g., sandy clay). If the water barrier is almost impermeable (e.g., clay) and forms

w

formidable flow barrier between aquifers, it is known as an aquiclude Harter, (2008). Aquitard
consist of materials with low permeability that restricts ground-water movement. An aquitard

overlying an aquifer may limit the recharge to the aquifer but may also protect the aquifer frota

s

surface contamination (Blake, 2008).

2.6.3 Springs

Springs form where the water table intersects with the land surface: for example, in a small

depression (common on hillsides). Sometimes ground water is forced into a spring because a

(24
el

low permeable layer of rock or fine sediments (clay) keeps the water from percolating deep
A spring may also occur where subsurface pressure forces water to the surface through a

fracture or fault zone that acts as a conduit for water movement from a confined aquifer

(Harter, 2008).

2.6.4 Basic Groundwater Hydrology Properties
Groundwater recharge and discharge are has been stated as the two most important properties
of groundwater while several others has their usage.‘ These properties affect the ability of an

aquifer to store and transmit ground water. Porosity, the ratio of void space to unit volume of

o

rock or soil, is an index of how much ground water the aquifer can store. Permeability.
property largely controlled by size and interconnection of pore spaces within the material,

affects the fluid-transmitting capacity of materials.

The water-transmitting characteristics of a groundwater are expressed as hydraulic

condlictivity and transmissivity. Hydraulic conductivity is a measure of the rate that water| will
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move throegh an aquifer; it is usually expressed in gallons per day through a cross section of
one square foot under a unit hydraulic gradient. Transmissivity is equal to the hydraulic
- conductivity multiplied by the saturated thickness of the aquifer. The s;corege characteristic of
an aqﬁifer is expressed as-the storage coefficient. Pore spaces in bedrock occur as fractures,

solution features, and/or openings between grains composing the rock. In unconsolidated

o

deposits all of the pores are inter granular. However, fine-grained ,depoéits such as clays an
silts may also have secondary porosity, commonly in the form of fractures. The size, shape,
and sorting of material determine the amount and interconnection of inter-granular pores. Sand
~and gravel deposits heve a high proportion of pore space and high permeability; whereas, fine-
grained of clay-rich deposits have a greater proportion of pores, but a lower degree of

permeability. Water in confined aquifers exists under hydrostatic pressure that exceeds

- atmospheric pressure; and wells completed in confined aquifers have water levels that rise

" above the water bearing formation until the local hydrostatic pressure in the We11' is equal to the
atmospheric pressure. Such wells may or may not be flowing wells. A rheasure of the pressWLre
of water in a confined aquifer is referred to as the potentiometric level. In contrast, water injan
uncoﬁﬁned aquifer exjsts under atmospheric pressure; and wells that are cempleted in;su}ch
aquifers have water levels tha t correspond to the local water table. An unconfined aquifet is

also referred to as a water table aquifer, and the spatial distribution of water levels in wells in

unconfined aquifers is shown on a water table map. Water level maps for confined and

unconfined aquifers are typically referred to as potentmmetnc surface maps. As a v‘vell
discharges water from an aquifer the water level drops in the well. The drop in water level
which is called drawdown, creates a hydraulic gradient and causes ground water around[the

|
well to flow toward the well. If an unconfined or confined aquifer is being pumped, an ovérall '

lowering of either the water table or the potentiometric surface, respectively, occurs aroundf the

well. The zone beihg influenced by pump age is called the cone of depreésion. An increase in

14
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the pumping rate usually creates a larger cone of depression that may induce more recharge t

[§%)

the aquifer. However, the natural rate of recharge to confined aquifers is limited by th
thickness and hydraulic properties of the confining layers (Blake, 2008)

2.6.5 Importance of the Hydrologic Cycle for Groundwater

)

Infiltration supplies aquifers with a continual source of water to replace that pumped fron

(/]

wells and discharged naturally (such as at springs). During infiltration water can pick up acid

in the soil that can subsequently expand the pore space in aquifers, sometimes creating caves.

w2

Large areas of impervious cover, such as parking lots, do not allow infiltration. High volume
of rain over a short period of time also reduce the amount of water infiltrating;
" Slow rainfall best recharges groundwater. Infiltration and percolation are usually slow

processes requiring water to move through a tight maze of sediment which acts as a filter.

el
—

Together with biological activity, water is cleaned as it moves through the ground. This natur

2]
-

scrubbing is one of the reasons groundwater is so commonly used for drinking (Hopkin

2005).

Aqﬁifers are recharged from precipitation, seepage from rivers, and seepage from irrigatﬁ:d

fields. If no one pumps the ground water, aquifers eventually “overflow;” that is, they
B

discharge water to the surface through springs and seepage along river beds and lakes in tl‘ne

\
lower parts of Nigerian’s valleys and basins. A century of groundwater pumping has lower?d
|-

N

ater Jevels in many areas of Nigeria and established a new balance between recharge a?d

groundwater pumping. During a series of wet years less water is pumped from wells, and that
allows wa;;er levels to rise as a result of surplus recharge. During dry years, however, the
amount of recharge water is typicéllly much less than the amount of ground Watér pumped and
groundwater levels drop. If groundwater recharge cannot keep pace with
extraction over an extended period of years, despite the absence of a ‘major drought, the

groundwater basin is said to be in overdraft.
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In N1ger1a the reglonal pattern of groundwater recharge and pumping and its intoraction with

rivers is dictated by topography and the availability of surface Waterfor groundwater rechalge.

W

Most of Nigeria has a semi-arid to arid climate. The Jargest amount of surface water availabl

[¢2]

for recharge is near the mountain fronts where perennial, intermittent, or ephemeral stream

—

drain'mg\Nigeria do uplands flow onto the highly permeable, unconsolidated sediments that fil

L]

Nigeria’s valleys and basins. Thus, most of Nigeria’s streams provide significant groundwate

recharge.

Rainfall also recharges ground water, but in Nigeria’s large groundwater basins direct recharge.
' |
\

from precipitation accounts for only a minor fraction of the total recharge. In the agricultural

valleys, deep percolation from summer irrigation is a much more impoftant soprce of recharge
than Winter precipitation. Rechaxge from natural preoipitation is only significant in some of the
coastal 'valleys, in inland basins »in northern Nigeria, and in fhe small groundwater basins
neétled in Ni(geria’s mountain ranges (Sangodoyin, 2006).

27 ’ Grouhdwater Hydrogéology

Hydrogeology (hydro- meaning water, and -geology meaning the study of the Earth) is the area
of geology that deals with the distribution and movement of groundwater in the soil and rocks
of the Earth's crust, (commonly in aquifers). The term geohydrology is often u_sed
interchangeably. Some make the minor distinction between a hydrolo g1st or engmeer applying
themselves to geology (goohydrology), and a geologist applying themselves to hydrologly‘
(hydrogeology) (Hopkins, 2005) It’s a is a branch of the earth sciences dealing with the flow
of water through aquifers and other shallow porous med1a (typically less than 450 m or 1,500 ft
below the land surface.) The very shallow flow of water in the subsurface (the upper 3 m or
10 ft) is pertinent to the fields of soil science, agriculture and civil engineering, as well as to
hydrogeology. The general flow of fluids (water, hydrocarbons, geothemial fluids, etc.) In

deeper formations is also a concern of geologists, geophysicists and petroleum geologists.
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of - the empirically derived laws of groundwater flow can be alternately

term). (Hopkins, 2005).

literature. (Hopkins, 2005).

between groundwater, surface water, water chemistry, soil

come from anything on the surface, such as plants, soil,

s the process by Wthh water is released from green plants into the atmosph

changes from a gas into‘; a liquid by condensati

17

processes are uncoupled). As the field of hydrogeology matures, the stron

Groundwater isa sloW—moving, viscous fluid (with a Reynolds number less than unity); man
derived in ﬂui?

mechanics from the special case of Stokes flow (viscosity and pressure terms, but no inertia

The mathematical relationships used to describe the flow of water through porons media are

the diffusion and Laplace equations, which have applications 1n many diverse fields. Steady

conduction analogiee. Transient groundwater flow is analogous to the diffusion of heat in a

\
B
\
\
Traditionally, the movement of groundwater has been studied separately from surface water,

climatology, and even the chemical and microbiological aspects of hydrogeology (the

becoming more Aclear.HAopkin_s, (2005).Water can enter the atmosphere by evaporation,

transpiration, or sublimation. Evaporation ocCurs as liquid water becomes a gas; the water can

by

=

groundwater flow (Laplace equation) has been simulated using electrical, elastic and heat N

solid, therefore some solutions to hydrological problems have been adapted from heat transfer

g interactions

moisture and even climate|are

il. rivers, lakes, and oceans. Transpiration

ere. In many cases

combination of the two. Qublimation is the process of a solid turning directly into a

and ice changing into vapor is only a minor part of water entering the 'atmosphere. \!

i

it is very difficult to distinguish evaporation from transpiration evapotranspiratron refers to the.

gas; snow

Water

on and returns to the Earth primarily in the form

of precipitation (Snow and rain). Many different things can happen 1o precipitation 7in some

cases it does not even reach the ground. It can evaporate before hitting anything, or can be




intercepted by veaetanon When water reaches the ground, it can infiltrate into the ground, be

stored on the surface, of tra vel on the surface until it can infilirate or be stored. Grmugdwat@r
travels through rock and sediment by percolation. It moves by gravity and ptesm;:e until thg

Waiet table intersects the grou d surface. Water can. then be msghm:ged at sp:mgs or.any eﬂzﬁ SR

b@dy of surface water. Once returned to the surface, this water can be used by plants, stm:ed on

the surface, or evaporated (Ellmt and RK. Fresvert , (1992); Hﬁgkm (ZQOS), (Qgedenghe,

2004) '
2.8The Gealogy/Hydrogeology of the Study Area .

The study areaisa vasi !and an the Minna. topagrapbic map sheet SW 164, Lécated at latitudes

9°30'N and longitudes 6"25‘E T covers a total landmass of appmx;matﬁl}f 1300 km

(Adeniyi, 1985). ! g




within thﬁlaxget north-western Nigerian basement complex, which is made wpo-

' Minna area falls
migmatatite ites, and meta sedimentary sc hists.

. of crystalline rocks mnsxsnng of gneisses and
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" CHAPTER THREE

3.0.0 - Methodology and Techniques for the Study

3.1.0 Materials

sequential analyms and 1mproved data presenta‘uon The current change to d1g1ta1 output

contrast to meter readings, has reduced error and 1ncreased the speed of the determinatron. In

instrumentation wherever p0551ble. The instruments and apparatus that ‘was used in this

researeh werk are;

- Atemrc Absorption Spectrometer.

B Dissolved oxygen Meter (JENWAY MODEL 9071).
Conductivrty Moeter (HACH MODEL CO 150).

e PortablepH/MV/Temperature Meter (Hach Model EClO).
- Turbidity Meter

- Thermometer.

- Ceuductiuity Meter

- pH Meter

- Incubator

20

The development of new laboratory instrumentations is of great beneﬁtto the water and waste

water experts. The new instrument designs have incorporated automatlc sample handlmb, .

addmon to the expanded variety in the types of laboratory analyses performed, there has been
an incr__ease in the number of 1nd1v1dual samples to be analyzed. To meet the increased work.

1oad - Jaboratory operatrons have been redesigned to take advantagev of autorrlaticv

g




- Condenser

- Eleétrié Qven

- Bunsen Burner

- Anaiytical Balance

- Graduated Cylinders (1 00ml, 10ml, 1ml)

. Measuring Cylinders (100ml, 10ml, 1mD)

- Pyrex beakers (500ml, 100m}, 10m)

2 ConicaliFlask

 Burette (50ml)

| - Pastéur Pipette (Zml, 5ml, 10m1)
. _ Crucibles (25ml) |
- Desiccators
- Volumetric F}ask
- Funnels
| - Filter Papers
- P-iprette (2 5 cm)
‘4 : Sarhple Bottles of Borosilicaté Glass

- Flame Photometer

- Stéam Bath _




E Distitlation Apparatus
- Ground Glass Joint

- Horizontal Shaker

- EVaporating Dish..

Procedures for a wide variety of applications. Water Quality, salinity, aeids, haSes and other
sainoles can be easily analyzed of conductivity with the available conducttvity probes. The
conduct1v1ty meter was pressed to conductivity mode. The probe was ﬁns’ed. with distilled
,IWater and inserted into the sample contained in a beaker, while the display was allowed to

stabilize before recording measurements.
311 Research Methodology

Groundwater sample was collected from 6 shallow and deep wells‘frotrt, the *stddy area during
July 2011. The location. of the sampling points is shown in ﬁg 1. The pH and the electrical
conductivity was determined using the digital conduotivity meter, 1mmed1ate1y after samplmg
Water samples collected in the field was analyzed in the 1aboratory for major ions (Ca, Mg, Na,
K "HCO;, COs, S0y, and Cl) Nitrate, Phosphate ammonia, ion, and ’ﬂuorine using the
-standaxds methods as suggested by American Public Health Assoc1at1on APHA, (1995).
‘ _Sodium was determined using flames photometer Total Hardness (TH) as CaC03. Calcihm as
h(C ), Carbonate (CO3), ‘bicarbonate (HCO3) and Chloride (Cl) was. analyzed by Volumetnc
method Magnesium (MG) was caleulated from TH and Ca contents. Sulphate (SO4) Wﬂl be.
estimated using the colorirhetric techniques. Nitrate (NO3), Iron (Fe), and Fluorine (F) was
determined by specttophotometer. The saturation indexes was determined hsing the hydro- ‘
geochemical equilibrium model Phreeqc for window (1999). Analysis of ‘Water samples fhom 6

monitoring wells for chloro-fuocarbon was used to estimate apparent dates of recharge.
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XX.
XX1.
Xxii.
Pecith

xxiv.

32,0 List of‘Re_ﬁgent Used:

Sodium hydroxide pellet

. Oxalic acid

Potassium permanganates KMnO4
Sodium nitrate

Sodium sulphate :

Sodium hydrogen iroixocarbonate (IV) NaHCOs

Hydrochloric acid HCL

Chloroform
Manganese sulphate

Starch solution

Solid Kl free from iodate

:Alkaline iodide

“Sodium thiosulphate solution

'*Dipotassium chromate(IV)K2Cr207

Silver nitrate

Chloride

‘Sodium chloride
Potassium chloﬁde

“Phosphoric acid

Soda lime
_Caicium chloride
‘Sulphoric acid
Mercury tetxaoxosulphate(VI) HgSO4

Silver tetraoxosulphate AgSO4




XXV. ~ Tron(IT) tetraoxosulphate(VI) Heptahydrate FeSO,.7H,0
3.3.0 Experimental Procedure
331 Determination of Physical Parameters

3.3.2 pH Determination

Th‘e pH of the efﬂuent sample was determined by HACH model ECIO portable pH/temp

drgrtal conductivity meter. The model EC10 features a custom digital LCD drsplay the Ph
measurement. This meter has all the features of a simple pH meter plus multi'—volt mode, seal« d
key pad, electrode holder, tilt strand, ergonomic design and battery/line,povsrer.' The required
MODE will be selected using the key ped. The meter electrodes were .rirlsed with distilled
water and the pH electrode probe was immersed into the sample contamed in the beaker. The

*

dlsplay was allowed to settle and the result will be read.
3.4.0( ~ Electrical Conductivity Determination .

The electrrcal conductivity of the effluent sample was determined with a HACH MODI:L

COlSO d1g1ta1 conductrvrty meter This meter features a micro processor desrgned Wthh

'autometes complicated and time consuming calibration and inserted into the sample cOntamed g

in a beaker, while the display was allowed to stabilize before recording measurement. \

3.4.1  Turbidity Determination.

Turbrdlty was determined by Nephe1e1ometr1c method. Turb1d1ty meter consrst of a

Nephelometrlc with a light source for 111um1nat1ng the sample and one photoelectnc detector, a

read out device to indicate intensity of light scattered at 900 to the path of incident light. The -

sample was thoroughly shaken to allow air bubbles disappear. The shaken sample was poured

into turbldrty meter tube and ‘immersed into an ultrasonic bath for two seconds causmg

24




complete bubbles release. .TurAbidity was read directly from the instrument scale - as

Nepheiometric Turbidity Units (NTU).

34.2 - Total Dissolved Solid Determination.

‘ Aweli mixed sample'wes ﬁltered threugh 2 etaﬁdard glass ﬁber’and the ﬁlfrate was evaper'ates
to dryness in an already weighed dish and dried te constant Weight a't.‘ 1‘80:0.‘ The increase in -
dish- weight represents the tqtal dissolved solids. The sample was stirred’with a stirrer and -
pipette, 60ml was 4measured into e glass fiber. Then, wash with three sueeeeeive 10ml volumes
~of reagent-grade water allowipg complete drainage between washings and con’tinue suction for
about three minute after filtration was-completed. Total filtrate (with washing) was transferred
into a Weighed evapor.ating’dish and evaporates to dryness on a steam Bgth.- ny for aboﬁt 1

hour in an oven at 1 80°C cool in desiccators to a balanced temperature and constant weight.:

total dessolved solid = =z) x 100 = mg/l

25ml of sample volume
Were y= Wieght of dry residue + dish, Z = wieght of dish
3.4.3 Total Suspended Solid

A well mixed sample was ﬁltered.through an already weighed standar_d ‘gless fiber filter anci the
reeidue retain on the ﬁlte: was dried to a constant weigllt at 105° C. the increase in weight of
the filter represents the total éuspeﬁded solids. The sample was stirred With.a stifrer and while
stlmng '25ml of the sample was pipette into a glass fiber ﬁlter Wash with' three successive
10ml volume of reagent-grade water and allow complete drainage between washlng and
cohtinue suction for about three minute after filtration was condpletedy. The filter will be
earefully removed from filtration apparatus and transferred into stainless steel. Dry for aboﬁt L

hour at 1050C in an oven, cool in a desiccators to a balanced temperature and constant Wei‘ght. _
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Total suspended solids= 72) x 100 (mg\0).

25ml of sample volume
Where y= weight of filter + dried residue, z= wieght of filter
3.5.0 Total Hardness

The plastic measuring tube will be filled with water sample to be te.sted and the content: was
B 'then poured into a rmxmg bottle. Three drop of buffer was added into the mixing bottle and

: was sw1rled by a drop of Maver hardness indicator solution. EDTA (ethylene -diamine-tetra- |
acetic amd) titrant was then added to the solution in the m1x1ng bottle drop by drop. The bottle
~was sw1rled at each drop and each drop of EDTA titrant added into the m1x1ng bottle was
eounted. The addition continued until a colour change frorn pink to‘blue was seen or noticed.
'The.hardness 1n nlg/l as calcium carbonate (CaCOs3) is equal to all nurnber of drops EDTA.

titrant required to bring about colour change multiply by 20.
3.5.'1 Calcium Hardness

The plastic measuring tube was filled with water sample to be tested‘and contents of the tube -
\;s/ae poured into the mixing bettle following by the addition of 8N potaésium hydroxide. A -
| clipper was used to open the calver calcium indicator powder pillow Which was added in the
solu‘non in the m1x1ng bottle. EDTA titrant was then added intohte solut1on 1n the mixing bottle
»drop by drop. The bottle was sw1r1ed at each drop and cach drop of EDTA titrant added into
| the mixing bottle was counted. The addition continued until a colour change from p1nk to blue
was seen or noticed. The hardness in mg/1 as calcium carbonate (CaCOg) ie equal to all number

of drops EDTA titrant required to bring about colour change multiply by 20.

Tt should be noted that magnesium-hardness can be gotten as ’

magnesium= total hardness - calcium hardness
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352 Total Alkalivity
- A measure of 40m1 of 0. 025m Na2CO3 solution sarhple of the water semple in a conical flask

was added to 60m1 and 3 drop of methyl orange indicator was used, 0. 05m of H2S04 will.be .

used 1o titrate until there is a colour change from yellow to orange will be noticed.

3.6.0 Chloride Ion Determination
- Tt was determihed by titration with silver nitrate; procedure/reagent. .

'1. The following three reagent were prepared

a. 48gof silver nitrate was dissolved in 1liter of distilled water and 1mlwas equlvalent

to 1mg chloride.

b. 1.6 g of sodium chleride standard and 1m1 chloride

¢. Potassium chfomate indicator, Sg per 100ml was added to silver nifrate s,olution te
produce a shght red precipitation and was filtered.

2. 100ml of water sample was measured into a flask and 1ml of potassiumA chromate

solution was added and titrated with silver nitrate with constant stirring until a sli.g_ht

red colour persists.
volume of silver nitrate or sample — bla‘n‘k‘ T
chloride = f f 4 100 = mg/l-
‘ ’ volume of water sample(ml) - :
3.6.1 Phosphate Ton

Phosphate was determined by the turbidity meter method C01101da1 barium sulphate was
formed by the reaction of sulphate with barium ion, a barium chlorlde hydrochlorle acid

solution in the presence of glycerol land ethyl alcohol. The colour intensity was measured

using DR200 spectrophotemeter at 42mm wavelength.
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3.6.2 Sulphate Ion Determination

Sulpl_late is a minor ion occurring in natural water and waste waters this will be'dete‘rmirvled by
colerimetric technique. Direct anthropogenic sources of sulphate include‘ industrial and
muni’cipal /waste. Te determine sulphate, an excessot barium‘ chloride Bachwill be added to
the water sample. The barium ion 'react with sulphate to precipitate barium sulphate crystals,;
_the colloidal suspension was measured using a spectrophotometer and the sulphate

concentration was determined by comparing with standard.

3.6.3 Nitrate-

" This is one of the four inorganic nitrogen compound that are sanitary "“signiﬁcant. This is
measured using spectrophotometer. The stored program for nitrate was entered and 'a
wavelengtll dial will be rotated. By pressing the entered button on the device, mg/l NO.H was
dlsplayed a sample cell was filled with 25ml of the sample to be tested followed by the"‘
addmon of the contents of one of the five nitrate reagent powder plllow to the cell (prepared
sample) ‘The shift time bottom on the dev1ces was pressed and the cell was vigorous unt1l the .
timer beeped in one minute. The content of the sample was allowed fo stand for five minutes.
Anether sample cell filled with 25ml of distilled water was placed into the eell holder and close
until the tirher beeped , 0.00mg/l NOs;H" was displaced. By removing the blaek and placing the

‘

'prepafed sample in the cell in the holder the value of the nitrate was displayed and removed.

3.7.0 Trace Metals Determination

Prior to metal analyses, each sample of 100ml will be acidified with concentrated HNO3
(o.Sml). 25ml of each sample was poured intova beaker and diluted with 1.25ml HCIL. The
miXtures were heated for 15 minute on a steam bath and the final volume was adj_usted to 25ml.

Graded, concentrations of the standard metal solutions were similarly prepared (0.2, 0.4, 0.6,
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O 8, 1.0 and 1 2ppm) and asplrated into the flame and the absorbance read in the atomic
absorptlon spectrometer. The absorbance of the standard cahbratlon curve from which the
concentrations of the metals present in the sample extrapolated. Metals detected were iron,

célciuxh, magnesium and lead.
3.7.1 Dissolved Oxygen Determination.

' The disselved oxygen (DO) was determined in the field with ’J EN WAY MODEL 9071,
Dissolved oxygen fneter. The measurement system consists of a “clark” type photogfaphic |
: exygen electrode alhd an oxygen metre. The units give the user readout ef dissolved oxygen‘in
mg/l or % and have a temperature measurement range of -30 to 150c. The fequired mode was
selected. The dissolved oxygen probe was immersed in the beaker cohtaihing :the sample to be
measured. The model 9071 d_i»ssolved oxygen meter simultaneously displey (iissolve ox_ygen
and measurement of the results. It is possible to fixed djssolved' oxygen by winkers method and

subsequently analysis in the laboratory.
3.7.2  Determination of Organic Matter Composiﬁon.

Over the years a number of dlfferent tests have been developed to determme the number of
organic content of water. In general, the test was d1v1ded into those used to measure tI‘dCC
concentration in the ranges-of 10-13mg/l. The laboratory methods commonly used today to

measure gross amount of organic matter (greater than 1mg/1) in water inelude;

‘a. ’_’Bic_a)ilogical Oxygen Demand (BOD)
b, ‘Chemical Oxygen Demand (COD)
¢. Total Organic Carbon (TOC)

d. Theoretical Oxygen Demand (ThoD).
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Traced orgamc matters in the range of 10—13mg/l were determined using instrumental methods
including gas chromatography and mass spectroscopy Within the past ten years, the trace
organic. compound has improved significantly and detection of concentration in the range of’

10-13mg/1 is now almost routine matter. Metcalf and eddy, (1999)
3.7 3 Bacteriological Analysis

This is the determination of the lndicator of organism in a sample of water. This is also referr?ed‘ )
to as coliform count. The test was carried out using the most Probable Number (MPN). An"
indicator, bromoresol purple 1nd1cator was added into a series of sterilized culture bottles A
change of colour from pink to yellow after 48 hours 1nd1cated the presence of col1form ’Ihe
number of cohform available was estlmated by the use of MPN table. The culture media was_ "
prepared by dissolving approx1mately 1g of beef bouillon and 4g of powdered vmilk in 250ml of
d1st111ed water 15ml of media was then introduced into each 15 screw capped sterilized bottle.
followed by addition of the drops of bromoresol purple indicator solutlon. 10ml of water
sample was introduced in the first group of culture sterilized bottle ‘which contain the me‘dia’-,
and indicator solution. The sccond group of the six sterilized bottle was introduced with 1ml of
water sample. And the third group of six sterilized bottles was 1ntroduced w1th 0.1ml of water -
sample by means of a sterilized syringe. The bottles were then 1ncubated at about 35% for two |
days. After two days, the bottles were observed for colour change poss1ble test bottles that
have colour change to pink were _obtained. A MPN table was u»se'd to estimate the number of
coliform present in the water. MPN values per 100ml of sample and the percentage confidence
limits for various combinations of positive and negative result when (ﬁve 10ml, five 1ml and

" five 0.1ml) test partition are used.

30




3.8.1 Site Selection’

Selection of site for the installation of monitoring wells was a multiple-step process. Firstly,
target arcas was defined as the intersection of the alluvial aquifer and areas extend to old’ and
recent area developed residential and local and commercial irrigation land used in the area of ~
| 'study;,Secondly, the target area will be defined by excluding areas within l,\OOO-m of heavy
ihdustries such as manufacturing or construction facilities, reﬁnery, raw materials,

transportation censers, or airports.
3.8.2 Installation

The installation of the monitoring wells was followed procedures outlined Apham et al
(1995) - All monitoring wells was installed between May 24 and June 28, 2011, using 0. llm
1ns1de diameter hollow auger. The casing to be for the 6 monitoring wells was 0.051 m in
dlameter fens threaded equip w1th scheduled- 40 polyvinyl chloride (PVC) pipe, well screens
will be constructed of scheduled 40-PVC and will be 1.5 m in length with rnill—slot perforation

| opening (2.5 E™ wide). The filter pack (packing materials around the well scr’_een) will consist
of Silicate sand above which about 0.6 m thick layer of benetonite pellets was installed.
Drilling equipments was steam cleaned between monitoring—well»installation site. Monitoring
well to be 1nstalled for 1rr1gat10n studies was completed at depths (below land surface) of 11.33
jrn or less. Completion depth was determined by depth of water. One of the purposes of well
construction is to ensure suitability for future (10 or more years) sampling for water quality
trend analysrs Therefore the placement of well screens relative to possible future \uater-level
declrnes will be about 1.5m below the current (2011) water levels of about 1.83 m depth The |
top of well screens of all 6 wells was installed at a median depth below current (2011) water

range fro_m about 1.22 m to 10.67 m with a median depth of about '4.88 m. After

installation,water levels in monitoring wells was allowed to “recover” for about 2 weeks before
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k deveiopment. This is a procedure to enhance flow of water to the well, to remdx}e sediments.
that are artiﬁciéﬂy of well inStallation, and to yield water' representativev of the aquifer being
’sampled. “Well development mitigates at fact association with drilling" such as changes in
‘;‘aqu‘ifer permeability, sediments distributions, and ground waterichemistry Lapham and et al.,
©(1995). For the land use analysis; wells development, consist of pumpmg the 6 wells with
g‘p’orta»biciow volume submersibles f)ump at three depths intervals in the water column. Th ?;e -
intervals include near the top, middle, and bottom of the water column. Pilfnping will continue
until turbidity reading from discharged water from each interval ét less than 10 NTU
_(Nephelometric turbidity units). Since turbidity is a measure of clﬁrit‘y of the water, the water
‘levels in the monitoring well was allowed to' “recover” for 2 weeks befbre water quality

samples was collected.
3.8.3 Samples Collection and Analysis

" Sediments samples were collected for deterrnination of pH, organic ca';rbion content, and
“particles size anaiys'is during the installation of eaéh of the 6 wells. One sample was cqlledted
| in the uhsaturated zone about half-way between the land surface and estimated water level
Bévans, (1989), using a spit-spoon sample Wilson, (1995).These samples was used to evalu;ate‘

potential water quality interactions association with the movement of recharge water through

' sédiments. The 6 monitoring'twells was sampled once from July 15 to July28, 2011, for
assessrrient of shallow ground water quality. Ground water samples was collgéted aﬁd sent to
laboratories in Niger Sfate Water Board, Upper Niger River Basin and Rural Developm_éllt
Aﬁthdﬁty Minna, Federai -P(_)lyfechnic Bida for analysis. Ground water was pumped to the well
using a portable, low-volume submersible pumped. All materials in contact with the water
‘samples will consist of either stainless steel of Teflon. Sampling protocol to be used during this
study is as described in Eaton (1950). To minimize the risk of sampl"es' contamination; ‘all

sample collection and preservation took place in dedicated environmental chambers consisting
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of clear polyethylene bags supported by tubular PVC frames. Sampling iterns or equipment
extending from the permanent sampling point near the well head to the sarnpling.i chamber
inside the laboratory was decontaminated thoroughly between each sarnple collection using
| 'rogressmn of non-phosphate detergent wash tap water rinse, methanol rinse, and final
iomsed water rinse. Polyethylene bags forming the sampling and preservatron chambers w1ll
be replaced between each sample collection Sampling wells was first be purged of standrn
water during imtial pumpmg period. Measurement of special conductance, pH, water
temperature, and dissolve Oxygen was monitored after every 5 minutes in a closed- cell flow
through chamber until stable readings were obtained. Turbidity was measured using turbidity
fmeter Once stable readrngs of these physical properties were obtamed Water samples erl
now be 1mmed1ately collected for analysrs which. include the followmg parameters dissolve
solids, bromide, chloride, iron,- manganese, ‘silica, sulphate, blcarbonates ﬂuorrde potassium, -
and sodium forming dissolved solids major irons, and selected trace elements in milligrarn per\ |
litre. Nutrients, and dissolved organic carbon, in milligram per litre 1nclude ammonia, Nitrogen -
as N phosphorus carbon, orgamc matter. Trace elements to be analysed mclude aluminum
arsenic beryllium, chromium copper, manganese, nickel, sﬂver zmc antlmony, barrum :
cadmium, lead, molybdenum selenium, wranium natural. While the fo‘llowing pesticides were_
also to be investigated: 2,6- dlethylanlme alachlor, acetochlor, butylatee tc Volatile organic
cornpounds e.g 1,1,1,2- Tetrachloethane, 1,1-dichloroethane e.t.c Samples for analysrs of '
chl_oroﬂuorocarbon (CECS) was collected in triplicate using procedures described by‘
Busenberg and Plummer (1992) that pervert exposure of the samples to air Ca potential of
thése CFC. contamination of potentral dates at which the water samples were. recharge to the
aquifer. Samples to be analyze for major ions nutrients, and trace elements was filtered 'thr'ough
0.45-mm pore-size disposable-capsule filter and collected in pre clean plastic bottles rinsed on-

site with filtered groundwater, samples to be analyzed ford concentrations of major cations and
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trace elements will be reserve to less than pH 2.0 standard using ultra—pure nitric acid. Filtered
~unpreserved samples was collected for major anions analysis. Additionally, a filtered sample

was collected for on-site titration for carbonate alkalinity, an unfiltered sample for Jaboratory

measurement of specific conductance and pH. To avoid contact between water samples -

‘ dissolved otganic carbon (DOC) and any methanol-rinsed sampling equiprnent (a possible
eource of DOC contamination),_ DOC samplee were collected directly v“frorn discharge tube
close to the well head. The samples were process through a stainless—steel; pressure ﬁltration
"funnel equipt with 0.45mm pore-size filter silver. Trace concentration of silver imparted by the

, ﬁlter,eerved as a biocidal preservative for the DOC samples. Water samples were force into the

chamber using purified Nitrogen gas; the water was collected in clean and baked amber glass

bottle and immediately chilled on ice and delivered to the laboratory within 24'hour‘s for
analysis. Samples analysis for pesticide was passing through methanol-rinsed, stainless-steel

‘ ﬁltered‘chamber consisting of clear and baked 0.7 mm pore-size glassfﬁltered. All samples for

organrc carbon analysis were collected in amber coloured glass bottle and 1mmed1ately chilled

on 1ce and dehvered to the laboratory within 24 hours for analysis. The rate of movement of -

ground water (flow velocity) is another important property in the study of ground water quality

because, ‘when used w1th the estimated age of the ground water location, the«potentral reeharge

can be estirnated. The land use characteristics of the recharge areas may help in evaluation of

“water quality characteristics of the water samples to be collected from the monitoring wells.
3.9.0 ‘ Data Analysis
Hydraulics of surface water- groundwater interaction

A flow model was use to determine the hydrologic interaction in the river-aquifer system along
tHe river. Flow line is an imaginary line that traces the path that a particle of groundwater

would follow as it flows through an aquifer Fetter, (1994). The flow nets construction was
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based on water table and river level measurement.The following assumptions was made in the

construction of the flow nets:

1. The soil structure is homogenous.

2. The soil and aquifers are fully saturated

3. The independents strata are isotropic

4. There is a steady state condition (no change in Kpotential field with time)
5. The soil and water are incompressible

6. The boundary conditions are known (depth of water in the river and the water tables in

the soil.
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CHAPTER FOUR
4.0 RESULT AND DISCUSSION
‘4.1 Presentation of Result

Water quality is the physical, chemical and biological characteristics of water. Is a measure of
condition of water relatlve to the requlrement of oné or mofe biotic speéies or to any human needs
or purpose It is most frequently used by reference to a set of standards against which comphance
can be accessed. The result of physco _chemical and bacteriological analys1s for six(6) water

samples are presented below.

4.1.1 Water Quahty Assessment for Drinking

RESULT OF PHYSCO-CHEMICAL AND BACTERIOLOGICAL ANALYSIS FOR  SIX(6) WATER'
SAMPLES.

PARAMETERS - .GURUSU DANU ~ RUKU KORA GORA . BUA

VILLAGE VILLAGE  VILLAGE VILLAGE  VILLAGE . VILLAGEf
Turbidity(NTU) ~ 24.00 12.00 1200 - 20.00 10.00 6.00
Colowr 5.00 1000 20.00 1000 5.00 15.00
Suspended  180.00 380.00  540.00 580.00 31000  160.00
Solid(mg/l)
B 8000.00  10000.00 2300.00 21300.00 14000.00  1600.00
Conductivity(pm 7
has)
DS 500.00 410.00  445.00 170.00  196.00 . 200.00
Total solid (mg/l)  180.00 380.00  540.00 580.00 31000  160.00
Temperature (°C) ~ 24.00 2400 . 24.00 2400 2400 . 24.00
pH | 6.70 700 650 690 6.0 700 . °
Nitrite (mg/l) 0.01 0.02 0.26 0.18 10.07 10.30 o
Nitrate (mg/l 25.00° 32.00 35.00 28.00 4.00 27.00
' Phosphate (mg/l  0.40 0.60 1.30 0.80 11.90 1.60
Sulphate (mg/l  5.00 10.00 5.00 35.00 3000  10.00
Nitrate as N 520 6.70 5.70 560 2.90 3.90




(mg)
| Iron (mg/l) -

' Dissolved

3 Total
(mg/h)

Calcium

.Magnesium -

§ (mg/h)

HCOs (mg/l)
COs (mg/)
PO, (me/)

§ COD(mg/))
BOD(mg/l) .
E-coli

| Chloride (mg/1)

8 Oxygen (mg/l)
Hardness
Hardness (mg/1)

Hardness(nig/l)
- Total Alkalinity

Total Coliform

0.40
18.99
2.60

202.00

.141.60

60.40
40.00

250.00
0.00
0.70
30.00
18.00
150.00
200.00

0.60
33.48
2.20

585.80

133.50

452.20

38.00

186.00
0.00
0.50
34.00
16.00
'200.00
300.00

0.00
10.49
3.80

222.20

80.90

141.20

80.00

106.00°
0.00
0.50
28.00
13.26
180.00
+275.00

0.30 0.01
97.96 47.98
2.30 2.20
646.40 434.30
157.80 141.60
292.70

488.50

70.00 101.00

87.00 99.00
0.00 0.00
0.06 0.6
19.00 23.00
20.21 10.32
190.00  210.00
410.00. - 110.00

:0.01
126.99

210

636.30
210.50
425.80
50.00

270.00
0.00
0.70
16.00
12.22
220.00
300.00
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0.579
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* Correlation is significant at the 0.05level (2-tailed).

** Correlation is si

cantat the 0.01 level (2-tailed). a Cannotbe computed: becau

se ot least one of the variables is constant0.




4.3 Minimum, maximum and average values of physical and chemical parameters of six

(6) groundwater samples

Parameters Unit " Minimum Ma‘ximum 4
Turbidity NTU 6.00 - - 24.00 ‘
Colour | | 5.00 20.00
Suspended Solid mg/l 160.00 | 580.0(l) |
E-Conductivity Umhas 1600.00 21300.00 *
TDS 170.00 | ©500.00
TotalSolid =~ mgl 160.00 580,00
Temperature °C 24.00 24.00
pH o 650 - 7.00 T
Nitrite “mg/l 0.01 0.30 | |
Nitrate mg/l 400 35.00
Phosphate mg/l 0.40 1.90
Sulphaté | mg/l - 5.00 35.00
Nitrate as N mg/l 290 6.70 |
Iron | mg/l 0.00 0.60 ‘
‘Chloride mg/l 10.49 97.96 |
DO - mg/l 2.10 " 3.80
Total Hardness mgl 202.00 64640 .
CalciuﬁlHardness mg/l 80.90 210.50 | :
Magnesium v
R mg/ll  60.40 488.50 ,‘
Hardness :
Total Alkalinity mg/l 38.00 . 101.00 : o
HCO; . mgl 87.00 270.00
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COo;s mgl 000 0.00

PO, mg/l 0.06 0.70

CcoD mg/l 16.00 34.00

BOD mg/l 10.32 20.21

Na mg/l 110 15.00

K mg/l 1.32 12.00
4.2 Analysis of Result -
4.2.1 Alkalinity

'

The Nigeria standard for total alkalinity is given as 150mg/l (NSDQW, 2008) while that of

gy

WHO is 100mg/t of which all samples are below the standard. Alkalinity is defined tobe a

measure of the capacity of water 10 neutralize acids. Water may have a Jow alkalinity ratmg "}

but a high pH or vice versa, S0 alkalinity alone is not of major importance as a maaasure of

water quality.
Total Alkalinity (mg/1)
. 120
80 -
60
= Total Alkalinity {mg/t) :
- 20 ) \%
i [
gurusu danu  ruky kora '

Fig. 4.1 showing variation in total alkalinity of the six water samples
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422 Calcium Hardness (mg/l)

The Nigeria standard for total hardness is given as 200 (NSDQW, 2008) which indicate that

four of the samples were above the standard limit while two were below the standard limit
The minimum and maximum values are 80.90mg/l and 210.50mg/1 respectively. The presence
of calcium contributes to the general water hardness which makes it unsuitable for some

domestic and industrial use.

Calcium Hardness (mg/l)

250 4

200 -

2 Calcium Hardness {mg/l)

gurusu danu ruku kora gora bua

“ fi?ig 4.2 showing variation in calcium hardness of the six water samples

the result, the minimum and maximum obtained were 0.00 mg/l and 0.60 mg/l respectively.

permitted level.

is regulated so that excessive amounts of iron are not stored in the body.

41

. The Nigeria Standard for Drinking Water Quality (2008) and WHO (2004) is 0.30mg/l. From

From Fig 4.15 below, five values were above while only one was below the maximum

Most iron is absorbed in the duodenum. Absorption depends on the individual's iron status and

o,
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Fig 4.3 showing variation in Iron of the six water samples with the standard

4.2.4 Magnesium Hardness (mg/D)
b ctandard for magacsium hardass i given as 150mg/l (NSDQW. 2008) wkile that of WHO (2004)
standard is 50mg/l. The minimum and maximum values recorded from the analyses were 6000
mg/l and 488.50 mg/l respectively. The presence of magnesium in particular waiet comributes*
1o the total hardness in such water. Tt may also coniribute 1o undesirable taste of such water.
According to the analysis, all the samples are above the standard have high tendency of being
interfering with almost every cleaning task from laundering and dishwashing to bathing and

personal grooming.
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Magnesium Hardness{mg/l)

e O
3

8

= Magnesium

Hardness{mg/l)

Bprrsnns . . . » ctnarm

Fig 4.4 showing variation in.Magnesimﬁ hardness 6f the six water samples

4.2.5 Nitrate (mg/l)

Tho Nigeria Standsrd for Drinking Water Quaity (2008) for ntrei (NOs) is S0mg/L- The
minimum and maximum values obiained from the analyses were 4.00 me/l and 35.00 mg/l
respectively, which implies that all the samples were within the permitted level. The nitfate
represents there is fully oxidized organic matter, and such waters may not be harmﬁll
However, the presence of too mucil of nitrate in water may adversely affect the health of

infants.

Nitrate (mg/l

&8
3 amend

~
L%,
Sup oot

Nitrate (mg/!

JURIE I W S A
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o
1
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Fig 4.5 showing Vv iation in Nitrate of the Six watersamples
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4.2.6 Nitrite (mg/D :
Nigeria Standard for Drinking Water Quality (2008) stated that nitrite in drinking water
should not exceed 0.30mg/l The minimum and the maximum values are 0.01 mg/l and

0.30mg/l. Among the six samples, all were below the standard.

Excessive concentrations of nitrate can be harmful to humans and wildlife.

Nitrite (mg/l)

0.35

ok

03
0.25
0.2

0.15 Nitrite (mg/1)
0.1

0.05

OO

i i

Fig 4.6 showing variation in Nitrite of the six water samples

42.7pH

The standard for pH is given as 6.5 — 8.5 based on the standard set by NSWQ (2008). While
that of WHO (2004) standard is 7.0-8.5. The minimum value and maximum values are 6.50
and 7.00. pH is a measure of the acidity or the alkalinity of a substance. Water with a low pH
[ 6.5) could be acidic, soft, an& corrosive while water withapH>85 could indicate that the

water is hard.
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GURUSU DANU  RUKU KORA

Fig. 4.7 showing variation in pH of the six water samples with the standard

4.2.8 Sulphate (mg/)

The Nigeria Standard for Drinking Water Quality for sulphate (SO4) is 250 mg/l. The

minimum and maximum values obtained were 5.00 mg/l and 35.00 mg/l respectively, thus, -

shows that they were all within the permitted level of the standard.

Sulphate is a substance that occurs naturally in drinking water at various concentrations.
Health concerns regarding high sulphate concentrations in drinking water have been raised

because of reports that link it with an increased occurrence of diarthea.

35
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Fig. 4.8 showing variation in sulphate of the six water samples
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4.2.9 Total Dissolved Selids (mg/D

The Nigeria Standard for Drinking Water Quality (NSDWQ 2008) is given to be 500mg/l
while WHO standard is 1000mg/l. The minimum and maximum total dissolved solids were
170.00 mg/1 and 500.00 mg/l respectively, comparing these values with that of the standard, it
can be seen that the values are above the standard value. The effects of total dissolved solids

on drinking water depend on the level of individual elements, compounds, and components.

gTDS |

gurusu danu ruku kora

Fig4.9 showing variation in TDS of 'ﬂle six water samples

Total Bacterial Count (cfu/mi) and Escherichia Coli

The maximum Nigeria Standard forv Drinking Water Quality (2008) for Total Coliform Count
and Escherichia Coli (E. Coli) are 10cfi/mi and Ocfu/ml respectively. From the analyses, the
minimum and maximum obtained for Total Coliform Count were 150cfu/m! and 460cfu/ml
respectively while that of the Escherichia Coli were 90cfu/ml and 170cfu/ml. From Figures
416 and 4.17 below, it can be simply seen that all the values are beyond the maximum

permitted level.

&




Coliform bacteria occur in high quantity in human faeces, and detected occurrence is as low as
one bacterium per 100ml. Hence, they are sensitive indicators of faecal poilution. The total
coliform bacteria count in the samples show that the wells are exposed to serious and complex
poltution. Coliform count indicates the likelihood of sewage pollution, and faecal coliform
count confirms the pollution source as that of human or animal origin. Also, the result
obtained through the observed éoliform bacteria count indicate that the bacteria content is
above the recommended value by the World Health Organization (W.H.0) of less them 10

coliform bacteria per 100ml of water..

s E-colt

& Total Coliform

8

gurusu  danu ruku kora gora bua

Fig. 4.10 showing variation in total coliform and E coliof the six water samples

4.2.11 Total Suspended Solids (mg/D

No standard was set by the NSDWQ while that of WHO (2004) is 25mg/1 for total suspended
solids, but the minimum and maximum values obtained during the analyses were 160.00mg/l

and 580.00mg/1 respectively.

Total Suspended Solids (TSS) are solids in water that can be trapped by a filter. TSS can

include a wide variety of material such as silt, decaying plant and animal matter, industrial
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wastes, and sewage. High concentrations of suspended solids can cause many probléms fo‘r

stream health and aguatic life.

Suspended solid(mg/1)

700 -

Suspended Solid{mg/1)

gurusu danu ruku kora gora

Fig 4.11 showing variation in suspended solid of the six water samples 4 .

4.2.12 Turbidity (NTU) .

The Nigeria standard for drinking water quality (2008) and WHO (2004) stated that the
maximum turbidity level for drinking water to be Sntu. Based on the analysis of the samples
from the six villages, samples from five villages were below the maximum permissible limit

while one was above the maximum permissible limit. Turbidity is suspended biological,




organic and inorganic particles in water which may be in high quantity to make the water

Turbidity(NTU)

= Turbidity{NTU}

0 oy

gurusu danu ruku kora gora

seem cloudy.

Fig 4.12 showing variation in Turbidity of the six water samples

4.3 Correlation Analyses

The correlation matrix for the physicochemical and bacteriological properties of water samtpksf from

the study site are presented in Table 4.2 ap

There was significant correlation observed between suspended solid and Nitrite which exhibit
positive correlation (= 0847 atP < 0.01respectively) meaning that there is increase in the

Nitrite of the sample there was increase suspended solid.

There was a significant correlation between TDS and COD, which exhibit positive correlation
(r =0853atp <0.01 respectively). which indicate that the increasing values of TD$ led to the

increasing values of COD.

There was significant correlation observed between Total Solid and Nitrite which exhibit positive
correlation {r = 0.847at p < 0.01) which indicate that there was increase in Nitrite when the TDS

increased.
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There was srgmﬁcant correlation observed between pH and potassrum and sodium Whrch exhrbrt
‘ posmve correlatron (r = (.889, and 0.838atp < 0. 01 respectwely) Whlch means that there '

was lncreasmg in the values of potassium and sodrum when the value of pH mcreases

'Ihere was’ srgmﬁcant correlatron observed between Nitrate and Nitrate as N (r = 0.832 atp <

0. Olrespectmely) whlch mean that when Nitrate increase, Nltrate asN also mcreases

There ‘was srgmﬁcant correlatron observed berween Total hardness and Potassmm whlch exhlblt
'; posrtrve correlauon(r =0.818 atp < 0.01). This implies that if there is an 1increase 1n Total

‘ hardness, there must be an increase in Potassrum.

There was srgmﬁcant correlatron observed between potassrum and sodlum whrch exhibit posmve '
correlatron (r =0905atp < O 01) whrch nnphes that if there is an increase in potassrum there

"

' must be an mcrease in sodlum

,There was srgmﬁcant correlation observed between Turbrdlty and E coh which exhibit-a negative

: correlatron (r= —-0 866 at p < 0 01) which 1mphes that if there is an increasing Turbldrty there
v must bea decrease mE.coli. ;
. o
A There was srgmﬁcant correlahon observed between suspended sohd and HC03 whrch exhrlbrt a -
negatrve correlatron (r =—0.846atp < 0 01)." which implies the 1f there is an mcredsmg

b suspended solid th’ere must be a decrease in HCOs

There was signiﬁeant correlation observed between Total solid and HC03 which exhibit a negative
.correlatlon (r = —0.846 at p<o0. 01) which implies the if there is an lncreasmg Total solid there

 mustbea decrea.se in HCO:.

‘There was srgmﬁcant correlation observed between pH and Dissolved Oxygen which exhrbxt a
;e negatrve correlation’ (r = ——0 823 at p<O0. 01) which 1mphes that if there Is an mcreasmg pH t]here

 mustbea decrease in Dissolved Oxygen
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There was srgmﬂcant correlation observed between Nrtnte and HC03 which exhlblt a negatrve

ich 1mp11es that if there is an increasing Nitrite there must

correlation (r= —0 756 at p- <. 01) ‘wh
be a decrease in HCO:. , k '

There was srgmﬁcant correlatron observed between phosphate and Fe whrch exhlbrt a negatrve

"correlation' (r= ‘——0 876 at p.< 0. 01) which 1mphes that if there is an 1ncreasrng phosphate there

must be a decrease rn Fe. ‘

There was srgmﬁcant correlatron observed between Drssolved oxygen andpotassium E'Which'e’xhibit

1mp11es that if there is an rncreasrng.

a negatrve correlation (r= ~0. 915 at p < 0 01) which

Drssolved oxygen there rnust bea decrease in potassrurn

4.1.2 Suitability for Irrigation Use
- The water quahty evaluation in the area aof study is camed out to determine fheir suitability for

agncultural purposes The suitabrlity of groundwater for 1rr1gatlon 1s contrngent on the effects

on the mineral constrtuents of the. water on 1 both the plant and the sorl In fact salts can be -

hrghly harmful They can lrmlt growth of plants physrcally, by restrrctrng the taking up of 4 :

water through modrﬁcatron of osmotlc Processes. Also salts may darnage plant growth
upon metabohc processes Sahmty, sodicity and'

chemically by the effects of toxic substances

wsidered for evaluatron of the surtable quahty of groundwater

toxrcrty generally need to be con

for irrigation Todd 1980; (Shainberg and Oster 1976)

e for the electrical conductwrty is is doubtful when

‘ From table 4.1 it was observed that the valu
‘those values are cornpare to with the standard grven below (table 4.2).

: Salinity ~and - indrces such as sodrurn absorption ratio (SAR) sodium percentage (/oNa)

resrdual sod1um carbonate (RSC) ‘and permeability 1ndex (PY) are 1mportant p’arameters for

determrmng the surtabrhty groundwater for agrrcultural uses. Sirnivasa (2005), RaJu (2006)

Electrical conductrvrty is a good measure for sahnrty hazard to crops as it reﬂects the TDS in

R
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groundwater Sodlum absorptlon ratio (SAR) is an 1mportant parameters for determrnrng the
hsurtabﬂlty groundwater for 1rr1gat10n because it - measure of alkah/sodrum hazard to crop

Subramam Elango and Damodarasamy (2005) SAR is deﬁned by Ka.ranth ( 1987)
SAR= m,-/[{cs,-;» M;g} ,xz; vz - o

Y"The SAR values ranges from 0.543 to 1 06 and accordmg to Rlchard (1954) class1ﬁcatron base |
" on SAR values (table 4.2). All the samples belong to excellent category SAR can 1ndlcate the

vdegree to Wthh nngatron Water tend to enter mto catlon-exchange reactlons in s01l Srrmvasa

:(2005)

The sod1um percentage (Na %) 1nd1cate that all samples falls in the excellent category of the :
table glven below That is the groundwater samples are excellent for 1mgatron
Gl = [Na/sfa} X ras}’[caa Mg +Na+R] 2

esrdual sod1um carbonate (RSC) has belng calculated to determme the hazardous effect of
carbonate and b1-carbonate on the qualrty of water for agricultural purposes Where all i ionic

: K~
concentratron are expresses in mg,f L Eaton (1950) the class1ﬁcatron of 1rr1gat10n water

&

ccordmg to the RSC values In waters contammg more than 2.5 meq/l of RSC are not suitable

25meq/l are good for 1rr1gat10n Thrs 1nd1cate that all the samples ﬁ'om the six Vrllages are

loubtful. (table 4, 1)
s;c# (CO3+HCO3)¥(Ca+Mg)“ R e 3

he permeabrhty 1ndex (PI) values also 1ndlcate that the groundwater is suitable for 1rr1gat1on

nce 1t is within the perm1ss1b1e hrmt set by WHO (2004)
b1 ='*s;se X [e([aza] i [Hcasj /2 ),.r-' [Va] + [Ca} + [Mg} Sy
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Chlor_o-Alkaliné Indices (CAI) is essential to know the changes in chemical composition of
groundwater during its travel 1n the subsurfacé Aastri (1994). The Chloro-alkaline indices CAI
1, 2 are suggested by Schoéller (1977), which indicate the ion exchange. between the

groundwater and the host environment. The Chloro-.alkaﬁne indices used in the evaluation of

Base Exchange are calculated using the equation (’SQand 6)
1. Chloro-Alkaline Indices
1= [Cl— (Na +K)}/Cl R 5

-2 ChloroiAlkaline Indices

&

2-[CI-NatK)] / (SOFHHCO5+CO5+NOs) 6

) . : . » ,
If there is ion exchange of Na. and K from water with magnesium and calcium in the rock, the

exchange is known as direct when the indices are positive .if the exchange is reverse than the
exchange is indirect and the indeces are found to be negative. From the calculation of the six
samples 77.8% of the ground water are positive samples and the remaining 22.2% are negativey.

4.3 Results of Parameters for Irrigation

PARAMETERS  gurusu danu Ruku Kora ~ Gora Bua
K 740 640 —iT 796 55 7.10
N BRI Y At o 13.2 92 121
SAR  loss o649 0732 0734 0624 0678
%Na o926t 14275 syiss 307 3214 2929
RSC, 4800 -399 1150  -5585 3353  -3663
PI - 1246 415 784 42 432 441
cal 487 o048 016 078 069 029

CAll -0.355 0.09 0.01 0.60 025 003
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| CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS
5.1 CONCLUSION

The following conclusions were made based on the project work:

The three new wells and the existing ories are not good for drinking because they have not been

i

treated. >

: Con:sideringvthe location: of the well which may be close to dumping site, septic tank and surface

runoff which has contributed to the high value of the E. Coli and the total coliform, which was higher '

when compared to the recommended value of E. Cb‘li.and total coliform given by WHO standard

which means that the water is not suitable for drinking.

¥

i

Based on the electrical conductivity, the water samples from the following villages are not suitable for
irrigation purposes (i.e Gurusu, Ruku and Bua), while the water samples from Danu, Gora and Kora

are not suitable for irrigation because they have higher values greatér the recommended by WHO.

Based on the Sodium Adsorption Ratio (SAR) and Residual Sodium Carbonate (RSC), all the water
samples from the six.villages are suitable for irrigation purposes because they have values less than

the value recommended by the WHO (SAR and RSC < 10).

5.1 RECOMMENDATIONS

-The following recommendation were made base on the result obtained:

H

i Effective treatment must be done to make water free of any coliform organism.




-

ii. Waste must be disposed properly to increase water quality and reduce the water borne disease.

iii. Groundwater must be cited away from soak away and septic tank to prevent contamination.
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APPENDIX 1

Conversioh of Units from mg/L to meq/L

molar mass

= 3.54
| 250.00 106.00 g700 9900 270
=—"77gg 186:00 =—0168 =——75 = 610168
Hco, 610168 _ 305 61.0168 10168 610168 ~ 610168
61.0168
= 4. = 1.24 = 143 —162 =443
3348 1049 | 4798 _ 2699
a = 18.99 T 3545 = 3545 _9796 _ 7 = 3545 - 3545
g 35.45 3545
= 0.94 =0.30 ~135 =076
=054 >







0465
= 0_260meqll »
(a5t 280) 2] & |
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057t~

{3945 2009

(co3+HC03)»(Ca+Mg) 3 .
(0 +440) - 3
o+ 3.05) (3.34 +18 |

AN
8 i




(0+143) — (3945, 20.095) = ~22.61meq/|

| (0+1.62) — (354 +1204) = ~13.96meq /)

(0+4.43) — (56 . 17.515) = ~18.33meq /;

Pl =100 x [([Na] + [HCOo3] 172 )/iNa] +[Ca] + [ng

[0.113) + [4.10] Y, _
0> 53y [354] +T25g]] = 3286meqs

[0.483) + [3.05] Y, b V
100 x [[0.483] +[334] + T8 6017] = 9-94meqy1

_[0.335) + [1.247 1, o
100 ITRE [2.02] + T538g)! = 17.8meqy1

]
F
;

et

[0.574) + [1.43] Y L
100X [[0-5741 +[3.945] ¢ [20.095]] = 7.19meq/1

[0.40] +[1.62] Y, _
100 x [[0.401'+ [3.54] + [12.40] = 10.22meq

[0.526] + [4.43] 2 _ -
100 x [[0.526] +[5.26] + [17.5757] = 11.29meq 1

L. ChIoro-AIkaIine Indices
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1=[cI— Na+ K)1/¢;

[0.54 — (0.465 4 0.113)]/0.54

-0.1 lﬁeq/l
[0.94 — (0.483 + 0.164)1/0.94 = O.31meq/l

[0.30 - (0.335 4 0.028)]/0.30 =

—1.21meq/l
[2.76 - (0.574 4+ 0.204)]/2.76 =0.72m

eq/l
[1.35 - 0.4+ 0.14)]1/1.35 = 0.81meq/;

[0.76 — (0.526 4 0.1’82)]/0.76 =
Chloro-Alkah'ne Indiceg

—0.0SZmeq/l

2=[Cl-(Na+k)] / (SO4+H003+CO3+N03)

[113.96 - (45 4 ¢ 3
(754245405 35) = 29meqyi
[45.48 ~ (4.32 4 19

(36 +93 +0 1127y = 22meqy

[36.99~ (8.4 42

(8 +256 10447 = 0.99meqy;

[53.96 - (633 4 7.3

= 1.95meq ]
(30+ 168+ 40+ 17) = 1-95meqy

[20.49 — (10+93

- = 0.075meq /7
(26 +127+ 0% 53) = 0.075meqy

[43.99 — (54+11

=29 {
B +113+0+103) = 29meq/

1




