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ABSTRACT

Springs praduce water which is considered to be wholesome Spring water potability 1n
Ibadan, compromised by contamination &t source and consumers’ unhygicnic houschold
practices has nol been well investigated. This study therelore assessed water quality from

protecied springs and houschold practices that may alTect spnng water quality i1n ibadan

This cross-sectional study involved purposive selection of seven out of the 26 protecied
springs located in Ibadan North, Ibadan Nonh East, Egbeda and Onaara l.ocal
Government Arcas. A validated semi-structured questionnaire was used (0 interview tnen
and women involved in water collcction (rom 400 randomly sclected houscholds
Standardized sanitary inspection forms consisung of thiieen ponts for springs and
houschold storege containers were used 1o collect data on the risk of contanunation
Duplicate water samples werc collecied from springs during dry and rainy seasons for
physico-chcmical and bacieriological analysis, while forty spring water samples stored in
houschold containers were also collected (or bactetiological analysis using standard

mcthod adopted by the Amierican Pubiic | leahh Association. Data were analysed using

descriptive, t-1es1 and Spearman corrclation statistics

The participants’ mcan age was 38+14.0 ycars and 83 4% were women. Of those who
treated their water, 2% boiled the water, 9% filtered and 20% added alum before use
Thirty-three percent washed their stotnge containers daily, 65% of storage containers
werc insanitary and liable to rusi, aack or lcak, 55% of houscholds had dinty ladles, and
70% of houscholds drink fiom the ladle for drawing water (rom the containers, while
animals hed access 1o the storage containers in 17 5% of houscholds Faccal matter was
found uphill n four springs, mechanic workshop was located beside two springs, and
pool of stagnant water was found within the vicinity of three springs Positive correlation
(0.441) exists between mean sanitary risk score (841 9) and F.coff count (1000cfivml),
during the rainy scason, implying gross pollution of the springs and high risk 10
consumers The mean physico-chcmical parameters of the springs during dry and rainy

seasons respectively were within the \WHO limits viz: total hardness (59 410 7 and
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50 648 .6)mg/), lead (0.0140.0 and 0.014£0.0)mg/l and niirate (8 122.2 and 8.5x1.6)mg/l
For three springs, electrical conductivily (77721 4, 4375249, 789+11 3)uS/cm showed
results higher than WI{O/European commission limit of 400uS/em duning the rainy
scason. Total coliform count of the spangs which greatly dilfered during dty
(4600cfu/ml) and rainy (2250cfu/ ml) seasons was significantly higher than WHO limit of
10cfi/mb. During dry season, {ive springs (500, 1000,700,600£350cfi/100ml) had £ cols
count grealer than WHO recommended limit of Ocfw/100ml. Similarly, all seven springs

during rainy season had & coli count (20,25,20,1000,1800,1800& 1800cf/I100ml) greater

than WHO limi. F.colt count reduced significantly from source (1000cfu/lO0Oml) to
households (14cfi// 100ml)

There was pollution a1 the springs as shown by the high bacierial load, consequently,

cxposing consumers 1o the risk of waler-bome diseases. This could be conirolled by
{requent chlorination, improvement of sanilary conditions and education on handling
practices. Use of dilfcrent water trealment schemes like solar disinfection is advocated, as

well as regular cleaning and disinfecuon of storage containers

Keywords: Prolected springs, water quality, samtary inspeclion, sanitary 1isk score

Waeord count: 488
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CHIAPTER ONE

INTRODUCTION

1.1 Background

Waler is essential for life and a basic requirement for the healthy functioning of al! the
world's ecosysiems (Lenton of af,, 2005) [t exists in three fonns- gas, liquid and solid-
depending on the prevailing temperature In its purest form, water exhibits physical
propertics of 100°C for its boiling point, 0°C for its ficczing and has a densiiy of 1- All
chemical substances that exist in dual state, solid or liquid, coniract as they grow
cooler tfowever, walcer has quite a distinct characienistic With a fall in 1emperature, i
contracts, but a further decrease below +4 °C, water begins 10 expand which leads in
an increasc in volume. Inits solid staie, water differs from other substances, in that it

lloats on the surface instead of sinking This 1s explained by its further expansion as il

freczes

The chemical properties of water are such that they allow life 10 perpetuate. Plants
carty water from the depths of the soil up 1o the 1op of large trees (UNEP and \WHO,
1996) If the surface tension of watcr were low, as in the case of many other liquids,

the plants could not absorb water. This would be the end of vegetation and animal

kingdom

Adequalc hydration is an absolute requirement for health and all active life. This nced
is felvin the great value placed on this peculiar substance. Water conslitutes more than

half of the human body, varying bctween individuals and gencrally dropping with a
coiresponding incrcasc in age (\Valters, 2008)

The amount of freshwater on earth is limited, and its quality is under constant
pressurc. A higher percentage of about 97% of all waters on carth is contained in the

ocean, while the remaining 3% sustains life on earth (USGS, 2010). Hence, preserving

X
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the quality of freshwater is important for drinking water supply, food production and

recreational water usce

1.1.1 Role of Waterin Socio-Economic Development and Civilization

Human development and population growth exert many and diversc pressures on the
quality and quantity of water resources and on access 1o them Access (o potable
diinking water was and siill is 8 major factor in socio-economic development and
civilization. Historically, civilization has flousished around major woter ways: the
inhabitants of the ancient city of Egypt depended solely on the Nite River. Trade
flourished around citics that have easy access o waler bodies Large metropolises such
as London, Pans, Tokyo, New York city and Lagos owe their success in part 1o their

proximily and the resultant expansion of trade via waler

Water is critical to all facets of susiainable devclopment from cnvironmental
protcction and food security to increased lourism and invcsimenl, from women
cmpowerment and education of girl-child to reductions in productivily losses duc o
illness and malnutiition (Lenton ¢f ai., 2005) Tlws, increasing access to domestic and
potable water supply as well as improving walcr resources management is an cnlry

point for cfforts to help in the development of countrics

1.1.2 Water and Development

Access 10 safe, polablc and adequate water is critical 1o the development of any nation.
The growth and development of any nation 10 a large exient dcpends on the quality
and quantity of walcr available to its citizenty A nccessary condition for sustainable

development is the availability of water in adequale quantity and quatity (Kundzewicz,

1997)

2
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The Millennium Development Goal (MDG) on waier and sanitation, Goal 7- Target 10
states that by 2015, the proportion of pcople without sustasnablc aceess to safe
dnnking waicr and basic sanitation will be halved (UN, 2013) The attainment of the
MDG will not only provide good healih, but will have a positive impact on the

cconomy of all notions.

The recommendation for MDG on waler and sanitation: The intcrnational community
nceds to suppont African countries in implementing national strategics to achieve the
walcr supply and sannation targets. This will require an estimated LUSSS 8 billion per

year in external linancing (UN, 2008a)

In a recent report from UN (2013), over the past 21 years, more than 2.1 billion people
gained acccss to improved dnnking water sources, with 89% of thc global population
having access 10 improved sources of drinking water in 2010 This mcans that the
MDG drinking waler target was mct 5 years ahead of schedute, despite significant

population growth

1.1.3 Impaci of Water on Public Nealdh

The adverse impact on public health from poor water supply have long been
recogmsed in both developing and developed countries, taking the form of diseasc
outbreaks and also contributing to  discase load of any community (Ford 1999,
Payment and Huniter 2001) WWatcrrclated infeclious discases of public health
impontance, such as cholera. have influenccd social and political development. Since
1817, there have been al Icast seven (7) cholera pandemics and most have provided

examples of issucs of pathogen crncrgenee (IO, 2003)

3
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Onc of the causes of child moniality is as a result of lack and unsafe drinking water.
Nearly 2 in 10 chiidren have no source of safe drinking water. This proportion has led
10 a daily child mortalily of 3,900, especially in Africa and Asia (Lenton ¢/ al., 2005).

According to WHIO (2003), aboul 80% of all diseases and onc third of all deaths in
developing countries arc related to water-related diseases, such as diarrhoca, malana,
schistosomiasis, river blindness, guinea wonn, and others which kill globally perhaps

25,000 human beings a day

The magnitude of the public health gains derivable from use of safe, improved and
incrcased volumes of water are felt directly n all aspects of health, social life and
cconomy of a nation. Most importantly, improved access (o clean and polable water
supply, a major public health benefit, is achieved There is also an incrcase in time
saved from the lengthy disiance travelled to collect water and time involved in water
collection. The time saved could be channeled to productive activity (including
education), child care, small-scalc business and food preparstion. The health gains
accruing from improved and incrcased volume of water arc felt in the control and
reduction of water-bormne diseases, especially diseases transmitted by the faccal-oral
routc. In places where basic access service level of clcan and potable walcr has not
been achieved, hygiene cannot be assured and consurnption of watcr may be a risk
(Howard and Bariram, 2003)

.14 Globat Water Consumption and Access.

Globally, one billion people are currently withoul access to improved water supply
Most ol these people live in Asia and Africa. For example, in Afiica, 2 out of S people
lack improved water supply (WHO and UNICEF, 2008) According to Shiklomanov
(2000), as at the year 2000, 27% of the population of lesscr developed countries did

not have access to safe drinking water

4
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Figure 4.1 shows the global water stress with the indicators. Some of the indicators

highlighted are droughts, extended dty seasons and shrinking glaciers

As reported by Lenton et al, (2005), the countries where access to water Is poor and
progress toward the Millennium Development Goal is stalled or reversing include five
in Altica (Cthiopia, Mauritania, Madagascar, Guinea, and Togo), one in East Asia and
the Pacific (Papua Ncwv Guinca), two in the Arab States (Oman and Libyan Arab
Jamahiriya), and onc in Latin America and the Caribbean (Haiti). Countries with bettes
prospects for mceting the goal but where challenges arc snit formidable include cight
in Africa (Uganda, Malawi, Cameroon, Niger, Nigeria, Namibia, Cdte d’lvoire, and
South Aftica), two in Last Asia and the Pacilic (China and the Philippines), and one in
Latin America and the Caribbean (Trinidad and Tobago)

Access to drinking water is measured by the Millennmium Development Goal (MDG)
indicator of proportion of population using improved drinking water source
(WHO/UNICEF, 2012) 1n Sub-Saharan Afiica, a total of 63% of the population were
shown to have access to an improved source of drinking water 1n 2011 as against in
1990. (Table 1 ))

5
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Table 1.1: Proporlion of Population Using Improved Source of Drinking
Water (%)

1990 2011
Total Urban Rural Total Urban Rural
— 1
World 76 95 62 89 96 8
Developing 70 93 59 87 95 19
Regions d
Northern Africa 81 3! o3 x 7 A
Sub-Saharan 49 83 36 63 84 S|
Africa
Latin America
and the 8$ 04 64 94 97 82
Caribbean
Eastern Asin 68 X %6 5 - 4
Eastern Asia 96 97 93 o8 100 ol
excluding Chinn 28
Southern Asin 2 2 & 70 b2
Southern Asia  7g 04 72 87 93 84
cxcluding India
South-Easterm 7 90 62 89 94 84
ASin 8
Wesiern Asia 83 2 ; £ 2 » 3
O eaaee 50 92 37 56 95 45
Caucasus and g9 97 81 86 % 79
Central Asia
Developed o8 9 94 99 100 97
Regions _

Source: UN, 2013.
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1.1, Waltcr Supply Situation in Ibadan

fn her cfforis 10 adcquately manage challenges posed by ¢nvironmental factors. the
Oyo State Government of Nigeria in 1992, requesicd to join olher 14 cities across the
world alrcady cngaged in the SCP/EPM process. By 1994, the Sustainable Ibadan
Project (S11°) came into rcality by the endorsement of the UN-Habitat. Consequently,
many environmental problems were identilicd, prioritized and solutions were sought.
These included: streel trading, mismanagement of water shed, urban poverly, housing
shortages, poor accessibility and unplanned city growth, shorages in water supply,
gross inadequate public utilities and poorly managed solid wasie disposal. Of thesc,
waslc and iwater management were topmost on the list and required urgent and

immediatc atiention. To this effect, working groups for water and wastc management
were formed (SEP, 2004)

Some of the working groups were involved in water management- natural spring water

devclopment, boreholes and decp well, as well as, mini water schemes

The spring waler development project staried in 1996 with the rehabilitation and
protection of three (3) natural springs: Akew/Osun in Ibadan North-East LGA, Moga in
Ona-ara LGA and Agbadagbudu in Ibadan North LGA These were completed in
November 1996, April 2002 and May 2002 respectively. Subsequently, replicates of
these protected springs were developed- Onipasan, Sangoflsopako and Adegbayi in
ibadan North East, [badan Norh and Egbeda LGAs respectively. Later, the Yemoja-
Olado natural spring was rehabilitated (SEP, 2004)

1.2 Problem Statement

\Vater is essential for both economic and social welfare of a nation. A nation is not
regarded as developed withoul the provision of safe, clean and potable water for its

cdizenry The quantity and quality of water delivered or obtained and used by
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households is pertinent for domestic water supplies. Il influences sanitation, hygiene
and the health of the public in general The quantity of water used by households
depends on accessibility to water source. Primarily, the quannty of wateravailable and
uscd by households is determined by distance to the water source, quality and cost
expended 1t has been noted that in many large cities where provision of water is

inndcquatc, there is fittle or no shortage of (resh water resources. Thus, the paradox of

‘inadequacy of supply in the midst of abundance’ exists

S1atistics provided by UNICEF (1996) showed that less than 45 percent of Nigerians
indicated that their minin sources of watcer are unsefe and inadequate. As of 2000 H was
cstimated that one-sixth of humanity (1.1 biltion people) lacked access to any form of
improved water supply within 1 kilometre of their home (\WI110 and UNICEF, 2000)
The lack of clean waler and sanitation leads to a wide range of diseases. These
diseases associatcd with lack or inadequate water supply as well as poor sanitation
includes cholera and typhoid. The most aftected groups are children, immuno

compromiscd persons and other vulnerable groups such as aged persons

According to Clasen and Bastable (2003), conlaminated drinking \vater 1s the main
coptributor to an estimated 4 billion cases of diatrrohea each year, thus, causing about

2 2 million deaths, mostly among children under the ages of 5. Globally, nations face
the challenge of contaminaied water, hence, it has led to the outcry and need 10

improve the assessment of the world's water sources. which will impact on health

Springs, undeiground water sources, are widely used sources of water They are
considered to be aesthetically acceptable but poor and inadequate protection at the
source, as well as, unhygienic household handling practices may lead 1o its
contamination. 1t is noted that drinking waicr may become contaminated following its

collection from these protecied sources and during the storage at homes (Moll ¢/ af.,
2007)

9
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The city of Ibadan has about twenty-four identified springs which supply clean water

t0 the different communities tn and around where they arc located (SIP, 2004)

There is dearth of information on quality of spring water (tom protected sources and
the household practices which may contaminate it in Ibadan. This study seeks 1o

breach the gap and gather information on the quality of these protected springs and the

household practices that may alTect its wholesomeness.

1.3 Justilication of the Study

A reliable safe water supply plays an important role in disease prevention, especially
by facilitating personal, domestic and food hygiene. Contaminated and poorly
managed water sources can contain chemicals, microbiological or radiological hazards
which can lead 1o sickness Clean, uncontaminated and adequate water supply
improves personal hygiene and also aids in combating diseases

There 1s a direct link between population growth and stresses on water supply

Continuous population growth will lead to greater water consumption and waste. It is

paramount that the challenge of water quantity and quality is addressed as it has direct

impacl on the health of a nation's citizenry

This study seeks to assess the quality of dnnking water from protected spring sources
from four Local Governmeni Areas (LGAs) in Ibadan. It involves assessment of the
physicochemical parameters, and bacteriological characteristics of water {rom spring
sources and storage comainers [n addition, prevailing environmental and sanitary
conditions of the springs and houschold water storage containers were assessed
Fusthermore, assessmenl of the eflective use of these springs with regards to the

optimal. hygienic and consistent use will provide information on their acceptance by

the users

10
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1.4 Objeclives
1.4.0 Main Objeclive

The main objective of this study was 10 assess the quality of drinking water {rom the

protected springs and household storage containers and the risk of contamination from
household water handling practices

1.4.2 Specific Objectives

The specific objective is to

. Assess the prevailing environmental and ssnitary status of the springs

2 Determine the physico-chemical quality of walter from spring sources during dry
and rainy seasons

3. Determine the bacteriological quality of water from spring sources during dry and
rainy scasons

4. Determine the bacteriotogical quality of spring water stored in houschold
conlainers

S.  Dectemine the risk of water contamination from springs and the houschold water
storage containers

6

Assess the communily user's knowledge on ctfective utilization of the springs

11
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CHAPTER TVWO

LITERATURE REVIEW

2.1 llydrologic/ Water Cycle

The hydrologic or water cycle is the constant movement of water above, on, and below
the earth’s surface. The global hydrological cycle is the set of processes that
continually moves water over and through the surface of the eanh and both into and

through the atmosphere (Karterakis er al, 2007). It is a cycle thai replenishes ground
walcer supplies

As shown in Figure 2.1, the water cycle involves the continuous exchange of water
within the hydrosphere, between the atmosphere, soil water, surface watcr,
groundwater and plants. The sun, which drives the waler cycle, heats surface water
bodies, some of this heated water evaporaics as vapor. Hence, rising air currents take
up the vapor alongside with walcr that transpired (rom plants and evaporated (rom the
soil The water vapor tises and condcnsed into clouds at places of cooler temperature

From these clouds, precipitation occurs and falls as snow, rain or hail. which
accumulates and later mells snd flows as surface run-off back into surface waler
bodies or percolates into the soil as infiltration. Some water infihrates decp into the
ground and replenishes the aquifer while some seeps back into surface water bodies

The amount of precipitation that infilteates, versus the amount that flows across the

surface, varies depending on factors such as the amount of water already in the soil,

soil composition, vegetation cover and degree of slope

2.2 Freshwater

Freshwaler is an important natural resource necessary for the suivival of all

ccosystems. [t is from rain, surface water (lakes, tivers, strcams and ice sheets) and
groundwater (springs, wells and borcholes)

12
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Freslwater s a rencwable source that people can drink or use for their animals and
crops . 1t can only be replenished through the process of water cycle. The source of

almost all freshwater is precipitation from the atmosphere in the form of mist, rsin and
snow (USGS, 2006).

Freshwater in this form contains materials from the atmosphere, the sca and land over
which the rain has travelled In indusirialized arcas, water fom rain, snow or mist is
acidic because of dissolved oxides from burning fossil fucls, such as in cars, factories
and atmospheric emissions of industrics. The major factor that decreases availability
of freshwater is population growth. Global waler consumption has increased about
scevenfold since the beginning of the 20th century. This has been caused both by

population growth and by incrcase of the per capita water use (Kundzewicz, 1997)

There are 3 major sources of f{resh water. viz surface water, rainwater and
g roundwaltcr

2.2 Surlsice water

Surface watcr is any water that travels or is stosed on top of the ground. [t is water in
nvers, lakes or fresh water wetland 1t is naturally replenished by precipitation and
naturally lost through discharge to the oceans, cvaporation, and sub-surface secpage

(HDC, 2011). The only nawual input 10 any surface water system is precipitation and
snowmclt run-oll to sircams (Figure 2. 1)

13

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Sonic examples of surface water include rivers, sireams, lakes and oceans. Surface

water is often used for large urban supply because rivers and lakes can supply a large
and regular volume of watcr.

Surface water ofien needs treaiment before use, because 1t may be contaminated by
faccal and organic matcrial. Rivers and sircams have a wide scasonal variation that
may affect waler quality. In wet scasons, water may carry a high sili load and there is a
high risk of faccal contamination at the start of the scason as facces are washed into

the river. In dry scasons, the silt load will be lower but the dissolved solids may have a
tigh concentration (Wi 10, 2006)

R0 Rainwater

Rain is hquid water in the form of droplets that have condensed from aimospheric
water vapor and then precipitated Itis a major component of the water cycle (Figure
2.1) and 1s responsible for depositing most of the ficshwater on the Easth. 1t provides

suitable conditions for many types of ccosystem, as well as water for hydroclectric
power planits and crop nngation

Rainwatcr has a complex chemical composition that varies from place to place, as well
as from shower lo shower and season to scason in the same place. JI contains some
conslituents of local origin, and some that have been transported by winds from
clscwhere (Carrol, 1962). Chemical constituents in both rain and dry precipitation are

added continually 10 any area of the earth's crust to become pant of the chemical

weathering environment

Rainwater is a mixed clectrolyte that contains varying amounts of major and minor
ions. The sources of these constituents arc the oceans, [feshwater and saline lakes,

landmasses, vegelation, manmadec industrics, and volcanic cmanations (Carrol, 1962)

15
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2,23 Groaundwaler

Groundwater is walter that exists in the pore spaces and fractures in rock and sediment

beneath the Eanth's sueface (Nelson, 2006). Most ground water originates from rainfall

that has entered the soit. Groundwatcr is in constant motion, although the rate at which
it movcs is generally slower than it would move io a8 siream because it must pass
through the intricale passageways between free spaces in the rock. The rate of

groundwalter flow is controlled by two properties of the rock: porosity and
permeability (Nelson, 2006)

The global groundwater volume is 23,400,000 in cubic kilometess and 1.69% of the
tota) watcr (Gleick, 1993). In comparison lo swiface water, ground water conlains
higher concentration of natural dissolved matenals These dissolved materials usurlly

depends on the composition and solubility of canh’s material that the ground waler is

in contact with and also the length of time it has stayed underground

2.3 Groundwater Sources

Groundwater is an imporiant source of freshwatcr which is considered 10 be the most
acceptable if handled well 1t is the water that is found underground, saturatsng the
porc spaces and fractures of rocks bencath the carth’s surface. The ongin of
groundwater is from rainfall and snow, as depicted in the hydrologic cycle in Figure 1

When it rains or snow meils, somec of the waler cvaporates, some arc lost as
transpiration, while some of the water flow ovcrland collecting in strcams and other
sources, hence, forming surface water. The rcmaining wates infilirates and percolates

into the ground lilling the pores and cracks of soils and rocks. It moves down 10 the

unsaturated zone and linally 10 the saturated zone, where watcr moves through the
aquifer 10 springs fiom where it is drawn (USGS. 2006)
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Water found in the saturated zone is known as groundwater. Since groundwater 1s
supplicd mainly by percolation from the surfaee, anything which increases the surface
supply of a region incrcases the groundwater of the region (Synd, 1922). Examplesof

such are the rise of the water table dunng irrigation season and increase of water in
wells during the rainy seasons

There are three main types of groundwater. They include springs, borcholes and wells

2.3.1 Spring as a type of groundwater source

A spring is a natural groundwater source Ii is the point at which groundwalcr appcars
on the surface Sci-tech encyclopedia defines a spring as a place where groundwater
discharges vpon the land surface because the natural flow of groundwater to the place

cxceeds the low from it Britannica encyclopedia defines a spring as an opening at or

near the Earth's surface where water (roin underground sources is discharged

Springs arc favoured water sources as they often produce high quality water, arc
mexpensive Lo protect and do not require a pump to bring the water 10 the surface. (n
Nigeria, springs arc rcgarded as imporiant groundwater sources cspecially in the
peripheral and rural areas They arc important not only because they form sources of
local water supplics but also because they suppoit perennial lows in large rivers
(Areola, 1980) The water quality of springs varics greatly because of factors such as
the quality of the water that recharges the aquifer and the types of rocks the

groundwater ¢comes in contact with. Thus, the sprnng watcr quality represents the

genceral water quality of the groundwater

Most times, springs occur naturally and they arc considered safe sources of drinking
water. Figure 2.2 shows the geclogical formation of springs. When properly protecied

and maintained, springs provide consistent supplics of safe and wholesomc water with
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Iittle or no microbial load. However, during the collection, transportation and storage,
contamination could occur Though spring waler is considered 1o be aesthetically
accepiable for domestic use, presence of poorly designed pit latnnes, poor wastewater
management, poor solid waste management as well as poor and i1nadequate spring

protection, may lead to contamination of water from the springs with pathogenic
bacteria

If a spring occurs uphill of the community to be served, # can be connected o a
gravity-fed piped distribution system. If the spring occurs downhill of the target
communily, the water can be pumped up o a storage tank. Springs close to small
communities where 2 piped system is not feasible can be prolected and allowed to

overflow from the spring box permanently or be cannected io a storage tank fitted with
a low-lift hand pump (\VHQ, 2009)

18
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Figure 2.2: Geological formiation of springs
Source: UFTREEO Center, 1998

19

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



19

According to USEPA (1999) there are two lypes of spnngs depending on their

occurrence. Although these spring types defer in their occurrence, their formation is
simtlar

Gravity springs - These occur where groundwater emerges at the surface because an
impervious layer prevents it from seeping downwards or the water table is at the same
height as the land. This type of spring usually occurs on sloping ground, as shown in
Figure 2 3, and its flow changes with vanations in the height of the water t1able. The
flow tends 1o vary with the time of year

Artesian springs - Artesian springs occur where groundwater emerges at the surface

after confinement between two impenvious layers of rock. The groundwater is held
under pressure and comes 10 the sutface because of a natural break in the rock- The
low is very nearly constanm dunng the year (Figure 2 4)
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Figure 2.3: Gravity spring
Source: UNESCO, 1991

21

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



]"lt .r:‘:'::::n:n

Fig 2.4: An Artesian Spring
Source: WILO, 1996
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2.4 Groundwatcer Flow

Groundwater flows through water-bearing formations, known as aquifers at diffierent
raics. [t is in constant motion, although the rate of water llow is slower than in surface
water such as streams As is the case for surface water, groundwater flows from higher
clevations (or
pressures) loward lower clevations (or lower pressures)  Groundwater fiow ts
usually towards a groundwater discharge area (Bruhel, 2006). The slow water flow is

because it must pass through the intricate passageways between fiee spaces in rocks

According to Nclson, 2006, the ratc of groundwater flow is controlied by two
propertics of the rock: porosity and permeability. Porosity is the perccntage of the
volume of the rock that is open space (porc space). This determines the amount of
water thal a rock can contain, while, permeability is a mcasure of the degree to which

the pore spaces arc interconnected, and the size of the intericonncections

2.5 Groundwalter Quality

Groundwater quality comprises the physical, chemical and biological qualitics of
groundwater. Jain ¢f al (1995) described groundwater quality as the result of all the
processes and rcactions which act on the water from the moment of condensation to

the time of its discharge by cither wells or springs; and this varies from place to place
and with the depth of the wales table

Bruhel (2006) opined that the quality of groundwater reftects substanccs that arc
dissolved or suspended in the water. Groundwater usually comains higher

concentrations of natural dissolved mpicrrals than surface water. These materials

dissolved 1n the water reflects the composition and solubility of the carth matenals
(soil or rock) that the groundwatcerisin contact with as well as the time that it has been

in the subsurface

23

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Groundwater quality also depends on the composition of the recharge water, the

intcractions between the water and the soil, soil-gas and rocks with which 1t comes
into contact, and the residence time and reactions that take place within the aquifer

(Jain et al.. 1996). Thus, variations may exist in the groundwater quality in the same

arca where rocks of diflferent compositions and solubility ocour

This unique feature of groundwater which enders them suitable for public water
supply is their excellent natural quality which is free from pathogens, colour, and

turbidity, hence, leading to its consumption without treatment (Jain ¢f al., 1996)

Naturally, groundwater contains mineral ions These ions are obtained from soil
panicles, sediments, and rocks as the water travels along mineral surfaces in the pores
or fractures of Lhe unsaturated zone and the aquifer Some dissolved solids may have
originated in the precipitation water or river waler that recharges the aquifer (Haner,
2003). These dissolved solids found in groundwater are as a result of the physical
propeny of water as an excellent solvent, hence. it dissolves and carries most solids as

it flows The quality of ground water depicls the quality and types of rocks found
underground

As groundwater flows through an aquifer, i1 is naturally liltered. The sand and sifl are
filtered of I through the ditYerent fayers of rock. This filiering, combined with the long
residence time underground, means that groundwater is usually free ftom discase-
causing microorganisms_ The high mineral content, fewer microbes and particulates
gives groundwater its consiant cool temperature (Dictrich, 2006). Microbial matter is
also a natural constituent of groundwater. Just as microbes are ubiquitous in the

environment around us. they arc very common in the subsuriace, including

groundwatcr
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Chemical constituents found in ground walter depend in part on the chemistiy of
PreCtpitation and the recharge of the water. The natural qualily of groundwater difter
from surface water because the temperature and other paramcters are less varfable over
time unless in instances of pollution. Groundwater fiom depth and contined aquifers is
usually microbially safe and chemically stable in the absence of direct contamination,
however, shallow or unconilined aquifers can be subject 10 contamination fiom
discharges or sccpages associated with agriculiural practices (¢ g, pathogens, nitrates

and pesticides), on-site sanitation and scwerage (pathogens and nitrates) and industrial
wasles (WHO, 2006)

2.6 Protection of Groundwaler Seurces

Protection of groundwater sourcesis the prevention of pollution Groundwater sources
arc olten of good quality and may only require source prolection and disinfection
Source protection provides the first barmers in protection of drinking-water quality

(WO, 2006), \Wellhead protection is an example of groundwater prolection, lhe
prevention of well water contanunation

Source walcer prolection can be a cost-cffective approach to safeguarding a
community's drinking water supplies. By decreasing the contamination of the source
watcr, the amount of treatment required is reduced. This may reduce the production of
trcatment by-products and minimize opesational costs The benefits accruing from
source protcction is betier appreciated when compared to the cost (quantifiable and

non-quantifiabie) of failing 10 protect the water source {(Ainsworth and Jehn, 2005).

Howard (2002) categonsed {actors which may pose as risks 1o groundwater sources

These factors cnumerated below must be considered before groundwaler protection

because they may compromise the quality of groundwaier
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t{azard faclors - These are sources of faecal material localed so that they constitlute a

risk 1o the groundwalter. An example is a pit latrinc overlying an aquifer and close 10 a
water abstraction point

. Pathway factors - Thesc are potential routes by which contamination may enter into
the water supply. Pathway factors inctude cracksin the lining of boreholes, improperly
scaled apron surrounding \he headwall of a dug weill or borehole. and eroded
backfilled area of a protected spring Pathway risk factors often result from poor
operation and maintcnance

Indirect factors - These are factors that represent lack of a control measure to prevent
contamination and therefore increase the likelihood of a hazard or pathway developing
but do not themselves represent either a hazard or a pathway. An example of this is a
fence around the water source. The absence of a fence will not lead direcily 1o
contamination, but may allow animals or human to gain access to the source and create

either a hazard (through dcfecation) or a pathway (through causing damage 10 the
source)

2.7 Spring Protcclion

Spring protection is prevention of springs from coniamination Protected springs are
considered an improved walter source by the World Health Organization and thus are
counted towards the miliennium development goal (MDG) targets. Spring proteetion is
used to provide safe water supply. Persell and Almecida (2008) rcporied that
improvement in water quality will be achicved by testing and disinfecting water (rom
protecied springs (o mect the UNICEF/WHO standards. As compared with treatment
of contaminaicd water, the technique of spring protection is cost eftective in the long

nun

Spring watcr is gencrally {ree flom microbes and often safe 1o drink. afler it has being

filtered through soil and rock, however, it may be rapidly contaminated when it
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cmerges at the surface Contaminated surface waler ncarby or wild and domestic
ammals, as well as pcople who collect or use the water from the spring may posc a
threal 10 the quality of spring water. The impact of spring prolection is estimated on

source water quality, household water quality, child health, and on houschold waier

collection choices and other health behaviors (Kremer ef a/.. 2006)

Protection seals off the source of a naturatly occurnng spring and encases it in
concrele so that waler flows out fiom a pipe rather than sceping from the ground
where it is vulnerable to contamination from runolf. Spring protection consists of
construction of a spring box around the point where water emerges, hence, preventing
direct contamination (WHO, 1997, Howard et al., 2001). A pioperly protected spnng
is developed underground and the water channcled to a scaled spring box (Parrot «f
al., 1996). Spring protcction involves protecting the outlet of the spring. The outlet
should be surrounded by a fence 10 keep animals and other polluting sources from
contact 1o the spring The ground surface around the spring should be constructed t0

keep all surface drainage from passing into or over the spring outlet. The outlet should

be further protecied by being surrounded with a box, as shown in Figure 2.5 which

cxcludes dust, vermin and larger animals which may enter the spring (Synd, 1922)

2.8 Provision of Sustainable linproved Waler Supply

in the Millcnnium Declaration, the heads of state gathered at United Nations
Headquartcrs tn New York in Scptember 2000 resolved, under the heading “Protecting
our Common Environment,” to stop the unsustainable exploitation of water resources
by developing water management strategics at the regional, national, and local levels,

which prornotc both equitable access and adequate supplies (UN, 2000)

The UN.Habitat (2003), rcponied that problems of watcr siress are caused by the

increasc demand for waler as the city's population. intensive municipal agriculture,
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commercial and industrial uses grow. Watcer resources management strategies tianslate

better provision of potable water from other sources such as wells and natusal springs,
other than t18p water

To alleviate the shortages in water supply, various planning approaches have evolved.
The recent response of the United Nations Centre for Human Settlement (UN-Habitat)
and the United Nations Development Programme (UNDP) was the launching of the
Sustainable Cities Programme (SCP) using the Environmenial Planning and
Management (EPM) process (UN-11abitat-SCP 2001) As reported by S11* (2004), the
main objective of this prograrnmie was to improve environmental factors by
decentralizing the rcsponsibility from the Federal to the locsl government, thus,
atlowing the identification of environmental problems, funding, designing and

management of projccts through local participation and involvement of the community
users

2.9 1mpact of Improved \Vater Supply.

The primary long-term goal of smproved water supply i1s (o improve health,
productivity and living conditions. NarayanParker (1993) identified a sertes of
indieators for measvring the impact of protectcd springs. These indicators arc geared
towards the maintenance of good heglth for the community users. In addition to these
indicators which mweasure long-term benclits, immediate results such as improved
health care and availability of good quality water supply, should also be experienced
Another iimmediate benefit is increased and available time This increased time is then

utilized for child<care, lood preparation and productive activity (tloward and Bartram,
2003)

The three main indicators used to measure the impact and applicability of protected

springs as proposcd by Narayan-Parker (1993), is as (ollows
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I. Sustainabiluy

Sustainability 1s the ability to maintain the ctforts and the derivable benelits at the
communities without the detrimental cflects on the environment (Nargyan-Parker,
1933). This indicator implics a problem-solving capacity There are some sub-
indicators used o check the progress of improved water supply. These sub-indicators
are:

a. \Waicr quality at the source

b. Maintcnance of the facility at source

¢ Knowledge and skills of usets

2. Eflcetive use

Efective use is the optimal, hygicnic and consistent use of waler to maximize benelits
and minimize negalive conscquences over an exiended period of time. The sub-

indicators that mcasure cflective use place ceniral attention on people. especially

women and children because they are the primary users of doinestic waler

a. Optimal usc ~ This is the use of [acilitics to maximize economic benefits. This

involves number of users, quantity of waler used and time taken 1o use the prolecied
springs

b Hygicnic use - This is the improvement of drinking waler quality after it has been

withdrawn from the protected springs. It involves waler qualily at home. transporn and

storage practices, home practices to improve waler quality and personal hygicne

c. Consistent use — This is the use of protected springs throughout daily and scasonal

cycles, over the life of these facilities. 11 involves the pattem of daily and scasonal use
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3.  Replicability

Replicability is the ability to duplicate the processes and benefits of protected springs
in locations where the springs have not been protected. This indicator is a truc test of
the values of development. Replicability of a programme is more likely when there is
optimal usc of such projects. Thus, projects should be based upon the use of local

people, local skills and the knowledge of the people which such developments arc set
up for. The sub-indicators that measusc replicability are

a  Proportion and role of specialised personnel — In pilot projects. there should be a

high inpul of specialised personnel, but when these projects have been completed, they

should be replicated, with a decline of input from the specialisis while existing stafT,
who are locals should be utilised

b Established instilutional framework — There should be no by-passing of an

alrecady cxisting organization, and there should also be an incrcased inter-agency
collaboration

210 Walter Pollution

Increasingly, surface and groundwatcr sources arc being poliuted by pesticides,
industry and untrecated houschold waste water (\WHO and UNICEF, 2008} There arc

many activitics thai alfect the supply of clean, safe and adequate water. These are

natural, man-madc and also natural activitics ¢exaccrbated by man-made causes

Amongst the natural causes, onc of the biggest causes aficcting the supply of clean and
safc water 1s the buildup of sediments over time in surface water, which is as a result
of wash-ofl of soil, silt and organic debris into water bodics by rain. This natural cause
is madc far worse when human activities 8dd nn extra burden of wash-ofl fiom

agricultural deposit, indusuiial ¢Muent discharge and dumping of waste
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Pollution caused by man-made activities which pose major threat to the supply of safe
water is ftom agriculiure and indusiries. Run-oll of chemicals (such as weed-killers,
pesticides and fertilizers used (or agriculwural purposes) into water bodies has
dctsimental clTect to both human and water-based living creatures. This greatly

impedes the supply of clean water leading (0 fast reproduction of algae, hence,
reducing the oxygen level in water

Non-degradable industrial waste discharged into surface watess is very hazardous and
Lhreatens supply of clean water High levels of heavy metals in water sources arc as a
result of run-off of these industrial products Petrochemical industries have been
implicated in oil- rich states in Nigeria. This has led 10 the massive destiuction of
aquatic lifc and lack of clean water Industrial discharge of non-treated cffluent into

drains which cventually empty into surface waters is another source of indusinal
pollution jeopardizing the supply of safe water

Scwage disposal is another major cause of man-made walter pollution. This is a
problem encountered in developing countries because of lack of proper human waste
disposal facilitics. UN (2000) estimated that just under half the population of the earth
(44%) was living with unsalisfactory scwage disposal systems Scwage also poses

major problems during disasters when flood waters swamp drains

2.11 Groundwalter Pollution

Groundwalter poliution is defined as an undesirable change in groundwater qualily

resulting from natural or human activitics (tHlarnier, 2003) h is a modilication of the

physical, chemical and biological properties of groundwater
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Natural pollution of groundwater occurs when rainfall that has soaked the ground
comes in contact with buried waste or other contaminants and chemicals and sceps
into groundwater. 1fuman activities can also alter the natural composition of ground
waler through the disposal or seepage of chemicals and microbial matter on the land
surface into soils, or through injection of wastes directly into ground water. Although
there arc many common sources of contaminants, such as fertilizers and animal

wastes, groundwater diliers {tom surface water, because groundwalter is protected
natwmally (1{arer, 2003)

Pollutants that are fully soluble in water and of aboul the same density will spread
through the aquifer at a rate related o the groundivater fiow velocity, but pollutants
denser than water will be filtered through sand, stones and silt. Thus, even though the
ground 1s an excellent mechanism for filtering out particutate matter, such as leaves,

soil and bugs. dissolved cheinicals and gases can suitl occur in large cnough

concentrations in ground water (0 cause problems

There is usually a delay between a pollution incident and detection of the contaminant
at the point of walter abstraction because movement in the unsaturated zone and flow
in the aquifer are ofien slow Groundwater oflen spreads the effects of dumps and
spills far beyond the site of the original contamination. Contamination of groundwater
1s extremely difficult 0 control; it can render the water unsuitable for use and
sometimes impossible (o clean up. Over burden of the population pressure, unplanned
urbanization, unrestricted exploration policies and dumping of the polluted water at
inappropriate place enhance the infiltration of harmful compounds to the ground
waler  Substances that can pollute groundwater can be divided into two. These are

naturally occurring pollutants and pollutants produced from human activitics (Pandey
and Tiwari, 2008)
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Naturally occurring contaminants include:

1. Sca water intrusion - In areas where groundwater is overexploited, sea water

moves 10 the aquifer Lo maintain a balance, thus, the quality ofthe groundwater begins

10 deteriorate and the salt concentration increases

2. Geological formations - The chemical composition of groundwatcr is dependent

on the immcediate minerals around the vicinity of the groundwater. For environments
containing the natural mincral substances found in rocks or soils such as iron,

manganese, chlorides, Muorides, and sullates, they become dissolved in and
contaminate groundwater

3. Lake/river — aquifer relation ~ There is a relationship that exists between Lhe lake,

river and aquifer, such that if any is polluted, there is a resulting negalive impact on
the others.

Pollutants from human activities can be broadly divided into 3

|. Municipsal waste disposal - This is one of the major problems encountered in
developing countrics. Community and residcntial wasie disposal, including septic
systems and improper storage and disposal of chemicals in our homes contribute 10
ground water contamination. Other sources of pollution include poor sewerage
systems, municipal wastewaler dischatge and dump sites situated neas a groundwater
source. This could lead to anincrease in the microbial load (\WHQO, 2006)

2 Industrial disposal — This is common in areas where factories are located. Such
companics or factorics dispose their unfiltered waste, which infiltrates and seeps into
the groundwater Included in this category are mechanic workshops and leakage of
petroleum products (like beneath fuel filling siations). The groundwater quality ts
usually higl in heavy metals

3 Agricultural pollutants — Tlie use of agricullutal products such as pesticides and

fertilizers is implicated Agricultural pollutanis are one of the most widespread human
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activities. Agriculiural rnunolf can lead to increased challenges to treatment (WHO,
2006).

4. Cemecterics arc another source of pollution for groundwaler They arc ofien

located at the top of hills, and are thus up gradient (rom the local groundwater flow
Dccomposing bodies within the cemeltery release bacteria, breakdown products from

decay and chemicals used for embalming into the local groundwater supply (Nelson,
2006)

There are two categorics of groundwater pollution - point sources and non-point
sources. The point source pollution onginates from a point, but the deleterious impact
experienced is widespread. Some examples of point source poliution include: [andfills,
teak and spills of petrolecum product and leaking septic tanks. The non-point source
pollution is dispersed over broad arcas This ecategory of pollutants constitutes a large

source of potential pollwion Some cxamples are infiliration (rom farm land treated
with pesticides and fertilizers

Chery (1986) enumerated some examples of point and non.point sources o [ pollution

1. The point sourcesof pollution include

a  On.site seplic systems

b. Lcaky tanks or pipelines containing petroleum products

¢ Leaks or spills of indusirial chemicals al manufacturing facilitics
d  Underground injection wells (indusinal waste)

c  Municipal landfills

 Livestock wastes

g Lcaky sewer lines
h  Chemicals used al wood preservation facilities
i Mill tailings in mining arcas

). Fly ash from coal-fired power plants
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Sludge disposal arcas at petroleum refineries

Land spreading of sewage or sewage sludge
m Graveyards

n. Road salt siorage arcas
0. Wells for disposal of liquid wastcs

Runofl of salt and other chemicals from roads and highways
Spills related 1o highway or raiiway accidents

t.  Coal tar at old coal gasification sites

Asphalt production and equipment cleaning sites

Thie non-point sources of pollution include

a  Fertilizers on agricultural land

b  Pesticides on agriculural land and forests
c. Contanunants in rain, snowv, and dty aimospheric fallout
2.12 Water Use

For the past century, water use has grown more than twice the rate of thie population

(UN, 2008). The current guif in water usc between rich and poor countries is wide—
people in industrialized countries use 30-50 times more water than people in
developing countnies (UN/AVWW AP, 2003)

Uses of water occur mpjorly at the houschold levels for drinking, cooking, cating,
bathing and laundry; others may occur away irom the home, example, in industiies

that usc water as a raw material, laundry scrvices, agricullure, transpon and recrcation

White et af. (1972) reported that there arc three (3) types of water use. The walter uses
could be defined in relation to normal domestic supply
1 Consumption (drinking and cooking)

2  Hygeene (including basic necds for personal and domestic cleanliness)
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3. Amenity usc {for instance car washing and lawn watering),

A fourth category 'Productive use® was suggested by Thompson er al. (2001) which is
ol panicular relevance to poor houscholds in developing countries. This fourth
catcgory includes brewing, ammal rearing, construction and small-scale hosculture.
The first 1wo categoiies- consumplion and hygicne- as suggested by White ¢/ al.
(1972) has direct consequences on health both in relation to physiological needs and in

the control of diverse infectious and non-infectious water-related diseases.

2.1} Benefits of Groundwater Use

Groundwater is a highly useful and imporiant fresh water source. 1t is oftcn the
primary source of water supplies for most communities. Groundwaicr development
has provided significant sociocconomic benefits, in addition o the public health

gains. This is duc to the consequent reduction of waterbome diseascs and infections

resultling fiom the use of unclean water. Groundwater usage has increased

significantly over the last decades This s primanly duc to its widespread
occurrence, overall high quality and reliability. Fresh water is limited, but its demand
incrcases with increasing population. In places where surface water is unavailable,
insuflicient, inconvenicnt nor [easible for consumgption, groundwater has the
potcntial to meet such demands if handled well 1t is believed that groundwater
accounts for 88% of safe drinking water in rurel communitics. where Lthe population

1s dispersed and the infrastructure needed for treatment and transportation of surface
water does not exist {(Kumar, 2004)

This vastly under-valued water resource is considered as one of the keys to solving

the world water ciisis. It represents 97% of the planet’s accessible fiesh water

reserves (UNESCQO, 2006) The enornmous cconomic benefits are felt in dilferent

scclors, such as agriculture and industries. 11 supports agriculture by providing very
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significant quantitics of water for irrigation, especially in regions where the climate
8 dry and crop production without iitigation is not feasible Groundwater maintains

soil moisture, strcam flow and wetlands 1t is also ecologically imponant.

Although, groundwater is a highly uscful and abundant resource, however, over-use

can causc major problems to human users and 10 the environment, such as lowering of

watcr table, which could result in drying up of springs (Nelson, 2006). Sustainable use

of groundivater resources depends on measuring the balance between the current rate
of cxtraction and the rate of recharge

In summary, Broundwaler scrves a varicly of needs (FAO, 2008)

These necds
include

1. Agrniculture - This is by far thc most intensive eonsumer of groundwaler

resources, cspecially through urigation

2. Indusuy - This is the second largest consumer of groundwater Most industines

that usc water as onc of their raw matcrials, for example the cement and food
processing industiics have boreholes

3 touschold needs for drinking, hygienc and food preparation. These nceds are met

by groundwater resources

4. Natural environment relics on groundwater as the main source for the base flow

of shallow aquifers and wetlands, rcpresenting an cffective buffer against droughts

2.14 Drinking Water Quality

The quality of watcr that is consumed is well-recognised &s an important transmission
route for infectious diarrthocal and other diseases (WHO, 1993a) Sobsey (2006), states
that contaminated dsinking water contributes 10 the global burden of waterborne

infectious discase. Consumption of water containing toxic levels of chemicals may
also lead to heahh-compromssing conditions
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Water for human consumption must be free from all objectionable odour, turbidity,
1aste, enleric pathogenic bacteria or their indicators and must not (luctuate in its
quality (Dawson and Sartory, 2000). Most coliforms are found in large numbers in the
intestinal {lora of warm-blooded animals, and thus appear in the faeces. As a
consequence, high concentrations of coliform detected i n drinking waler are used as an

index for the presence of entero-pathogens (Rompré ¢ of.. 2002) The {accal bacteria

found in drinking water are an indication of a risk from diseasec presented 10
consumers (Crampton, 20085)

2.14.1 Phyisca-chemical and Bactcriological Qualities of Drinking \Water.

Water quality is defined in terms of the chemical, physical and biological contents of
water. Water quality guidelines provide basic scientific information about water

quality paramecters and relevant toxicological threshold values 1o protea specific water
uses (Lawson, 2011)

The quality of ground water depends on various chemical constituents and their
concentraiion, which are mosily derived from the geological data of the particular

region. Industiial wasic and the municipal solid waste have are the leading causes of
pollution of surface and ground water

The availability of good quality water i1s an indispensable feature for preventing
discascs and improving quality of life It is necessary to know details about difterent
physico-chemical parameters Duc (o increased human population, industrialization,
usc of fertilizess and man-made actavity water is highly polluted with different harmful

contaminants |t is necessaty that the quality of drinking water should be checked at

regular time interval, because use of contaminated diinking water could lead (o water
bome discases
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2.14.2 Vcavy metalsin drinking water

The clfecis of heavy metals in waler range from beneficial through troublesome to

i dangecrously toxic (APTHA, 1989). While some mclals arc essential, somec have

1 deleterious eflfect to health depending on the concentration

According to APHA, 1989, Alomic Absorption Spectrophotometty (AAS) is a method
used 1n the determination of heavy metals, Its use is based on the phenomenon that the
atom in the ground state absorbs light of wavelengths that are characieristic to each
clement when light is passed through the atoms in the vapour stale. Because this
absorpion of light depends on the concentration of aloms in the vapour, the

concentration of the target element in the water sample is determined from the
measured absorbance

The AAS analyses the light beanmy iransmitied through the sbsorbing medium which is

placed between the source of radiation and a detector. The light beam is directed

through the lame, into a monochromator and on to a deleclor that measurcs the
amount of light absorbed by the alomized element in the Rame. Each metal has itsown
characteristic absorption wavelength, a source lamp composed of that element 1sused

The amount of energy of the characteristic wavelength absorbed in the flame is
proportional to the conccniration of the element in the sample

2.15 Drinking Water Quality Standards
Orinking waler quality sianidards ensures the safety of the drinking water supplies and
the protection of the healih of the general public. The values depicted in Table 2,

represent the concentration of a constituent that does not exceed tolerable risk to the

consumer over a lifctime of consumption
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in the ‘Guidelines for Drinking-Walter Quality®, values for chemical contaminants are
based on the assumption of a 60 kg adult consuming 2 litres of drinking waler per day

(WHO 2003). For the purpose of this research, the results of the analysis are been
compared 1o the WHO and SON standards

.16 tHouschold Brinking Water Supplies

Domestic water supplics are one of the fundamental requirements for human life
Without waler, life cannot be sustained beyond a few days and the lack of access o
adequate water supplies leads to the sprcad of discase. Groundwater is a relatively safe
source of polable waler, but may be contaminated during storage and collection from
containers. In its Guidelines for Drinking-Watcr Quality, WO defines domestic

water as “waler used for all usual domestic purposes including consumption. bathing
and food preparation” (WHO, 1993b)

The quantity and quality of water delivered and uscd for houscholds is an impottant
aspect of domestic waler supplies. 1t influences hygiene and thercfore significant
hcalth gains occur largely when water is available at houschold level (Iloward and
Bartran\, 2003) \Waler is vulnerable 1o contamination by bacteria at many points in its
journey from rescrvoir to mouth \Water stored in the home may become contaminated

during handling if it is not stored and protecied properly. Thus. water handling s
pertinent, as waler inay become contaminated before consuinption
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Table 2.1: Characteristics for Drinking \Water and the Associated Jlealth impact.

Parameters Unit of WHO SON liealth impacts
measurement
emperalure  °C Ambient Ambient None
H 65-80 6.5-85 Nonc
otal solids mg/l . - -
Total mg/| S00 500 None
dissalved
sohds
 Electrical uSicm 400 1000 None
~conductivity
Turbidity NTU 5 S None
Total hardness  mg/l 100 150 None
Alkalinity mg/l
Calcium mg/| : - . ‘ .
Nitrate mg/l 45 50 Cyanosis and asphyxia
(blue-baby syndrome) 1n
infants under 3 months
IPhosphate mg/l 003
Sulphate mg/I| 200 100 None
iron mg/ 03 03 Nonc _
Manganese mg/] 01 02 Neurological disorder
Lead mg/| 0.0} 0.0l Cancer,  interference
with Vilamin A
metabolism, allect
menial development 1n
infants, toxic to the
ceniral and penpheral
nervous system
Zine m 3 Nonal .
T oial coliform Iog!(lil'mlOOm 10 10 :;;i:auon of microbial
E cols IMPNIIOOmI 0 0 Urinary tract infeciion,

Sources: WO (1993b) and SON (2007)
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cause of morbidity and
mortalily among chsldren),
acute renal failure,
haemolytic anscmia



The health gains accruing from investments in water are compromised by the fact that
water often becomes contaminated during distribution or transport to the home, and
during storage and handling within the home (Nath er a/, 2006). Contamination after
collection and during transportation and storage is increasingly being recognised
worldwide as an issuc of public health imporntance (Lindskog and Lindskog, 1988,
Genthe and Strauss, 1997). Walter collected for domestic use ofien becomes re-

contaminated (if it was contaminated initially) or Rirther contaminated by unsafe

consumcr storage and handling practices at the household level

Microbial contamination of collected and stored houschold water is caused not only by
the collection and use of faccally contaminated water but also by contamination of
initially microbiologically salc water afier its collection and storage. Regardless of
whclher or not collected houschold water 1s initially of acceptable microbiological
quality, 1 oflen becomes contaminatcd with pathogens of faccal origin during

transport and storage due to unhygienic storage and handling practices ( WHO, 2009)

Factors coninbuting to this problem are unsanitary and inadequately protecied (open,
uncovered or poorly covered) water collection and storage containers, the use of
unsanitary mecthods to dispense water from houschold siorage vessels, including
laecally contaminated hands and dippers, lack of protcction against coniamination
introduced by vectors ({lies, cockroaches, rodents, etc,) and improper cleaning of

vessels to prevent biolilm formation and accumulation of sediments and pathogens
(Sobsey, 2002 and Wright o7 af., 2004)

Collection. storage and handling of drinking water are onc of thc major risk arcas with
respect to domestic hygienc. \Water quality for domestic use i1s an important
determinanmt of personal and domestic hygiene (Nath, 2003). The method of water
storage can impact on the quality of water (Crampton, 2005). Many factors have been

implicated in the contamination of water stored in homes, some of which are: allowing
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domestic ammals 1o have access 1o stored water, collecting water with different dinty

ladies/containess, dipping hand into the water to fetch from the storage conainers.

A common hazard of houschold water is contamination by potentially harmiful bacteria
and other microorganisms Short tenn gastrointestinal disorders and ilinesses such as
gastro-cnlcritis, giardiasis, typhoid, dysentery, cholera, and hepatitis have been linked

10 wates contaminated by microorganisms (Parrout ¢t al., 1996)

Cenain practices have been identificd which may be associated with the contamination
of houschold water or the resultant diseases Vessel charactesistics such as large-
niouths used for water collection and storage (Mimz ¢/ al, 1995), transferring water
from collcction to storage vessels (Lindskog & Lindskog, 1988) and accessing water
by dipping hand-held utensils rather than via a 1ap or by pouring (Swerdlow ¢¢ af
1997). Afler contamination has occuired, the time or period the water spends i the
storage vessel before consumption (Roberts ¢f al, 2001) may also influence the
survival of the bacteria Other factors contnbuting 10 greater risks of microbial
contamination of stored watcr are highcr temperstures, increased storage times, higher
levels of airborne paniculates (dust siorms), inadequate hand washing and the use of
stored watcr 10 prepare weamng and other foods that also become microbiologically
contaminatcd and contribute (o increased infectious discase nsks (Dunne, 2001,

lroegbu ¢t al, 2000, Knight ¢f al, 1992, Luby er al, 2001)

Improvemcnits in drinking-water quality through houschold water treatment, such as
chlorination ai point of use, can lcad 10 a reduction of diarrhoea episodes by between
35% and 39% (W110, 2004). |louschold water treatmcnt and safe storage (HWTS)
interveniions can lead (o dramatic improvements in drinking water quality and
reductions in diarchocal discase, This positive impaclt can make an immcdiate
difterencc to the lives of those who rely on water from polluted rivers, lakes and, in
some cases, unsafc wells or piped water supplics. Sobsey (2002) reported that simple
mcthods of water treaiment and storage 1n the home will improve the microbial quality

of water and reduce houschold watcrbome discases
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Many uses of water occur largely at the houschold (for instance drinking, esting and
hand washing), while others may occur away from the home (laundry and bathing)
The requ;rcmenls for domestic supply constitute a very minor component of total
water withdrawals (Gleick, 1993, 1996) In the study on water use patterns in Last
Africa, White ¢f al (1972) suggested that three types of water use @osts, which could
be delined in relation to normal domestic supply: consumption (dnnking and cooking).

hygiene (including basic needs for personal and domestic cleanliness) and amenity use

(for instance car washing, lawn watering)

2.17 Sanitary Inspection

Sanitary inspection checklist is a form that assesses the likelihood of occurrence of
contamination at the spnngs (l{oward, 2002). The data obtained from the inspectton
aids the conclusion drawn about the on-going siatus of the springs, as well as the
potential risks of contamination in the longer-term. From the data obtained, the major

nsks which may lead to contamination ase identified, so that the required interventions

may be carried out

Sanitary inspection and water quality testing are complementary activities, such that
the (indings of each assisis the interpretation of the other (\WIHO, 2006) Sanitary
inspection provides information that supports ellective decision making, at places
where quality analysis cannot be performed. Combined with bacteriological, physical
and chemical testing, water sousces can be asscssed and the possible nsks from
contamination are identified, thus, providing a basis for moniloring. Sanitary

inspectson allows the nisks (o be quantilied
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CHAPTER THREE

MATERIALS AND METIIOD

AR Description of study ares

The study arca is located in lbadan, the capital 0fOyo siate. From the 2006 population
census, it was reporied that Oyo State had a population of 5.591,589 (National Bureau
of Statistics, 2006). 1badan city, which is located in the south west of Nigeria with co-
ordinates of 70 23’ 0"N, 30 56' 0"E has been reported to be the largest city in West
Afnca- It is 150 kilometers west-cast of 1.agos and 345 kilometers south —west of the
Federal capital tessitory. This city which was founded in the year 1820 as a war camp

has changed into a big city with an aveiage radius of 30 kilometers (SIP, 2004)

The population of 1badan metropolis has increased rapidly (rom 627,000 in 1963 to
over 3 million in 2004 with over 3,000 villages (SIP, 2004) [badan has been the
hcadquaners of the state government sinee the precolonial era. At present, the city has
cleven (11) Local Government Areas (LGAs) with five (S) LGAs belonging to the

city cenire, while the remaiming six (6) belong to the pen.urban communities. Figure

3.1 illustrates the map of Ibadan showing the 11 LG As with the study arcas

3.2 Sampling areas

Most of the springs in this study are located in unplanncd residential arcas. Some of
the populace living in and around where thesc springs are locsted are civil servants,
while some engage in small-scale busincsses, and most of the women are housewives

Most of the people found at the spring sites wete women and children

lbadan has about twenty-four (24) naturai springs, which can supply clcan water to the
communilies where they are locsted (Table 3 1) Of these 24 nawral springs, only
seven have been rehabilitated/protccted and developed in accordance with the
SCP/EPPM project viz- Agbadagbudu, Sango, Akeu, Onipasan, Adebayi. Ycmoja-

Olodo and Moga natural springs
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3.3 Study Design

The dc.sigu of the study 1s cross-sectional (Descriptive and [aboratory based).

3.4 Study Papulation

The study population comprises of communily members who use the spring in the
four Local Governmem Arcas

3.5 Sampte Size Calculation

The sample size was calculaled using the formula,

d (Kirkwood and Steme, 2003)
n = desired sample size
Za = standard normal deviale (1 96) corresponding to 95% confidence interval

p = prevalence of communily users ol 50% that usc spring water asa source of water
{(Eromosele, 2006)

q=(l-p)=1-05
d = precision (0 05)

n=(196) x05x()-05)
(0.05)° 384 16

The calculated sample size (384 16) was approximated to 400 0 make-up for non-
responscs

The houschold sample size was 400
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Table 3.1: Profile of Natural springsin Ibadan City

Source: STF. 2004

* Rehabilitated/protected natural springs
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SIN Name of Spring Location Local Govl. Area
! "AkewOsun Oke-Ofla/Babasale Ibadan Nouth-Cast
2 "Agbadagbudu Yemeciw/ ncar Adeoyo Ibadan Noith

hospital
S Rogan Opposite UCH Ibadan North
4 ‘Onipasan Necar Oluyoro hospital Ibadan North-Cast
5 Tayapon Oke Aremo Ibadan North
6 Ologbojo AgugwWOreme)i lbadan Norih-LCast
7 Alagbafo Total garden Ibadan Notth
8 Odo lyc Beyond 1P school Ibadan North
9 Alaro Oke-Bola ibadan South-West
10 Oleyo Oke Dada, Mapo Ibadan South-East
11 “Adegbayi Adcbayi/Old Ifc road Egbeda
12 Arulogun Kokoru village Akinyele
13 Odo Baale Ojo0 Akinyele
14 Alamuyo Oyemiran village Lagelu
15 Omi Adekola village Lagelu
16 Elews Odo Jonkn arca Lagelu
17 “Sango Sango Ibadan Nonth
i8 "Y cmoja-Olodo Yemoja Cgbeda
19 "Moga Moga Ona-ara
20 Omi Omi-Adio [badan South-\Vest
2 Ogid? Yeyide road Ibadan South-West
vy Oloro Alugbo village 1do
2 Thinty-Thirty Bodija lbadan North
24 Okeltunu Alaro [badan North

—



3.5.1 Sample size calculation for each spring site

A propon;onal allocation of the sample size to the seven (7) rchabilitated springs was
made because of the diftierencesin the frequency of users on a daily basis T he 1atio of
the sample size for each spring (o the total sample sizc was propornional to the number

of pcople using the spring. Table 3.2 shows the frequency of daily users and sample
size for cach spring

3.6 Snmple Collection
3.6.1 Spring waler samnple collection

There were two (2) sampling pesiods involved (dry and rainy season) for the spring
sources. The water samples from the spring sources were collected betwcen the hours
of 8 — It am_Sanitary inspection of the spring sites was carried out a1 the point and
tintc of collection of water samples (o obtain information on the picvailing
environmental and sanitary conditions of the sites. Duplicatc samples were collected
from cach spring site for each season A total of fifty-six (56) water samples were
collected from all thc spring sites for physico.chemical, hecavy metal and
bacteriological analysis for the two (2) sampling scasons. The water bottles were
previously washed with dctergents, rinsed to prevent contanmination of the samples by

the collecting containers

3.6.2 llousehold water sample collection

A simplc random sampling techniQue was cinployed for the selection of households
where water samples were collected. Forty (40) water samples (10% of the sample
size) were collected fiom the houschold storage containers of the selected houscholds
from the different communities where the spring sites were located A houschold
container inspection checklist for the houschold water storage containers was used at

the point of collection of stored water samples from the houscholds
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"able 3.2: Frequency of Daily Users and Sample Size for Each Spring.

— ——— —

Natora!l spuinEs

_F;qnznt;of-dail-;_ Sample size
uscrs B
3 Yemoja-Olodo 00 T S 55
Akcw/Osun 250 138
Onipasan 60 33
Moga 200 110
Agbadagbudu 100 55
Adebayi 5 3
Sango - 10 _ 101 B
51

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



)7 Analytical Method

3.7.1 Physico-chemical analysis

The physico-chemical parameters were analysed according to the standard methods for

the examination of water and wastewater (APHA, 1989) The physico-chemical
paramelters determined included

3.7.1.1 pld

The pl! of a solution is the togarithm to the base 10 of the reciprocal of the hydrogen
'on concentration. It is one of the most important operational water qualily parameters
Values 0-7 arc diminishingly acid, while 7-14 is increasingly alkaline and 7 arc

neutral. The pll of natural water usually lies in the range 6 - 8 5, however, a lower pH

value for water is likely to be corrosive

Procedure

The pH of the water samples wese determined by the use of a calibrated Jcaway pli
meler. The ptl meter was calibrated using bufler solutions of pH 40 and 70 at a
tcmperature of 25°C. 100mils cach of the watcr sample was measured and the pH meter

probe was inscrted into the water samples. The pli reading was taken

3.7.1.2 Temperature

Temperature was determined by the use of a thermometer calibrated in °C

Procedure

The temperature was measawed by the use of a thermometer. The thermometer was
dipped into the cach water sample and the reading taken. The thermometer was then

smmersed mto distilled water before a second reading of the water sample was re-

taken
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3.7.1.3 Electrical conductivity

The Elecirical Conductivity (EC) of water is the concentration of dissolved mincral
salts 1n the water The proporuon of the different types of salt dissolved in the water
greatly afYects the value. EC provides a rapid and convenieat means of estimating the

concentration of clectrolytes. The result was expressed in micro Siemens (aS/cm),

Procedure

A calibrated conductivily meler was used in the determination of EC. The conductivity
meter was calibrated with 0.0Imol/I KC) at 25°C. 100mis of cach water sample was

measured and the conduclivity meter probe was dipped into the water samples The

EC rcading was 1aken

3744 Turbidity

Tutbidity in dninking water 1s as a result of prescnce of particulale matter. 11 is a
measurc of suspcnded solids. Turbidity is an important operational parameter in the
description of microbiological quality of water According 1© Howard (2002),

combination of turbidity with other parameters would give an adequate description of

the microbiological quality of water

Procedure

The turbidity of the water samples were delermined by the use of a specirophotonicier
a1 a specificd wavelength of 450nm. The tuebidity meler was calibrated using disulled
water tliat was poured into a cuvetie. The waler samples were cach poured into the
cuvette and 1nseried into the specirophotometer. The values of the turbidity values

measurcd and read in Nephetometrie Turbidity Units (NTU)
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3.7.1.8 Toual Dissolved Solids (TDSs)

Water with a TDS value of greater than 500 mg/l is considered unpalatable (WHO,
1993b)

Procedure

The evaporating dish was clcancd and dried. It was heated 10 redness, cooled in a
desiccator and weighed (0 constant weight. Two hundred and filly (250) mls of the
water sample was filtered and the filtrate was evaporated o dryness in the weighed
dish using a stcam bath. The dish was removed from the stcam bath, the outside wiped
and the residuc dried for one hour at 180°C. The dish was ransferred to the desiceator,
cooled and weighed [t was then returned (o the oven for a further 10 minutes,
transferred (o the desiccators, cooled and weighed again. This process was repealted
until the weight of the dish plus solid was constant The final weight was then taken

The resultant weight was noted by deducting the weight of the dry dish from the initial

weight. This value represents the total dissolved solid. The process was repeated and a

second result obtained

3.7.1.6 Total solids

A otal solid is the combination of total dissolved solids and total suspended solids

Procedure

The evaporating dish was ignited, panially cooled and placed in a desiceator to cool 10
room temperaturc and weighed Two hundred and fifty (250) mis of the water sample
was mcasurcd tnto the evaporsling dish, cvaporated to diyness on a steam bath and
further dred a1 a tempearature of 105°C for 1-2 hours in an oven |y was then cooled in
a desiccator and weighed 11 was further heated for 15 minutes and cooled: The process

was repealed and a second result was oblained
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3.7.1.7 Total hardness

ITardness of water 15 caused by the presenee o lcalcium and/or magnesium salts

Procedure

10@mis of the water sample was measured 1n10 a conical flask and placed on a white
paper. 1 ml of the uiready prepared buller solution (16 9g NH.CL.. 143m! NILOI{ and
1.25g Mg EDTA diluted 10 250ml with distilled water) was added (or cach 50mls of
the water sample and then mixed thoroughly Two (2) drops of the indicator solution
(solution of 0 §g of Eriochrome Black T, 75ml tricthanolamine and 25ml alcohol) was
added to the mixture. In the presence of calcium and magnesium ions, the solution
wns wine-red. The solution was immediately titrated againsi the standard EDTA
solution with continuous stiming. A colour change of wine-red 10 blue was observed

The process was repeated and a secand titre result was obtained

The result was expressed as mg/l CaCOy. The total hardness was calculated using the
formula

Total hardness as mg CaCOy/L A x B x 1000
Volume of sample (ml)

\Where A = titration of sample (ml)

B = CaCOj cquivalent to Iml EDTA titrant (mg)

3.7.1.8 Alkalinity

Alkalingy 1$ a mcasure of the capacity of water (o neutralize acid It mcasures the
ability ol a solution to ncutralize acids to the cquivalence point of bicarbonate or

carbonate ions

Determingtion of total alkalinity is by mcasuring the amount of acid necded 1o buing

the sample 10 a pH of 4.2 Al this ptl, all the alkaline compounds in the sample are
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used up’ The principle of the determination of total atkalinity is by titration of the

sample to the endpoint of a suitable indicator (phenolphihalein). Alkalinity is
cxpressed in terms of calcium carbonate,

Procedure

100mls of the water sample was measured into 2 conical flask and placed on a white
paper- Two (2) drops of phenolphthalein indicator was added to the conical fask and
mixed, giving a pink cotour. The sample was titrated against a 0 02N standard H;SO,

until the pink colour was discharged. The titration was repeated and a second reading
taken.

Alkalinity as mg/l CaCO, BxNxS0000
Volume of samplc (ml)

Where B3- total volume (ml) titration of sample
N- Normality of acid

3.7.1.9 Sulphate (SO,")

The mcthod of determination of sulphate is known as the gravimetric method
Sulphate is precipitaied in @ hydrochloric acid solution as barium sulphate by the
addition of barium chloride. There is a direct proportionality between the solid that

comes out and that in solution

Procedure

Two hundred and fifly (250) mis of the water sample was used. The pi1 of the sample
was adjusted with HCL to 5, by using a pH meter. Two (2) mls of tHICL was added
The solution was heated to boil, and warm BaCl: solution was slowly added while
stirring gently, until precipitation appears (o be complete, then 1wo mis in excess was

addcd The precipitate was digesicd at 80°C overnight- A small amount of ashless filier
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paper pulp was mixed with the 8aSQOs. The mixture was transferred to a filier and
filicred al room temperature: The finction of the pulp was 1o aid filtration and reduce
the tendency of the preciptiate 10 creep. The precipitate was then washed with small
portions of warm distilled watcr until free of CI' as indicated by testing with

AgNO1 HNO; reagent. The filter and precipitate was placed in a weighed crucible and
ignited al 800°C for hour

Calculation

mg SO./L = mg BaSO4 x 411 6
mL sample

Where 411 6 1s a constant

3.7.1,10  Phosphate

Phosphorous occurs in natural and \astewaters almost solely as phosphates

Phosphates classilicd into onthophosphates and organically bound phosphates

In a dilutc onhophosphate solutton. ammonium molybdate reacts under acidic
conditions to form a heteropolyacid, molybdophosphoric acid. In the presence of
vanadium, ycllow vanadomolybdophosphosic acid is formed The intensity of the

yellow colour is proponiional to the phosphate concentrauon
Procedure

The pli of the watcr sample was tested, to make sure it was not more than 10 Thirty-
five (35) mls of the water sample wwas mcasured into a SOml volumetric flask Ten (10)
ml vanadate-molybdatc rcagent was added and the mixture was diluted (o the mask
with distilled water A blank was prepared in which 35ml of distilled water was

substituted for the water sample. Afler 10 minutes, the absorbance of the sample
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versus the blank was measured with a spcctrophotomcter at a wavelength of 470nm.
The calibration graph was used to take the reading

Calculation

Mg PO+*/L = mg PO4> (in 50ml final volume) x 1000
mL sample

3.7.1.11 Nitrate

In the determination of nitrate, 2.4-xylenol was used. Nitraie rcacts with 2,4-xylenol
under strongly acidic conditions to producc nitroxylenol . Afler the formation,
nitroxylenol was scparated fiom the solution into sodium hydroxide solution by

extraction into solvent and re-cxtraction into sodium hydroxide solution
Procedurc

The colorimeter was used in the determination of nitrate. Smis of the water sample was
mcasurcd into a 100ml conical flask. A blank dctermination of the reagents was also
carricd out in a conical Nask by cxcluding the water sample. Two mis of mercuric
sulphaic solution and 0 Sml of sulphamic acid solution were added 10 both flasks,
mixed and allowed to stand for 5 minutes. One ml of 2.4-xylenol solution was also
added 10 the flasks and mixed. Fiftecen mls of sulphuric acid was added stowly to both
flasks, mixcd and cooled by continuous swirling of the Nask under a running cold
water tap It was cooled to 20°C and allowed to stand for 30 minutes at room

(cmperaturc

The contents of the Nask were transferred into a 250ml scparating funncl by using two
(2) successive volumes of about 40ml watcr for rinsing. Ten mis of toluene was added,

shook gently for three minutes and allowed to separatic. The lower aQucous layer was

58

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



run-ofl 10 wasie, while the separating funncl and contents were washed with 10ml
waler and the aqueous layer was run-off again 1o waste Six mis of water and four mls
of 100g/1 sodium hydroxide were added to the toluene extract in the separating funnel,
The mixture was shaken and allowed 10 stand for 1S minutes The lower sadium
hydroxide layer was run-ofl. The absorbance of both test and blank was mcasured with

a colorimetcr at a wavelength of 220 nm. From the calibration graph the number of

micrograms of nitralc was rcad. The result was expressed as mgy]

3.7.1.12 Calcium

In the determination of calcium, EDTA was used When it was added 1o water sample
containing both calcium and magnesium ions, it combines lirst with calcium. Calcium
can be directly determined with EDTA in the presence of cthanol if the pH of the

solution is made sufticiently high (about 12 t1ol3) and if an indicator that combinces

with calcium only was used

Procedure

The method used was tirimetric method Fifty (50) mis of the water sample was
measurcd into a conical flask and hydrochloric acid was added to neutralize the
alkalinity, using litmus paper as an indicator. Two (2) mls excess of the hydrochloric
acid was added, boiled for about 3 minutes and allowed to cool at room temperature
To the solution, 2mls of sodium hydroxide (NaOH) was added and mixed. The
solution was placed on a white paper and 3 Smis of the indicator (murcxidc) was
added and then stirred Against this solution EDTA was titrated until the colour of the

solution was changed from orange-red (o lemon-ycllow
The result is expressed as mg/l and calculated as thus

Calcium as CaCQy = _AxDBx 1000
Volume of sample (ml)

Where A = titrant for sample (ml) |
3 = CaCO;cquivalent 10 Iml EDTA turant
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run-Off 1o waste, while the separating funnel and contenis were washed with 10ml
waler and the aqueous layer was run-off again to waste Six mis of water and four mis

of 100g/1 sodium hydroxide were added 10 the (0luene extract in the separating funnel.

The mixture was shaken and allowed to stand for 15 minutes. The lower sodium
hydroxide layer was tun-off. The absorbance of bolh test and blank was measured with
a colorimeter a1 a wavelength of 220 nm_From the calibration graph the number of

micrograms of nilrate was read. The result was expressed as mg/|

3.7.1.12 Calcinm

In the determination of calcium, EDTA was used. When it was added to water sample
containing both calcium and magnesium ions, it combines first with calcium. Calcium

can be directly determined with EDTA in the presence of ethanol if the pH of the

solution s made sufliciently high (about 12 tol3) and il an indicator that combines
with calcium only was used

Procedure

The method used was tiinmetric method. Filly (50) mls of the water sample was
measured into a conical Nask and hydrochloric acid was added to neutralize the
alkalinity, using litmus paper as an indicator. Two (2) mls excess of the hydrochloric
acid was added, boiled for about 3 minutes and allowed (o cool at room temperature.
To the solution, 2mls of sodium hydroxide (NaO#f{) was added and mixed. The
solution was placed on a white paper and 3 Smis of the indicator (murexidc) was

added and then stirred. Against this solution EDTA was litrated until the colour of the
solution was changed from orange-red 1o lemon-yellow

The resvlt s expressed as mg/l and calculaled as thus

Calcium as CaCO;, Ax Bx 1000
Volume of sample (mi)

Where A = tittant for sample (ml) ‘
B = CaCOj equivalent to tml EDTA turant
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3.7.1.13  Analysis of lHeavy Metals

The procedure for detexmination of heavy metals is similar using the Atomic
Absothtion Spectrophotometer (AAS), but diflers in their standard solutions, lamp and
wavelength: Table 3.3 stipulates the standard solutions, wavelengths and flame gases
for the various heavy metals. The instruction of the manufacturer was strictly
followed- A hollow-cathode lamp for the desired metal was installed and the
wavclength for the metal of interest was set. The instrument was tumed on and the
cutrent suggested by the manufacturer applied 10 the hollow-cathode lamp The
instrument was allowed 1o warm up until the energy source stabilizes A siandasd
solution specitic for cach metal was aspiratcd and the aspirstion rate of the nebulizer
adjusted. The standard was atomized and the absorbance recorded. The water samples
were aspirated for each metal in tumn into the flame and their absoibances were

recordcd. The heavy mclals were cxpressed as mg/l The hcavy melals that were
analysed werce iron, jcad, manganese and zinc
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Table 3.3: Standard Solulions, \Va\'clgnglh; and Flame Cases for the Vanoys Heavy
Metals

- Metals Standard solulions Wavelengths (nm) Flame gases

lron {Fe) Dissolve Ig iron wire in 2483 Air-acetylene
SOml of 1+] HNO, and
dilute to 1000m! with water;
Iml=ImgFe

Lead (I'b) Dissolve | .598g lcad nitrate, 2833 Aic-acetylene
in about 200ml water, add
1.5ml conc 1INOy and
dilute 1o 1000m! with
water, Imi=Imgfb

Manganese (Mu) Dissolve 3.076g manganous 279 S Air-occlylene
sulphate in about 200m|
water, odd | S5ml conc
1INOy and dilute 1o 1000ml
with water.
Iml = img Mn

Zinc (Zn) Dissolve Ig zinc metal in 213.9 Air-acetylene
20ml 1+1 1IC! and dilute to

1000m] with water; tml

Img Zn

Source: APHA, 1989
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3.7.2 Bacteriological analysis

Two (2) mcthods were used for the bacieriological analysis pour plate and the
multiple tube fermentation tcchnique

3.7.2.1 Multiple tube fermeutation techmique

The multiple tube 1echnique is used in cstimating the number of coliform bacteria in
waler, sewage, milk and milk products (APHA, 19%9)

Three (3) 10ml. three (3) 1ml and theee (3) 0. 1m! volumes of the water sample were
added to MacConkey broth in MacCariney bottles containing inveried Durham tubes
10 indicate production of gas. In this technique varying volumes of the water sample
were examined in order 10 obtain a mcan result. The Most Prabable Number (MPN) of

the coliforms in 100m] was computed on the basis of the various combinations of

positive and negative resulls

Procedure

Ten mis of the double sirength, one ml and O Iml, both of the single strength of the
MacConkey broth was dispensed into screw capped boitles of nppropriate sizes, with
cach bottle containing a sterilized inverted Durhans tube 10 collect gas. Using sterile
pipettes. the water samplcs were inoculated into the medium as follows: Three (3)
10m! of the watcr sampie to 10ml double strength, Three (3) Iml of the water sample
1o Sml single strength and three (3) 0.1ml water sample to Sml single strength. The
bottles were incubated at 37 °C and examined after 24 hours observed for growh, acid
and gas production. The bottles thal showed positive results (presence of bubbles and
colour change from purple 10 yellow) were tabulated and the MPN obtained from the

McGrady statistical table
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3.7.2.2 Pour platec method

This method refers 10 the measurement of the population of living organisms in a
sample by culwre. The water samples were diluted scrially. The serial dilution enabled

discretc rather than merged colonics 10 be formed, thus, facilitating colony count.

Procedure

One ml of each water sample and subscquent diluents { 10" ) was mcasused into sterile
Pctni-dishes by the aid of a pipette. Ten ml of the molien nutrient agar. MacConkey
agar and pseudomonas agas (ccoled 10 45°C) were poured on the samples, one (1)
medium for each Petn-dish. The dishes coniatning the medium and the innoculum
were swirled gently. After solidilication, the dishes were inverted and incubated at
37°C for 24 howrs. The total bacietial count were done by counting the different
colonics on the agar plates afler the incubation and multipiying by the inverse of the
dilution factor (10) to obtain the viable counts per ml of the onginal sample. The
different colonies wese picked from the dishes and streaked on corresponding fresh

agar plates 10 obtain the pure cultures They were gram stained and observed under the

miCcroscope

Gram staining process

A smear of the organism was madc on a slide by using a wire loop. }1 was emulsificd
in10 stesile water and allowed 10 diy. Ceystal violet was used as a stain for 60 seconds
and the solution poured off (primary staining) (1 was then rinsed with water and the
mordant, lugols iodine was added for 60 seconds, thus, allowing the fixing of the stain
on the celis for visibility under the microscope. It was rninsed with water, decolounzcd
with cthanol for 30 seconds and rinsed again immediately with water It was counter
stained with safarinin for 60 seconds, rinsed with watcr and allowed to diy. The slide

was then observed under the micsoscope
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Media
The following media were used

) Nutrient agar: This serves as the basic microbiological medium It consists of
nutncnt broth to which 1 5% apar was added

2 MacConkey agar- This is a medium based on MacConkey's broth but with neutral
red as indicator- It is the selective and differential medium for coliforms (members of

FEnterobacteriaceae)

3 Psecudomonas agar This 1s a selective and di{lcrential medium for pscudomonas

3.8 Methods of Data Collection

Qualitative and quantitative data on the associaled prevailing environmental and
sanitaty conditions of the springs and houschold water storage containers were
collected. Information on socio demogaphic chasactenstics as wcll as knowlcdge on

cffecive spnng utilization and health siatus was also collected using different

nsirument

3.8.1 Focus group discussion

The Focus Group Discussion (FGD) affords one the opporiunity to interact with some
of the community members, 10 obtain information that guided sttuctunng of the
questionnaire. For each of the seven (7) areas where the selected springs were focated,
two FGDs with participants numbering between three and eight were conducted each
for men and women The FGD was recorded with a recorder and ranslated. {Appendix

I show the focus group discussion guide)

3.8.2 Obhservalion

3.8.2.1 Sanitary inspection for springs

Sanitaty Inspection (SI) was camied oul al the spring sites dunng the period of
sampling (diy and rainy seasons) The Sl forms contained questions framed for a yes
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or no ans\wer, thus indicating the possibility of Lhe presence of a risk factor All the yes
answers were ranked | and the no answers were ranked 0. The questions With yes
answers were summed up, so that the total score of the risks were recorded over all the

possible risk factors, in this case, 13.

The nsk scores were graded into four (4) categories according to the degree of
contamination of the water, in ascending order of the values from no risk 1o very high
risk- no risk (0). low risk (1-3), intermediate to high risk (4-6) and very high risk (7-

>9) {Appendix I1 shows the sanitary inspection form for sptings)

3.8.2.2 llouwschold waler siorage conlainer inspection

The household container inspection checklist consisted of ten (10) questions. This
inspection was carried out at houscholds at the point of collection/drawing water
samples from the storage containers Iy was carried out for the forty (40) houscholds
where the water samples were collected The questions were also [ramed for a yes or
no answer, indicating the possibility of the presence of a risk {actor. All the questions
with a yes answer were summed up, so that the (otal score of the 1isks were recorded
over all the possible risk factors, in thes case, 10. The scores were graded into four (4)
categornies according to the degree of contamination of the water, in ascending order of
the values from low o vety high low (0-2), medium (3-5), high (6-8) and very high

(9-10) (Appendix 111 shows the household water storage container inspection checklist

guide)
3.83 Survey
3.8.3.1 Questionnaire

A pre-tested semi-structured qucstionnairc with both open-ended and closed questions

was used for data collection. A simple random sampling 1echnique was used to select

the 400 households used for the study
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There were (three) 3 seciions comprising of questions on socio-demoBraphic
characieristics, effcctive utilization and healih stats Effective utilization had 3
subscctions: optimal, hygicnic and consistent uses. The four hundred (400) houscholds
were sclected for the study Men and women werc the primary respondents: (Appendix

1V shows the questionnaire with the different sections)
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CIHAPTER FOUR

RESULTS

Presented in this chaptcer ar¢ 1he findings of the study: the results of observation on the
cnvironmental conditions and sanitary status of springs; the results of the physico-
chemical and bacteriological analysis of the springs for rainy and dry scasons as well
as the findings of the bacteriological analysis for the water samples collected from the
household water storage containers. The resulis of the sanitery inspection of the
springs and houschold wales siorage containers as well as information fiom the focus
group discussion and the knowledge of community users on cffective spring utilisation
were also presented in this chapter. The resulis are presented in figures, charts and

tables showing frequcncics, perccniages, mean and standard deviation [nferential

statistics (ANOVA. t-test and correlation co-cflicicnt) were used to detenmine

statistical significant diJlerences at p<0.0S of soine of the variables

4.1 Sanitary and Environmental Conditions.

4.1.1 Springs in 1badan North Local Government Area

4.1.1.1 Agbadagbudu Natural Spring

The spring is located in Agbadagbudu community in the Yemetu-Adeoyo area of
lbadan North Local Government Arca, about 900m from Mapo Hill. The
Agbadagbudu natural spring wates project came into being in 2004, as a demonstration
project The locality where the spring is situated is densely populated and the
1opography is naturally hilly The spring is protected by a gated wire mesh which was
converted to a block wall The technology of eollecting water is through the use of
hand pumps fittcd to a reservoir There are six hand pumps, hence, cnabling six

persons to draw waler from the reservoir ai the same time: 11 scrves as a major source
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of water (or a farge number of users from the immcdiate and adjoining communiies,
with a daily estimale of 100 persons during the rainy scason 1o 400 persons during the
diy season for the 8.hour period it is opened for use Plate 4 ) shows Agbadagbudu

natural spring alter the proicction
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Plate 4.1: The Agbadagbudu natural spring located in Yemctu, showing the six
hand pumps.
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4.1.1.2 Sango (Odo Baba Dada) Natural Spring

The name of this spring originated fiom the name of the man that discovered ii, Baba
Dada (Dada’s father). The male spring user discussanis stated that they do not know
liow old the spring was, but they believe it is up to 30 ycars, and the man whom the
spring was named afier said it has healing powers. Similarly, the women said they all
met the spring therc. I1is located in Sango 1sopako arca of Oke-ltunu in Ibadan. The
sprng 1s located in a hilly and rocky terrain. The environmental and sanifary condition
surrounding this spring is very poor. There is an expanse of land uphill of the spring
used for dumping refiisc and wood shavings fiom the nearby carpenuiy workshops

Faeces from man and animal could be found very close to the spring. Houses with

faulty solid waste disposal close to the spring were observed. Human activities around

this spring can produce leacheates that may compromise the quality of the spring

Plates 4 2 and 4 3 show the spring and the susrounding environment
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PMate 4.2: Sango natural spring located a1t Sango Isopako, showiag the resenvoir

with the taps
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Plate 4.3: The surrounding environment of Sango spring which is used as refuse
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4.1.2 Springs in 1badan Nerth Fast Local Government Area

4.1.2.1 Odo-Akeu {Odo Osun) Natural Spring.

The Odo-Akeu natural spring is also known as Odo-Osun 1t is locataed in Oke-Off2
Babasalc arca of lbadan North East Local Governmnet Area (LGA). The length of
time the spring has been in existence is unknown as many discussants stated during the
FGD that they all met the spring and so did their parents and older relatives. This was
the first natural spring that was rehabilitated in 1996 by the combined efforis of the
community, LGA, UNICEF and the Sustainable Ibadan Project (STP). The topography
of the arca s rocky and hilly. The prevailing environmental and sanitary conditions of
the spring was poor. There was a pool of coloured water formed outside the fenced
spring, from where people draw watcr for domestic chores The spring eye is located
in a residential area of a community member. The immediate sutrounding of thespring
eye was overgrown by weed and faeccs of both man and amimal could be seen not far
from it Domestic ammals had access to this spring eye. and the residents where this
spring eye was located fetch water directly from it and somctimes allow people to
fetch water from there during hours the spring was not open to the public. Plates 4 4

and 4 5 show the women carrying water from the spring and the pool of water outside
of the spring respectively
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Plate 4.4: \Women carrying water fram Akeu spring
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Plate 4.5: The surrounding of Odo-Akcu spring showing stignant water which
sceps into the Spring water.
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Plate 4.5: The surrounding of Odo-Akeu spring showing stagnanl water which
seeps into the sPring waler.,
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Plate 4.5: The surrounding of Odo-Akeu spring showing stagnanl water which
seeps into the sPring waler.,
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4.1.2.2 ONEPASAN NATURAL SPRING

The Onipasan natural spring project was completed in 2004 It is located near the
Oluyoro Catholic hospital, Oluyoro area of lbadan The adopted design technology
was simply a replication of the Odo-Akeu and Agbadagbudu nawural springs. The
source was protecled with concrete wall and a wire mesh was used as a covering This
source was fenced oft and secured with an iron gate, preventing people from gaining
access. An underground tank is connected to the source, 10 which six outlct taps are
fixed for watcr collection. This area had two entty and exit gates. The spring was
located very close 10 theroad The immediate environment of the spring was good, but
the surtounding environment was poor, as observed by the presence of facces and

close proximity of a tnechanic workshop. Plales 4.6 and 4.7 show the spring and the
susrounding environment
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Plate §.6: A child letching water froin the reservoir of Qnipasan spring; and a
favlty t1ap.
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Plate 4.7: A woman washing clothes around Onipasaa spring environs, thus soap
filters and enters the spring water.
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4.1.3 Springs in Egbeda 1.0cal government

4.1.3.1 Yemoja-Olodo Spring

The spring is localed along the road from Monaian to Iwo in Egbeda locsl government
arca. IL is belicved that the spring bas been in existence for a long time because most
of the users met the spring there The area is sparsely populated. The spring is not
fenced. hence animals have access to it. It has no time regulation nor is a token
collected at the point of collection. The source is protected with concrete slabs and
covered with zinc iron. A simple mcthod of water collection is adopted. Taps arc used,
but the collecting area is usuvally over flooded because the taps were always in a siate
of disrcpair. The environmental condition of the spring was poor. The surrounding of

the spring was overgrown by grass. A rail linc is located upstream of the spring Plate
4.8 shows the collection area over flooded with watcr
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Plate 4.8: Waler logged arca where waler is fetched from at Yemoja-Olodo
spring.
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4.1.3.2 Adegbayi Natural Spring

Adegbayi natural spring is located along the New )fe road. The Adegbayi natural
spring project was completed in 2004 as a replicate of the Agbadagbudu spring
Adegbayi is a low densily residential arca. The spring source was prolected with a
concrete ring, and then connecied 10 an underground water reservoir to which four
hand pumps wese fixed for waler collection. The spring site was fenced with an iron
mesh wilh an iron gate fixed 10 it. The Noorof the sitec was cemenied, but with an open
drain. A token of NS is collecied for a basin, an cquivalent of 25 litre gallon. The
cnvironmental and sanitary condition of the spring was poor as obscived by the
presence of a mechanic workshop and pool of water beside the spring, which was

overgrown by grass. Plates 4 9 and 4 10 show Adegbayi spring and the sutroundings
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Plate 4.9: Adegbayi spring showing people (etching water and the 4 hand punips
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Plate $.10: The surrovndings of Adeghayi spnng showing stagnani waler,
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4.0.4 Springs in Ona-ara Local Government Area

1.1.4.1 Moga Natural Spring

The Moga natural spring rchabilitation project was complcted in 2002 It was among
the three natural springs used as a demonstration project from which replicaics were
made. The spring is located in Moga along Olunloyo and Amuloko arca of Ona-ara
LGA- The spring is believed to have some spiritual inclinations as it is lecoted on
rocks used as an ori-oke (psayer ground). The terrain where this spring is located is
rocky and hilly. The sanilary condition of the spring was poor, as observed by the
presence of a Mowing river just upstream of the spring and the difTiculty of disposal of
liquid waste because of the rocky terrain. The pipes connected from ihe source to the
water reservoir had been vandalized, thus, water was then fetched directly from the
source. The spring scrves as the only source of water for those living around it,

because of the difficulty of digging wells. Plates 4.11and 4.12 show the spring source
and vandalized pipes
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4.1.4 Springs in Ona-ara Locsl Government Area

4.1.4.1 Moga Natural Spring

The Moga nawral spring rchabilitation project was compleied in 2002 [t was among
the three natural Springs used as a demonstration project from which replicates were
made. The spring is located in Moga along Olunloyo and Amuloko arca of Ona-ara
LGA. The spring is believed to have some spiritual inclinations as it is focated on
rocks used as an ori-oke (prayer ground) The terrain where this spring is located is
rocky and hilly. The sanitary condition of the spring was poor, as observed by the
presence of a flowing river just upstream of the spring and the difliculty of disposal of
liquid wastc because of the rocky terrain. The pipes connected from the source to the
watcr rescrvoir had been vandalized, thus, water was then fetched directly from the
source  The spring serves as the only source of waler for those living around it,

because of the difficulty of digging wells. Plates 4. | tand 4.12 show the spring source
and vandalized pipcs
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PIATE 4.11: The water source of Moga spring where people fetch water directly.
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Plate 4.12; Vandalized pipes that carey water from (hic source to tlie reservoir
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4.2 Physico-Chemical paramejers of Springs during D1y and Rainy Seasons.

Table 4.1 shows the physico-chemical paramcters duning the dry scason in comparison
to the WHQ limits The mean values for the physico~chentical parameters were within

the acceptable values stipulaled by WIO guidelines However, the mean values for

phosphate for all the springs were above the limii of 0.03mg/|

Similarly, during the rainy scasons all parameters except clectrical conductivity and
phosphate had mean values within the acceptable limit. The mcan values for electrical
conductivity of 3 springs: Agbadagbudu, Sango and Odo-Akeu (137.524 95, 789+11.3
and 777121 .4) puS/cm respectively were higher than the WHO stipulated guideline of
400 pS/cm. The mean values for phosphale of all the springs during the rainy scason

were above the acceptable guideline limit. Table 4.2 shows the physico-chemical and

heavy mectal parameters for the springs during the rainy scason

During the Focus Group Discussion (FGD), the men in these communities stated that
the water had no colour, taste nor odour. Similar reports about the water were oblained
from the women who also said that the spring water neither darkens the pot nor storage
coniainers These reports are supporied by the values obtained {tom water analysis for
total hardness during both scasons for all the springs The values obtained for toyal

hardness were less than 100mp/1 stipulated by the reccommending agcencies, thus, the

water cannot be regarded as hard walter which darkens storage cantainers and pots
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Table 4.2: Physico-Chemical Paramelers (or Spring \Water Snniples during Rainy Season

Parameters Spring Sources WHO
Agbadagbud  Sango Odoe-Akeu  QOnipasin Yemoja- Adegbayi Moga
u (McansS.D} (McantS.D) {(MeanzS.D) Olodo {McaneS.D) (McaatS.D)
(Mean £S.D) (VeantS, D)
Physical
Temperamire (°C)  29.75+0 07 281520 2 28 2449 28 10452 27 9549 | 27.95£9 4 279436 -
pH 5x|.3 5 4540 .07 60. 1 56540 07 6623 1 S 708 62221 6585
11;“‘“ solids {mgl g4 53355 10552707 9125877 74758355 722543 5 6775435 6404141 o0 (oo
Tota!  dissohed
solids (mgl) 27541.07 49512707 4804+1.).) 225707 160x14 .1 8547 1 15041 1.8 500
Electtical
conductivity 437.5£4 95 789+11.3 717721 4 34754354 1705264 107.547 8 1801 .11 400
(4S/cm)
Turbdity (NTU)
ND 0.5¢0 07 ND ND 7431 1£0 02 ND S0
Chemical (mgl')
Total hardness 346.154 .2 52425 4842 7 3631.13 55.320.4 65 7202 50840.35 100
Alkahin:ty [0 45%0.07 12.5£0 15.120.1 12652020 20.3203 254206 16 15402 <120
Calewum 404028 45252035 39.5294 2390+1.56 463105 503201 43754035 75.200
Nierate 6.55+0.07 8140 14 9.2%l.2 7.7020.28 7.5¢16 87201 11752035 45
Phosphate 3.7540.35 6.120.14 &201 4.90+0.14 3.720.| 6.520.9 8.120.14 0.03
Sulphate 6 05£0.07 6.540.9 71202 6502028 5.6¢0.3 10 840 3 9354021 200
Hes
(msl?;
[con 0.120.01 02+0.1 0240 09 0 1£0.05 03+009 0.1+0.06 0.1£0 0.4 0.3
Manganese ND 0.02£0.0} ND 001001 001+0 0l ND ND 0l
Lcad ND 0010 004 ND 0.01+0008 001001 ND ND 0.01
== NO b“:FQeﬁN-BIGImFrEAn_‘HE"R{E)PUS'ITCm ND L = 10



4.3 Bacteriological Quality of Water Sg mples

4.3.1 Bacteriological Quality of Water Samples from Springs during The
Rainy And Dry Seasons

The bacteriological parameters analysed were Total aerobic plate count (TAPC), Total

coliform count (TCC), E.colt count and Pscudomonas acrioginosa count (PAC).

Table 4-3 shows the bacteriological quality of springs during the diy season The mean
TCC during the dry season had a range of (1.15 x 10’4707 - 11 x 10°£356 21)
MPN/100m! oblained from Agbadagbudu and Yemoja springs respectively During
the dry season, the bacleriological analysis for Agbadagbudu and Moga springs

| showed absence of £. co/i. hence there was no faecal contamination

During the rainy scason, the mean TCC had a range of (0.75 x 10°£70.7 — 4.45 x
| 10’+70.7) MPN/100mI. which was obtained frons Agbadagbudu and Adegbayi natural
springs respectively  All springs showed contamination with £coefi as their mean
values were above the W1HO recommended limit of OMPN/100ml. The highest mean
Ecolr counts (1.8 x 10’1654, 1.8 x 10'+289 and 18 x 10’+29.6) MPN/100m|
obtaincd during the rainy season were [rom Sango, Yemoja and Adegbayi natural
springs respectively Agbadagbudu and Onipasan had the least mean £ coli count
(002 x 10'+2 4 and 0 02 x 10%+1 S) MPN/100m} during the rainy season respectively
(Table 4 4)

The mean TCC of all springs for both seasons exceeded the WHO limit of
[IOMPN/160m!| Albeit above the WHO recommended limil, the least mean value for

TCC was obtained in Agbadagbudu natural spring (075 x 10’4707 and 115 x
10’£70 7) MPN/100ml during the rainy and diy seasons respectively Figure 4')
shows the mean TCC of all springs for both seasons
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Table 4.3: Bacteriolagical Quality of Springs during Dry Scasan

Communities Parmmmelers
TAPC(cfu/ml) TCC (MPN/100m}) E.coli count PAC (cfu/ml)
Mean £ s.d Mean £ s.d (MPN/100ml) Mean £5.d
Mean £ sd
Agbadagbudu 145x 10°2707.1 1.15x 10°£70.7 ND ND
Sango 10.5x 10°£707.1 4.6 x 10’565 7 0.35x10°s7071 ND
Odo-Akeu 9.05x 10’2707 3.1 x 10’x141 4 05 x 10°2141.4 ND
Onipasan 12x 10°£1414.2 9 x 10’52 91 1 x 10’282 84 35x10°£707 11
Yemoja 25x10°£721.1 11 x 10°4356.21 07x 10’1314  ND
Adegbayi 23.5x 10°£707.1 105 x 10°£707.1 06 x [0°+23 2 2 x 10°£72 82
Moga 755 x 107778 39x10°£424.26 ND ND
WHO - 10 0

ND- NOT DETECTED
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Table 4.4: Bacteriological Quality of Springs during Rainy Season

Communities Parameters
TAPC (clu/mt) TCC (MPN/100ml) E culi count PAC (cfu/ml)
Mcan + 1.d Mecan £ s.d (MPN/100ml) Mcean = s.d

Mean + s.d

Agbadagbudu 10 x 100134 7

Sango 23 x 10’+189.9
Odo-Aken 515 x 107470.7
Onipasan 16 x 10°£142 8
Yemoja [lx10°£1414.2
Adegbayi 20.5 x 10’£707.1
Moga 18.5 x 10’2707
WHO .

075 x 10°£70.7
2.1x 10’141 4
22x 101414
3x 10°£31.7

21x 101414
445 x 10’707

235 x 10°£70.7

10

002x10°+2.4

1. 8x10°:165.4
0.025 x 10’¢7.1
0.02 x 10°+1.S
18 x 10°%28.9
1.8 x 10°+29.6

1 x 10°£343

18 x 10°£127 9
0011 x 10°20.71
0.015x 10’271
002 x 10°+2 8
125 x 10’70 7
002x 10°x1 8

I x 10°£17.9
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Figure 4.1: Mean total coliform count for natural springs during dry and rainy

scasons,
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4.3.2 Bactcriological Quality of Water Samples from Springs and Houschoids

Table 4.5 shows the bacicriological quality of water samples for springs and household
walcr storage contatners. For all the parameters apalysed (TAPC, TCC, £ colt, and
PAC), the mean values of the samples ffom the springs were higher than the mean

values of the samples [fom the household water storage containess

Mcan TCC for both springs and houschold water storage containers were above the
WHO recoinmended limitof tOMPN/100ml. Similarly, the mean E.coli count ol water
samples [rom bolh springs and houschold waler storage conlainess exceaded the WHO
recommended 1imit of OMPN/100ml. The least mean E coli count (0.0003 x 10’£0.02)

MPN/100ml was obtained ffom the water samples from household storage containers

in Sango. Figure 4 2 shows the mean Acolr count of springs and household water

siorage containers against the WHO recommended limit
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Table 4.5: Bacteriological Quality of \Water Sainples f[rom Sources and Ilouseholds Storage Containers

Commuaities PARAMETERS
Walter TAPC (cfu/ml) TCC E.coli count PAC (clu/ml)
samplcs Mean £ s.d (MPN/100m1) (MPN/100mI) Mean = s.d
Mean =s.d Mean = s.d
Agbadagbudw Spring 10 x 10°+134.7 075x 102707 002 x 107224 18 x 10°£127 9
Household 185x 10417321 0.13x 10’3697 0001 x 10°x07  ND
Sango Spring 23 x 10°£189 9 21x 1021414 1.8x 10°£1654 001 x 10°+0.71
Household 18 x 10'£167.33 0.13x10°22944  0.0003 x 10°2002 ND
Odo-Akeu Spring 5.15 x 10°270.7 2.2x 10141 9 0025x 10’271 002 x 10°27.)
Household 128x 10°227136 0.3 x 10°+28,17 0004 x 10°£1.76  0.002 x 10°20 55
Onipasan Spring 16 x 10°£142 8 3x 10°£31.7 002 x 10’15 0.02 x10°+28
Household 117 x 10°£57.74 0.14x 10°£3464  0002x 10°%073 ND
Yemoja- Spring 1 x 10°£1414.2 2.0 x 10’2141 4 ) 8x10°+28 9 1 25 x 10°£70.7
Olodo Household 1 85x10°£17321 013 x10°23697  0.13x 102121 ND
Adegbayi Spring 20.5 x 10°+707.1 445 x 10°£70.7 1.8 x 107296 002 x 10’+1 8
Houschold 3.03 x 10’+208 17 0.2 x 10’1155 072x 10°£3531 002 x 16°20.58
Moga Spring 18.5 x 10°£707 235x10°+70.7 Ix 104343 0.1x 10179
Household 103x10°332866 0092 x10°+2167 0.02x 10’4323 000! x 10°20.52
WO - 10 o -

3
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Figure 4.2: Mcan Ecoli count of samples from springs and houschold waier
slorage containers
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4.3.3 Comparative Bacieriological

Quality of Water Samples Beiween
Commlll’lilits

Table 46 shows the comparative bacteriological quality of water samples from

houschold storage containers bctween communitics that use the spring. The

bacteriological parameters that wcre analysed and compared wesc TAPC, TCC, E.colt
count and PAC.

The mean vatues of TAPC for Agbadagbudu, Sango, Odo-Akeu, Onipasan, Yemoja,

Adegbayi and Moga were statistical signilicance, F statistics = 51 496, p<0.05

The mean values of TCC for Agbadagbudu, Sango, Odo-Akeu, Onipasan, Yemojn,

Adcgbayi and Moga were statistical significance, F statistics = 3.395, p<0.05

The mean values of /Zcoli count for Agbadagbudu, Sango, Odo-Akeu, Onipasan,
' Yemoja, Adegbayi and Moga were statistical significance, I s1atistics = 4.361, p<0.05

The mecan values of PAC for Agbadagbudu, Sango, Odo-Akeu, Onipasan, Ycmoja,

Adcgbayi and Moga were statistical significance, F siatistics = 166.806, p<0.05
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Table 4.6: Comparison of Bacteriological Quality of Water Samples from [louschold Storage Containers

Parameter Communities Mean x3.d F statistics P.value
Mean TAPC Agbadagbudu 1 85 x 102173 21 SI496 0.000
(cfu/ml) Sango 18 x10°+167.33
Odo-Akcu 1.28 x 10°.82£271.36
Onipastn 117 x 10225724
Ycmoja-Olodo 185 x 10°£173 21
Adegbayt 3.03 x 107420817
Moga 1.03 x 10°:86 6
Mean TCC Agbadagbudu 0.13 x 10'+£36 97 3.395 0.010
(MPN/100mi) Sango 0.13 x 107229 44
Odo-Akeu 0.3 x 10’£208.17
Ompasin 014234 &4
Yemoja-Olodo 013 x 10’236 97
Adcgba 02 x 10’211 55
Moga 92.22421 67
Mecan Ecoli count  Agbadagbudu 0.0005 x 10’+0.58 1361 0.002
(MPN/100mi} Sango 0.003 x 10’+0.52
Odo-Akeu 0.001 x 10’+3 27
Onipasin 0,001 x 10’x1 73
Ycmoja-Olodo 0.132 x 10’4132
Adcgbays 0.72 x 10’2935 31
Moga 0.0l x 10’213 23
Mcan PAC (cfwml)  Agbadagbudu ND 166 806 0.000
Sango ND
Odo-Akcu 0.001x 10°%1.55
Onipasin ND
Yemoja-Oloedo NOD
Adeabay 0.017x 10°%0 S8

Moun

000078 x 10%0 44
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4.4 Sanitary Inspections of Springs and Flousehold Storage Containers

1.4.1 Sanitary Status of Springs

Table 4.7 shows the sanilary status of the protected springs during the dry and rainy
seasons For both seasons, all the springs showed a risk of contamination Odo-Akeu
had the least samtary risk score of 2, indicating low risk to the consumers The highest

risks were observed during the rainy season in Moga, Sango and Odo-Akeu

$.4.2 Risk Detertnination of Springs

Table 4 8 shows the combined risk analysis of the sanitary risk scores and £ colr count
for the spring sites during the dry and rainy scasons During the dry and 1ainy seasons,
Yemoja, Adegbayi and Sango wcre grossly polluied as evidenced by the results of the
E coli count (0.7 x 10°, 1.8 x 10°) MPN/100m), (0.6 x 10°, 1.8 x 10°) MPN/100m! and
035 x 10°, 1.8 x 10%) MPN/100ml respectively. However, Adegbayi had n sanitary
nsk score of 5 and 6 during the dry and rainy seasons respectively, indicating

intermediate to high risk of watcr contamination

The highest risks of water contamination with a corresponding gross poliution as
indicated by the sanitary scores and L.coli count were obtained from Yemoja,
Onipasan and Sango during the dry season. Similarly, the highest risks of watcr

contamination during the rainy season were obtained from Yemoja Moga and Sango

(Figure 4.3)

Positive correlation (0.44 1) exisis between mcan Samtary risk score (8+1.9) and £ cofs

count (] x 10°+231.05) MPN/100mi, during the rginy scason Negative corrclation (-
0275) exists between mean sanitary nsk score (6 1432 34) and E.coli count (0 53 x

10'+13038) MPN/100ml, during thedry season (Table 4.8)
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Table 4.7: Sanitary Suatus of Springs during Dry and Rainy Seasons

Spring sources Season  Sanitary risk Level of Risk
score

Yemoja-Olodo Dry 7 Very high risk
Adcpbayi 3 Intermediate Lo high risk
Moga 9 Very high risk
Agbadagbudu 3 Intermediate to highrisk
Onipasan 7 Veryhigh risk
Sango & Veiryhigh nsk
Odo-Akeu 2 Low nisk
Yemoja-Olodo Rainy 9 Very high risk
Adegbayi 6 [otermediate 10 high risk
Moga (0 Very high risk
Agbadagbudu Intermediate to high risk
Onipasan Intermediate 10 high risk
Sango 10 Vary high risk
Odo-Akcu 10 Very high risk
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Table 4.9: Combined Risk Analysis of the Saniary Risk Scores and £ Coli Count for the Spring Sites During the Dry and

Rsiny Seasons,

Spring sources Season  Sanitary Level of Risk Ecoli COUNT *CATEGORY *QUALITY Correlation
risk score (M PN/100ml) REMARK co-cflicient
Yemoja-Olodo Doy 7 Very high nsk 07x 10° D Gross 0 441
pollution
Adegbayi S Intermediaze to high 0.6 x 10’ D Gross
nsk pollution
Moga 9 Very hugh nsk 0 A No polubon
Agbadsgbudu 5 Intermediare tobhigh 0 A No polluuon
nsk
Onipasin 7 Very lugh nsk 0.5x 10’ D Gross
poliution
Sango 3 Very lugh nsk 0.35 x 10° D Gross
pallution
OdoAkeu 2 Low nsk 0.5x 10’ D Gross
pollution
Yemoja-Olodo Rainy 9 Very high nsk 18x10° E Gross 0275
pollution
Adegbayi 6 Intermediate o high 1.8 x 10° E Gross
nsk pollution
Moga 10 Very lugh risk tx 10° D Gross
pollution
Agbadagbudu 6 [ntennediarc tatugh 002 x 10° C [ntermediate
nsk pollution
Onipasin 6 Intermediate o lugh  0.02 x 10° ¢ Intermediate
nsk pollution
Sango 10 Very high nisk 18 x 10’ E Gross
pollution
e Inramediate
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< 3 4 S 6 7 8 29
E - (sPewr) | SP2 (R)
SPS (R)
D SP3 (D) 'SP6(D)  |[SP4(D) |[SP2(D) [SP?(R)
' SPS (D)
C SPI (R) | SP4(R) | SP3(R) |
. | |]
| I
II
| |
] | | : !
SP1 (D) SPF7(D) L
No risk Low risk | I Intermediate to high risk Very high l;iSk
No Low action priority Higher action priorily Urgent action priouity
action

|
Code: SPi(D): Agbadagbudu dry scason: SP1 (R): Agbadagbudu Rin) season, SP2 (D): Sango dfy season- SP2 {R): Sango ramn} scason;
SP3 (D): Odo-Akeu dry scason: SP3 (R}: Odo.Akcu rainy

scason: SP4 (D): Onipasin dr¥ scason: SP4 (R): Onipasin rasny scason,
SP5 (D): Yemojadey season. SP5 {R): Yemoja rainy season. SP6 (D): Adcgbay1 dry scason. SP6 (R): Adegbayi runy scason, SP7 (D): Moga
' a S_P“l (R) Moga miny scason
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$43 Sanitary Status of Houschold Water Storage Containers

Table 49 shows sanitary status of houschotd water storage comainers for communities
who usc protected springs. The least mean sanitary risk score of 36 + 02, was
observed ftom the waler storage containers of households that use Onipasan natural
spring This implies that there is a low risk of water contamination fiom the
houscholds that use Onipasan natural spring. The houscho!d watcr storage conlainers

from the users of other springs bad intermediate 10 high risk of contamination

444 Risk Determination of Household Waier Storage Containers
The risk detcemination of household water storage containcrs is shown in Table 4.10
The household water storage containess in Yemoja and Adegbayi indicated gross

pollution with mean E.colt count of (013 x 10°21.4 and 072 x 10°343.61)
MPN/100mlis respeclively

Negative corvelation (-0 0072) exisls beiween mean sanitary risk score and £ colt
count (Table 4 10)
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443 Sanitary Status of Household Water Siorage Containers

Table 4.9 shows sanitary status of houschold water storage containers for communities
who use protecied springs The least mcan sanitary risk score of 36 + 0.2, was
observed from the water storage containers of households that use Onipasan natuial
spring. This implies that there is a low risk of water contamination from the
households that use Onipasan natural spring. The houschold water storage containers

from the users of other springs had intermediate to high risk of contamination

4.4.4 Risk Delermination of Household Water Storage Containers

The risk determination of household water storage containers is shown in Table 4.10
The houschold water storage containers in Ycmoja and Adegbayi indicated gross
pollution with mean [coli count of (0.3 x 10’4214 and 072 x 10°443.61)
MPN/100mls respectively

Negative correlation (-0.0072) exisls between mcan sanitary risk score and L.coli
count (Table 4 10)
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Table 4.9;: Sauitary Status of Household water storage containers

" Localion Sanitary risk score Level of Risk
Agbadagbudu 5+£02 Intermediale risk
Sango 5213 Intermediate risk
Odo-Akcu 5¢09 Intermediate risk
Onipasan 36402 Low risk
Yemoja-Olodo 475+ 113 Intermediate risk
Adegbayi 4.67 £ 081 Intermediate risk
Moga 489+ 102 Intermediate risk

e
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Tahble 4.10: Risk Determination of Household Water Storage Containers.

coefTicient (R)

Low pollution

Intenmediate pollution

Low potlution

Low pollution

Gross pollution -0.0072

Gross pollution

Location Mcan sanitary Risk classification Mean &£ cofi count Ca-lcgon- Quality remarks Corvelation
risk score (MPN/100mi)

Agbadagbudu 5402 Intermediate risk  00005x10°2£005 B

Sango 5% 1:3 Intermediate risk 0018 x 10° £ 37 C

Odo-Akeu 5+£09 Intermediaterisk  0.001x 10’04 B

Onipasin 36202 Low risk 0001 x 10’2 0 I B

Yemoja- 4.75+ 1.13 Intenmediate risk  0.132x 10°%214 D

Olodo

Adegbnyi 467 =031 Intermediate risk 0720 x 10°+ 4361 D

Moga 4892102 Intermediate risk 0018 x 10°+6.2 C
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Plate 4.13: Interviewer. translator and women group after the focus group

discussion.
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4.5 Community Survey

4.5.1 Socio-Demographic Characteristics of Natvral Spring Users
A lotal of 400 respondents were surveyed for the study. The mean age of the

respondents was 38£14 years, with a range of 14 to 90 ycars (Figure 44). Three
hundred and thifty-four (83 4%) of the respondents were women Two hundred and
ninety-six (74%) were marTied, 72 (18%) were single, 7 (1 8%) were scparated, while
25 (6.3%) were widowed. Most of the respondents (98.5%) were Yoruba More than

half of the respondents (56.5%) practice Islam while 43 5% were Christians (Table
4.11)

Majority of the respondents (479%) had secondary school education, 23 5%
completed pnmary education, 11 6% received tertiary education, 0.7% had [slamic
education, while 16.924 had no formal education (Figure 4 5)

Almost hallf (49%) of the respondents were housewives, 15% were self-employed,

11% were artisans while 8% and 3 8% were civil servanis and professionals (Figure
4.6)

One hundred and ninety-three (48 3%) of the respondents received an income of 1001
~ 10000 naira per week, 17 5% received an income of 100 - 1000 naira, while 2.8%,
0.5% and 0 5% of the respondenis received an income of 10001 - 20000 naira, 20001 -
30000 naira and 4000] - SO000 nairs per week respectively (Table 4.11)

One hundred and filly-nine (39 8%) contributed S - 100 natra daily o the spring, while
8(2%) and 1 (0 3%) of the respondents contiibuted between 01 - 200 naira and 401 -
500 naira daily to the springs (Table 4.11)
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The age distribution of the houschold members was almost even. < 5 were 19.7%,
10%% were 260years, 27,.8% were between 25-59 years, 21.7% were between the ages

of 13-24 years, while 20 8% were between 6-12 years (Figure 4 4)
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Figure 4.4: Age disinbution of the respondents
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Table 4.11: Respondent’s Socio-Demographic Characteristics (N=400)

Socio-demographic (eatures

Frequency %
Sesx
Male 66 166
Female 134 23 4
Marital status
Singlc 72 18
Married 206 74
Separated 7 18
Divorced 0 0
Widowed 25 63
Ethnic group
Hausa 3 08
Yoruba 394 98 §
Tbo 2 05
Tiv 1 0.3
Religion
Cloistian 174 431 5
Islam 226 565
Respondent’s weekly income (In naira)

103-1000 70 17.5
1001-10000 193 4R 3
10001-20000 b 28
20001-30000 2 05
30001-40000 0 00
40001-50000 2 0s
No response 122 30.5
Regular contribution (o the spring (In naira)

5100 159 398
101-200 8 .
201-300 -

301-400 : s
401500 ' 03
No response 232 58

e
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B idamic education m Mo formal education

Figure 4.5: Educational qualilication of respoadents
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"{Farmers. hair dressers)

Figure 4.6: Qccupational status of respondents
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4.5.2 Knowledge on Effective Spring Ultilization

4.5.2.1 Knowledge on Optimal Use

\fost of the respondents (93 .3%) had access to the spring. Of the respondcnts that
stated that they had no access, 25.9% said thcy had a well, 14.8% statcd they had
children that were 100 young, 7.4% said they were tenants, 3.7% said only the wives

fetched water (rom the spring, while 7.4 % said it was because of the cnvironment
(Tabled.12)

The respondents stated that the mean distance to fetch walter from the spring (o the

house was (494 522429 6) meters The mean number of times water is fetched daily
was 3.0240.4 (Table 4.12)

The spring uscrs stated that mean time it took o fetch water before the protection was
(52.03+S 45) minutes, while the mean time it takes 10 fetch water afier the protection
15 (20.8321.03) munutes, t = 10, p<0.05 (Tabiec 4.13). There was statistical significance
in the time it took to fetich water before and afler the proteciion. This result was
supported by the women, who reported during the FGD that “time for fetching wateris

better, we feich the water and leave whenever we come and we do not waste time
apain”

More than half (56 8%) of the respondents stated that they sometimes had long queues
when felching water, 38 5% said they always had long queues, while 18 (0 3%)
pasons said they had never expaienced long queues when feiching water ffom the
springs (Table 4 12)

Mayority (71 8%) of the spring users stated that the protection of the springs have
sved tlime, while 28 3% said there has been no time s8ved from the protection of (he

ring Of the percentage that siated that time has been saved, almost half (49 5%) <aid
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that they have utilized the 1ime saved for domestic activities, 33 (8 3%) persons used
the time Saved for business. 4 5% utilized it for their work, | person utilized it for
education, While 2 .3% engaged in othcr activities like sports (Table 4 14) During the

FGD. the men using the spring supported the response that one of the advantage of the
time saved has helped 10 ensure that their homes are cleancr.

The respondents repocted that the mean volume of water fctched daily was (186332 8)
liters More than half (53.8%) agreed that 1he volume of watcer has increased aflcr the
proteaion, while 185 (463%) disagreed that there has been an increase in volume
after the protection. Of the total of 215 respondcnts that agreed that there has been an
incease in volume of water after the protcction, 82 staled that they utilized the
increase in volume of water for domestic chores, 66 persons reported that there is an
improvement in their hygiene, 8 persons used it for business, 23 respondents stated

that it makes thing convenient, while 11 stated that it saved time (Table 4.14)

For the economic/ agncultural gains accruing from increased volume of walter alter
protection. 8 4% stated that the benefits was utilized for farming, 49.2% used the gains

in better nuintion, 28 4% reared livestock. while 8.4% was involved in some business

(grinding machine, sale of pure water) (Figure 4.8)

Three hundred and eighty respondents siated that they use the spring water for
washing clothes, 378 (26 6%) said they clean their homes with the water, 0.9% galed

that they do some form of business with the water. 291 (20.6%) staled that they drink
i1, while 25 2% said they cook with it (Table 4 14)
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Table 4.12: Optimal Spring Use

- Reasons for no access to spring

Presence of well in the house

Too young children

Tenants

Only wife has access

Envitonment

No response

Mean distance from spring to house (meters)
Mean number of times water is fetched daily
Having long queues for fecching water
Sometimes

Always

Never

No response

116

Frequency %
373 233
27 68
7 259
9 148
2 74

] 37
2 74
R 40 8
494,52+29 .6

30240 4

227 56 8
154 38.5
18 45
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Tabje 4.13: Comparison of Time it Takes Respondents to Fetch Waler Before and
Aflter the Rehabililation/Protection

Time it takes respondents to Mean % v.d l-lest P value

fetch water

Qefore the protecuon/rchabilitation  §2 0345 45 t0.125 0.000
Afler the protection/rchabihitation 20.8341.03
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SFaming B Ausiness {(Ennding machine, piue water c.Lc)
® Raanng of Intstock ® Belicr nutnuon
= Orhers®

*- Alabaru (carrying load), Hair making

Figure 4.8: Economie/agriculiural gains atiributed (o increase in water volume
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Table 4.14: Optimal Water Use a1 Uouseholds

“Variables

'#Sj\'cd time from l‘clching water ""equcncy e
Yes 287 718
e 13 28.2
Activities from the saved time
Domestic 198 49 5
Business 33 g3
Wosk 18 $ 5
Relaxation 8 5
Sludy I 03
Other activities 9 23
No response 20 5
Mean volume of water fetched daily (liters) 186432 8
Increase in water volume after protection
Yes 215 538
No 185 462
Benefits of increased volume
Domestic 82 20 §
Bester nutrition 66 16.5
Business 8 2
Convemence 23 58
Saves Lime 1 28
No response 25 64
Water uses
Cooking 359 212
Dninking 291 206
Business (sale of pure water and ice block .1 .c) 13 09
Washing 380 267
_Cleaning 378 266
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4.5.2.2 Knowledge on hygienic use

Aajority (98%) of the respandents stated that they used plastic comainers for feiching
water fiom the spring, while 1.8% and 02% said they used clay pots and metal
containers in fetching water respectively. More than half (55%) of the respondents said

that their containers for feiching water had no cover, while 180 (44%) persons staied
that their containers for fetching water had covers (Table 4 15)

Three hundred and sixty-one (90.3%) respondents stated that they used plastic
containers in storing waler at home, while 34 and 5 respondents stated thai they used
clay pots and metal containers in storing water at home Most (93.5%) of the
respondents stated that their water siorage containers had covers, while 26 persons said
iliat therr water storage containers had no covers, One hundred and thirty-six
respondents stated that they wash their water storage containers every day, while 237
and 27 respondents said they washed their water storage containers on alternate days
and only when dirty respectively (Table 4.15)

Almost all (99%) the respondents said that they had a ladle for drawing water from the
slorage containers, while only 4 persons had no ladles Of the propoition of
respondents that had ladle, 288 used plastic cups, 54 used bowls, 4 uscd calabash,
while 8 used stainless cup Foity (10.2%) respondents stated that they washed the

ladles every day, 138 said they washed them on aliernate days, while 218 washed the
ladles only when dirty (Table 4.15)

Majority (61 3%) of the respondents stated that children had access 10 waier storage
containers, while 151 said that children had no access to the waler storage container
Most (370) ofthe respondents said that they had dilfercnt water storage containers for

eooking/drinking from other purposes, while 29 respondents said they used the same
waler container for all purpose
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aore than half (211) of the respondents said they had no pets or animals, while 189
said they had pels/animals Of the proportion of respondents that had pets/animals,
17:5% said the pets/animals had access to the water storage containers, whil¢ most

(82.5%) of the respondents said their pet$/animats bad no access to the storage
eontainers (Table 4. 16).

Two hundred and fifly-two (63%) respondents said they never tecat the water, 82
respondents stated that they sometimes treat the water, while 66 said that they always

treat the water. Of the proportion that practice some form of waler treaiment, 12%
boi, 9% filter, while 20% add alum

Most (82.3%) of the respondents said that therc has been some improvements in the

hygiene practices because of the spring protection. Of this proportion, 195 stated that
goed hygiene was a benefit, 29 said domestic was a benefit, while 69 respondents

stated 1hal improved health was one of the hygienic benefits accruing {iom the spring
protection (Table 4 16)
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F Table 4.15; Hygienic Use of Water Containers

' Varuables

~Container type for fetching water from _Frequency  Percentage
spsing

Plastic 392 08
Clay pots 7 | 8
Metal ] 0-2
Presence of cover for water-fetching

container

Yes 180 45
No 220 55
Container type for waler slorage al

homes

Plastic 361 20}
Clay pots 34 8.5
Mcial 5 1.3
Presence of cover for water storage

container

Yes 374 93.5
No 26 65
Washing of water storage container

Everyday 136 33
Alternate days 237 602
Only when dinty 27 68
Presence of ladle used (o obtain water

from (he water storage container

Yes 396 99
No 4 1
Type of ladie used to obtzin water from

the water storage conisiner

Plastic cup 288 172
Bowi 54 135
Calabash 4 |
Stainless cup 8 25
No response 42 105
Washing of ladle used to oblain water

from the water storage container

Every day 40 102
Alternate day 138 )48
Only whendiny She— e 218 55
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Table 4.16: Hygicnic Water llandling Practices at lHHome

)*;:inblcs Frequency %
AcCcess of children to storage container
s 245 613
A 151 37.8
No responsc 4 I
Dilferent water storage container for
cocking/drinking from other purposes
Yes 370 925
No 29 7.3
No response i 03
Presence of pets and animals
Yes 189 473
No 211 528
Access of pets/animals 10 water storage
conlainers
Yes 33 17,5
No 156 825
Water treatment practices
Sometimes 66 16.5
Always 82 205
Never 252 63
Type of treatment used
Boiling 48 29 27
Filtration 36 2195
Addition of alum/other chemicals 80 48 78
Beiter hygiene practices accruing from
$pring protection
Yes 329 823
No 1 178
liygienic benefits of spring protection
Good hygiene 195 39.3
Domestic 29 88
Improved health 69 A
No response 36 109
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'1.5.2.3 Knowledge on Consistent Use

'F:fly-lhrec (5.38%) persons stated that there are streams/rivers present in the
community, 331 satd they had access to wells, 56 said they had boreholes. whtle 110
said they had access to pipe borne water. Twenty-two (3 1%) respondents said they
~ preferred strcams/rivers before the spring protection, 235 stated that they preferred
wells, while 210 and 128 stated they preferfed rain water and spring before the
protection of the spring respectively. After the protection of the spring, the highest
propostion (197) of the respondents stated that they preferred rain water, 176 said they
prefessed the spring water, 186 said they preferred wells, 57 said they preferred pipe
borme water, while 31 and 22 respondents stated that they preferred water vendor and
boreholes (Table 4.17). During the FGD. the women said "'we prefer the natural water

because we use the water for everything unlike the other sources that we cannot drink
or cook with”

Most (92.8) of the respondents reported that they never mix the water om all the
sources, 19 persons staled that they sometimes mix the water, while 0.8% of the

respondents reported that they always mix the water from all the sources they use
(Table 4.17)

A high (88 8%) propostion of the respondents statcd that they fetch water at anytime of
their choise, while 1) 3% reported that they can only fetch water at the time the
Springs arc open (o the public. Two hundred and ninety (72.5%) respondents stated
thal they prefesred to fetch water in the moming, 54 reported that evenings was their
preferred time for fetching water, while 15 (3.8%) stated that they feich waier at therr
sonvenience (Table 4 18) Most (309) of the respondents stated that they had water
shonages during diy season Three hundred and sixty-two (90.5%) of the respondents
said that dry scason was their season of highest water use, 13 persons said ra;ny

sason, while 19 (4 8%) reported that they used walter cqually during both seasons
(Table 4 18)
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Table 3.17: Water Sources in the Community

“Variables Frequency (%)
Presence of other water sources
Streamvriver 53 5.38
Well 331 336
Borchole 56 569
\Vt! ter vendor 82 8133
Rain water 353 3583
Pipe bome water 110 11.17
Preferred source of water before spring
proleclion
SircamVriver 22 il
Well 235 336
Borehole 24 34
Water vendor 18 26
Rain water 210 30
Spnng 128 186
Pipc bormc water 61 87
Preferred source of water afler spring
profection
Stream/river 9 1.3
Well 186 27 4
Borchole 22 32
Water vendor 3] 4.6
Rain wates 197 29.1
Sprng 176 26
Pipe borme water 57 84
Misture of waler from all sources
Sometimes 19 438
Always 3 08
Never 371 92 8
_Noresponse ! L8
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Table 4.17: Water Sources in the Community

sriables Frequency (%)

Presence of other wajler sources

Sucam/rives S3 5.38
Well 33] 336
Borehole 56 569
Water vendor 82 8 33
I_l_ain water 353 35.83
Pipc bome water 110 11.17
Preferred source of water before spring

protection

Stream/nver 22 31
Well 2315 336
Borehole 24 34
Waier vendor 18 26
Rain water 210 30
Spring 128 18.6
Pipc bome water 61 87
Preferred source of water after spring

protection

Stireaswniver o 13
Well 186 27 4
Borehole 2z 32
Waicr vendor 31 4.6
Rain water 197 29.1
Spnng 176 26
Pipe borne water 57 8.4
Mixiure of water (rom all sources

Sometimes i9 18
Always 3 08
Neves 171 928
No response L L
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‘Itblc 4.18: Time for Water Use

‘ariables

Frequency %

\bility to ferch waler at anytime

s 355 88 8
No 45 11.3
Preferred time for fetching water
Morning 290 725
Evening 54 135
Convenient time 15 3.8
Every lime 12 3
Aflernoon 21 53
No response 8 2
Seasonal water shortages

Rainy 1 02
Dy 309 773
No response 90 225
Season of highest walter use

Dey 362 905
Rainy 13 33
Both scasons 19 48
No response 6 1.5
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4,5.) Knowledge on llealth Status

ﬁilly-ﬁve (30.43%) respondents reported that there was malaria outbreaks before the
spring Protcction, 32 said there was outbreak of thypoid, while 21 stated that there was
dizrmoheal infection outbreak before the spring was protected. Most (90.5%) of the
respondents stated that there has been no discase occurrence after the spring
protection. Of the propoition of respondents that reported that there was occurrence of
disease aficr the spring was protected, 13 persons were children under S years, 19 were
children between (6- 12) years, while 6 were adults (25-29) years Of the propostion of

respondents that had disease afler spring proteciion, 5 (13.2%) of the respondents
reporied deaths from the discase outbreak (Table 4.19). the discussanis during the

£GD sgid that the water had healing powers and that they were not aware of any death
reports

Thirty-two (84 2%) of the total proportion of respondents that reporied that there was
disease outbreak said they seek help when they were sick. Of this number, 10 were
prompled 10 seek help when they were sick, 3.12% were prompled to seck help when
it was urgent and 1 person when the sickness got worsc. Twenty-seven (84%)
respondents reponed that they sought medical attention from hospitals when they were
sick, while 3 (937%) and 2 (6 .25%) persons reported that they sought help from
chenust and clinics when they were sick. More than half (59.37%) of the proportion of
persons (hat were sick frequently sought medical attention, 3 persons sought help
when sick. while 6 (18 77%) persons sought help once in a while (Table 4.20)
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Table 4.19: Disease Quthreak

Variahles Frequency Percentage

-_DiSC”t outhreak helore gpring

piotection from water use

Malaria 35 30 43
Thypoid 32 27.83
Skin 1ashes 24 20.87
Diasrohea 21 18 26
Other 3 2.61
Disease  occurrence alter  spring

protection

Yes 38 95
No 362 90 5
Age ol afTected persons (years)

Under §°s (<S) 13 33
Children (6- I2) 19 48
Adults (25-59) 6 1.5
Deaths from disease outhreak

Yes 5 132
No 33 868

Others — cholera and dysentery
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Table 4.20: Heslth Secking Behaviour

Variables Frequency %

Seek help when sick

Ye&s 32 84 2
No 6 158
Promplings to seek help

Sickness 10 3125
DilTiculty 17 S3 14
Urgency l 312
Gets worse i 312
No response 3 937
Places where medical attention was

sought

Clinic 2 625
Hospilal 27 84 38
Chemist 3 937
Frequency of medical visits

Frequently 19 59.37
Twice a week 3 9.37
When sick 3 9.37
Necessity 1 312
Once in a while 6 18.77

e — e
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CHAPTER FIVE

DISCUSSION

{nadequate and poor quality of drinking water is regarded as one of the world’s major
causes of Preventable morbidity and mortality. Potable water should appeal to
consumers and should also be frec from contamination of all sorts. Often than not, this
is not usually obtainable because of the great property of water as a universal and

excellent solvent and a vehicle for transmission of substances with resultant pollution
from the different sources

S.1 Quality of Water from Protected Springs

This study showed that the result of the physico-chemical analysis of the springs was

of good quality, as most of the parameters were within the limits of the recommending
agencics

There were slight variations in the pH values for Sango (5 1209 and 5.4520 07) and
Onipasan (57206 and 5 .65+0 07) during the dry and rainy seasons respectively
These showed pH values lower than 6 5-8.5 as recommended by WHO and SON:
hence, making the water slightly acidic. Such low values in the pH were also observed
in water samples from Agbadagbudu (5+1.3) and Adegbayi (5.720 8) during the rainy
season The low pll observed in some of these springs could have been as a
ascquence of carbon dioxide saturation in the groundwater: In a research conducted
by Byamukama er o/ (1999). he reported that soils contain high concentraions of
crbondioxide which djssolves in the groundwater, hence, creating a weak acid
Qpable of dissolving any silicate mineral These fluctuations in ptl may icad to an
INGrease or decrease in the toxicity of poisons in water bodies (Ali, 1991). Although
PH has no direct impact on consumers, it is one of the most impoitant opcrational

wiler quality parameters
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The pll of Agbadagbudu and Adegbayi had values below the recommended limit
duting the rainy season. while Sango and Onipasagn had values below the
recommended limit for both d1y and rainy season This implies that the water obtained
from tbese springs at that time was slightly acidic The lower the value of the total
hardness. gave a correspondingly low values for the pH.

Another association was shown 10 exist between the total dissolved solids and the
electrical conductivity: The highest values of the total dissolved solids were obtained
from Sango for dry (395m@/L) and rainy scason (480mg/L). and the highest values of
elecrrical conductivity were obtained from Sango for diy (175 #S) and rainy (789 uS)

seasons Hence, higher values of total dissolved solids where obtained from water

samples with high elecirical conductivity

During the diy season, the results of the electrical conductivity for ihe springs were
within the recommended limit of 400xS/cm stipulated by the WHO. During the rainy
season, all springs except Odo-Akeu (77729 4) uS/em, Agbadagbudu (437 54 95)
uS/em and Sango (78911 3) uS/cm, had values greater than the recommended limit
For the higher the values of the total dissolved solid, gave a corresponding increase in
the values of electrical conductivity. The electrical conductivity increases with more
1ons in the water These findings were supported by taster, 2003, who reporsted that
there cxists a relationship between electrical conductivity and total dissolved solid,
because by measuring the water’s electrical conductivity, the total dissolved solid can
be detamined and as such, at a high total dissolved solid concentrstion, the water
becomes saline. . Owing 10 the differences in the solubiliies of minerals, the
concentrations of TDS in waler vary These results oblained fom Sango could be
explained by the presence of a large expanse of land beside the spnng which is used as

a dump site by catpenters and also as an open site where people defecate

For both scasons, the mean turbidity values for all springs were within the

f&commended limit of SNTU by WHO, except Yemoja- Olodo, which had a mean
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value of (7#831) NTU during the rainy season. The vajue obtained from Yemoja-

Olodo is not 5"'07;5;"8~ owing (o the fact that the water sample collected from this

source durng the rainy scason was visibly unclear

The values obtained from the analysis of nitrate from these springs showed higher
values during the rainy scason as compared lo dry season, except for Onipasan (12 and
77mg/l.) and Adegbayi (9.9 and 8.7mg/L) where the resuits of the dry season was
h'.ghcr than the rainy scasons rcspectively. These resulis agree with Howard (2002),
who belicves that nitrate concentration may show seasonal peaks. with higher values
obtained as wet scason progresses and declining during dry season The concentration
of mitrate in groundwater is normally low but can reach high lcvels as a result of

leaching or runofl fiom agricultural land or contamination from human or animal
wastes (\WIHO 20006, Lewis ¢f of, 1980)

All the heavy mectal paramecters had excellent resuits, with only lead being on the
bordcrline of 0.01mg/l which was recommended by the regulatory agencies. The
results showed that all the values that were obtained for lead were within the
maximum recommended limit of 0.0Img/l.. During dry and rainy seasons, lead was
found to be present in the water samples from Sango The presenceof lead in the water
sample from Sango could be as a result of the huge expanse of land beside the spring
used as a refuse dump site Lcacheate from these refuse containing lead could infiltcate

into the ground and move 1o the walcr table, thus, polluting the watcr

Lead was also found in samples from Onipasan and Yemoja-Olodo during the rainy
season, while Adegbayi showed the prescnce of lead durning the dry scason: These
values obtained could be attributed to the prevailing cconomic activitics around the
environs of the spring  Onipasan and Adegbay: arc located close 10 mechanic
Workshops and battery charger business. This cxplains the presence of lead in the

$Pring waler, because it is used principally in the production of |cadacid batteries,
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s:)ldcr and alloys (\WVHO, 2006). Depending on the level and duraton of exposure,
;make of lead can result in a wide range of biological effects. Exposure to Icad could

lead to problems in the synthesis of haemoglobin and affect the reproductive and

nervous Systen's:

5.2 Bacteriologienl Quality of Water Samiples from Protected Springs.

grom the result of this study, it shows that the bacteriological quality of water from
these protectied springs were poor owing 1o the prevailing environmental and sanitary
conditions: The values obtained for the analysis of TAPC during the diy season ranges
from (7.55 x 10°- 2.5 x 10Pcfu/ml, with Moga having the least value and Yemoja-
Olodo with the highest value, and ltom (515 x 10*- 25 x 10')cfu/ml during the rainy

season, with Odo-Akeu with the least value and Onipasan with the highest value

Diring the dry season, only 2 springs showed presence of Psendomonas acruginosa,
with the highest value obtained in Adegbayi Pscidomonas acrugiosa was found in
&l the springs during the rainy scason, thus implying that the worst contamination
troubles usually come during the rainy secason, when infilirating water carries the
waste directly to the groundwater supply. This is cortoborated by Soutter (1998), who

observed that the worst contamination occurs during the rainy scason

For both scasons, nll the water samples had faecal coliform counts above the WHO
Ruideline. The ranges of TCC werc from 1150 1o 10500MPN/100ml during the dry
scason and (0.75 x 1010 11 x 10*) MPN/100mI during the rainy scason: The prescnce
of very high TCC in all the spring water samples tndicate gross pollution of these
sources, which could be associated with the prevailing poor enviconmental and
“nitry conditions as depicted by the sanitaty inspection results- Refuse dumps,

faeces, smell of urine, waste disposal site upstrcam of the springs, flowing and
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gagnant waler which was observed close 10 these springs could account for the
pollution and high bactenial load

In this study, the bacterial faccal indicator, ££ cofi, was used 10 provide an insight 1o
the water Quality from the various springs and households The presence of £ cols in
dfi“k;“g water denotes that the water has been faecally contaminated and therefore
presents a potential risk of excreta related discases Safe drinking water should have
nid I cols in 100 mi of water (WHO, 1993b; WHO 1997) The bactetiological quality

of these springs is comparable to similar studies carried out earlier in Ibadan {ltah ¢/
al., 2006, Oloruntoba and Sridhar, 2007)

The bacteriological quality of Agbadagbudu and Moga showed accepiable results that
conformed to the recommended standard during the dry season. The highest value (1 x
10’282 84 MPN/100ml) was obtained from Onipasan, which could be as a result of
the unsanitary surroundings of the spring. During the rainy scason, all the springs
showed E coli values that were not in conforinity with the acceptable limits, with a
ange of (0.02 x 10’- 1.80 x 10°) MPN/100ml. The highest values were obtained from
Yemoja- Olodo, Adcgbayi and Sango. This could be as a result of infiltration of
leachate in the groundwater, contaminating it This implies that groundwater

deteriorates during the rainy scason, as supported by Soutter (1998)

The detection of faccal coliforin bacteria, £ coli in some samples is of particular
conceen  The presence of £ cofi in these samples implics faecal contamination of such
samples and strongly suggests the possible presence of cnteric pathogenic bacteria
According 10 Oloruntoba (2008), detection of 7= coli in groundwaler sources is an
indication of recent and potentially dangcrous faecal pollution which may be as a

result of infiliration of runofl'into the sources
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<3 Bacteriological Quality of Water Samples from [lousehold Storage
Conlainers

The water samples collected from the households were of good bacteriologrcal quality
:n comparison 0 their various sources. A common hazard of houschold water is
conimination by potentially harmful bacteria and other micro-organisms The walcr
amples collected from the storage vessels at home had better bacteriological quality
than the sources where the water was drawn fiom_In support of the lindings of this
study, \Voods (1984) reported that the duration of water storage also had a positive
flect on bacteriological quality of stored water [t was indicated that the reduction of
microorganisins in storage vessels is achicved inainly because microorganisms are
likely 1o scttle in the boitom together with particles when water is stored in 8
comainet. Stosing water for as little as a few hours will sediment the farge, dense
particles, such as inorganic sands and silts and large microbes WHO (2009). In
addition, it could also be as a result of die-ofT because these microorganisms are not in
the natural habitat. Exposure to UV-light from the sun could also lead to reduction in
the number of these microorganisms However, overall reduction of bacteria is about
90%, especially with longer storage times of 1-2 days These repons suppons the
findings of this study, were thc indicator bacteria, mcan Fcolt count for the

bouseholds were greatly reduced {rom the source 10 the household

The testing of water stored in houscholds is important to ascertain the quality of water
actually being consumed This is because post-source detenoration in quality may
have occurred and thercfore good quality water at source may have become severely

degraded by the time it is consumed and remedial actions may be required (Roberison
etal, 2004)

In contrast 10 the tindings of this study, Sutton and Dominic (1989). reported that
inttially coliform-frec water in rural Zambia were contaminated due to the way in

Wheh the water was drawn, 1he method of its transport o homes and the storage at
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nomes. Similarly, Caincross et al, 1999 and Clasen and Bastable, 2003 staied that tie
need L0 prolect waler source will be defeated if the quality of the water used at home
deieriorates due 10 poor water handling practices Hence, the risk of water
conlam;ﬂaliOH during transpof 10 and storage in the home requires close altention

tloward cf &/ (2003), reported that it is the collection, transpont, storage and decanting
of watcr that can lcad to subsequent contamination

5.4 Sanitary and Environmental Conditions of Springs

The risk factors which predisposed the springs and to contamination were identilied
All (100%) the springs had dilferent sources of pollution uphill and/or within 10m of
ihe spring box This was observed by the presence of refuse dumps. heaps of wood
shavings, mechanic workshops e.t.c. Three (42.9%) springs had latrine uphill and/or
within 30m of its surroundings. There wcre also indirect factors which could lead 1o
the contamination of the springs Two springs were unfenced, while in three (42 9%)
springs animals had access within 10m of the spring source. Some of the springs were

unsanitary — faully masonry (28 8%), absent or non-functional surface waler diversion
ditch (85 7%)

5.5 Risk of spring wstcr contanminatlion

Some of the springs like Agbadagbudu and Odo-Akeu receive some Ircatment
pentodically, which explains the results of the bacteriological analysis in comparison (g
the other springs. This result was corroborated by the men during the FGD, who
repoited that the government adds chlorine to the water occasionally- The guideline (0
Ecoli 100ml'") stipulated by the WHO makes these springs unsuitable for drinking,
hence disapproving their usage by the community Consequently, the classification
Yheme used in Indoncsia, where the contanunation of drinking water by £ colr was
classified jnio $ groups fiom grade A-E depending on the valude of the £ col count,

wis adopted (Lloyd, 1984) During the dry scason, 1wo (28:8%) spiings werc
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classificd as Grade A (no risk to consumers), while live (71 4%) were classilicd as
Grade D (high fisk o consumers), whereas during the rainy season, three (42 9%)
sptings WCIC classified as Grade C (intermediate risk 10 consumers), onc (14 3%) was
classified as Grade D (high risk to consumers), while three was classificd as E (very
high risk to consumers). This could be cxplained by water carrying waste which
wfilirates into the groundwater. Soutier (1998) reporied a similar occurrence in

Kampala, Uganda where it was observed that the worst contamination occurs duning

the rainy scason

A posinve correlation (0.441) was shown 10 exist between the mean £ cofs coun (1 x
10’4231 05) MPN/100m| and the mcan sanitary risk scorc (841 9) during the rainy
seasons. Lloyd and Baniman (1991) reported some correlation in @ number of
developing countries. By cxamining the faccal grading together with the sanitary
inspection risk scores. it is possible Lo assess whether waler quality and the identified
risks by the inspection are broadly correlated (1 foward, 2002). The correlation of mcan
£ coli coum with the sanitary score showed that it is a rcliable tool for preliminary

risk assessment of spring waler contamination with (accal bacterial organisms

56 Sanitary Conditions of $ouschold \Waler Storage Container

The major risk factors predisposing lo contamination as observed by assessment of
drinking watcr quality from houschold storage containers were identified. Most (82%)
of the storage containers were kept at ground levels, cighteen (45%) of the storage
containers were regularly cleancd and twenty-six (65%) of the storage containers were
liable 10 nyst, crack or leak Six (15%) of the utensils/ladle for collecting water from
the storage containers had covers, while 1n 28 (70%) houscholds. the utensil used 10

draw water {rom: the drinking waler container was also used for drinking In scven

households, animals had access 1o the drinking water comainers
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Although most of the waler samples from (he slorage containers had an acceptable

b.cgcﬁological result, the sanitary inspection indicated a likelihogd of contasnination

§.7 Socio-demographic Characteristics of Nawral Spring Users

The highest educational status for the majority of the respondents was secondasy

~ education and only a few of them having atiended a tcniary institution, with a quarter
| having no formal education. Almost halll (49%) of the respondents were housewives,
aliough some cngaged in some form of business. Socio-economic status is usually

|
‘ measured by determining education, income, occupation or a composite of these
. dimensions (Wintleby cr al, 1992)

|

S8 Knowledge on Effective Spring Ulilisation

58.1 Optimal Spring Use

The respondents reported that the mean distance to feich water from was 494 524269 6
meters. This implies that some of the spring usces had longer distances 1o walk before
they can fetch water. The distance could affect the volume of water available for use
and also have an indirect cffect on health and sanitation of the houscholds. Fricdrich
{2012) reponed that reducing the time needed to haul water ffom source to home can

iMprove the health of children in Sub.Saharan Afiica

There was statistical significance (p<0.05)1n the time for fctching water before and
afler the spring protection. It was supposted by the women folk, who reported that they
do not spend as much as they used 1o before the spring was protected during the FGD
This could also affect the volume of water available for use in the home, which has

far.reaching conscquences on health and general well-being of the houschold

Members. Pickering and Davis (2012) reposted that the ime burden of water fetching
has been suggested 1o influence the volume of water collected by the houscholds as

well as the time spent on incomc.gcncfaling activities and child care Fricdrich (20]2)
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atso stated that longer fetching times could mean that less water is retrieved and

therefore is available for hand washing and other hygienic activities or it could mean

lesstime 1o care for children.

5.8.2 Benefits o Spring Protection

Fcalth and non-heaith benefits accruing from tmiproving access to safe drinking water
abound \vith safc and adcquate supply of water, many small scale enterprises such as
farming, sale of pure water, food vendors and animal husbandry, will be encouraged to
improve livelihood There is a direct positive impact in houscholds when there is

supply of adequatc and safe watcr to meet their water demands. There will be

improvements in nutrition, general cleanliness and improved health and wellbeing of

houschold members

Majority of the respondents repotted that the spring protection had saved time, which
has been utilized for olher acuivities such as petty businesses, more time available for
study and domestic chores. These findings were supported by the men during the

FGD, who reported that their homes were cleaner because of more time the women

dedicate 1o domestic chores

More than half of the respondents stated that the volume of water available has
increased after the spnng protection. Availability of water improves the sanijtation and
general well-being of the houschold members. The incrcased volume also has some

cconomic and agricultural gains. The respondents reported that the gains arc felt in

rcaring of livestock, farming and in their businesses
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$8.3 ttygicnic Use of Storage Containers and Household Water Handling
Practices

Majority of the respondents stated that they used plastic conmainers (90.3%) as water
storage containers and 93.5% said the containers had covers. Morc than half of the

respoidents stated that they washed the storage containers on alternate days, while 136

said the storage containers were washed daily

Almost all of the respondents said they had ladles for feiching water from the water
storage containers, but more than half of the respondents reporied that these ladles

were washed only when dity. These diny ladles could affect the water quality in these

storage containers, because of constant dipping and direct contact with water

More than half of the respondents do not practice any form of water trcatment. Duning
the FGD, the men and women groups reported that there was no need 10 treat the waler
sincc the government trcats the water for the occasionally, and the water was a
blessing from God. Of the proportion that trcated the water, 9% reported that they
filter, 12% rcported 1hat they boil the water before use, while 20% said they add alum
These water trcatment practices ecmployed, although only by a few of the houscholds,
may have contributed the improved water quality obtained from the houscholds as
compared from thc water sources from where they arc drawn. Robenson e al., (2004)

statcd that the rate at which water quality deteriorates can be controlled by adding a
prescrvative {disinfcctant residual)

5.9 Disease Oulbreak and Hcalth-Secking Behaviour

During the FGD, the discussants stated that the water had healing powers and they
believe the water could not cause any discase. Albeit these reports, 38 persons reported
that there was an outbrcak of discase from the use of thesc springs and they had

recorded S deaths. Of this proportion, majority of the respondents stated that they seek
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CIIAPTER SI1X

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

Water is an essential commodity thal louches all facets of live, and its lack, shortage or
compromised quality is always felt in great magnitude. Adequate and clean walter
supply has a positive effect on suslainable development. It is the essence of life and

safe drinking \water is a basic human right essential to all. The volume available

dctermines the standard of living of people. Unacceptable and compromised water

quality has a direct bearing on the community users. In recent years, the growth of
industry, technology, population, and water use has increased the stress upon both land
and water resources. lLocally, the quality of ground water has been degraded

Municipal and industrial wastes and chemical fertilizers, herbicides, and pcsticides not

properly contained have entercd the soil, infilirated some aquifers, and degraded the
groundivater quality

Seven natural springs located in 4 LGA were analysed for physical, chemical heavy
metals and bacieriological qualities. All the springs serve as sources for drinking waler
and other domestic activities All, except Adegbayi are located in residential areas,
thus, the users do not have to go for long distances in search of water. Although many
users of the spring water depend on other sources of water, they fetch the spting water
for dninking and cooking. This strengthens the fact that the water is of good quality

The water is used mostly during the dry season because the other available sources dry
up. Most of the spring water samples analysed during the dcy and rainy seasons,

showed values that were acceptable for the physico-chemical parameters, meeting the

recommended standard by regulatory agencies. However, there were slight variations

observed (or some of the parameters
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The protcction of the spring has many positive benefits, which has been felt in the
shortened duration of time spent in feiching water, the volume fetched and the quality

which the community users believe is betier as compared to belore it was protected.

The bacteriological quality of these springs was poor, duc to the prevailing
cnvironmental and sanitary conditions of springs which was observed and identified
using the sanitary inspection checklist for springs. The total coliform count for all the
springs during both rainy and dry scason had values that exceeded the limit

recommended by the regulatory apencies, indicating feacal coniamination of these
waler sources

The absence of the indicalor bactera, £.coli implies that the waler was free fromn
fcaczl contamination. Two springs were free from £. coli during the dry season. There
were slight variations in the £ coli count during both seasons, with the rainy season
having higher vatues of /£ coli count, which could be as a result of infiltration of
leacheates or subsurface infiltration. According to the level of contamination, the Jf
colr count was classified;, with five of the springs showing high risk to the consumers

during the dry season. while one and three spiings showed high and very high risk 10
consumers respechively

These high values obtained places the consumers at nisk of contracting waterborne
diseases which could 1cad to pastrointestinal disorders and illnesses such as pasiro-
ententis, giardiasis, typhoid, dysentety, cholera and hepatitis Risk faclors making the
springs liable 10 contamination were identificd, with a great percentage of the springs
being unsanita;y and situated closc to different sources of pollution such as mechanic
workshop and refise dumps. The lcacal coliform count (£ coli count) and risk score
was shown 1o be broadly correlated, such that it represents a lincar relationship, that as

the risk of contamination increases. the bacieriological count increases
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The water quality assessnient carried out on these water samples that were collecied
from houschold water containers showcd that the water samples had relatively better
water Quality compared to the water drawn from the springs The sanitary risk
assessment of the houschold storage containers identified some risk factors which may
causc contamination of the walter in the containers, sone of which were ground level
location of storage contatners and unsanitary conditions of storage contaners and
ladles. These factors could Icad to the introduction of feacal matter into the storage

containers thus, predisposing the users from contracting water borne diseases

6.2 Recommendations

I. For sustainable dcvelopinent to occur in any project, the community users who

the projects were carried out for should be involved in the planning, implementation

and cvaluation. Itis on this premisc that the Odo-/\keu natural spring was protecied

by the joint efforts of the community, LGA, UNICEF and S 1.P. in 1996, as the first
protected natural spiing The community users should be encouraged to own these
facilities by ensuring that stipcnds arc paid at the point of collection. This will ensure

that the facilities arc maintatned and the water quality is improved by occasional
disinfeciion

2. Somec defects which were observed around the spring sites could explain the high

bactcrial load Some of these defects were faulty spring box and masonry and
inadequate or absence of fencing of spiing site. The community should select some of
their members to be trained in the repair these components of the spring to reduce risk
of contamination, and build a fence to protect the site. These measures will keep away

animals fiom having access to the spnng to compromisc the quality
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3. 1ln some of the springs where the surroundings of the spring were waterlogged,

there should be a channel that diverts the stagnant water away, a diversion ditch. The

stagnant waler may pose a steady risk of contamination which could lead to an
outbreak of infection.

4. Thc combination of the sanitary risk score and £.celr coint gives a picturc of the

risk of water contamination. These springs with a high risk scores and a corresponding

high f.coli count should be given urgent remedial action, such as reatinent with
chlorine.

5 1t is pertinent that the spring water is assessed periodically and adequate and

appropriate trcatment administered. The need for water trcatment should be stressed

and cmphasized as a training nced for the community

6. The govermment should train and rc-train some community representatives on

ceriain water handling technigues that will improve the health and general well-being
7. 1t was observed that most of the community members usc dippers and ladles to
feich water from the storage containers. This could further Jcad to contamination
Improved containcrs protect stored houschold water from the introduction of microbial
conlaminants via contact with hands, dippcrs, other faccally contaminated vchicles or
the intrusion of vectors. The community members should be educated on the bencfits

of using containcis with nammow openings and cost-cilcctive ways of construcling

watcer dispensing conlainers with narrow openings

8. Houschold water treatment (HAVT) technologies are any of a range of devices or

mcthods employed for the purposes of trcating water in the home or at the point of use

in other seitings These are also known as point-of-use or point-of-entry water
treatment technologies
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9. Therc arc many simple and cost cflective physical methods for Houschold
Treatment Technologics (HWT). The community should be trained by the
government, educationists, Non-governmental organisations and charity organisations

and agencies on the benefits ol adopting any simplc and approprtate method of HWT
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APPENDIX |

FOCUS GROUP DISCUSION GUIDE

Question

Follow Up Quesiions.

. Arc there any beliefs surrounding

this spring and its usage?

Before the rchabilitation of this
spring, what was obtainable in
terms of

The length of time taken to fetch
water

Volume of walter fetched

Acsthetic parameters (colour, smell

and taste)

| 3. What prompted the community
users (o seek for help to have the

| waler source rchabilitated?

4 Do you like how this spring has
been rehabilitated?

a_ s the use of this spring restncted only to some
cenain communitics?
b. Do you have an ides of the number of people

that use this spring?

a. What were the problems encountered from

the use of
this walter source before the rehabilitation,
such as
- oulbreak of diseases like skin rashes,
dysentery, cholera, typhoid, chiidhood diarrhea
- the frequency of occurrence of these discases
- persons most affected dusting such outbreaks,

under S's, pregnant women, the clderly, et ¢
b What other problems were encountered from t!

use of the spring and how were these problems
solved?

a- What were the cflorts made by the community

see to the construction of this site?

a  What arcthe things you like?
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APPENDIX |

FOCUS GROUP DISCUSION GUIDE

Question Follow Up Questions,
. Are there any beliefs surrounding a s the use ofthis spning restricicd only 10 some
this spring and its usage? cerizin communities?

b. Do you have an idea of the number of people

that use this spring?

_ Belore the rehabilutation of this a_ \What were the problems encountered from

spring, what was obiainable in the use of

tetms of

this water source belore the rehabilitation,
The length of time taken 1o feich such as

waler = outbreak ol diseases like skin rashes,

Volume of water fetched dysentery, cholesa, typhoid, childhood diarrhea?

Aesthetic parameters (colour, smell - the frequency o loccurrence of these diseases

and 1asi¢) - persons most aflected during such outbreaks,

under S's, pregnant women, the clderly, et ¢

b-  \Vhat other problems were encountered from the

use of the spring and how werc these problems

solved?
3. What prompied the commumity

users o seck for help to have the

a What were the ellorts made by the community (o0
water source rchabilitated?

sce Lo the construchion of 1his sile?

4. Do you like how this spring has
been rehabilitated?

a  What arc the things you like?
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b. How have you benelited from the rehabilitation
wn terms of
- The time it 1akes o fetch water
- Having more time at your disposal, what
has the extia time helped you achieve personally
and for your family?
- Do your children, especially your daughters
have time to go o school, or do they have nme
10 work or learn 10 acquire some skills?
- Has it improved ihe cleanliness of your

home and surroundings?

= Do you have more volume of walcr now

than before the rchabilitation?
S. What is the waterused for?

-Cooking 3. Afier fetching this water, do you give il any
-\Vashing form of 1restment before use?

~Drinking - No, you use it like 1hat

-Business (Pure waler and ice block) - Allow it to settle, then lifter

-Others (pls specify) - Boil

- Add chemicals

- Leave 11 for hours before use

6. Whai s the impact of this Health tmpact

rojccl on . . )
Prey - Afler the construction of this project, has there

he health and | wellbei
hQieyth and general wellbeing been any complaint on outbreak of diseases

famity and ity? ili
on your larmuty and community which may be duc to the use of this rehabilitated

spring?
b. Non- health impact
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- Length of time it 1akes waler to boil
- Darkens cooking pot and watcer slorage containers

- S1ains clothes.

7. Are thereother sources of
watcr available to this community? a. Do you feich watcr fiom these sources?
b.  Which source oflwater do you prefler?

c.  Which watcr source is most suitable and

convenient lor you.

8. \Vhat are the perceived

problems after the rehabilitation of a  Whal are the technical problems you have

this spring, which were absent encountercd afier the rehabilitation

before the rehabilitation. - Has there been an incidence of breakdown ol the
-Too many people using 1t? (whai facility? What is the ficquency- monthly or

problem have arisen with 1co many periodically?

users) - Did you seek other sourccs of water or made
=lnaccessibulity of the water at any time efforts 10 have the facility restorcd to proper

of the day functioning?

9. How is this spring being managed?

a. Do you pay some money?

b. Do you pay as you fetch or periodicall y

€. Do you think your money, has achieved the goal
ol managing and maintaining this lacility

d.  Are the benefits/ advantages derived measurable

to the fine paid
10. How have the people

parucipated to the pioper 8. Do the community users volunteer willing
functioning of this rehabiliated and regularly
spring? b. Do all persons- male, female and children
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11. What are the things you will
like 10 be done. to ensure that there

is constant supply of clean potable
waler?

12. Do you have any other things
you will like to say? Feel free and

speak yous mind

C.

participate to ensure the proper functioning of
the lacility
Are there different social and local political

groups which may affect the participation
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APPENDIX IT
S

ANITARY INSPECTION FORM FOR SPRINGS

I. Type of Facility

I  Date of visit —

2. \Water sample taken? Sample No. ———-- Faccal coliform grade
3. Village =

4 Local Government Area

I5. Specific Diagnostic Information for Assessment
RANK

YES NO
| Is the spring source unprotecied by masonty or concrete

wall or spnng box {(open to sutface contamination)?

2. s the masoary protecting the spiing source faulty?

3. If thereas a spring box, is there an insanitary inspection

cover in the masonry?

Does the spriag box contain contaminating silt or animals?

If there 1s an air vent 1n the masoniy, is it insanitary?

Docs spili water flood the collection area?

4

5

6 If there 1s an overflow pipe, is it insanitary or faulty?
9

8. s the area around the spring unfenced or faully?

9

Can sninials lave access within 10m of the spring source?
10 15 (hese 8 latrine uphill and/or within 30m of the spring?
Il. Doo surface wates collect uphilt of the spring?

12, jsthe spong lacking a susface diversion ditch above 1t or
(1f present) 13 it non-functional?

I3, Are these any ather source of pollution uphill

and/ or within 10m ofthe spring? (Specify)
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APPENDIX I

SANITARY INSPECTION FORM FOR

HOUSENOLD \WWATER STORAGE CONTAINER

General Inforniation

Village.

Container/ waler source code’
Community : ---

Local Government Area

Date and Time of Visat: -
State -

Specific Dingnostic Information for Assessment

Arc containers used for collecting water clean or rusted?
Is it used 10 store any other liquid?
Does the container used for collecting water have cover

and being used?

Is 1the containcr used for feiching waler also used for washing/ bathing

and other activities?

Is the water storage container kept at giound level?

Storage containers (community/ houschold) regutarly clecaned

and disinfected?

Is the storage container liable 10 rust, crack, lcaking or in-sanitary?
Is the utensil used o draw water from the dnnking container

also used for drinking?

I's the arca around the slorage conlaincr in-sanitary?

[0 Do animals have access 10 drinking watcr containcr?

Risk

Y/N
Y/N

Y/N

Y/N
YN

YN
Y/N

YIN
Y/N
Y/N

Total Score of Risks ———
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Results and Comments

isk score (Tick appropriate)

F.*:ao = very high | 6- 8 = high 3.5 =medium |0-2=low
b The foflowing important points of risk were noted:

= - (hst nos- 1-10)

c Addilional comment (continue on back of the form if necessary)

Name of Analyst (PRINT, signature and date)
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APPENBIX 1V

QUESTIONNAIRE

Plcase answer the following questions by ticking any of the alternative responses or
flling the blank space which best applies 1o you

SECTION A
SOClO-DEMOCRAPlIIC INFORMATION
T ARe, s
2 Scx a Male b. Female

3. Marital Status

a.Single b. Matried c Separated d Divorced

¢. Widowed

4_Ethnic Group

s Hausa b. Yoruba . 1bo d Others (specify)
5 Rcligion |
a. Christian b. Islam c. Traditional | |d Others (specify)

6 Educalional Status

o Primary education [ p. Secondary education

c. Tentiary education | 1slamic school [ Je. No formal education

7. Occupational Status

a_ Professional [~ p. Civil secvant k. Self employment

e Trading f Unemployed/ houscwife
g Attisan/ Tailor/ Hairdresser

h. Others (specify)
8 Do you receive some income?

a. Yes b No
9 Estimate how much you receive daily or
weekly
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~ How much do you spend/contribute lo the spring  regularly

polds Ba Ry ras TR FA b AR BO o hpycaa

11, tlow many people live in your house? ... ... oy o i S e U A2 a e S 08 il
v a males ... ... . .
b fomales ... ... ...

)2, What are their age ranges and how many are they?

a vnderS's

b. children (6 — 12yrs)

c. tcenagers (13 — 24yrs)

d. adults (25 — S9yrs)

e the clderly (above 60yrs)
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SECTION B
INFORMATION ON EFFECTIVE SPRING UTILIZATEION

Opiimal Usc

13 Does everyone in your house have access to the spring water?
a2  Yes b. No

14. If No, why?

15 Can you estimate 1he distance from the spring 10 your home {In meters)?

)6 How many times do you fetch water from the spring daily?

17 Before the rchabilitation of this spring, how long does it take to fetch water ffom
the spnng?

I8 Afer the rchabiliiation work, how long does it take (o fetch water from the spring?

19 Do you usually have long gqueucs for fetching water f[rom the spring sites?

a Sometimes b. Always ¢ Never

20. las the rehabilitation of this spnng saved ime, hence reducing the length of time
spentto fetch water from the spnng?

a Yes b No

2. If yes. what do you do with the time that has been saved?

22 \Vhat volumc of water is becn Ictched daily in your house?

23 Has the volume of watcr tncreased since the rchabilitation of the spring

a Yes | b No |

24 If yes. what has this increased volume helped 10 achieve?
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25 What economi¢/agricultural gains can be aitributed to the increase of the volume

of water from Vhe springs.

Yes l No

-_—

Farming

Business (pure ||
water,sale  of
ice
block,grinding

machinc etc)

Rearing of

livestock

Beller nutrition

Olhers

(specify)

7% \What do you do wath the wates?

a. Cooking b. Drinking c. Dusiness (pure water and ice

block) ¢ Washing ¢. Clcaning f Others (specify)
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27. What type of container do you use (0 fetch water from the spring?
a PMastic{ ] b Clay c. Metal d. Other (specify)

28. Does the water container used to fetch water from the spring have cover?

a Yes | b No

29 What type of water container do you use to siore watcr 8t home?

a. Plastic | b Clay c. Metal [T H Other (specify)
30. Does the waler storage container in your home have a cover?
a. Yes b. No

31 Do you wash these waler siortage containers?

0. Every day b Aliemate day ¢ Only whendiny
32 Is there a container/ladle used to obtain water from ihe waler siorage container at
home?
a Yes b. No

33 \What type of container/ladle do you use to obtain walcr from these storage
containers?

34. Do you wash these containers/ladles used to obtain water ffom the water storage
containers?

a. Every day b. Altemate day ¢ Only when dinty

35 Do children have access to these water storage coniaincrs?

a Yes d No

36 Do you have water storage containers for cooking/drinking diffcrent [rom other

purposes’
a Yes b No
37 Do you have petv/animals (especially chicken and goat)
a Yes b. No
38 If yes. do they have aecess 10 the warer storage contatner?
a Yes b. No
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a3  Somelimes

b. Always

40 What type of treatment do you give?

19 ;*Do you give any type of treatment to Lhe water?

Cc- Neves

! |

Yes

No

Boiling

Iilteration

Addition of alum/

olher chemical

Others (specify)

None

general cleanliness

of your home?

3 Yes

42 Could you cxplain in wh

41 tias the rehabilitation of this sprng improved h

b. No
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43 Apan from the spring, which other sources of water do you have in and around the

community?

Yes No
Streamvriver | |

Well

m Borehole
Water

vendor

Rain water

44 Belore the rehabilitation of this spring, which was your preferved source of water?

a Streanvriver b. Well ¢ Borehole

d Water vendor ¢. Rain water [ spring

45, After the rehabilitation of this spring, which is your preferred source of water?

a Streanvriver b Well ¢. Borehole

d Waler vendor ¢ Rain water f spring

46 1las there been waler shartages from this spring at any time of the year?

: Scason Yes No

—— e — - — —_—

| Rainy
| Dy

47 How many tymes do you fetch water from these sources on a daily or weekly
basis?
48. If there are other sources of watcr that you use aside fiom the spring, do you pour

the water from all sources in one (1) slorage container?

a  Somclimes b Always c Never
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49 Do you fetch water anylime you go o the spring?
a- Yes b. No

$0. When do you prefer to draw water from the spning?.

S\, Why do you prefer your choicc in  question  (50)
above?.
52 Which scason of the year do you use the spring water mostly?

a. Rainy b. Dry
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SECTIONC
INFORMATION ON HEALTII STATUS

53 Before the rehabilitation of this spring, has there been any outbreak of discase

which may be due to the usc of water?

Disease Yes No

Afalans
Thypoid
Skin

rashes

Diarrohea
Other
(specify)

. : .
54 Since afler the rehabilitation of this spring. has therc been such complaints of thos

discascs?
a Yes b No
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§5. What arc these discases and which age range arc mostly affected?

DISEASES (NO. OF EPISODES IN 3 MONTHS?

Thypoid | Diarrohea | Dyseniy | Cholera Yellow Skin rashes | Malaria
= fever

i e
l

|

'

v

Women

56 Which persons arc mostly o/ Tected?

57 When these illness occur, do you seck help?
a Yes b. No

S8 \What prompts you (0 seck for medical help?

59. Where do you go 1o for medical attention?

a Clinic b. tlospial ¢ Chemisi

d Traditionalist e Others (speaily)

GO0. llow often do yots seck medical anention?

61 Has there any deaths (rom these diseases?
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