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ADSTRJ.\CT 

Springs produce \VOtcr \11hich is considered 10 be wholesome Spring water potability 1n 

Ibadan. con1prom1sed by contan1ination nt source and consumers' unhygienic household 

practices has nol been well investigated This study therefor<' assessed •vat.er quality fron1 

protected springs and household practice$ that may alTcct spnng water quality 1n Ibadan 

This cross-sectional study involved purposive selection of  seven out of the 26 protected 

springs louted in Ibadan Nonh. Ibadan Nonh East. Egbcd4 and Ona-ara L.ocal 

Government Areas A validated semi-structured questionnaire was used 10 1n1eMe\v rnen 

ond \vomen involved 1n water collcc1ion from 400 randomly selected households 

Sinndnrdized sanitary inspection forms consisting of thinccn points for springs and 

ho1Uehold storage con101ncrs \Yete used 10 collect d3ta on the risl.. of con1nn11na1ion 

Duplicate \Yater samples ,vcrc collce1ed from springs during dry and rainy seasons for 

physico-chcmical nnd bacteriological analysis.. ,vhile fony spring \Yater samples stored in 

household c-0n1ainers ,vcre also collected for bac1criolog1cal analysis using standard 

method ndopted by the An1crican Pubhc l lcahh ;\ssociauon Data ,vcrc analysed using 

descriptive, 1-test and Spearman correlation s1ntis1ics 

The panicipants' mean nge ,vns 38.:tl4 0 years and 83 4% were ,vomcn Of those who 

treated their ,voter, 12% boiled the ,voter, 9% filtered nnd 20% added alum before use 

Thiny-three percent \Y11Shed their storage containers daily, 6S% of storage containers 

,verc insanitary and liable 10 rust, crock or leak. SS¾ of households had diny ladles, and 

70% of households drink from the ladle for dra,ving ,voter from the containers, ,vhile 

animals had access 10 the storage conrainers in 17 So/o of households Faecal matter ,vas 

found uphill 1n four springs. mechanic ,vorkshop ,vas located beside t,vo springs, and 

pool of stagnant \Yater ,vas found ,vi1hin the vicinity of three springs Positive correlation 

(0.441) e.·<ists be1,vecn mean sanitary risk score (8±1 9) and F..co// count {IOOOcfu/ml), 

during the rainy season, implying gross pollution of the springs and high risk to 

c-0nsumers The mean physico-chcmicnl pnrameters of the springs during dry ond rainy 

seasons respectively ,vcrc ,vi1hin the WllO li1111ts viz 101al hardness (59 4l.lO 7 and 
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SO 6*8 6)mg/l, lead (O OliO O and O 01.t.0 O)mg/1 and nitrate (8 1:t:2 2 and 8.5±1 6)mg/l 

For three springs, elcctncal conducttvity (777:l: I 4, 437 5.H.9, 789.l 11 3)µS/cm showed

rcsuhs higher than \VI IQ/European commission limit of 400µS/em during the rainy 

SC4\SOn Total coliform count of the spnngs which greatly di!Tcrcd dunn.g dry 

(4600cfu/ml) ond rn1ny (22SOcfu/ml) seasons was significantly higher than \Vl-10 limit of 

I Ocfu/nil During dry season, live springs (S00, 1000,700,600&.lSOcfu/lOOml) had E.coli 

count greater than \VI 10 recommended limit of Ocfu/lOOml Similarly, all sc,-cn springs 

during rainy season had J.,_co// count (20,25,20, I 000, 1800, 1800& I 800cfu/100ml) greater

thon \VI 10 limit E.coli count reduced signiliC4ntly from source ( IOOOcfu/lOOml) to 

households ( l 4cfu/ I 00ml) 

There ,vos pollu11on nt the springs as shown by the high bacterial load, co�quently, 

c.,cposing consun1crs 10 the ris.k of water-borne diseases This could be controlled by 

frequent chlorinntion, improvement of sanitary conditions and education on handling 

practices. Use of dilfcrcnt ,vatcr trc:11mcn1 schemes like solar disinfection is odvocatcd, as

,veil as regular cleaning and disinfection of storage conuuners 

Kcy,vonls: Protected springs, \\'liter qu1tli1y, sanuary inspection, sanitary risk score

\Vord counl: 488 
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l. I Bnckground

Cll1\PTER ONE 

INTRODUCTION 

\Vntcr is essential for life and a basic requirement for the healthy functioning of all the 

\Vorld's ecosystems (Lenton ct ol., 2005) h exists in three fonns· gas, Liquid and solid· 

depending on the prevailing temperature In its purest form. ,vnter exhibits physical 

properties of t00°C for its boiling point. 0°C for its freezing and has n density of I All 

chemical subs,ances that exist in dual state, solid or liquid, contract as they gro,v 

cooler I lowever, water hu quite a distinct characteristic. \Vith a fall in temperature, it 

contracts, but a funher decrease below +4 °C. ,vatcr begins to expand ,vhich leads in 

nn increase in volume. In its solid state, ,vatcr differs from other substances, in that it 

noats on the surface instead of sinking This is e'Cplnincd by its funhcr expansion ns il 

freezes 

The chemical propenies of ,voter arc such that they allo,v life to perpetuate Plants 

carry wnter from the depths of the soil up to the top of IBrge trees (UNEP and \\'l-10, 

1996} If the surface tension of ,,,atcr were lo,v, as in the cnse of many other liquids, 

the plants could not absorb ,vater This ,vould be the end of vegetation nnd nnimal 

kingdom 

Adequate hydration is an absolute requirement for health and all oetive life This need 

is felt in the great value placed on this peculiar substance \Vnter constitutes more than 

half of the human body, varying bct,veen individunls and generally dropping ,vith a 

corresponding increase in age (\Vnhers, 2008) 

The amount of fresll\vatcr on earth is limited, and its quality is under constant 

pressure 1\ highe r percentage of about 97% of nil ,vatcrs on canh is contained in the 

ocean, while the remaining 3% sustains life on earth (USGS, 2010) Hence, preserving 
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1he quali1y of fresh\va1cr is impon11n1 for drinking water supply, food production and 

rccreationnl wa1er use 

I.I.I Role of \V1ucr in Socio-Economic Dcvtlop1ncnt and Civilization 

Humllil developmenl Md popula1ion gro\vth cxcn nlllny and diverse pressures on the 

qua.lily and quantity of ,vatcr resources and on access to them_ Access to po1able 

drinking wnter W11S Md still is a major factor in socio-economic development nnd 

civilization I hstorically, civilization has nourished around major ,vn1er ways· the 

inhnbitants of the ancient city of Egypl depended solely on the Nile River Trude 

nourished nround ci1ies that have easy access 10 ,vatcr bodies Large metropolises such 

ns London, Paris, Tokyo, Ne,v York city and Lagos O\VC their success in pan to their 

pro>timity ond the resultan1 e.,cpansion of trade via ,va1cr 

Water is eri1ical 10 all facets of sustainable development from cnvironmenllll 

protection and food security 10 increased 1ourism and invcs1mcnt.. from women 

empowerment and education of girl-child to reductions in productivity losses due 10 

illness and malnutrilion (Lenton et al., 200S) Thus. increasing access 10 domestic and 

potable ,,oater supply as ,veil as in1proving ,vatcr resources management is llil entry 

point for efTons to help in 1hc development of countries 

1.1.2 \Vatcr and Dcvdopment 

Access to safe, potable and adcqua1e ,voter is critical to lhe development of any nation. 

The grov.1h and development or any nation 10 a large extent dcp<:nds on the quoJity 

and quantity of ,va1cr available 10 its citizenry A ncccssary condition for sustainable 

development is the availability of ,vnter in adequate quantity and quality (Kuncne,vic� 

1997) 
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The Millennium Developmenl Goal (l\1DG) on water and sanitalion, Goal 7 Target 10 

states thnt by 20 IS, the proponion of people ,vithout sustruruiblc access 10 safe 

drinking wntcr and basic sanitation ,viii be halved (UN, 2013) The attainment of the

MDG will nol only provide good health, but will have a posicive impnct on the 

economy of all notions 

The rccon1mcnda1ion for t-.1DG on water and sanitation· The intcmacional community 

needs 10 suppon African countries in implementing national strategics to achieve the 

wntcr supply nnd snnitnlion 1argels This ,viii require an estimated USSS.8 billion per 

year in external linnncing (UN, 2008a) 

In n recent rcpon from UN (2013), over the pas1 21 years, n1ore than 2 I billion people

gained ncccss 10 improved dnnking ,vater sources, ,vith 89"/4 of 1hc globnl populntion 

hnving ncc.css to in1provcd sources of drinking ,voter in 20 IO This n1C1111S thnt the 

MDG drinking ,vater tnrget ,vas n1ct 5 years ahead of schedule, despite significant 

population gro,vth 

1.1.3 ln1pnc1 or \Vntcr on Public llcnllh 

The ndvcrse impact on public heahh from poor ,vatcr supply hove long been 

recognised in both developing and developed countries, taking the form of d1scnse 

ouibreaks nnd also coniributing 10 disease load of any community (Ford 1999, 

P11ymen1 and Hunter 2001) \Vatcr-rclnted infectious diseases of public health 

imponance, such as cholera, have innuenccd social and political developmenL Since 

1817, there have been at least seven (7) cholera panden1ics and most have provided 

examples of issues of pathogen crncrgcnec (\VllO, 2003) 
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One of 1he causes o f  child monality is as a result of lack and unsafe drinldng water 

Nenrly 2 in IO children have no source of safe drinking ,vat er This proporuon has led 

to n daily child monality ofJ,900, especially in Africa and Asia (Lca1on cf of., 2005) 

According to WI 10 (2003), about 800/4 of all diseases and one third of oil deaths in 

developing countries arc related 10 wa1er-rcla1ed diseases, such as diarrhoea.. m.alona, 

schistosomiasis, river blindness, guinea ,vonn, and others ,vhich kill globally perhaps 

25,000 human beings II day 

The magnitude of the public hcnhh gains derivable from use of safe, improved ond 

increased volumes of ,voter are felt directly ,n all 11spec1s of health, social life and 

economy of a na1ion Most 1mponantly, improved access 10 clean and polablc ,va1er 

supply, a major public health bcnefi1, is achieved There is also an incrcnse in time 

saved from the lengthy distance 1ravelled 10 collcc1 ,vater and time involved in ,va1er 

colleclion The lime saved could be channeled 10 productive activity (including 

education), child care, small-scale business and food prcpanuion The hcahh gains 

accruing from improved and increased volume of  ,va1cr arc felt in the con1rol and 

rcduc1ion of ,vn1er-bomc diseases, especially diseases 1ransmi11cd by 1hc foccal-oral 

rou1c In places ,vherc basic access service level of clean and potable ,vntcr has not 

been achieved, hygiene cannot be assured and consurnption of ,va1cr may be a risk 

(Howard and Banran,, 2003) 

1,1.4 Glob:1I \V:11cr Consun1p1ion and Access. 

Globally, one billion people are cum:n1ly without ncccss 10 improved \Vllltr supply 

Most of these people live in Asia and Africa For example. in Africa.. 2 ou1 of S people 

lack improved water supply (\VI 10 and UNlCUF, 2008) According 10 Shiklomanov 

(2000), as at 1he year 2000, 27% of the populo1ion of lesser developed countries did 

not have access to safe drinking ,vater 
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Figure 4 I shO\VS the global ,vater stress \Vith the indicators Some of the 1nd1ca1ors 

highlighted arc droughts, e."<tcnded dry seasons and shrinking glaciers 

1\s reponed by Lenton ct al, (200S), the countries ,vhere access to \\'l\ter 1s poor and 

progress toward the Mjllenoium Development Goal is stalled or reversing include five 

in Africa (Ethiopia. �lauritania. �1adagascar, Guin� and Togo), one in East Asin and 

the Pacific (Papua Nc\Y Guinea), l\\'O in lhc Arab States (Oman and Libyan Arab 

Jamahiriya), and one in Latin America and the Caribbean (Haiti) Countries with better 

prospects for n1ceting the goal but where challenges arc s1ill formidable include eight 

in Africa (Ugonda. Malawi, Cameroon, Niger, Nigeria, Namibia, Cote d'Ivoire, and 

South Africa), two in East Asia ond the Pacific (China and the Philippines), and one in 

Latin America and the Caribbean (Trinidad and Tobago) 

Access to drinking ,vater is measured by the �lillennium Development Goal (t,IDG) 

indicator or proponion of population using improved drinking ,vater source 

(\VIIO/UNICEF, 2012) In Sub-Saharan Africa. a total of 63% of the population were 

shown to have access to an improved source of drinking \lllltcr in 2011 as against in 

1990 (Table I I) 
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Table I.I: Proportion or Population Using Improved Sour-re or Drinking 
\Valer (o/•) 

1990 1011 

Total Urban Rural Total Urban Rural 

\Vorld 76 95 62 89 96 81 

Developing 70 93 59 87 95 79 

R�ions 

Northern Africa 87 94 80 92 95 89 

Sub-Snharnn 49 83 36 63 84 SI 

Africa 
Latin A1ncrica 
and Che 85 94 64 94 97 82 

Cari.bbcan 

Eastern Asin 68 97 56 92 98 8S 

Enstcrn Asia 96 97 93 98 100 91 

excluding Chinn 

S0111hcn1 Asin 72 90 66 90 95 88 

Soulhcm Asi., 78 94 72 87 93 84 

ucluding India 
Sou1h-E1151cm 71 90 62 89 94 84 

ruin 

\Vcslem Asia 85 95 69 90 96 78 

Occnnin so 92 37 56 95 45 

Cnuca.su.s and 89 97 81 86 96 79 

Ccncrnl ruia 
Developed 98 99 94 99 100 97 

R ion.s 

Source: N.2013.
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I 

l.1.5 \Vater Supply Situation in Ibadan 

In her efforts to adequately manage challenges posed by environmental factors. the 

Oyo State Government of Nigeria in 1992, requested 10 join other 14 cities across the 

world already engaged in the SCP/EPM process By 1994, the Sustainable Ibadan 

Project (SIP) came into rcnlity by the endorsement of the UN-Habitat Consequently, 

1nany environmental problems were ideruilied, pnorilized and solutions were sought 

These included street tradins. mismanagement of \vnter shed, urban poverty. housing 

shortages. poor accessibility and unplanned city gro\vth, shonnges in \Yater supply, 

gross inadequate public utilities and poorly managed solid \Vaste disposal Of  these. 

waste and \voter m11n11gement were topmost on the list and required urgent nnd 

immediate auention To this efToct.. \\'Orking groups for water and waste management 

\Vere fom1ed (SIP, 2004), 

Some of the ,vorking groups \Vere involved in \Vt1tcr mant1gcmen1- natural spring water 

development.. boreholes and deep \\•ell. as \VCII as, n1ini ,vn1cr schemes 

The spring \vntcr dcvelopn1en1 project stoned in 1996 ,vith the rehabilitation and 

protection of three (3) natural springs Akeu/Osun in Ibadan Nonh-East LGA, l\1oga in 

Ona-ara LGA and Agbadagbudu in Ibadan Nonh LGA These ,vere completed in 

November I 996, April 2002 and May 2002 respectively Subsequently, replicates of 

these protected springs ,vere developed- Onipasan. Sango/lsopako and Adegbayi in 

Ibadan Nonh East, Ibadan Nonh and Egbcda LGAs respectively Later, the Yemoja­

Olodo natural spring ,vas rehnb11i1a1ed (SIP, 2004) 

1.2 Proble111 Staten,ent 

\Vatcr is essential for both economic and social ,velfare of a nation A nation is  not 

regarded :is developed without the provision of safe, clean and potable ,vn1cr for its 

c11izenry The quantity and quality of ,va1er delivered or obtained and used by 
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households is pen1nen1 for domestic ,veter supplies II inOuences sanitation, hygiene 

and the health of the public in general The quantity of water used by households 

depends on acee.ssibility to ,vater source Primarily, the quan111y of\\'llter available and 

used by households is determined by distance 10 the water source, quality and cost 

expended It hns been noted that in many large cities where provision of ,vater 1s  

in11dcquatc, there is little or no shonage of fresh ,vater resources Thus, the paradox of 

'inadequacy of supply in the midst of abundance' exists 

Statistics provided by UNICEF ( 1996) sho,ved that less than 45 percent of Nigerians 

indicated that their n1,un sources of ,vatcr ore unsafe and inodequate As of2000 it ,vns 

estimated that one-sixth of humanity (I.I billion people) lacked access to any form of 

in1proved water supply ,vithin I kilometre of their home (\Vl-10 and UNICEF, 2000). 

The lack of clean ,vater ond sanitation leads to o ,vide range of diseases These 

diseases associntcd ,vith lnck or inadequate wnter supply as ,veil as poor sanitation 

includes cholera and typhoid. The most affected groups arc children, immuno­

compromised persons and other vulnerable groups such as aged persons 

According 10 Clasen nnd Bnstoble (2003), contaminated drinking ,vater 1s the main 

contributor 10 an estimated 4 billion ca.ses of diarrohea each year, thus. causing about 

2 2 million deaths, mostly among children under the ages of S Globally, nations face 

the challenge of con111mina1ed ,vatcr, hence, it has led 10 the outcry and need 10 

improve the assessment of the world's ,vatcr sources, which ,viii impact on health 

Springs, underground ,vatcr sources, are ,videly used sources of water They arc 

considered 10 be aesthetically acceptable but poor and inadequate protection at the 

source. as well as, unhygienic housel1old handling practices may lead 10 its 

contamination It is noted that drinking ,vatcr may become contaminated follo1ving hs 

collection from these pro1cc1ed sources and during the storage at homes (Moll ct al.,

2007) 
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The city of Ibadan has about t,vcnty-four identified springs which supply clean water 

10 the different c-0mmunitics in and around ,vhcre tl1ey arc located (SIP, 2004) 

There is dcnrth of information on qWllity of spring ,vater fron1 protected sources and 

the household practices which may contaminate it in Ibadan This study seeks to 

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

household practices that may alTcct its wholesomeness 

1.3 Justilicnlion or the Study 

A reliable sarc wn1cr supply plays an in1ponan1 role in disease prevention, espccinlly 

by facilitating personal, domestic and food hygiene Contan1inn1cd and poorly 

managed ,va1c:r sources can conu1in chemicals, n1icrobiological or radiological ha7.ards 

,vhich can lead to sickness Clean, uncon1an1innted and adequate ,va1cr supply 

improves personal hygiene and also aids in combating diseases 

There is a direct link bet,veen populn1ion gro,v1h and stresses on ,vater supply 

Continuous population gro,Ylh will lead 10 greater ,va1er consumption and was1e II is 

para1noun1 tha1 1he challenge ofwa1er quon1ily nnd quality is addressed as i1 has direct 

impact on 1he heahh of a na1ion's ci1izenry 

This study seeks 10 assess 1he quality of drinking ,va1er from protected spring sources 

from four Local Govemmen1 Areas (LGAs) in Ibadan It involves assessment of the 

physico-chemical parameters, and bac1criological charac1eris1ic.s of ,va1cr from spring 

sources and storage con1aincrs In addi1ion, prevailing cnvironmcn1al and sani1ary 

conditions of 1hc springs and household ,va1er s1orage containers ,vcre assessed 

furthermore. asscssmenl of the efl"cc1ivc use of 1hcsc springs ,vilh regards 10 1he 

optimal, hygienic and consistent use ,viii provide informo1ion on their acccp1ance by 

1hc users 
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1.4 Objcc1iv� 

1.4. l t\111in Objcc1ive 

The main objective of this study ,vas 10 assess the quality of drinking ,vatcr from the 

protected springs and household storage containers and the risk or contarnination from 

household ,vntcr hnndling prac11ces 

1.4.l Specific Objectives 

The specific objective is to 

I Assess the prevailing environmen1al and sani1ary status or1he springs 

2 Determine the physico-chemical quality or water from spnng sources during dry 

and rainy seasons 

3 Determine the bacteriological quality of,vater froot spring sources during dry and 

rainy seasons 

4. De1ermine the bacteriological quality of spring ,vater stored in household

containers

5 Determine the risk of ,vnter contamination from springs and the household ,voter

s1orage con1ainers

6 Assess 1he co1nmuni1y user's knowledge on clfcc1ive u1ili2a1.ion of the springs 
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CIIAYl'ER T\VO 

Ll'rERI\TURE REVIE\V 

2.1 llydrologic/ \V11tcr Cycle 

The hydro logic or ,vuter cycle is the constant movement of ,vat er above:. on, and bclo,v 

the eanh's surface The global hydrological cycle is the set of processes that 

continually n1oves ,vater over and through the surface of the canh and both into and 

through the atmosphere (Kancrakis ct al., 2007) It is a cycle that replenishes ground 

wnter supplies, 

As shown in Figure 2.1, the ,vnter cycle involves the continuous exchange of ,vater 

,vithin the hydrosphere, bet,veen the atmosphere, soil ,vatcr, surface \VOtcr. 

groundwater and planlS The sun, ,vhich drives the \Yater cycle, heats surface wntcr 

bodies. some of this heated water evaporates as vapor Hence:. rising air currents take 

up the vapor alongside \Vith \Vfttcr that transpired from plants and evaporated from the 

soil TI1e \Yater vapor rises and condensed into clouds at places of cooler temperature 

From these clouds, precipitation occurs nnd falls as sno\11, rain or hail, ,vhich 

accumulates and later mehs ond no\vs as surface run-off back into surface \Ylltcr 

bodies or percolates into the soil os infihration Some water infihratcs deep into the 

ground and replenishes the aquifer \vhilc son,c seeps back into surface water bodies 

The amount of precipitation that infiltrates, versus the amount that no\llS across the 

surface, varies depending on factors such ns the amount of \Yater already in the soil. 

soil eon1posit ion. vegetation cover and degree of slope 

2.2 Freshwater 

Freshwater is an imponan1 natural resource necessary for the survival of all 

ecosystems. II is from rain, surface ,vater (lakes, rivers, streams and ice sheets) and 

ground\118ler (springs, wells and boreholes} 
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Frcsh,vater 1s a rcnc\vablc source that people can drink or use for their llllimals 1111d 

crops It can only be replenished through 1hc process of \\'liter cycle The source of 

almost all freshwater is prcc1pha11on from the atmosphere in the form of mist, niin and 

snO\V (USGS, 2006). 

Freshwater in this form contains moteriols from the atmosphere, the sea and land over 

which the nun has travelled In industrialized areas, water from nun, sno\V or mist is 

acidic because of dissolved o,cides from burning fossil fuels, such as ,n cars, factories 

nnd otn1osphcrie emissions of industries. The maJor factor that decreases ovnil11bili1y 

of fresh\vatcr is population gro\vth Global \Voter consumption has increased about 

sevenfold since lhe beginning of the 20th century This hos been caused both by 

population growth nnd by incrca.sc of the per capita \Yater use (Kundze\via, 1997). 

There arc 3 n1ajor sources of fresh ,voter viz. surface wnter, rain\Yater nnd 

groundwntcr. 

2.2.1 S11rr11cc ,vntcr 

Surface ,vatcr is any ,vatcr thnt travels or is stored on top of the ground II is \Wier in 

rivers, lakes or fresh ,w1cr ,ve1land It is noturally replenished by prccipi101ion ond 

naturally lost through discharge 10 the oceans, cwpora1ion, and sub-surface seepage 

O roe. 2011) The only natural inpu1 to any surface water system is prccipi101ion and 

snowmch run-olTto strcanu (Figure 2 I} 
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Son,c examples of surface water include rivers, streams, lakes and oceans Surface 

water is oflen used for large urban supply because rivers and lakes can supply a large 

and regular volume of,vatcr 

Surface water oflen needs treatment before use, because it may be contominotcd by 

faecal and organic n1111erial Rivers and streams have a wide scasonlll variation that 

moy 111Tcct w111er quality In ,Yet seasons, ,vat er may carry a high silt load and there is a

high risk of faecal contamination at the start of the scnson as faeces arc washed into 

the river In dry seasons, the silt load ,viii be lower but the dissolved solids may have a 

high concen1r11tion (\Vl 10, 2006) 

2.2.1 Ralnwntcr 

Rain is liquid water 1n the form of droplets that have condensed from atmospheric 

\Yater vapor and then precipitated It is a major component of Lhc water cycle (Figure 

2 I) and is responsible for depositing most of the frcsh,vatcr on the Eanh It provides 

suitable conditions for ninny types of ecosystem, as ,vcll as ,vater for hydroelec1ric 

power plants and crop irrigation 

Rain,vo1cr has a complex chemical con1position that va.rics from place to place, as ,vell 

as from sho,vcr 10 sho,vcr and sea.son to season in the same pince h contains some 

consLituents of local origin, and some that have been tronsponcd by ,vinds from 

clse,vhere (Carrol, 1962) Chemical consti1uen1s in both rain and dry precipitation are 

added continually to any area of  Lhe eanh's crust 10 become pan of the chemical 

weathering environment 

Rain,vater is  a mixed electrolyte that contains varying an1ounts of major and minor 

ions The sources of these constituents are the oceans, frcsh,vater and saline lakes., 

landmasses, vegetation, manmade industries, and volcanic emanations (Carrol, 1962) 
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2.2.3 Groundwater 

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

beneath the Eanh's surface (Nelson, 2006) Most ground water origina1es from rainfall 

that has entered the soil. Ground\vatcr is in constant motion, although the rote at \Vh.1ch 

ii n1ovcs is generally slo\ver than it would move io a stream because it must pass 

through the intricate passage\vays between free spaces 1n the rock. The rate of 

ground,vater Oow is controlled by two properties of the rock porosity and 

permcabilit y (Nelson, 2006) 

The global groundwater volume is 23,400,000 in cubic kilometers and I 69"/4 of the 

total ,vatcr (Gleick, 1993). In comparison 10 swface water, ground ,va1er con1ains 

higher concentration of natural dissolved materials These dissolved materials usu RIiy 

depends on the composition and solubility of canh • s material that the ground \Vllter is 

in contact ,vith and olso the length of tin,e it has stayed underground 

2.3 Groundwntl'r Sources 

Groundwater is an imponant source of fresh,va1cr ,vhich is considered 10 be the most 

acceptable if handled well It is the water that is found underground, saturating the 

pore spaces and fractures of rocks beneath the earth's surface The ongin of 

ground,vatcr is from rainfiill and snow. as depicted in the hydrologic cycle in Figure I 

\Vhen it rains or sno,v melts, some of the \Voter evaporates, some 111e lost llS

transpiration. while some of the ,veter no,v ovcrlnnd collecting in streams and other 

sources, bence. forming surface \Ynlct The rcrruuning ,vutcr infihrotcs and percolates 

into the ground filling the pores and cracks of  soils and rocks. It moves do,Yll to the 

unsaturated zone and linolly to the snturated zone. where ,vatcr moves through the 

aquifer to springs from where it is dro\Yll (USGS. 2006)
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\Yater found 1n the saturated zone is kno\Yn as groundwater Since ground\wter 1s 

supplied mainly by percolation from the surface. anything \Yhich increases the surface 

supply of a region increases the groundwater of the region (Synd. 1922) Examples of 

such arc the rise of the water table dunng irrigarion season and increase of \Yater in 

wells during the rainy seasons 

There lll'C three mnin types of ground\\llllct They include springs. boreholes and ,veils 

2.3.1 Spring :u • type or grou11dw:11er source 

A spring is a natural ground,vater source II is the poinr al ,11hich ground,vatcr appears 

on the surface Sci-tech encyclopedia defines a spring as o place ,11hcrc groundw,11er 

discharges upon the land surface because the natural now of ground\voler to the pince 

exceeds the no\v from it Oritannieo encyclopedia defines o spring as an opening 01 or 

near the Earth's surface where wnter fro,n underground sources is discharged 

Springs nre favoured ,11atcr sources as they onen produce high quality ,vater, arc 

inexpensive 10 protect and do not require a pump 10 bring the ,vater 10 the surface In 

Nigeria, springs ore regarded as imponanl ground\\lllter sources especially in the 

peripheral and rural areas They arc important not only because they form sources of 

local \\lllter supplies but also because they support perennial nows in large rivers 

(Arcola, 1980) The ,vater quality of springs varies greatly because of factors such as 

the quality of rhe \Yater that recharges the aquifer and the types of rocks the 

groundwater comes in contact ,vith Thus, the spring ,wtcr quality represents the 

general ,vater quality oflhc groundwater 

l\1ost times, springs occur naturally and they arc considered safe sources of drinking 

,wter Figure 2 2 sho,vs the geological formotion of springs. \Vhen properly protected 

and maintained. springs provide consistent supplies of safe and ,vholeson1c water ,vith 
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linle or no microbial load However, during the collection, transponation and storage. 

contamination could occur Though spring ,vatcr is considered 10 be ees1hc1ically 

occcp1able for domestic use, presence of poorly designed pit latnnes, poor ,vas1c,va1cr 

manogcmcnt, poor solid wus1e management as well as poor and 1nadequa1e spring 

pro1ec1ion, may lead 10 con1aJ1Una1ion of ,va1er from the springs \Vllh pathogenic 

bacteria 

If a spring occurs uphill of the community 10 be served, it can be connected 10 a 

grnV11y-fcd piped distribution system If 1he spring occurs do,vnhill o f  the target 

commun11y, the water can be pumped up 10 a storage tank Springs close to sn1all 

communities ,vherc a piped system is not feasible can be pro1ec1cd and ollo,vcd to 

overno,v from 1hc spring box permanently or be connected 10 a storage tank fitted ,vilh 

a lo,v-lin hand pump (\VI 10, 2009) 

18 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Figure 2.2: Geological rorn,ation or springs 

Source: Ull
T

REEO Center, 1998 
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According 10 USEPA (1999) there are I\VO types of spnngs depending on their 

occurrence Although these spring types defer in their occurrence, their forrnarion is 

similar 

I Gravity springs • These occur where groundwater emerges at the surface because an 

1n1perv1ous layer prevents it from seeping do\vn,vards or the \Ylllcr rable is 111 the same 

height as the land This type of spring usually occurs on sloping ground, as shown in 

Figure 2.3, nnd its flo,v changes with variations in the height of rhc water roble The 

flo,v tends 10 vary with the time of ye:u-

2 Artesian springs • /\ncsian springs occur ,vhcre ground,voter emerges at the surface 

aficr confinement ber,veen two impervious !aye.rs of rock. The groundwater is held 

under pressure 11nd comes 10 rhe surface because of a natural brcnk in the rock The 

flo,v is very nearly constant dunng the year (Figure 2 4) 
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Fig 2.4: An Artuian Spring 

Source: \VIIO, 1996 
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2.4 Groundwater Flow 

Ground\vntcr no\YS 1hrough \Yater-bearing formations. known as aquifers at d1ffercn1 

rates It is in constant motion, ah hough the nlle of ,vat er flow is slo\vcr 1han in surface 

water such as streams As is the case for surface ,vater, ground,vn1cr no\vs from higher 

elcwtions (or 

pressures) toward lo\vcr elcwtions (or lo,ver pressures) Ground\vater 00\V 1s 

usually tO\vards II groundwater discharge area (Oruhel, 2006) The slow ,vater no\v is  

bccnusc it n1ust pnss through the intricate pnssogcways bct,veen free spaces in  rocks 

According to Nelson, 2006, lhe rate of ground\vater now is controlled by I\VO

propenies of 1he rock: porosity and pcrmeabilhy Porosity is the perccnrnge of the 

volume of 1hc rock 1ha1 is open space (pore space} This determines the amount o f  

\val er 1ha1 a rock can conrain, ,vhllc, permeability is a measure of the degree to  which 

the pore s1,accs arc in1erconnccted, and the size of the in1crconncc1ions 

2.S Groundn•ntcr Quality 

Groundv.'lltcr quali1y con1priscs 1hc physical, chemical and biological qunlities of 

ground,vnlcr Jain ct al. ( 1995) described ground\vater quality as the result of all the 

processes and reactions which net on the ,vater from the moment of condensation to 

the time of i1s discharge by cir her ,veils or springs, and this varies from pince to pince 

ond \vith the depth of the ,vat er table 

Oruhcl (2006} opined that the quality of ground,vater rcnects subsrnnccs that arc 

dissolved or suspended in the \VOtcr Ground\vatcr usually contains higher 

concentrations of natural dissolved m111crials than surface warcr These materials 

dissolved in the ,voter reflects the composition and solubility of the earth mntcrinls 

(soil or rock) that the groundwater is in contact ,vith as well as the time that ii has been 

in the subsurface 
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Ground\voler quality also depends on the con1posi1ion of the recharge \Yater, the 

intcrac1ions between the water and the soil, soil-gas and rocks \Vilh \Yhich II conies 

into con1aet, and the residence time and reactions that take place within the aquifer 

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

area where rocks of difTerent compositions and solubility occur 

This unique feature of ground\vatcr which renders them suitable for public \VOter 

supply is  their exccllcn1 na1urnl quality ,vhich is free from pathogens, colour, and 

turbidity, hence. leading to its consun1p1ion \Vilhout treatmcn1 (Jain et al., 1996) 

Na1urally, ground,vnter contains mineral ions These ions are ob1ained from soil 

paniclc.s, sediments, and rocks as the ,vatcr travels along mineral surfaces in the pores 

or fractures of 1he unsaturated zone and the aquifer Some dissolved solids may have 

originnted in the prccipi1111ion water or river ,va1er that recharges the aquifer (Haner, 

2003) These dissolved solids found in ground,vater are as a resull of 1he physical 

propeny of ,va1er as an excellent solvent, hence, 11 dissolves and carries most solids as 

it no,vs The quali1y of  ground ,wter dcpicls the quali1y and types of rocks found 

underground 

As ground,vater nows through an aquifer, ii is  naturally lihcrcd The sand and sill are 

fihercd orr through the dilTerent layers of rock This fillcring, combined ,vith the long 

residence 11n1c underground, means tha1 ground,vn1er is usually free from disease­

causing microorganisms The high mineral con1ent, fe,vcr microbes and particulates 

gives groundwater its cons1ant cool tcmpera1ure (Die1rich, 2006) Mjcrobial n1n11cr is 

also a natural constituent of ground,vater. Just as microbes arc ubiquitous in the 

environment around us, lhcy are very common 1n the subsurfoce, including 

ground,vatcr 
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Chemical constituents found in ground water depend 1n pan on the chemistry of 

1>rec1pi1a1ion and the recharge of the water The natural qua.lily of ground\vatcr differ 

from surface water because tho temperature and other parameters arc less variable over 

time unless in instances of pollution Ground\vnlcr from depth and confined aquifers is 

usually n1icrobially safe and chemically stable in the absence of direct conraminalion, 

ho\vever, shallo\v or unconfined aquifers can be subject 10 contamination from 

discharges or seepages associated with agricuhural pracniccs (e g ,  pathogens, nitrates 

and pesticides), on-site sanitation and sewerage (pathogens and nitrates) and industrial 

\VOSICS (WHO, 2006) 

2.6 Prolection or Groundn•111cr Sources 

Protection of ground\vatcr sources is  the prcven1ion of pollution Ground\vatcr sources 

arc onen of good qualuy and may only require source pro1cc1ion and disinfection 

Source protection provides the first baniers in prolection of drinking-\valcr qunllty 

(\Vl 10, 2006) \Vellhead protection is on cxan1plc of ground\vatcr protection, Lhe 

prevention of well \Yater contan11nn1ion 

Source \VOtcr protection con be a eost-encc11ve approach 10 safeguarding a 

community's drinking \Yater supplies By decreasing the conlllminotion of the source 

\Yater, the amount of trcatmenl required is reduced. This may reduce the production of 

treatment by-products and n1ini111i2c opcnitional costs. The benefits accruing from 

source protecuon is belier appreciated when con1parcd 10 the cost (quantifiable and 

non-quantifiable) of failing to protect the water source (Ains\vonh and Jchn, 2005). 

I lo\vard (2002) categorised factors \Yhich may pose as risks to ground\vatcr sources 

These factors enumerated below muse be considered before ground\V8ter protection 

because they may compromise the quolily of ground\va1cr 
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I I 11124rd fac1ors - These are sources of faecal ma1erial loca1cd so lha1 1hey cons1i1u1e a 

risk to the ground1v111er An example 1s a pit latrine overlying an aquifer and close 10 a

water abstraction point 

2 f>a1hway factors - These arc potcn1ial routes by which contamination may enter into 

1hc 1va1er supply Po1h1vay foctors include cracks in the lining of boreholes, improperly 

scaled apron surrounding lhc headwall of a dug 1YCII or borehole. and eroded 

backfilled area or a protected spring Path\vay risk factors onen result from poor 

operation and mBintenancc. 

3 lndirec1 factors - These arc foctors 1h01 rcprcsen1 lack of a control measure to prevent 

contomination and therefore increase the likelihood of a hazard or palh\vay developing 

but do not themselves represent either a hazard or a pa1h1vay An example of this is a 

fence oround the \\/liter source. The absence or a fence will no1 lead directly 10 

con1amina1ion, bu1 may ollo\v animals or human to gain access to the source and create 

either a haurd (through defecation) or a p111h1vay (1hrough causing darn11gc 10 the 

source) 

2.7 S1lring Protection 

Spring pro1ec1ion is prevention of springs from coniominotion Protected springs arc 

considered an inlprovcd \Yater source by the \Vorld Health Organization and thus arc 

counted IO\vards 1he millennium development gonl (1',,IDG) targets. Spring protce1ion i s  

used to provide safe \Vllttr supply Pcrscll ond Almeida (2008) reponed 1h01 

improvement in \voter quality will be achieved by testing and disinfec.ting \Yllter from 

protected springs to meet the UNlCEF/\VIIO standards. As compared \vith trea1mcn1 

of contaminated \Yater, the technique of spring protection is cost cncc1ivc in the long 

run 

Spring \vatcr is generally free from n1icrobcs and oncn safe 10 drink, oner i1 has being 

filtered through soil ond rock, ho1vcvcr. it may be  rapidly con1omina1ed 1vhcn i1 
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emerges at the surface Contaminated surface water nearby or ,vild nnd domestic 

nn,mals, as ,,ell as people ,vho collect or use the wntcr from the spring may pose a 

threat 10 the quality of spring ,vatcr The impnct of spring protection is estimated on 

source ,vater quality, household ,vatcr quality, child health. and on household ,voter 

collection choices and other health behaviors (Kremer et al .• 2006) 

Protc.ction scats off the source of a naturally 0CaJrring spring nnd encases it in 

concrete so that water Oo,vs out from a pipe rather clan seeping from the ground 

,vhere it is vulnerable to contnmination from runolT Spring protection consists of 

construction of a spring box around the point ,vhere \Yater emerges, hence, preventing 

direct contamination (WHO, 1997, Ho,vnrd et al., 2001) A properly protected spring 

is developed underground and the ,vatcr channeled 10 a scaled spring box (Parrou ct 

al .• 1996) Spring protection involves protecting the outlet of the spring The outlet 

should be surrounded by n fence to keep animals and other polluting sources from 

contact 10 the spring The ground surface around the spnng should be constructed 10

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

be funhcr protected by being surrounded ,vith a box, as sho1>.'JI in Figure 2.5 which 

c.,ccludcs dust, vcm,in and larger animals ,vhich may enter the spring (Synd. 1922) 

2.8 Provision of Sustainable hnprovcd \Vnter Supply 

In the 1\/lillcnnium Declaration, the heads of state gathered at Uni1ed Notions 

Headquancrs in New York in Scptcn1bcr 2000 resolved, under the heading "Protecting 

our Common Environment," to stop the unsustainable exploitaiion of ,vater resources 

by developing ,voter management strategics at the regional, national, and local levels, 

,vhich pro111otc both equitable access and adequate supplies (UN. 2000) 

The UN-Hnbitn1 (2003), rcponed th4t problems of ,vatcr stress nre caused by the 

increase demand for water as the city's population, intensive municipal agriculture, 
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comn1ercial and indus1rial uses grow \Va1cr resources management strategies 1ranslate 

bener provision of potable \vat er from other sources such as \Vtlfs and na1ural springs, 

other thnn 1np ,vatcr 

To alleviate 1he shortages 1n ,va1cr supply, \lllrious planning approaches have evolved 

The rccen1 response of the United No1ions Cen1re for Human Settlement (UN-Habitat) 

and the United Notions Development Programme (UNDP) was the h1unching o f  the 

Sustainable Cities Programme (SCP) using the Environmental Planning and 

Management (EP�I) process (UN-llabitat-SCP 2001) As reported by SIP (2004), the 

moin obJective of this prograrnme \\lllS 10 improve environmental factors by 

decentralizing the responsibility from the Federal to the local government, thus, 

aflo,ving the idcn1ifica1ion of environ1nen1al problems, funding. designing ond 

n1anagemcn1 of projce1s 1hrough loenl participation ond involvcn1ent of the community 

users 

2.9 ln1pact of Improved \Voter Supply. 

The primary long-term goal of unproved \vntcr supply is to improve health, 

productivity and living conditions. No.rayan-Parker ( 1993) identified a series o f  

indiea1ors for 1nCASUring the impact of pro1ec1cd springs. These indica1ors arc geared 

towards 1he n1ain1cnance of good henlth for the community users. ln addi1ion 10 these 

indicators \Vhich n1easure long-1erm bcncli1s, immcdia1e results such as in1proved 

health care and availability of good quality \v.ttcr supply, should also be experienced 

Another irnn1cdiote benefit is increased and available time This increased time is then 

utilized for child�re, food prepnration and produc1ivc activity (I loward and Bartram, 

2003) 

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

springs as proposed by Narayan-Porker (1993), is as follows 
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I Sustainability 

Sustainability 1s the ab1l11y 10 n1aintain the effons and the derivable benefits at the 

communities \viLhou1 the de1rimcn1al effects on the environment (Narayan-Parker, 

1993). This indicator implies II problem-solving capacity There arc some sub­

indicators used 10 check the progress or improved w111er supply These sub-indicators 

nre 

a. \\later quolity al the source

b Maintenance or the facility nt source 

e. Kno,vlcdge and skills or users

2 Effective use 

Effective use is the optimal, hygienic and consistent use or ,vater 10 ma-.:imize benefits 

ond minimize negative consequences over an C'l(lcndcd period or time The sub. 

indicators that measure effective use place central ancntion on people. especially 

women and children becnusc they arc the primary users or do1nes11c water 

a Op11mal use - This is the use or fociluics 10 maximize cconon1ic benelits This 

involves number or users. quantity or ,voter used and tin1c taken 10 use the protected 

springs 

b Hygienic use - This is the improvement of drinking ,voter quality aficr it has been 

,vithdrawn from the protected springs. h involves ,voter quality at home, Ltanspon and 

storage practices, home practices 10 improve ,vatcr quality and personal hygiene 

c. Consistent use - This is the use or protected springs throughout daily and seasonal

cycles, over the tire of these facilities h involves the pattern of daily and seasonal use 
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Concrete Plinth 

Gravel 
back.till 

Fig 2.5: Spring Protcction Dox 

Source: \VTIO, 1996 
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3 Rcplicability 

Rcplicab1lity is the ability to duplicate the processes and benefits of protected springs 

1n locations \Yhcrc the springs have not been protected This indicator is a true test of 

the values of developn1cn1 Replicability of a progrnmmc is more likely when there is 

opti1nal use of such projects Thus, proJccts should be based upan the use of local 

people, local skills and the kno\vledgc of the people \Yhich such developments arc set 

up for The sub-indicators that measure replicability arc. 

n Proponion and role of specialised personnel In pilot projects. there should be a 

high 1npu1 of specialised personnel, but when these projects hnvc been completed, they 

should be replicated, \vilh a decline of input from the specilllists \vhile existing staff, 

\vho arc locals should be utilised 

b Established ins1i1u1ional framework - There should be no by-passing of on 

already existing organi1ation, :ind there should also be an increased inter-agency 

collobora1ion 

2.10 \Vatcr Pollution 

Increasingly. surface and ground,vatcr sources are being polluted by pesticides, 

industry ond untreated household \VBste ,vater (\Vl-10 and UNTCEF, 2008) There are 

many octivities that a1Tcc1 the supply of clean, safe and adequate ,veter These are 

llllluml, mon-mndc nnd also natural activities c,'(accrbnted by mnn-made causes 

;\mongst the natural causes, one of the biggest causes afTccting the supply of clean and 

safe water 1s the buildup of sediments over time in surface water, which is as a result 

ofv.'llsh-ofT of soil, silt and organic debris into \Vlller bodies by rain This natural cause 

is made far worse ,vhcn human activities ndd nn extra burden of wash-otT from 

agricultural deposit, industrial effiucnt discharge and dumping of wnste 
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• 

Pollution caused by man-made activiLics which pose major Lhrcat 10 the supply of s.afe 

,vater is from agriculture and industries Run-olT of chemicals (such as ,vced-killers, 

pcstic,dcs and fertili2ers used for agricuhural purposes) 1010 ,vatcr bodies has 

detrimental elTcct to boLh human and ,va1er-bascd living creatures This greatly 

in1petles the supply of clean ,vater leading 10 fast reproducuon of algae, hence, 

reducing the O'l(ygcn level in ,vntcr 

Non-degradable industrial ,vastc discharged into surface ,voters is very luwirdous and 

lhrcatcns supply of clean ,val.er High levels of heavy metals in water sources arc as a 

result of run-olT of these industrial products Pe1rochemical industries have been 

implicated in oil- rich states in Nigeria This hn.s led to the massive destruction of 

aquatic life and lack of clean w111er Industrial discharge of non-treated cmucnt into 

drains ,vhich evcntunlly empty into surface wnters is another source of industrial 

pollution jeopardizing the supply of safe ,v11ter 

Se,vage dispos11l is 11nother major cause of rnan-madc ,vatcr pollution This is a 

problem encountered in developing countries bcc11use of lack of proper human ,vaste 

disposal facilities UN (2000) cstimotcd that JUSI under half the population of the eanh 

(44%) \VOS living ,vith unsa1isfac1ory sc,vage disposal systems Sc,vogc also poses 

major problems during disasters ,vhcn Oood ,voters S\vamp drains. 

2.11 Groundwater Pollution 

Groundwater pollution is delincd as an undesirable change in ground,vater quality 

resulting from natural or hun1an activities (1 laner, 2003) It is a modilication of the 

physical, chemical nnd biological propenics of groundwater 
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Natural pollution of groundv1a1er occurs \Vhen rainfall 1ha1 has soaked 1he ground 

comes in con1nc1 with buried ,vas1c or other contaminants nnd chemicals nnd seeps 

into groundWllter I Tuman nc1ivi11cs can also niter the natural composition of ground 

\Yaler lhrough the disposal or seepage of chemicals and microbial mouer on the lond 

surface into soils. o r  through injection of \VOStes directly into ground \Vlller Although 

1hcrc arc n1any common sources of contaminants. such o.s fenilizcrs and anin1ol 

,vastcs, ground\vnter dilTers from surface water. because groundwater is protected 

naturally (Tianer, 2003) 

Pollu1an1s 1h01 arc fully soluble in \Valer and of abou1 1he same density \viii sprcnd 

through the aquifer at a rn1c related to the ground\vatcr now velocity, but pollutants 

denser thon \Valer will be filtered through sand, s1oncs and silt Thus, even though 1he 

ground is nn excellent mechanism for filtering ou1 paniculatc moucr, such as lcnvcs. 

soil and bugs. dissolved chernicals and gases can still ocour in large enough 

concentrntions in ground \VBter to cause problems 

There is usually a delay bct\veen a pollu1ion incident and de1cc1ion of the con1aminan1 

nt the point of ,voter nbstraction because mo,,cment in the unsaturated zone and now 

in 1he aquifer arc onen slo,v Groundwater often spreads lhc elTccts of dumps and 

spills far beyond the si1c of the original contamination Contamination of groundwater 

is extremely difficult to control, it can render the ,va1cr unsuitable for use and 

sometimes impossible to clean up Over burden of the population pressure, unplanned 

urbanization. unres1ricted e�plora11on policies and dumping of the polluted water 01 

inappropriate place enhance the inliltrntion of hnnnful compounds 10 the ground 

water Substances that can pollu1e ground,vater can be divided into I\VO These nre 

naturally occurring pollu1ants and pollutants produced from human activities (Pandey 

and Tiwari. 2008) 
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Naturally occurring conta.minnnlS include 

I Sea water intrusion - In areas \vhere ground\vater is overexploited, sea \vater 

moves lo the aquifer 10 maintain a balance, thus, the quality of 1he ground\valer begins 

10 deteriorate and the salt conccntrntion increases 

2 Geological formations - The chen1ical composition of ground\vatcr i s  dependent 

on 1he immediate minerals around the vicinity of the ground\va1cr For environments 

containing the natural n1incral substances found in rocks or soils such as iron, 

manganese. chlorides. nuorides, and sulfates., they become dissolved in nnd 

con1a111ino1e groundv,atcr 

3. Lakdriver - aquifer relation -Tircre is a relationship that exists be.t\veen the lake,

river and aquifer, such that if any is polluted, there is a rcsuhing negative impact on 

the others. 

Pollutants from human activities can be broadly divided inlo 3 

I t-.1unicip11I \VOSlc disposal This is one of the major problems encountered in 

developing countries Community and rcsidcnuol \VBSle disposal, including septic 

systems ond improper storage nnd disposal of chcmieals in our homes conlributc 10 

ground water con1aminn1ion Other sources of pollution include poor sc,vcrngc 

systems, municipal ,vas1e,va1cr discharge nnd dump Siles siruatcd ncru- n groundwater 

source This could lead 10 nn increase in the microbiol load (\VHO, 2006) 

2 Industrial disposal - This is common in areas \Yhere factories arc loa11cd Such 

companies or factories dispose their unfiltered waste, ,vhich infiltrates t111d seeps in10 

the groundwater Included in this category arc mechanic ,vorkshops and leakage of 

petroleum products (like beneath fuel filling suuions) The groundwater quality rs 

usually high in heavy metals 

J Agncultural pollutants - TI1c use of agricultural products such as pesticides and 

fcnilizcrs is in1pliea1cd Agricultural pollu1an1s are one of the most ,vidcsprcad human 
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activities Agricultural runolT can lead to increased challenges to 11catment (\\'I-JO, 

2006). 

4 Cemeteries arc another source of pollution for gtoundwa1er They arc oOen 

located at 1he top of hills. and are thus up gradient from the local groundwater Oo,v 

Dccompos1ng bodies ,vithin the cemetery release bacteria, brcakdo,vn products from 

decay and chemicals used for embalming into the local ground,vater supply (Nelson, 

2006) 

There arc t,vo categories of ground,v,ucr polluuon - point sources Md non-point 

sources The point source pollution originates from a point. but the deleterious impact 

experienced is ,videsprcad. Some examples of point source pollution include landfills,

leak nnd spills of petroleum product and leaking septic tanks The non-point source 

pollution is dispersed over brood afCIIS This category of pollutants constitutes a large 

source of potential polhuion Some C'Camplcs arc 1nfihration fron, farm land treated 

,vhh pesticides and fenilizcrs 

Chery {1986) enun1erated son,e e"Camples of point and non-1ioint sources o f  pollution 

I The point sources o f  pollu11on include 

a On-site septic systcn1s 

b Leaky tanks or pipelines containing pctroleu111 products 

c wks or spills of 1ndus1rial chcn1icals 111 manurac1uring facilities 

d Underground injection ,veils (industrial ,vas1c) 

c. Municipal landfills

( Li YCStock \vast es 

g. Leaky sewer lines

h Chemicals used at W'Ood preservation facilities 

�1ill tailings in mining areas 

J fly ash from coal-fired power plants 
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L Sludge disposal areas a1 petroleum refineries 

I Lnnd spreading of sc,vagc or sewage sludge 

m Graveyards 

n Road sah storage areas 

o \Velis for disposal of liquid wastes

p Runoff of sail and 01hcr chemicals from roads and high,vays 

q Spills related to highway or rnihvay accidents 

r Coal tar 01 old coal giuilica1ion sites 

s. Asphalt production and equipn1ent clCllJling siics

2 The non-poin1 sources of pollu1ion include 

11 Fertilizers on agricultural land 

b Pesticides on agricuhural land ond forests 

c. Contan1inan1s in rain, sno,v, and dry 01rnosphcric fallout

2.12 \\later Use 

For the past century, ,v111cr use has grO\\'Tl 111ore than t,vice the rate of  1he popula1ion 

(UN, 2008). The current gulf ,n ,vatcr use bet,vccn rich and poor counlrics is ,vide­

people in indus1ri11li1.cd coun1rics use 30-SO times more ,voter than people in 

developing countries (UN/\V\VAP, 2003) 

Uses of \\'liter occur majorly 01 the household levels for drinking. cooking. eating. 

bathing and laundry; others may occur a,vay from 1he home, example. in industries 

1ha1 use water as a mw rruucriaJ, laundry services, agriculture, transport and recrca1ion 

\Vhi1e el al. (1972) reported that there arc three {J) types of ,vatcr use The water uses 

could be defined in relation 10 normal domestic supply 

I Consun1p1ion {drinking ond cooking) 

2 Hygiene (including basic needs for personal and domestic cleanJ,ncss) 
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3 Amenity use (for instance car washing and lawn ,vatering) 

A fourth category 'Productive use' ,vas suggested by Thompson et al. (2001) ,vhich is 

of paniculnr relevance to poor households in developing countries This fourth 

category includes bre,ving. animal rearing, construction and small-scale hort1culture 

The first t\VO categories- consumption and hygiene-- as suggested by White et al.

(1972) has direct consequences on health both in relation 10 physiological needs and in 

the control of diverse infectious and non-infectious wa1er-rcla1cd diseases 

2.13 Dcncfits or Groundwater Use 

Ground\va1cr 1s 11 highly useful and important fresh \Valer source h is oncn the 

primary source or \Valer supplies for most con1munitics. Ground\valcr dcvclopn1cn1 

has provided signilicon1 socioccono111ic bcncfi1s, in addition 10 the public health 

gains This is due 10 lhe consequent reduction of wa1erbome diseases and infections 

resulting from the use or unclean ,v111cr Ground\vatcr usage hos increased 

significantly over the last decades This 1s prin1arily due 10 its ,videsprcad 

occurrence, overall high quality and reliability Fresh \VBler is limited, bu1 its dcn,and 

increases \11ilh increasing population In plnces \vhcrc surface wa1er is unavailable, 

insufficient, inconvenient nor feasible for consun1p1ion. ground\Yllter hos the 

po1en1ial 10 1nec1 such demands if handled well h is believed 1ha1 groundwater 

accounts for 88% of safe drinking \Valer in l'Wlll communities. \vhere 1he popula1ion 

is dispersed and the infrastructure needed for treatment and 1rans1>orta1ion or surface 

\YOler does not exist (Kumar, 2004) 

This vastly under-valued water resource is considered as one or the keys 10 solving 

1he \vorld ,va1er crisis. h represents 97% or the planet's accessible fresh \Valer 

reserves (UNESCO, 2006) The enormous cconon1ic benefits arc fell in different 

sectors, such as agricuhurc and industries, h supports agricuhurc by providing very 
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significant quan1ities or ,vater for irrigation, especially 1J1 regions where the climate 

is dry and crop production ,vithout irrigation is  no1 feasible Groundwater maintains 

soil moisture, stream Oow and ,vctlonds It is olso ecologically 1mponant 

Although. ground,vater is a highly useful and abundant resource, ho,vevcr, over-use 

can cause major problems to humnn users and 10 1he environment, such as lo,vering of 

,vat er table, ,vhich could result in drying up or springs (Nelson, 2006) Susuunable use 

of ground,vater resources depends on n)casuring the balnncc between the current rote 

or e'<troction and the rate or recharge 

In summary, sround,vatcr serves a variety or needs (FAO, 2008) These needs 

include 

I Agricuhure This is by far the most intensive consumer of ground,vater 

re.sources, especially through irrigation 

2 Industry - This is the second lnrgcst consumer or ground,vater �1ost industries 

tha1 use ,vater- as one of 1heir ru,v materials. for example 1hc cement and rood 

processing industries have boreholes 

3 Household needs for drinking. hygiene and food preparation. These needs are niet 

by ground\\'ater resources 

4 Natural environment relies on ground,v,ucr as the mnin source for the base Oow 

of shallo,v aquifers and ,vet lands, representing an effective bufTer against droughts 

2.14 Drinking \Vat er Quality 

The quality of water that is consumed is ,vcll-rccogniscd as nn imponant transmission 

route for infectious dinrrhoCBI and other diseases (\VllO, 1993a) Sobscy (2006), states 

that contaminated drinking ,vater conlributcs to the global burden of ,vaterbomc 

infectious disease Consumption of ,vater conlaining loxic levels of chemicals may 

also lead to hcahh-comprom1sing conditions 
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\Vater for human consumption mus1 b e  free from all objcc1ionablc odour, 1urbidi1y, 

taste, cntcric pathogenic bactcrio or their indicators and mus1 not nuctuatc in i1s 

quality (Da,vson and Snnory, 2000) MoSt coli forms arc found in large numbers in 1hc 

in1es1inol flora of warm-blooded animals, 11nd 1hus appear in 1hc faeces As a 

consequence, high conccn1ra1ions of coliform detected in drinking ,va1cr an used as an 

indc,c for 1he presence of cn1cro-pa1hogcns (Rompr� et al .. 2002) The faecal bacteria 

found in drinking wa1er arc an indication of a risk from disease presented to 

consumers (Crampton, 200S) 

2.14.1 Phyisco-�hcn1ic:1I 11nd Uactcriological Qu11li1ics or Drinkjng \Vat er.

\\ln1cr quality is defined in tenns of the chemjcal, physical and biological contents of 

,vatcr Water quality guidelines provide basic scientific information about water 

quality parameters and relevant toxicological threshold values 10 protect specific water 

uses (La\VSOI\. 20 I I) 

1'hc quality of ground ,vatcr depends on various chemical constituents and their 

eonccn1ra11on, ,vhich arc mostly derived from the geological data of the panicular 

region lnduslrio.l waste and the n1unicipal solid ,vastc have are the leading causes of 

pollution of surface and ground ,voter 

The availability of good quality ,va1cr is an indispensable feature for preventing 

diseases and improving quality of life It is necessary 10 kno,v details about different 

physico-chcmical parameters Due to increased human population, industrialization, 

use of fcn11izc.rs and man-made activity ,voter is highly polluted ,vith different harmful 

contaminants It is necessary that the quality of drinking ,vatcr should be checked nt 

regular time interval, because use of contaminated drinking ,vatcr could lend 10 ,voter 

borne diseases 
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2.14.2 llcavy mc1a1J in drinkjng \\'Aler 

The e1Tee1s of heavy metals in \Vlller range from beneficial 1hrough aroublcsome 10 

dangerously 1oxic (APMA, 1989). \Vhile some metals are esscn1iaJ, some have 

deleterious clTect 10 health depending on 1hc conccn1ra1ion 

According 10 APl-lA, 1989, A1omic Absorption Spcc1ropho10me1ry (AAS) is a melhod 

used in 1he dc1crn1ina1ion of heavy metals Its use is based on 1he phenomenon 1ha1 1he 

atom in 1he ground state absorbs light of ,vavclengths 1ha1 arc characteristic 10 each 

elen1en1 ,vhen ligh1 is passed through the atoms in lhe vapour state Occause this 

absorption of light depends on the concentration of atoms in 1he vapour, the 

concentration of the torget clement in the ,voter sample is detennined from the 

measured absorbance 

The AAS analyses the light bean, transmuted through the llbsorbing medium ,vhich is 

placed bct\l.ieen the source of radiation and a detector The light bean, is directed 

through the name, into a monochromator and on to a detector that measures the 

amount of light absorbed by the a1on1i2ed clement in the name. Each metal has its o,vn 

characteristic absorption ,vavelcngth, a source lamp composed of that clement is used. 

The amount of energy of the ehnrac1eris1ie ,vavelcngth absorbed in lhe name is  

proportional 10 the conccn1ra11on of the clc1ncnt in the san1ple 

2.15 Drinking \\Inter Qu11lity St1111dnrds 

Drinking wot er quality stondnrds ensures the safety of the drinking water supplies and 

the protection of the health of the general public. The values depicted in Tobie 2, 

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

consumer over a lifetime of consumption 
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In lhe 'Guidelines for Drinldng-\Votcr Quali1y', values for chemical conu1rninan1s arc 

based on 1hc assumption of a 60 kg aduh consuming 2 litres of drinking ,vatcr per day 

(\VHO 2003). For 1he purpose of tnis research, 1hc results of 1hc analysis arc been 

compared to 1he WHO and SON s1andards 

1.16 Household Drinking \Valer Sup11lies 

Domestic water supplies nrc one of 1hc fundamental rcquircmenlS for human life 

\Vnhou1 ,voter, life cannot be sus1aincd beyond a fc,v days and the lack of access to 

ndcqunte wn1er supplies leads to the spread of disease: Ground\\'lllcr is n relatively safe 

source of potable ,voter, but n,ay be contaminated during storage and collection from 

containers In iLS Guidelines for Drinking-\Vatcr Quality, \VI 10 defines domestic 

,voter as ''\vater used for all usual domestic purposes including consumption. bathing 

and food preparation" (WHO, 1993b) 

The quantity and quality of ,voter delivered 11nd used for households is an important 

aspect of domestic ,vatcr supplies It ,nnucnccs hygiene and therefore significant 

health gains occur largely ,vhen ,vatcr 1s nvailnble at household level (1 lo,\llll'd and 

13artrnn1, 2003} \Vatcr is wlnerable 10 contamination by bacteria nt many points in its 

journey from reservoir to n1outh \V111er stored in the home may become contaminated 

during handling if it is not stored and protected properly Thus. ,voter handling is 

pertinent, as ,va1cr ,nay become contaminated before consu1np1ion 
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T1blt 2.1: Ch1r1c1cru1ics ror Drinking \V11tr •nd lht AJJOCilltd llt1hh lmpacl. 

P1ramtltrs Unil or \Vl-10 SON llt1l1b imp1c1S 
mt11urcmcn1 

Temperature 
pit 
T01ol solids 
Total 
dissolved 
sohds 
Elcc1rical 
conducuvity 
Turbidity 
Total hardness 
Alkalinity 
Calc1un1 
Nitr11te 

Phosphate 
Sulphate 
Iron 
�lansancse 
Lead 

Zinc 
Toca! coliform 

£. col, 

·c

n1g/l 
mg/1 

µSiem 

NTU 

mg/1 
msfl 
mg/1 
mg/I 

Amb1cn1 
6 S-8 0 

S00 

400 

s 

100 

'1S 

mg/I O 03 
mg/1 200 
mg/I O 3 
mg/I O I 
n,g/1 0 01 

mg/I S 
IOMP /IOOm 10

I 
'1PN/100ml 0 

Ambient 
6.S-8 S

soo 

1000 

s 

ISO 

so 

100 
0 3

02 
0 01 

3 

10 

0 

None 
one 

None 

?-.one 

None 
None 

Cyanosis and asphyxia 
{blue-baby syndrome) 1n 
infants under 3 months 

one 
None 

Neurological disorder 
Cancer. interference 
with Vitan,in A 
metabolism, n1Tcc1 
menial development 1n 
infants, 10,cic 10 the 
central and pcnphcral 
nervous system 
None 
lndica11on of microbial 
flora 
Urinary tnict 1nfec11on, 
bactcriaemia., meningius, 
dia.rrhoca {one of the miun 
cause of morbidity and 
monaluy among cluldren). 
acute renal failure, 

__________________________ haemolytic a.nocn,ia

Sources: \VIIO (1!>93b) and SON (2007) 
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The hcallh gains accruing from invcs1mcn1s in \Yater arc compromised by Lhc fact that 

\Yater ofien becomes con1aminatcd during dis1ribu1ion or transpon 10 the home, and 

during storogc and handling wi1hin the home (Na1h et al, 2006) Conuunination aficr 

collcc1ion and during 1ronsporta1ion and storage is increasingly being recognised 

\VOrld,vidc as an issue of public hcahh imponancc (Lindskog and Lindskog, 1988, 

Gcnlhc nnd S1rauss, 1997) Wn1cr collcc1ed for domestic u.sc ofien becomes re­

con1aminn1cd (if it was contamina1ed ini1inlly) or f\Jnhcr con1amina1cd by unsafe 

consun1cr storage nnd handling practices al the household level 

Microbial con1amina1ion of collcc1cd and stored household waler is caused not only by 

1hc collcc1ion and use of fnecally con1amina1cd ,va1cr bu1 also by con1an1inn1ion of 

ini1ially n1icrobiologically safe \Yalcr aficr its collection and s1orogc Regardless of 

,vhclhcr or not collcc1ed household wa1cr is ini1ially of accep1ablc microbiological 

quality, it ofien becomes contnminotcd ,vi1h pathogens of faecal ongin during 

transport and s10111ge due to unhygienic s1oragc and handling prac1ice.s (WHO, 2009) 

r:ac1ors conuibu1ing 10 1his problem ore unsoni1ary and inadequa1ely pro1ec1cd (open, 

uncovered or poorly covered) \VDlcr collcc1ion lllld s1orage con1ainers, 1hc use of 

unsani1ary 1nc1hods 10 dispense \Yater from household storage vessels, including 

foccally con1amino1ed hands and dippers, lock of protection against contamination 

in1roduccd by vcc1ors (flies, cockroaches, rodents. etc.) and improper cleaning of 

vessels 10 prcvcn1 biolilm formation and accun1ulo1ion of scdimcn1s and pa1hogens 

(Sobsey, 2002 and \Vrighl et al .. 2004) 

Collccuon, storage nnd handling of drinking \Yaler are one of 1hc major risk areas \Vilh 

respect to domestic hygiene. \\la1cr quali1y for don1es1ic use is an imponan1 

dc1erminan1 of personal and domestic hygiene (Nnth, 2003) The method of \\'lter 

storage can in1pact on the qua.lity of Waler (Crnmp1on, 2005) t-fany fac1ors have been 

implica1cd in the contamination of ,vaicr slorcd in homes, some of \vhich arc: allo\ving 
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domesuc animals to ha11e ac:ccss to .stored water, collccung \\'liter ""'h d1rrcrcn1 d1ny 

ladles/containers, dipping hand into the water 10 fetch from the stonigc containers 

A con,mon ha.z.anl of household ,va1cr ,s contam,nouon by potentially ham1ful bacteria 

and other microorganisms Shon tcnn garuo1ntest1nal disorders and illnesses such as 

sas1ro-cnteri1is, giardiuis. typhoid, dysen1ery, cholera. and hepatitis ha,c been linked 

to water contaminated by microorganisms (Parrott i•I al. 1996) 

Cenain practices have been identified which may be associated ,vi1h the contamination 

o f  household water or the resultant diseases Vessel characteristics such as large,.

n1ou1hs used for ,va1cr collcc11on and storage �lintz cl al, 199S), transferring ,vatu 

from collccuon 10 storage vessels (Lindskog & Lindskog. 1988) and accessing water 

by d1pp1ng h11nd-held utensils rather than via a tap or by pouring (Swcrdlo,v el al

1997) ARcr con1amina11on has occurred. the time or period the ,vater spends 1n the 

storage vessel before consumption (Roberts et al, 2001) may also influence the 

suMval of the bactena Other factors con1nbu1ing 10 greater risks o f  microbial 

con1an11na1ion of stored ,va1cr arc lughcr 1emper11turcs. increased storage times, higher 

levels of airborne panicula1cs (dust storms), 1nndcqun1e hand ,wshing and the use of 

stored \\lier 10 prepare ,vcamng and other foods that also become m1crobiologically 

contan11no1cd and con1nbu1e 10 increased 1nfec11ous discuc nsks (Dunne, 200 I, 

lrocgbu ct al. 2000, Knight et al. 1992, Luby ct al. 200 I) 

lnipro,cmcnts ,n drinl.ing-\\-atcr qualny throush household ,va1cr treatment, such as 

chlonnauon at point of use. can lead 10 a reduction of diarrhoea episodes by between 

)S�. and J�/4 (\VI 10, 2004) I lousehold water 1rca1mcn1 and safe storage (H\YTS) 

,ntervcnuons can lead 10 dran1a11c 1n1provemen1s 1n dnnking ,vatcr quality and 

reductions 1n diarrhoeal disease This pos111"e impact c:an make an 1mmcd1a1c 

dirrerencc 10 the hves of those who rely on ,v111er from polluted rivers, lakes and, in 

some cases. unsafe wells or piped water supplies Sobscy (2002) reponed that simple 

methods of 1voter treatment and storage in the home will improve the microbial quality 

of ,vat er and reduce household ,vntcrbome diseases 
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Many uses or water occur largely at the household (ror instance drinking. eating and 

hand washing), \\hilc others may occur a,vay from the home (laundry and bathing) 

The requirements ror domcsuc supply constitute a very minor component of total 

water withdra,vals (Glcick, 1993, 1996) lo the study on water use p1111cms 1n East 

Africa. \Vhne ti o/ (1972) suggested that three types of water use exists, ,vh1ch could 

be delined in relation to nonml domestic supply consump11on {dnnking and cool.1ng), 

hygiene (including basic needs for pc™>nal and domestic cleanliness) and amcnuy use 

(for instance CM ,voshing. lawn watering) 

2.17 Sanitary Inspection 

Sanitary inspcc11on checklist 1s a form that assesses the lilclihood of occurrence of 

contam1na11on at the spnngs (I lo,,,ard, 2002) The data obtained from the inspection 

aids the conclusion drawn about the on-g01ng status of the springs. ns \\CII as the 

potcnual risks of contamination in the longcr-tcnn From the data ob1&1ned, the major 

nsks ,vhich may lead to contamination arc 1den11fied, so that the required interventions 

may be carried out 

Sannary inspection nnd \\'liter qWllity tcs11ng arc complementary activities, such that 

the findings of each assists the interpretation of the other (\VHO, 2006) Sanitary 

inspcctton provides information that suppons clTccthe decision making. at places 

,.,here quality analysis cannot be performed Combined with blctcnological. physical 

and chemical testing. ,vater sources can be assessed and the possible risks from 

con1o1n1na1ion ore identified, thus, providing o bluis for monitoring. Sanitary 

1nspcc11on allo,vs the nsks 10 be quantified 

45 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CIIAPTI:R TllR£E 

I\IATERIALS ANO I\IETIIOD 

3. I Description or study art a

The s1udy area is localed 1n Ibadan. the capi1al orOyo s111e From the 2006 popula1ion 

census, II ,vns ref)Oncd Lha1 Oyo S1a1e had a populauon or S,S91,S89 (Na1ional Bureau 

ofS1111is1ics, 2006) Ibadan city, which is located 1n 1hc soulh \\est orNigcna with CO·

ordinates or 70 2J' O"N, 30 56' O"E has been rcponcd 10 be lhe largest city 1n \Vest 

;\fnca It is I 50 kilomciers wcs1,cas1 or Lagos and 34S kilometers south -west or 1hc 

Federal capital territory This ci1y ,vtuch ,vas rounded in the year 1820 as a war camp 

has changed 1n10 a big city wuh an average radius or 30 k1lome1ers (SIP, 2004) 

The population or  Ibadan melropolis has increased rapidly rrom 627.000 in 1963 10 

over 3 million in 200-I \Yllh over 3,000 villages (SIP, 2004) Ibadan has been 1he 

hcadquancrs or the s1a1e government since the pnxolonial era At prcscnl, 1he ci1y has 

eleven (11) Local Government Areas (lGAs) with five (5) LGA.5 belonging 10 1he 

cuy ccnlrc, ,�hilc 1he re1na1mng s1,c (6) belong 10 1he pcri,urban communi1ies Figure 

3 I illus1ra1cs 1he map of Ibadan sho,Y1ng 1he 11 LG As w11h the study areas 

3.l an1pling arcM 

Most or the spnngs in this s1udy are located 1n unplanned residential areas Some of 

the populace living in and nround "here these spnngs arc localed arc civil scrvan1s, 

,vh1le some engage in smaJl,scale bus1ncucs. and most of the \\'omen arc housc,vivcs. 

�10s1 of the people found a1 the spring si1cs ,vere women and children 

Ibadan has abou1 1wen1y.four (24) natural springs, which can supply clean ,va1cr 10 the 

con1muni1ies ,vherc 1hcy arc located (Table l I} Of these 24 narural spnngs, only 

seven have been rchabilitatcd/protcc:ted and developed in accordance ,v11h 1he 

SCP/EPt-1 projcc1 viz Agbadagbudu, Sango, Akcu, Onipasan. Adcbayi. Vcmoja. 

Olodo and �toga na1ural springs 

46 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



'.!1 
f'O 

J'IO'H ,.,,,, ...• -
..

::: 
.g 
0 

Ill O ...

�Q 
-
er 

;;; C: 
• 
c.. 

� !: 
'I.. 

CT 

I 0 
!.."° 
V) ..- • C • 
c.. � '< 
> 

� 

i
t: 

i 0 

'"if • 
.." 
� 

• 
� 

•.
::i

NW ,.,� ruN MON 

0 

� 
I 11 

r-

f • Ill r r- 111 m

K 
Gl G') Er C)
)> )> o m'< � a !f z• 
0 g C Oa 

C, a a -• 
��

17S'II 

MSW 

nin, nnl 
IEIARAPA £AST LGA

g: ,. 
f 

., 

·I

'-� .. � \ 
ao 

,.� 
C: 

·I

f 
; 
; 

!f:

� 

l..
,. 
a 
,. 

,..,,, 

'I • 
= 

'! 
! 

,. 

� 
0 '1 .. ,. 

� a 
,. 

• 
� 

•
,i• 

ro:N 

� 
a 

� 
)> 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



l.3 Study DtSign 

The design of the study 1s eross-sec:11onal {Descripuve and labora1ory based) 

3.4 Study Population 

The study population comprises of community members ,,ho use the spring in the 
four Local Government Areas 

3.S San1plc Sh.c C1lcul11ion 

The sample size was calculated using the formula., 

n • 7,o1

pg
d

1 (Kirk,vood and Sterne, 2003) 

n - desired san1ple sile 

Za s1111dard nom,al deviate { I 96) corresponding 10 9S�o confidence interval 

p = prevalence of comn1unity users of SO% that use spring water as a source of \Viler 

(E.romoselc., 2006) 

q .. {1-p)= I-OS

d = precision (O.OS) 

n .. ( I 96)1 x O S X ( I O S) 

(0 OS)1 384 16 

The calculated sample size (384 16) was appro'<im11cd 10 400 10 make-up for non­

responses 

The household sample size ,vas 400 
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Table 3.1: Pronle or Natural springs in Ibadan City 

I 

2 

3 

4 

s 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Name or Spring 

Akcu/Osun 
• 

Agbadagbudu 

Rogon 

·onipasan

Toyapon

Ologbojo 

1\logbaro 

Odo lye 

Alnro 

Olcyo 

• 1\dcgbay1

Arulogun

Odo Baolc

Alamuyo

Omi

Elewi Odo

·sango

·y emoja-Olodo
• 

�1oga

Om1 

Og1d1 

Oloro 

Thirty-Thirty 

O k c -hunu 

Source: SIP, 2004 

Location Local Govt. Arca 

Okc-OfTa/Baba.salc Ibadan North-Easi 

Ycmctu/ near Adcoyo lb.ldan North 

hospital 

Opposite UCH 

Near Oluyoro hospuol 

OkcAremo 

Agugu/Orcmcji 

Tow garden 

Ocyond IP school 

Okc-Oola 

Oke Dada. �lapo 

Adebayi/Old lfe road 

Kokoru village 

0JOO 

Oycmiran Ylllage 

i\dckola village 

Jonkn Arca 

Sango 

YcmoJa 

�loga 

Omi-Adio 

Vcjide road 

Alugbo village 

Dodija 

Alaro 

Ibadan Nonh 

Ibadan Nonh-East 

lhlldan Nonh 

lbadnn Nonh-East 

Ibadan North 

l bad an North

Ibadan Sou1h-\Vcs1

Ibadan South-East

Egbcda

Ak1nyclc

Ak1nyclc

Lagclu

Lagclu 

Lagelu 

Ibadan onh 

Egbcda 

Ona-ara 

Ibadan Soulh-\Vcs1 

lbndan Sou1h-Wcs1 

ldo 

Ibadan Nonh 

Ibadan Nonh 

• Rch1bilit1tcd/pro1cc1cd n1111ral springs
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3.S. t Sample size ulcularion ror uch spring sire 

A proponsonaJ allocalion of the sample size to the seven (7) rehabilitated springs ,vas 

mode because of the differences in 1he frequency of users on a daily basis The ratio of 

the sample size for each spring to the total sample size was proponjonal to 1he number 

of people using 1he spring.Table 3 2 shows the frequency of daily users and sample 

size for each spring 

3.6 S11111ple Collccrion 

3.6. t S[lring w111cr s1111ple collcc1io11 

There ,vcrc 1wo (2) san1pling periods involved (dry and rainy season) for 1hc spring 

sources The ,va1cr san1ples fron1 1he spring sources ,vere collec1ed bc1wccn the hours 

of 8 - 11 am Sani1ary inspection of the spring sites was carried out at the poin1 and 

1in1e of collection of ,va1er samples 10 ob1ain information on 1hc prevailing 

environn1entol ond sanitary conditions of 1he si1es. DupliCAte san1ples ,vcrc collected 

from each spring site for each season A 101111 of fifty-six (S6) ,va1cr san1ples ,ver-e 

collected frorn all lhc spring sites for physico-chemicol, heavy n1e1al and 

bacteriological analysis for 1hc 1wo (2) sampling seasons The ,vn1cr bo11les ,vcrc 

previously ,vashed ,vi1h dc1ergen1s. rinsed 10 prevent contanunotion of lhc san1ples by 

the collecting conuuners 

3.6.2 llouschold water snn1ple collcc1io11 

A simple random sampling 1cchnique ,vas ernployed for the selection of households 

where ,va1er samples were collected. Fony (40) waler samples (10% of the sample 

size) were collected from 1he household storage con1ainers of 1he selcc1cd households 

from the different communi1ics ,vhere 1he spring Siles were located A household 

con1ainer inspection checklist for the household ,va1er �orage contoiners ,vas used at 

1hc point of collection of stored ,va1cr samples from the households. 
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Table 3.1: Fnqueney or Daily Users :and Sample Size ror Each Spring. 

Natural springs Frtqucncy or daily Sample size 

users 

Y cmoja-Olodo 100 ss 

Akcu/Osun 250 138 

Orupasan 60 33 

Moga 200 110 

Agbadagbudu 100 S5 

Adcbayi 5 3 

Sango 10 6 

51 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



J.7 Analytical l\1tthod

J. 7. I Physlco--chtmical analysis 

The physico-chcn,ical parameters \\ere an:ilysed according to the standard methods for 

the C'<amination of water and \YlltC\vatcr (APIIA, 1989) The phys,co-chemical 

paron1c1crs determined included 

J.7.1.1 tlll 

The pll of a solution is the logarithm 10 the base 10 of the rcc,proeal of the hydrogen 

ion concentration h ,s one of the most important opcrnuonal water qualuy parameters 

Values 0-7 arc d1minish1ngly acid. \\-hilc 7-14 is increasingly alkaline and 7 arc 

neutral The pl I of natural ,vat er usually lies in the range 6 - 8 S, ho\vcvcr, a lo\, er pH 

vnlue for \\'liter is likely 10 be corrosive 

Procedure 

The pH of the ,vater samples \,ere determined by the use or a calibrated Jcn,wy pll 

meter The pll meter ,vas calibrated using bufTcr soluuons of pH 4 O and 7 0 at a

1cmpcrn1ure of2S°C IOOmls each of the \\llltcr sample ,vas measured and the pH meter 

probe ,vas ,nscncd into the \Yater samples The pl I reading \YilS taken 

J.7.1.2 Ten1pcraturt 

Temperature \YU determined by the use of a thermometer calibrated in ·c

Procedure 

The temperature \VBS mca.surcd by the use of a thermometer The thermometer \\,-U

dipped into the each \\llltcr sample and the reading taken The thermon1etcr ,vas then 

immersed ,nto d1s11llcd \Yllter before a second reading or the water san1ple \YllS re-

taken 
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J.7.1.3 Eltctriul conducth ity

The Elec:1rical Conductivity (EC) or \Yater is 1hc concentration or d1ssoh ed mineral 

salts 1n the \Ylllcr The propon1on or the different types or salt dissolved in the \Yltcr 

greatly a.fTccts the value EC provides a rapid and converucol means or estimating the 

conccn1ra11on or elcc1rolytes The rcsuh was expressed in micro Siemens (µSiem) 

Procedure 

A calibnued conduc:1ivi1y mc1er was used in the detcrmina11on or EC The conduc:1ivity 

meter \VIS calibrated \Yllh O O I mot/I KCI at 2S°C t OOmls or cac:h \Viler sample \VIS 

measured and the conduc:11v11y meter probe was dipped into the wnter samples The 

EC reading \YII.S taken 

J.7.1.4 Turbidity 

Turbidity ,n dnru..1ng \Yalcr 1s as a resuh or presence or pan1cula1e mDtter h is a 

measure or suspended solids Turbiduy 1s an 1mponan1 opcra1ionnl parameter 1n the 

desc:rip11on or mic:rob1olog1c:al quality or \Yater According 10 Howard (2002), 

combination or 1urb1di1y \vith other paramete,s \l,ould give an odcqu111e description or 

the microbiological qualuy or \Yllter 

Procedure 

The turbidity or 1hc \Yater san1plcs \Vere de1crn1ined by the use or a spcc:trophoton1ctcr 

at a specified ,vavelength of 450nm. The turbidity n1e1cr wos calibrated using distilled 

\Yater tltat "'" poured 1n10 a cuvette The \Yater samples \vcre each poured into the 

cuvcne 1111d ,nscned into the spcc:tr0pbo1omctcr TI,e values or the turbidity values 

measured 1111d read 1n Ncphelomctric Turb1d11y Units (NTU) 
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3.7.1.5 To1al Dissolved Solids (TDSi) 

\Yater with a TDS value of greater 1han S00 mg/I is considered unpalatable (\Vl-10. 

1993b) 

Procedure 

The evaporating dish ,vas cleaned and dried II wns heated 10 redness, cooled 1n a 

desiccator nnd ,ve1ghed to constant ,vcight T\vo hundred and fiOy (250) mis of the 

,vatcr sample ,vas filtered and the filtrate wu evaporated to dryness in 1hc weighed 

dish using a steam bath The dish ,vas removed from lhc steam bath. the outside ,viped 

and the residue dned for one hour at I so·c The dish ,vas ln\l\Sfcrred to the dcsicca1or. 

cooled and ,veighcd h ,vas then returned 10 the oven for a funhcr 10 minutes, 

transferred to the dcs1cca1ors, cooled and \\'C1ghed again Tius process ,vas repeated 

until the weight of the dish plus solid ,vas constan1 The final weigh1 ,vas then taken 

The rcsultnn1 ,ve1gh1 ,vas no1ed by deducting 1he ,,e1gh1 of the dry dish from the ini1ial 

,veight This value represents the 101al dissolved solid The process ,vas repealed and a 

second result obtained 

3.7.1.6 Total solid,

A total solid 1s the comb1na11on of 101al dissolved solid� and total suspended solids 

Procedure 

The e,'Dporaung dish v,as ignited. panially cooled and placed 1n a desiccator to cool 10 

room temperature and v.e1ghed T,,o hundred and fiOy (250) mis of the ,voter sample 

,vas measured into the cvaporaung dish, evaporated to dryness on II steam bath and 

further dned at a tempcruture of 1 os·c for 1-2 hours in an oven h wu then cooled in 

a desiccator and v.e1ghed h was fun her heated for IS minutes and cooled The process

was repeated and a second result ,vas obtained 
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3.7. 1.7 To1al hardncu

1 lardness of water 1s caused by the prc:scncc of  calcium and/or �ncs1um salts 

Procedure 

I OOmls of the ,vntcr sample wu measured 1010 a conical nask Dlld placed on a white 

paper I ml of the already prepared buffer soluuon (16 9g N"H..CL. 143ml l\'11,011 and 

I 2Sg Mg EDT,\ diluted to 250ml with distilled water) \\'IS added for each SOmls of 

1he ,vater S4mple ond then mixed thoroughly T,vo (2) drops of the ind1CAtor solution 

(solution ofO Sg ofEriochrome Block T, 7Sml 1ric11\anolamine Md 25ml alcohol) was 

added to the m1,c1ure In the presence of calcium end magnesium ions, the solution 

turns wine-red The solution was 1mmcd11tcly titrated against the standard EDTA 

solu11on ,vith continuous stuTing A colour change or wine-red to blue was obserYed 

The process ,vu repealed and a second titre result \\'IS obtained 

The result wt1s c.,cpresscd as nlg/1 CaCO, The 101al hardness ,vas calculn1ed using the 
formula 

Total hardness as ms CaCOJL A ,c Bx 1000 
Volume of �mplc (ml) 

\Vherc A - 111ration of sample (nil) 

D - CaC01cqu1valcn1 to 1ml EDTA titnint (mg) 

3.7.1.8 Alk•linity 

Alknlinuy 15 8 n1casure of the capacity or ,w1cr 10 neutralize ocid It n1casures the 

ability o f  O soluuon 10 ncuuul1zc nc1ds 10 the equivalence point or b1carbona1e or 

carbonate ions 

Dctcrminouon of 101al olkohnuy 1s by mcasuring the amount of acid needed 10 bring

the sample 10 8 pH of 4 2 /\1 1111s pl I, all the alkaline compounds in the sample arc 
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used up The principle or the detcm1ination or total alkalinity is by 11tration or the 

sample 10 the endpoint or II suitable indicator (phenolphthalein) Alkalinity is 

ex-pressed in terms of calcium carbonate 

Procedure 

I OOmls of the \Yater sample \Ylls measured into a conicaJ nask and placed on a \Yhllc 

paper Two (2) drops of phenolphthalein indicator was added to the conical Ouk and 

mixed, giving a pink colour The sample \Yas titrated ogoinst a O 02N standnrd H1SO. 

until the pink colour \YIS discharged. The titration \YIIS repeated ond o second reading 

taken 

Alkalinity as mg/I CaCOJ 8 x N :s S0,000 
Volume of sample (ml) 

\Vhere 0- total volume (ml) titration of sample 
N- Normality of acid

J.7.1.9 Su lph1uc (SO/) 

The method of determin111ion of sulphate is known as the gravimetric method 

Sulphate is precipiuited in a hydrochloric acid solution as barium sulphate by the 

addition of borium chloride There is n direct proponionolity be11veen the solid that 

comes out and that in solution 

Procedure 
Two hundred and fifty (250) mis of the ,voter sample 1vas used The pl I of the sample 

was ndJusted with HCL to 5, by using a pH meter Two (2) nils of I ICL was added 

The solution was hcrued to boil, and warm BaCh solution 1vns slo\vly added 1vhile 

stirring gently, until precipitation appears 10 be complete, then l\vo mis in excess ,vas 
added The precipitate ,vns digested 111 80°C overnight A smal l amount of ashlcss filter 
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paper pulp \VU mixed ,vi1h the Baso. The mixture \v.1$ t1'11J1Sferred 10 a filter and 

filtered 81 room temperature The function of the pulp was 10 aid filtn1tion and reduce 

the tendency of the precipitate 10 creep The precipitate ,vas then ,vashed ,vitb small 

ponions of warm distilled ,va1cr unul free of Cl' as indicated by testing ,vi1h 

AgNOJ liNOJ reagent. The filter and precipitate WllJ placed in a we�ghed crucible and 

ignited 111 800 °C for I hour 

Calculation 

mg S0.2
" /L mg 011SO. x 411 6 

mL san1ple 

\Vhcrc 4 I I 6 is a cons1an1 

J.7.1.10 Phos11h11c 

Phosphorous occurs in na1ural nnd ,vas1cwa1crs aln10S1 solely as phosphates 

Phospha1cs classified into onhophosphatcs and organically bound phosphates 

In a dilu1c onhophospha1e solution. ammonium molybdatc reacts under acidic 

conditions 10 form 11 hetc.ropolyacid, molybdophosphoric acid In the presence of 

vanadium, ycllo,v vanadomolybdophosphoric acid is formed The intensily o f  the 

yellow colour is proponional 10 the phosphate conc�n1rauon 

Procedure 

The pl I of the ,vatcr san1ple ,vu tested, 10 nmkc sure 11 ,vas not n1orc than 10 Thiny­

five (35) nils of the ,vatcr sample ,vas n1casurcd into a 50ml volumetric flask. Ten (10) 

ml vanadatc-n1olybda1c reagent ,vas added and the nli'(ture ,vas diluted to the mark 

,virh distilled ,vatcr A blank ,vas prepared in ,vhich 35ml of distilled ,voter \YU$

substiluied for the ,vat er sample Afler IO minu1cs, the absorbance of the san1ple 
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versus the: blank ,vas measu cd · h · r wu a spcctrophoton1eter at a ,vavclength of 470nm
The calibration graph ,vas used 10 take lhc reading 

Calculation 

Mg P0.3'/L = mg PO.lo (in 50ml final volume) x 1000 
n1L sample 

3.7.1.11 Nitrate 

In the determination of nitrate, 2,4-xylcnol was used Nitrate reacts with 2,4-xylcnol 

under strongly acidic conditions to produce nitro,cylenol AOcr the formation, 

nitroxylenol ,vas separated from the solution into sodium hydro-cide solution by 

extraction into solvent and ro-c.-ctraction into sodium hydroxide solution 

Procedure 

The colorimeter ,vas used in the determination ofmtratc Smls of the ,vatcr sample ,vas 

me:isurcd into a 100011 conical nask A blank detcITT1inotion of the reagents was also 

carried out in II conical Oask by e1<cluding the water sample. T,vo mis of mercuric 

sulphate solution and 0.5ml of sulphamic acid solution were added 10 both Oasks, 

mixed and oJlowed to stand for S minutes. One nil of 2,4-xylenol solution ,vas also

added to the On.sks and mixed Fi fie.en nils of sulphuric acid was added slowly 10 both 

Oasks, mixed and cooled by continuous S\virling of the nask under a running cold 

,vnter tap It ,vns cooled to 2o·c and allowed to stand for 30 minutes at room 

temperature 

The contents of the Oask ,vcrc transferred into n 250ml separating funnel by using 1,vo 

(2) successive volumes of about 40ml ,vatcr for rinsing Ten mis of toluene ,vns added,

shook gcnlly for lhrcc minutes and nllo,vcd to scpanuc TI1c lo,ver aqueous layer ,vns
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run-off 10 Wlll1c, ,vhile lhc scp111111ing funnel and con1eni., were ,vasbcd ,vi1h 10ml 

water and the aqueous layer \YllS run-off again to waste Six mis of ,vatcr and four mis 

of I OOg/1 sodium hydroxide were 11dded 10 the 1oluene extrac1 in the separating funnel 

The mixture ,va.s shaken and allo,vcd 10 stand for I 5 minu1cs The lo,ver sodium 

hydroxide layer ,vas run-ofT The absorbancc or both test and blank wa.s n1c.,surcd ,vith 

n colorin10tcr at II wavelength or 220 nm From the calibration graph the number of 

micrograms of nitrale was read The result was expressed as mg/I 

3.7.1.12 Calciun1 

In the de1ermination of calcium, EDTA ,vas used \Vhen it was added to water sample 

containing both calcium and magnesium ions. it combines lirst with calcium Calcium 

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

solution is made sufficiently high (about 12 tolJ) and if an indicator that combines 

,vith calciun1 only was used 

Procedure 

The method used ,vas titrime1ric method Fifty (50) mis of the ,veter sample was 

measured in10 a conical nask and hydrochloric acid W1lS added 10 ncu1ralize 1he 

alkl1Jini1y, using litmus paper as an indica1or. T,,'O (2) mis exccs.s of the hydrochloric 

acid ,vas added, boiled for abou1 J minu1cs and allo,ved 10 cool DI room temperature 

To the solu1ion, 2mls of sodium hydroxide (NaOH) was added and mixed The 

solution ,vas placed on a ,vhi1e paper and 3 Sn1ls or 1he indiauor (murcxidc) ,vas 

nddcd and then s1irred Against this solution EDTA ,vas 1hrn1ed until 1hc colour of 1he 

solution ,vas changed fron1 orange-red 10 lemon-yello,v 

The result is expressed as mg/I and calculated as 1hus 

Calcium as CaCOJ "' A x  Ox IOOO 
Volume of sample (ml) 

\Vhcre A• ti1ran1 for sample (ml)

0 ... CoCOJ cquivnlcn1 to I n1I EDTA u1ran1
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run-off to  \YUSIC, while the scpar1111ng funnel lllld contents \Vere \va.5hcd \Vith 10ml 

water and the aqueous layer was run-off again 10 waste. Six mis of water and four mis 

of I OOgll sodium hydroxide were added 10 the toluene extract in the sef)3f31tng funnel. 

The mixture ,vas shaken and allo,vcd 10 s1and for t S minutes The lower sodium 

hydroxide layer was run-off. The absorbance of both test and blank was measured with 

II colorin,etcr at a ,vavelcngth of 220 nm From the calibration graph the nun1bcr of 

micrograms of nitrate ,vas read The result ,vas c,'(presscd as mgll 

3.7.1.12 Calci11n1 

In the determination of calcium, EDTA ,vas used When it ,vas added 10 ,va1er sample 

containing both calcium and magnesium ions, it combines nrs1 w11h calcium Calcium 

con be directly determined ,vith EDTA in the presence of ethanol if the pH of the 

solution is made sufficiently high (about 12 1013) and if an indicator that combines 

,v,th calciun1 only ,vas used 

Procedure 

The method used was tilrin1elric method Fil\y (SO) mis of the ,vn1cr sample ,vu 

measured into a conicol Oask and hydrochloric acid \YIIS added 10 ncu1rulizc 1hc 

alkalinity. using litmus paper o.s on indicator T\\'O (2) m.ls e."<ccss of the hydrochloric 

acid ,vas added. boiled for about 3 minutes and allowed 10 cool a1 room 1empcn11ure. 

To the solution. 2mls of sodiun, hydroxide (NaOH) was added and mi"<cd The 

solution ,vas placed on a ,vhi1e paper and J Smls of the indicator (n1urexidc) ,vas 

added and then stirred Against this solution EDTA ,vas 1i1ra1cd until 1he colour or the 

solution ,vos changed from orange-red 10 lemon-yellow 

The result is expressed o.s mg/I and calcularcd as thus· 

Calcium os CaCO, = Ax Ox 1000 

Voluo1c of sample (ml) 

\Vhcre A • tilrunt for sample (ml)
B "' CoC03 equivalent to I ml EDT A tit rant
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3.7.1.13 Analysis of Heavy Metals 

The procedure for determination of heavy metals is similar using the AJormc 

Absofl)tion Spectrophotometer (AAS), but difl"crs in their standil!d _solutions, lamp and 

\vavclength Table 3 3 stipulates the standard solutions, wavelengths and name gases 

for the various heavy metals The instruction of the manufiicturcr was strictly 

follo\ved A hollow-cathode lamp for the desired metal was installed and lhe 

wavelength for the metal of interest \Yll.S set. The instrument was turned on and the 

current suggested by the manufacturer applied 10 the hollo\Y•cathode lan1p The 

instrument was allowed to warm up until the energy source stabilizes. A standard 

solution specific for each met.al \YllS aspirated and the aspiration rote of the ncbulizcr 

adjusted. The standard was atomized and the absorbaoce recorded. The \Ylllct samples 

were aspirated for each metal in tum into lhe name and their absorbances ,verc 

recorded The heavy metals \Vere expressed as mg/I, The heavy n1etals that ,verc 

analysed were iron. lead, manganese ond zinc. 
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Table 3.3: Standard Solutions, \Vaveleng1bs aod Flame Gases for 1be Various Heavy 

l\le1ab 

Metals 

Iron (Fe) 

Lead (Pb) 

Standard solu1ions Wavdenglhs (nm) 

Dissolve lg iron \virc in 248 3 

50ml of l+I IINO, and 

dilute to I 000ml \vilh water. 

lml-lmgfe 

Dissolve I S98g lead ni1r.11e, 283.3 

in about 200ml \Yater, add 

I Sml cone IINO, and 

dilute to I 000ml \vith 

,vater; I ml I mgrb 

�l111gancse (Mn) Dissolve 3 076g manganous 279 S 

Zinc (Zn) 

sulphate in about 200ml 

\VIII er, odd I. Srnl cone 

IIN01 nnd dilute 10 1000ml 

,vith water. 

1ml 1mg Mn 

Dissolve lg zinc mc1al in 213 9 

20nll I+ I HCI and dilute to 

I OOOn1I \vith wn1cr; I ml = 

I n1g Zn 

Soun:c: APRA, 1989 
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Air-ace1ylene 

Air-acetylene 

Air-occ1ylcne 

Air-acetylene 
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3. 7 .2 Oacltriologital 11n1lysiJ 

Two (2) methods ,vcre used for Lhe bacteriological analysis· pour plate and the 

multiple 1ube rermentntion 1cchnique 

3.7.2.1 �lultiplc tube fcnnculJltioo 1cchoiquc 

The multiple lube technique is used in cstimaung the number of coliform bac1eria in 

,vn1er, se,vage, milk and ,nilk products (Al'H1\., 1989) 

Three (J) 10ml, three (3) 1 ml and three (3) 0 I ml volumes of the ,vater sample ,vcre 

added 10 MocConkey broth in t-1acCanney boules containing invcned Durham tubes 

to indicate production or ga.s In this technique varying volumes of the ,vatcr san1ple 

were examined in order to obtoin a n1can result The "'1ost Probable Number (MPN) of  

the colirorms in 100ml ,vns computed on the buts of the various combinations of  

positive nnd negative results 

Procedure 

Ten mis of the double strength, one ml and O I ml, both or the single strength of the

t-1lacConkey broth wos dispensed into scre,v copped bonles of oppropriote sizes, ,vith

each boule containing o sterilized invcned Durh1111l tube 10 collect gos Using sterile

pipc11cs. the ,vater san1plcs ,vcre inoculated into the medium as follo,vs Three (J)

10ml of the ,vatcr sample to 10ml double strength, Three (3) 1ml of the water sample

to 5ml single strength and three (J) 0 I ml ,vater sample to Sml single strength The

hollies were incubated ot 37 °C ond examined after 24 hours observed for gro,vth, acid

and gas production The hollies that showed positive results (presence of bubbles and

colour change from purple to ycllo,v) ,vere tabulated and the Ml' ob1oincd from the

McGrady statistical table 
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3.7.2.2 Pour place mclhod

Tbis method refers to the measurement of the population of living organisms i n  a
saniple by culture. The ,vatcr samples ,vere diluted scriaUy The seria.1 dilution enabled

discrete rather than merged colonies 10 be formed. thus. facilitating colony count

Procedure 

One ml of each water sample and subsequent diluents ( I 0·1 ) ,vas measured into sterile 

Petri-dishes by the aid of a pipe11c Ten ml of the molten nutrient agar. �tacConkey 

agar and pseudomonas agar (cooled 10 45°C) ,vcre poured on the samples, one (I)

medium for each Petri-dish The dishes containing the medium and the innoculum 

,vcre swirled gently After solidiliC4tion, the dishes were invened and incubated at 

37°C for 24 hours The total bacterial count ,vere done by counting Lhe different 

colonies on the agar plates oiler Lhe incubation and multiplying by the inverse of the 

dilution factor ( I 03) to obtain the viable counts per ml of the origin RI sample. The 

different colonies ,vere picked from the dishes and streaked on corresponding fresh 

agar plates to obtain the pure cultures They ,vcre gram stained and observed under the 

microscope 

Gram s1aining process 

A smear of  the organism was made on a slide by using a ,vire loop It ,vns emulsified 

into sterile water and allowed 10 dry Crystal violet ,vas used as a stain for 60 seconds 

and the solution poured off (primary staining) It ,vns then rinsed ,vith ,w1er and the 

mordant. lugols iodine was added for 60 seconds, thus, allo,ving the lixing of the stain 

on the cells for visibility under the microscope It was nnsed ,vith ,vatcr, decolourizcd 

with ethanol for JO seconds and rinsed again immediately ,vith water It ,va.s counter 

stained ,vith safarinin for 60 seconds, rinsed ,vith ,vrucr and allo,vcd 10 dry The slide 

was then observed under the microscope 
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l\lcdia 

The following media ,vcrc used 

I Nutrient agar This serves as the bnsic microbiological medium II consists or 
nu1ncn1 broth lo ,vhich 1 5¾ agar ,vas nddcd 

2 l\-1acConkey agar This is a medium based on t.iacConkey's broth but with neutral 

red as indicator h is the selective nnd differential medium for coli forms (members of 

£,1terobacter1occac). 

3 Pscudomonas agar This 1s a selective and diflcrentiaJ medium for pscudomonas 

J.8 l\lr1hods of D1111 Collection 

Qualiiauve and qu.anti1otivc data on the associated prevoiling environmental and 

sanitary conditions of the springs and household water storage conuuncrs ,verc 

collected Information on socio-demographic ch11J11c1cnstics as ,vcll as kno,vlcdge on 

cfTect1\.'C spnng utllizauon and health Slatus was also collected using different 

1 nstru ment 

J.8.1 Focus group discussion 
The Fows &oup Discussion (FGD) afTords one the opponunity to 1nteroc1 ,vith some 

of the commuru1y members, 10 obtain 1nforma1ion that guided structunng of the 

questionnaire For each of the seven (7) areas where the selected springs were located, 

t\\'O FGDs with panicipants numbering �= three and eight were conducted each 

for men and women The FGD ,va, recorded wuh a recorder and translated (Appendix 

I show 1he focus group discussion guide) 

J.8.2 Observation 
3.8.2.1 anitary Inspection for spring, 
Sanuary tnspccuoo (SI) was earned out at the spring sues dunng the period of 
sa.mpling (dry and rainy seasons) The SI forms contained quesuons framed for a yes
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or no ans,vcr, thus indicating the possibility or 1hc presence or a risk foctor All the yes

ans,vcrs ,verc ranked I and the no answers ,vcre ranked o. The questions with yes

ans,vers were summed up, so that the total score of the risks were recorded over all the

possible risk factors, in this case, 13 

The risk scores ,verc graded into rour (4) categories according 10 the degree of 

contamination of the ,wter, in ascending order of the values from no risk 10 very high 

risk no risk (O): IO\V risk (1-3), intermediate 10 high risk (4-6) and very high risk (7-

�) (Appendix Il sho,,•s the sanitary inspection form for springs) 

3.8.2.2 Douscbold water storage container ins11cction 

The household container inspection checklist consisted of ten (10) questions This 

inspection was carried out at households at the point of collection/drawing water 

samples from tl1e storage containers h ,vas carried out for the forty ( 40) households 

where the ,vater samples ,.,.ere collected The questions were also framed for II yes or 

no an5'vcr, indicating the possibility or the presence or II risk factor All the questions 

\Vith a yes ans,ver ,vere summed up, so that the 1010I score of the risks ,vere recorded 

over all the possible risk factors, in this case., 10 The scores ,vere graded into four (4) 

categories according 10 the degree of contamination of the ,vater, in ascending order or 

the values from low to very high low (0-2), medium (3-S), high (6-8) nnd very high 

(9-10) (Appendix Ill sho,vs the household water storage contlliner inspection checklist 

guide) 

3.8.3 Survey 

3.8.3.1 Qu�tionnairc 

A pre-tested semi-structured questionnaire ,vith both open-ended and closed questions 

\VDS used for data collection. A simple random sampling technique was used to select

the 400 households used for the study
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There \Vere (three) 3 sections comprising of questions on socio-demographic 

characteristics, efTe.ctivc utiliu11ion and health stDLIJS Effective utilization had 3 

subsections optimal, hygienic and consistent uses The four hundred (400) households 

were selected for the study t.1en and ,vomcn ,vcrc the primary respondents (Appendix 

IV shO\VS the questionnaire \vith the different sections). 
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CIIAM'ER FOUR 

RESULTS 

Presented in this chapter arc the findings of the s1udy. the results of observation on the 

environmental conditions and sani1ary status of springs, the results of the physico­

chemical and bacteriological analysis of the springs for rainy and dry seasons o.s well 

as the findings of the bacteriological analysis for the ,voter samples collected from the 

household water storage containers The results of the saniuiry inspection of the 

springs and household water storage con1ainers as ,vell o.s infomuuion from the focus 

group discussion and the kno,vledgc of community users on effective spring utilisation 

were also prcscn1ed in this chapter The results arc presen1ed in figures., chans and 

tables showing frequencies. percentages, mean and standard deviation Inferential 

statistics (ANOV A. t·test and correlation co-efficient) ,vere used 10 dctcnnine 

stlllistical significant dilTcrcnccs at p$0.0S of sornc o f t he var iables. 

4. I

4.1.l 

4.1. l. l 

Sanitary and Environntcntnl Conditions. 

Springs in Ibadan Nonb Loc1J Go,,cmmcnt ArCll

Agbadagbudu NnturaJ Spring 

The spring 1s located 111 Agbadagbudu community in the Ycmetu-Adeoyo area of 

Ibadan North Local Government Arca, about 900m from tv1apo Hill. The 

Agbodngbudu natural spring w,ucr project cnn1e 1n10 being in 2004, ns n demonstration 

project The locaJity where the spring is situated is densely populated nnd the 

topography is naturally hilly The spring is protected by a gated \Ylre mesh ,vhich ,vas 

convened 10 a block wall The technology of collecting ,vater is through the use of 

hand pumps filled 10 a reservoir There arc six hand pumps, hence, enabling six 

persons to draw ,vatcr from the rcsc_rvoir 01 the same ume It serves as a major source 
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of ,vatcr for a large number of users fron, the immediate and adjoining communities, 

,vith a daily estimate of I 00 persons during lbc ruiny season 10 400 persons during the 

dry season for the 8-hour period it is opened for use Piute 4 I shows Agbadngbudu 

natural spring after the protection 
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Platt 4.1: Thr Agbadagbudu 11:11111,11 spring locnlct.l in Yrn,ctu, showing 1he six

hand pu,nps. 
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.&.1.1.2 Sango (Odo Baba Dada) Naturnl Spring 

The nan,e or this spring originated from rhe name or the man that discovered ir, Baba 

Dada (Dada's father) The male spring user discussanLS stared rhat they do not kno\v 

hO\V old the spring was, bur they believe it is up 10 30 years, and the man \Yhom the 

spring \Vas llllmed nfler said it has healing powers. Similarly, the \YOmen st1id they all 

met the spring there It is located in Sango lsopnko arc.i or Okc-ltunu in Ibadan The 

spring is located in a hilly and rocky terrain. The environmental and sanitary condition 

surrounding this spring is  very poor. There is an expanse or ln.nd uphill or the spring 

used for dumping refuse nnd wood shavings from the nearby carpentry workshops 

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

faulty solid waste disposal close to the spring \Vere observed Humnn activities around 

this spring can produce lcachearcs that may compromise the qlllllily or the spring 

Plates 4 2 and 4 3 sho\v the spring and the $urrounding environment 
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Plate 4.2: Snngo 11111ural spring lot'atcd 111 Snngo lsop11ko, sho,,•in� the rts<'n•oir

with lht' taps 
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r1a1c 4.3: nu� s11rro1111di11g r11\,ironn1rn1 of Songo sprini: which i_s u1rd nt N'fuse 

dump. 
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4.1.1 Springs in Ibadan North Eas1 Local Covcrnn,cnt Arca 

4.1.1.1 Odo-Akcu (Odo Osun) Natural Spring. 

The Odo-Akcu natural spring is also kno,vn as Odo-Osun II is locataed in Okc-Offa 

Babnsolc area of Ibadan Nonh East Local Govcrnmnct A.rca (LGA}. The length of 

time the spring has been in existence is unknown as many discussants stated during the 

FGO tllat they all n1c1 the spring and so did 1heir parents and older rclaLives. This ,vas

the first natural spring that ,vas rebabilitaled in 1996 by the combined efforu of the 

communi1y, LGA, UNlCEF and 1he Sustainable Ibadan Project (SIP). The topography 

of the area is rocky and hilly The prevailing environmental and sanitary conditions of 

the spring was poor There was a pool of coloured ,vatcr formed outside the fenced 

spring. fron, ,vhcre people drn,v \Ylltcr for domestic chores The spring eye is located 

in a residential area of a communi1y member The immediate surrounding of the spring 

eye ,vas overgrown by weed and faeces of both man and animal could be seen nol far 

from ii Domestic animals had access to this spring eye, and the rcsidcn1s ,vhcrc this 

spring eye was located fetch ,vater directly from it and somctin1cs allo,v people to 

fetch water from there during hours Lhe spring ,vas not open to Lhe public Plates 4 4 

and 4 5 sho,v the women carrying water from the spring and the pool of ,vatcr outside 

of the spring respectively 
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Platt 4.4: \Von1tn carrying Yt attr rrom ,\ktu s11ring 

74 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Plnlc -&.S: 'l'hc surrounding or Odo- kcu ,pring showini: ,111gn11111 "111cr which 
seeps into the sprini: w111cr. 
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Pl:itr 4.5: Thr surroundini:: of Odo-i\kt11 ,pring sho\\in,:: stni:nanl \\'Dirr which 

srrps into 1hr: spring n'Dltr. 
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Pl:itr 4.5: Thr surroundini:: of Odo-i\kt11 ,pring sho\\in,:: stni:nanl \\'Dirr which 

srrps into 1hr: spring n'Dltr. 
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.&.1.2.2 ONTPASAN NATURAL SPRJNG 

The Onipasan natural spring projcc1 ,vas con1plc1cd in 2004 It is localed near the

Oluyoro Catholic hospi1al, Oluyoro area of Ibadan The adopted design technology 

was simply a replication of the Odo-Akeu and Agbadagbudu natural springs The 

source ,vas protected ,vith concrete ,van and a wire mesh ,vas used as a covering. This 

source \\'8S fenced off and secured wi1h an iron ga1e, preventing people from gaining 

access. An underground tank is connected 10 the source, 10 ,vhich six ou1lc1 1aps are 

fLxcd for ,va1er collection This area had I\YO entry and e,,cit gates, The spring was 

localed very close 10 the road The immedia1e environmen1 of 1he spring \Y:lS good, bul 

the surTounding cnvironmcn1 ,vas poor, as observed by the presence of faeces and 

close pro>timity of a rnechanic workshop. Plates 4,6 and 4 7 sho,v the spring and the 

SWTOunding environment 
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Plate 4.6: A child rctchini: ,vatcr frorn tht rticrvoir of Onipnl:tn spring: nnd n 
raulty tap. 
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Plate 4.7: A �·oman washing clothts :iround Onip1u1111 sprini: environs, thus sonp 
fillers and enters the spring w111rr. 
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4.1.3 Springs in Egbcda Local government 

4.1.3.1 Ycmoja-Olodo Spring 

The spnng is located along 1he road from Mona1an 10 two 1n Egbeda local govemmenl 

area IL is believed tha1 1he spring bas been in exislence for a long time because most 

of the users met the spring there_ The area is sparsely popula1ed The spring is not 

fenced. hence animals have access 10 i1 It has no time regula1ion nor is a token 

collcc1cd at the point of  collection The source is prolcctcd \Vith concrc1e slabs and 

covered ,vi1h 1Jnc iron A simple n,c1hod of wa1er collec1ion is adop1ed. Taps are used, 

bu1 1he collecting area is usually over Ooodcd because the taps ,vere always in a s1ate 

of disrepair. The cnvironmenuil condition of 1he spring ,va.s poor The surrounding of  

1he spring ,vas oversro,vn by gross./\ rail line is located ups1rcam of the spring Pla1e 

4.8 sho,vs the collection area over flooded ,vi1h waler 
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Plate 4.8: \Valer loMed nl"CJ'I "'IIC:� "'alcr i_s fetched from 111 Ycmojo-Olodo 

spring. 
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4.1.3.2 Adcgbayi Natural Spring 

Adegbayi natural spring is located along the Ne,v lfe road The Adegbayi natural

spring project ,vas completed in 2004 as a replicate of the Agbadagbudu spring 

Adegbayi is a low density residential area The spring source \VllS protected ,vith a 

concrete ring, and then connected to an underground water reservoir 10 which four 

band pumps were fixed for ,vatcr collection TI1e spring site ,vas fenced ,vith an iron 

mesh with an iron gate faxed 10 it The noor of  the site was cemen1ed, but ,vith an open 

drain A token of NS is collected for a basin. an equivalent of  2S litre gallon The 

environmental and sanitary condition or the spring ,vas poor as observed by the 

presence of a mechanic ,vorkshop and pool or ,vater beside the spring, which ,vas 

overgro,vn by grass. Plates 4 9 and 4 10 sbo,v Adcgbayi spring and the surrounding.s. 
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Plate 4.?: /\d�bayi sprini: showing people fetching w111cr and thc 4 hnnd pun1ps 
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Platt 4.1 O: Titt surroundings or ,\cltghnyi spring ,howing slngnnnl ,\'nltr. 
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-t.1.4 Springs in Ona-ara Lo�al Government Arc.­

.f.1.4.1 l\1oga Natural Spring 

The Moga natural spring rehabilitation project ,vas completed in 2002 It ,vos among 

the three natural springs used as 11 demonstration project from ,vhich replicates ,vcrc: 

made. The spring is located in Moga along Olunloyo and Amuloko area of Ooa-llfll 

LGA The spring i s  believed to have some spiritual inclinations as it is located on 

rocks used as an ori-oke (prayer ground). The tcrTain where this spring is located is 

roclcy and hilly The sanit.ary condition of the spring ,vas poor, as observed by the 

presence of a no,ving river just upstream of the spring and the difficulty of dispo54l of 

liquid waste because of the rocky terrain The pipes connected from the source 10 the 

,vater reservoir had been vandalized, thus, ,vater ,vas then fetched directly from the 

source. The spring serves as the only souroe of ,vatcr for those living around it, 

because of the difficulty of digging wells. Plates 4.1 land 4 12 show the spring source 

and vaodolized pipes 
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4.1.4 Spring$ in On1-1ra l..ocal Govemmenc Aru

4.J.4.1 l\1oga Nacural Spring 

The Moga natural spring rehabilitation project ,vas eompleted in 2002 h ,vas among 

the three natural springs used as a demons1ra1ion project from \Vhich replicates ,vcrc 

made. The spring is located in Moga along Olunloyo and Amuloko area of Ona-ara 

LGA The spring is believed 10 have some spiritual inclinations as ii is located on 

rocks used as an ori-oke (prayer ground) The terrain ,vhcre this spring is located is 

rocky and hilly The sanitnry condition of the spring was poor, as obscrvcd by the 

presence of a no,ving river just upstream or lhe spring a.nd the difficulty of disposal of 

liquid ,vaste because or the rocl.."Y terrain The pipes connected from the source to the 

,vatcr reservoir had been vandalized, thus, water ,vas then fetched directly !Tom the 

source The spring serves as the only source of ,vater for those living around it, 

because of the difficulty of digging ,veils. Plates 4.1land412 show the spring source 

and vandalized pipes 
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PL.A TE 4.11: ·nu: water source or togn s11ring ,vhcn: 11coplc rc1ch ,vn1cr directly.
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Plate 4.12: Vnndnli:icd pipes thllt cnrry \\llltr fro111 lhc source to lhc reservoir 
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.a.2 Physic:o-Chcmiw Parameters or Sp . d . nngs unng Dry and Rainy Sea.sons.

Table 4 I sho,vs the physico-chcmicaJ paramet d · h d 
· · crs unng I c ry season 10 companson 

10 the WHO limits. The mean values for the phys·, ,.,.. .�b 'cal 
· h • .....-.. enu parameters wcre ,vu 1n

the acceptable values stipula1ed by WI 10 guidelines 1-!o,vevcr. the mean values for

phosphate  for all the springs were above the limit of0.03mg/l 

Similarly, during the rainy seasons all parameters except electrical conductivity and 

phosphate had n1ean values ,vi1hin the acceptable limiL The mean values for electrical 

conductivity ofJ springs: Agbadngbudu, Sango and Odo-Akeu (437.5±4.95. 789±11.3 

and 777± I 4) µSiem respectively ,vere higher 1han the \VHO stipulated guideline of 

400 µSiem The mean values for phosphate of all the springs during tJ1e rainy season 

,vere above lhe acceptable guideline limit Table 4 2 shows the physico-chcmiCll.l and 

heavy metal para.meters for the springs during the rainy season 

During the Focus Group Discussion (FGD). 1he n1en in lhcsc communities stated tha1 

the water had no colour. taste nor odour Similar repons about 1he ,va1er were obtained 

from lhe women who also said thal the spring ,vatcr nei1her darkens 1he pot nor storage

containers These repons arc supponcd by the values ob1ained fron1 ,vatcr analysis for 

total hardness during bo1h seasons for all 1he springs The values ob1aincd for 1oull 

bardncss were less than JOOmg/1 s1ipula1cd by the recommending agencies. thus, the 

,vater cannot be regarded as hard water ,vhich darkens s1orage containers and pots 
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Table 4.2: Physico-Chcmio\l Pnran1c1crs ror Spring \\ln1cr S11n1plcs during Rainy Season 

Paramc1cn 

Physical 

Tcmpcr.ibJre (°C) 
pH 
T01.1J solids (mgl 
'> 
T0!:11 d1SSohcd 
sohds (mgt·1)

Elecuicil 
conductivity 
(µSiem) 
T urbidit} (NTU) 

Chemical (mgl'1
)

Total lwdncss 
Albliniry

Calcium 
Nitr.UC 

PhosphJlc 
Sulph.3tc 

Hu� Metal, 

(mgl') 

Iron 

�Ullg:ulCSC 

Lc:id 

z,nc 

ND-Not Dcuctcd 

Agbad.mgbud Sango 
u (l\tcan*5.D)
�lean ± 5.D) 

29 7S:l:O 07 28 15±0 2 
S*I 3 S 45:tO 07 

802.5*3 5-i 1055::7 07 

275±7.07 495: 7 07 

4375=4.95 789:t 11 3 

ND 0 5:t007 

46.15±1.2 52*2.5 

10 45±0.07 12.5±0 
40±0 28 45 25±0 JS 
6.55±0.07 8.1±0 14 
3. 75:i-0.35 6 1±0.14 
6 OS:.t.-0.01 6.5±0.9 

O. l:t0.01 0.21:0 I 
ND 0,02*0.01 
ND 0 01±0 00-1 
ND ND 

Sprini Sources 
Odo-Akcu OnipRSin Ycmoj1- Adcgbayi 
(l\1tan*5.D) (l\1can*5.D) Olodo (�lcani:S. D) 

(l\ltani:S.O) 

28 li4 9 28 10:.S 2 27 95±9 I 27 95:t:9 -I 
6*0.1 5 65.tO 07 6.6±3 I S 7±08 

912.5±17 7 747.5*3 Sol 722.5±3 S 677.5*3 5 

-180±1-1 I 225:t:7 07 1 60:l:l4 I 85±7 I 

777± 1 4 3-17.5±3 S4 170 5±6 4 107.5±7 S 

ND ND 7*3 I 1:0 02 

48.*2 7 36 3± 1 13 553±0 4 65 7±0 2 
15 1±0.1 12,65±0 21 203±0 3 25 4:0 6 
39.5±9 4 23.90±1.56 4 6-1±05 SI 3±0 -I 
9.2±1.2 7 70±0.28 1.5±1 6 8 7±0 I 
6± 2.01 4 90±0 14 3 7±0 I 6 5±0.9 
7 1±0 2 6 50±0 28 S 6±03 10 8±0 3 

0 2±009 0 1±0.05 0 3±0.09 0 1:tO 06 
ND 001±001 0 01±0 01 ND 

ND 0,012:0.008 001±001 ND 

ND NO ND . _ _  ND

\\IHO 
l\l01:a 
(�lcani:S.D) 

27.�.6 • 

6 . 2 ±2  I 6 S-3 5

640±14 I 500-1500

150±11 8 500 

180:l:I -I I 400 

ND so 

508±035 100 
16 15±0 2 �120 
43 75±0 35 75-200
11 75±035 45 
S 1:tO l-1 0.03 
9 35±0 21 200 

0 1±0 0-1 O.J 

ND 0 I 
ND 0.01 
ND :to 
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4.3 Bacteriological Quality of Water Samples

4.3.I Bacteriological Quality of \Vater Sample:$ frorn Springs during The
lbiny And Ory Sea.sons 

The bacteriological parameters analysed \vere TotaJ aerobic plate count (T APC), Total 

colifom, count (TCC), E.colt count and Pse11tlo111011as acn1ogi11osa count (PAC). 

Table 4 3 shows the bacteriological quality of springs during the dry season The mean 

TCC during lhe dry season had a range of (I IS x 1<>1¼70.7 • 11 x 103:.t:356 21) 

MPN/IOOml obtained from Agbadagbudu and Yemoja springs respectively During 

the dry season, the bacteriological analysis for Agbadagbudu and Moga springs 

shO\Ved absence of£. coli. hence there \Vas no faecal contamination 

During the rainy season. the mean TCC had a range of (0.75 x 1<>1¼70 7 - 4 45 x 

IOJ:!:70 7) MJ>N/lOOml, which \YaS obtained fron1 Agbadagbudu and J\dcgboyi natural 

springs respectively All springs sho\ved contamination \vith £.col, as their mean 

values \Vere above the WHO recommended limit of OMPN/IOOml The highest mean 

£.col, counts (I 8 x 101±165 4, I 8 x 101:!:28 9 and I 8 x 101*29.6) �lPN/IOOml 

obtained during the rainy season \Vere from Sango, Ycmoja and Adegbayi natural 

springs respectively Agbadagbudu and Onipasan had Che least mean E.coli count 

(O 02 x 101±2 4 and O 02 x 101±1 S) MPN/IOOml during che rainy season respectively 

(Table 4 4) 

The mean TCC of all spnngs for both seasons exceeded the \WIO limit of 
10�1PN/100ml Albeit above the WHO recommended lin1i1. the leut mean value for 

TCC was obtained in Agbadagbudu natural spring (0 75 x 1<>1¼70 7 and I IS x
103:70 7) MPN/100ml during the rainy and dry seasons respectively Figure 4 I
shows the mean TCC of all springs for both seasons 
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Table 4.3: Dactcriological Qunlity or Springs during Dry Scnson 

Communities Pnrnrntlcn 

TAPC(cru/ntl) TCC (�IPN/1001111) E.coli count PAC (cru/ml) 

l\lcan :!: s.d �1can ± s.d (�IPN/100ml) l\lcJin ± s.d 

l\tc11n ± s.d 

Agb11d1gbudu 14 5 X 101±707 I I 15 X lci3±70.7 ND ND 

S1111go 10 5 X 10J±707, I 4 6 X 10)±565 7 0.)5 X toJ::70 71 ND 

Odo-Akcu 9.05 X 10)±70 7 3 Ix 101:!:1414 0 5 '< 10>:::141 4 ND 

Onipas110 12 X 103±1414.2 9 X Jo':52 91 I x lo':282 84 3 5 x to':707 11 

Ycmoja 2.5x103±721 I 11 x lo':l::356.21 0 7 X 10":\41 4 ND 

Adcgbayi 2J.S x 10'±707 I 10 5 X 103±707 I 0 6-.: lo':UJ 2 2 x 103±72 S2 

l\'loga 1 55 X )o':t:777 8 J.9 X \01±424 26 ND ND 

\\'HO • 10 0 
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Table·'--': Dactcriologitlll Quali1y of Springs during Rainy Sc.uon 

Con1n1unititj Pari1mc1crs 

TAl'C (cJu/nll) TCC (!'IIPN/100011) E.coli count PAC (cfu/ml) 

!'lfci1n ± s.d !'If can :1: s.d (MPN/IOOml) !'llcan :!: s.d 

!'llcnn ± s.d 

Agb1d.1gbudu 10 x l<r±134 7 0 75 X l<r±70 7 0 02 X 103:!:2 4 IS x l(jl±1 2 7  9 

Saogo 23 X 101±189.9 2.lxlol±l41 4 I 8 X tol¼l65.4 o 011 � 1o>:t:o 11

Odo-Akcu 5 15 X J(Y:70. 7 2 2 x 101± 141 4 0.02S x to>:t:7 I 001S � 103::7 I 

Onipasan 16x 10'±142 8 3xl01±3l 7 002x 1o>:1:1 S 0 02 X 101±2 8 

Ycmoja 1 1  x lo'±1414. 2 2 I x l0'± 141.4 I 8 x I 01±28.9 l 25 x 101±70 7

Adcgbayl 20.5 X 10'±707.1 4.4S x 10':1:10 7 1.8 X lo':!:29.6 002x tO'±l S 

Moga 18 5 x I0':!:707 2 35 X IOJ:!:70 7 l X 10)±34 3 Ix 101±17 9 

\\1 HO • 10 0 . 
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4.3,l Bac1eriological Qualicy of\Vater Samples from Springt and Household! 

Table 4 5 sho,vs the bacteriological qualicy of water san1ples for springs and household 

,vatcr storage containers For all the pa.rn.mctcrs analysed (TAPC, TCC, £colt, and 

PAC), the mean values of the samples from the springs ,vere higher than the mean 

values of the samples from the household water storage containers 

�1ean TCC for both springs and household ,v11tcr storage containers ,vcre above the 

WHO rccornmendcd limit of IOMPN/IOOntl. Similarly. the n,ean £..coll count o f  water 

samples from both springs and household ,voter storage containers c.,ccccdcd the \Vl-10 

recommended limit ofOMPN/IOOml. The least mean E.coli count (0.0003 x IOl:tO 02)

�fPN/IOOml ,vas obta.ined from the water samples from household storage containers 

in Sango. Figure 4 2 sho,vs the mean lico/1 count of springs and household ,wtcr 

storage containers against the \VHO recommended limit 
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Table 4.5: Bactcriologicnl Q11ality of \Voter S:unplcs fron1 Sources and nouscholds Sconigc Containcrs 

Co mmunities 

\\'atcr TAPC (cfu/011) 

sam ples l\1can :!: s.d 

Agbadagbudu Spring 10 X 101±134.7 

Household I 8S x I0\!::173 21 

SMgo Spring 2J X l(Y::189 9 

Ho11sehold I Sx IOl±l67.33 

Odo·Akeu Spring 5 15 X 10)±70. 7 

Household I 28x l(Y:i:27136 

Onipnsan Spring 16 x 103±142 8 

Household I 17 x to':!:57 74 

Ycmoj:t· Spring 11 x 10'±1414,2 

Olodo Household I 8Sx 103 :1: 173 21 

1-\degbayi Spring 20.5 x I cf:1:707 I 

Household J.03 x 101±2os 11

�loga Spring t8.5x 101±707 

Household 1.03 x 101 33 :± 86.6 

\VllO . 

ISO· Not De1cctcd 

PARAl\lETERS 

TCC 

(l\f PN/100011) 

l\1can ± s.d 

0 75 x 101±70 7 

0.13 x l(Y±J6 97 

2 1xla1±t414 

0.13 X l(Y±29.44 

2.2 X 103:1:141 4 

0,3 x I 03±,28. 17 

3 x 10'*3 t 7 

0.14 X 103*34 64 

2 I x 103:1: 141 4 

0. IJ X t01:l:J6,97

4.45 X 103±70.7

0.2 x 10>±1 I 55

2 35 '< 103:1:70.7

0 092 X I <r:1:21 67

10 

E.coli count 

(l\£PN/100ml) 
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4.3.3 Comparative Dac:ttriological Quality or Water San1ples Between 

Con1munitics 

Table 4 6 sho,vs the comparative bacteriological qunlity or \\llltc.r samples from 

household storage containers bct,vcen communities that use the spring. The 

bacteriological parameters lhat ,vcre analysed and compnrcd ,vcrc T APC, TCC, E.wli

count and PAC 

The mean values of TAPC for Agbadagbudu, Sango, Odo-Akcu, Onipasan. Yemoja. 

Adegbayi and Moga ,vere statistical significance. F su11istics = SI 496, p<O OS 

The mean values of TCC ror Agbadagbudu, Snngo, Odo-Akcu, Onipa.san, Yemojn, 

Adcgbayi and Moga were statistical significance, F statistics - 3.39S, p<O.OS 

The mean values or E.co/1 count ror Agbadagbudu, So.ngo, Odo-Akeu, Onlpasan., 

Yemoja, Adegbayi and Moga ,vere s1a1istiCAI significance, F statistics= 4.361, p<O 05 

The mean values or PAC ror Agbadagbudu. Sango, Odo-Akeu, Onipasan, Ycmoja, 

Adegbayi and l',1oga ,vere statistical significance. F s1a1is1ics = 166 806, p<O 05
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Table 4.6: Comp:aruon or Bacrcriological Quality or \\1:lltr Snmplcs from I I owe bold Srorage Con111incrs 

Parame1cr Communitie.s l\lcan ± 1.d r statistics P-valuc

l\lean TAPC Agb.icbgbudu I 85 "< l(Y±l73.21 SI 496 0.000 

(cfu/ml) S:ingo I 8" lo>:167.33 
Odo-Akcu 1..28 "< 101.82:.1:27136 
Onip:i.sm I 17 "< 101±57 74 
Ycn,oJn-Olodo 1.85 X 10':t:173,21 
Adcgb:iy1 3.03 x I 01±208 17 
l\log:i 1.03 x I 01

±86 6 
Mean TCC Agb.idllgbudu 0 13 x 101±36 97 3395 0 010 
(l\lPN/IOOml) S:ingo 0 13x 101:2944 

Odo-Akeu 0.3 X 101±208 17 
On1p:1Sm 0 1-1±34 6-1 
YcmoJ:i-Olodo o 13 , 101:36.97
Adcgb:1)1 02x 101:tll..S.S
MogD 92.22:.1:2167

l\1uo E.coli count Agb.icbgbudu 0 0005 x to'±-0 . .SS -I 361 0.002 
(MPN/IOOml) S:ingo 0.003" 1ol±-0.s2

Odo-Akcu 0.001 X ioJ:i:J 27
Omp:isin 0.001 x lol:i:I 73
YcmoJ:i•Olodo 0.132 X lo':i:1)2
Adcgb.iy1 0.72 X lo':i:93.S 31
l\1og:i 0.01 X lo':i:I) 2J

l\1can PAC (cfu/ml) Agb;id:igbudu ND 166.806 0.000 
S3Dgo ND 

Odo-Akcu 0.001 x 10>:1:1..ss 
Oo1p;ism ND 

Ycn10J:i-Olodo NO 

AdcBbll) 1 0 017 '< io'!ic0.58 

l>logn 0 00078 x IO'J.O -l•-1 

ND• Not Dc1ccwd 
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.a.4 Sanitary lnspcctions or Springs and Tious•b Id S C . • . o toragc onu,ners

4.4.1 Sanitary Status or Springs

Table 4. 7 sho,vs the sanitary 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 lens! sanitary risk score of 2, indicating lo,v risk to the consumers The highest 

risks ,vere observed during the rainy season in �fogn, Sango and Odo-Akcu 

-1.4.2 Risk Dctcr,nination or Springs 

Table 4 8 sho,vs the combined risk analysis of the sanitary risk scores and E.col, count 

for the spring sites during the dry and rainy seasons. During the dry and rainy seasons, 

Ycmoja, Adegbayi and Sango ,vcre grossly polluted as evidenced by the results of the 

£.col, count (0.7 x to', 1.8 x to') ?YIPN/IOOml, (0 6 x ICY, 1.8 x 103
) �1.PN/lOOml ond 

{O 3S x ICY, 1.8 x 103
) MPN/IOOml respectively Ho",·evcr, 1\dcgbnyi hod o sonitary 

risk score of  S and 6 during the dry and rainy seasons respectively, indicating 

intermediate 10 high risk of ,vatcr contamination 

The highest risks of  ,va1er contamination ,vith a corresponding gross pollu1ion as 

indicated by ihe sanuary scores and E.col, count were obtained from Yemoja, 

Onipasan and Sango during the dry season Similarly. the highest ri�ks of ,va1cr 
· · 

d 
· the ra·,ny s·�·"n were obtained from Ycmoja Moga and Sangocon1am1nauon unng .....,., 

(Figure 4 .3) 

· , sMllary risk score (Si: I .9) and E.coli
Positive correlation {O 44 l) cx1s1s between mean 

3 N/IOO I during the rainy season Negative correlation(·
count (I x 10 ±23 I.OS) MP m • 

. . k score (6 14*2 34) Md Ecol/ count (0 SJ x
0 275) exists between mean sannary ns 

l<r:t:1 30 38) MPN/IOOml, during the dry season (Table 4 3)
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Table 4. 7: Sanit.ary Status of Springs during Dry and luiny Seasons

Spring sources Sea.son Sani1ary risk Lc,•cl or Risk 

score 

Ycmoja-Olodo Dry 7 Very high risk 

Adcgbayi s [ntcrmcdiate to high risk 

!\loga 9 Very high risk 

Agbadagbudu s lntermcdinte to high risk 

Onip11san 7 Very high risk 

Singo 8 V cry high risk 

Odo-Akcu ? 
- LO\Y risk 

Yemoja-Olodo Rainy 9 Very high risk 

Adtgbnyi 6 lotcrmcdiate to high risk 

J\1oga 10 Very high risk 

Agbadagbudu 6 lntermcdiote to high risk 

Onipasan 6 Intermediate to high risk 

Sango 10 Very high risk 

Odo-Akcu 10 Very high risk 
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Table 4.9: Combined Risk Analysis of the Sllllitary Risk Scores and £. Coli Count for the Spring Sites During the Ory nnd 
RJ\iny Seasons. 

Spring sources Sea.son Sanitary Le,·cl or Risk E.coli COUNT •CATECORY •QUALITY Corrcl111ion
risk score (� I PN/100ml) REl\lARK co-efficient 

Ycmoj1-0lodo D"· 
• 

7 Very high nsk 0.7 x l<Y D Gross 0441 
pollutton 

Adc&bayi s lntcnncdi;uc to high 0.6 X lo' D Gross 
nsk polluoon 

l\loi;a 9 Very l11gh nsk 0 A No pollunon 
Agb1d1gbudu s I ntermcdi:i.tc to high 0 A No polluuon 

nsk 
Onipasin 7 Very lugh nsk 0.5 X lo' D Gross 

pollution 
Singo 8 Very lugh nsk 0.35 X 10) D Gross 

pollutton 
Odo-Akcu 2 Low nsk 0.S X 10> D Gross 

pollutton 

Yemoj1-0lodo luiny 9 Very high n.sk I 8 X to' E Gross -0 275 

pollution 

Adcgbayi 6 l111cnnedi:uc to lugh 1,8 X 10> E Gross 

nsk pollutioo 

�toga 10 Very lugh risk I x 10> D Gross 

pollutton 

Acb1d1gbudu 6 ltuenncdi:ue 10 lugh 0.02 X 101 C lntcrmcdl:uc 
nsk poll.u1ion 

Onipasin 6 ln.tcrmed1:itc to lugh 0.02 X 101 C ln1cnncd1:11c 
nsk polluuon 

S1n10 10 Very high r1.1k I 8 x IC
Y E Gnns 

polluuon 

10 Very high nak 0 0.3 x 10' C fo1cnnc."duatc 
Oclo-Akcu , .... ,llutton 
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0 1 

E 

D 

C 

B 
• •• • •'•
'• 
' 

•I 
•• 
' • 

. . .... . . . . . .. .

A 

No risk 
No 

action 

2 3 

SrJ (D) 

' 

' • •••••• 

Low risk 
Low action priority 

•• •• • 
I ' 
'' • 

4 

.. . ........ 

. ' •• •' ••'
• • •• • • • 

5 
. '.' .. 

sr1 (R) 

SPl(D) 

6 
' . . . . . 

Sr6 (R) 

Sr6 (D) 

Sr4 (R) 

' 

I nttrmtdiatc 10 high risk 
l-lightr action priority 

7 
... • 

SP4 (D) 
SP5 (0) 

. ... ' ..

8 

SPl (D) 

.. 

29 
. . . SPl (R) 

SP5 (R) 

SP7 (R)

SPJ (R)

• 
••• • '• 
. • ••••••••••••••

. 
'• •• • •• •••••••• 
• 

• 
I•
' ••••'•• • 
. 

•••••
••• ••••
' 

_. 

. .......... 

SP7 (D) 

Very high risk 
Urgent action priority 

Codt: SPl(Dl: Agb:id:tgbudu dry sc:::\Son, SPI (R): Agb:Kbgbudu r:iiny sc:ison, SP2 (0): Snngo dry 5C:1Son. SP2 (R): Snngo l':IIJl} s=n.

SPJ (Dl: Od�Akc:u dry season. SPJ (R): Odo-Akcu nuny sc:uon: SP-' (0): Orup:isin di) sc:ison. SP4 (R): Onip:is1n r:11n) sC350o.

SP5 (D): YcmoJ:i dry sc:ison. SP5 (R): Ycmoj:i r:iiny sc:ason, SP6 (D): Adcgb:i) 1 di) 1c3.SOn. SP6 (R): Adc:sbn) 1 r:uny SQSOn. SP7 (DJ: f\lop

dry IC310ft, SP'7 �R): !\.tog;i r:uny 1c:uo11 

Y'is,urc 4.l: Conabiaed rkk analyab of ,anhary ri•k •core end F-coll t'.'ount or 1J1c- •e" irn (7j procect.c<J •pr-in•• dtJrlu,: dr, •nd ,.tn; •�,uu,-,
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.a • .&.3 Sanitary Status or Household \Vat,r Storage Containers 

Table 4 9 shO\VS sanitary status of household water storage con1ainers for communities

who use protected springs The least mean sanitary risk sc:orc of 3 6 :I: 0 2, was

observed from the waler storage containers of households that use Onipasan natural 

spnng This implies that there is a low risk of "-'liter con1amination from the

households that use Onipasan natural spring. The household water storage containers 

from the users of other springs bad in1crmcdia1e to high risk of contamination 

.&.4 • .& Risk Dctern1ination of Household \V1ucr Storngc Containers 

The risk determination of household \Yater storage conlllincrs is shown in Tobie 4.1 O 

The household \Yater storage containers in Vemoja and Adcgbayi indicated gross 

pollution with mean E.coh count or (0.13 x l<Y:1.21 4 ond O 72 x IIY-¼43.61) 

}.1PN/100mls respec1ively 

Negative correlation (-0.0072) exists be1,vcen mean sanitary risk score and E.colt

count (Table 4 I 0). 
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4.4.3 Sanitary Status of Household \Vattr Storage Containers 

Table 4 9 sho,vs sanitary status of household water storage con1ainers for communities 

\\ho use protected springs. The least mean sanitary risk score of 3 6 ± 0.2. ,vas 

observed from the ,vater storage containers of households that use Onipasan natural 

spring. This implies that there is a low risk of ,vater contamination from the 

households that use Onipasan natural spring The household ,vater storage containers 

from the users of other springs had intem1cdiatc to high risk of contamination 

4.4.4 Risk Dctcnninntion of Household \V111cr Storage Containers 

The risk determination or household ,vater storage contnincrs i s  sho,vn in Table 4, 10 

The household water storage containers in Yemojn and Adegbayi indicated gross 

pollution with mcnn £.coli count of (0.IJ x l<Y±21.4 and O 72 x l<Y±4J.61) 

�1PN/100mls respectively. 

Negative correlation (-0 0072) e.xists between mean sanitary risk score and £.col, 

count (Table 4 IO) 

103 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.9: S1ni11ry Status or Household n·1ttr storage cont:aintrs

1,oc11ion 

Agb1dagbudu 

Singo 

Odo-AJ.cu 

Onipa.san 

v,moja-Olodo 

Ade:gbayi 

�log• 

Sanitary risk scort 
5±02 

5± 1.3

5 ±0.9 

36±02 

47S±l13 

4.67 ± 0 81 

4 89± I 02 

104 

uvtl or lllik 
lntcnncdia1e risk 

Intermediate risk 

Intermediate risk 

Lo,v risk 

lntenncdiotc risk 

ln1cm1odiatc risk 

ln1cnncdiatc risk 
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� --�--- -- ,_ 

Table 4.10: Risk Dctcrnliniuion or Household \Viucr Storng, Containers. 

Location -

�lean sanitary Risk clnssificntion i\lcnn £.coli count Ca1cgory Quality rcm1rks Corrcbcion 

risk score (�I PN/1 OOnll) cKfficicnl (R) 

Agbadngbudu 5 ± 0.2 ln1cnncdia1c risk 0 0005 X 103 :t O 05 B Low pollution 

Sango 5 ± 1.3 ln1cnncdi111c risk 0,018 X 101 :i: 3 7 C Ln1cnncdia1e pollution 

Odo-Akcu 5±09 ln1cnncdiate risk 0.001 X 10' :i: 0.4 B Low polluuon 

Onipasin 3.6± 0.2 lo\V risk 0 001 x lo'±O II B Low polluuon 

Ycmoja- 4.75 ::I: I 13 Lnlennediate risk 0 IJ2x l0'±214 0 Gross polluuon -00072

Olodo 

Adtgbayi 4.67 ± 0,81 Intermediate risk 0 720 X IOJ 
::I: 43.61 0 Gross pollution 

�loga 4 89± I 02 Intermediate risk 0 018 X 103 
:I: 6.2 C Lntcrmcdiatc pollution 
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Plalt> 4.13: lnlt>rvit>-.L"r. tnansl:ilor and wo,nrn group 11flt>r 1hr foc1n group 

diJcussion. 
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.t.S Community Survey 

4.5,1 Socio-Dernographic CharacteristiC! of Natural Spring Users 
A total of 400 respondents ,vcrc surveyed for the study The mean age of the 

respondents ,vas 38±14 years, ,vith a range of 14 10 90 years (Figure 4.4). Three 

hundred and thiny-four (83 4%) of Lhe respondcnlS ,verc women T,vo hundred and 

ninety-six (74%) were married, 72 ( 18%) were single, 7 (I 8%) ,vere separated, ,vhile 

25 (6.3%) were wido,vcd Most of the respondents (98.5%) were Yoruba More than 

half of the respondents (56.5%) practice lslnm ,vhile 43.5% ,vere Christians (Table 

4 11) 

�1&JOrily of the respondents (47.9%) had secondary school education, 23 5%

completed primary education. 11 6% received tertiary education, 0. 7% hlld Islamic 

education, ,vhile 16.90/4 had no formal education (Figure 4 5) 

Almost half (490/4) of the respondents were house,vivcs, 15% were self-employed, 

11% were anisans while 8% and 3 8Yo were civil servants and professioniils (Figure 

4.6) 

One hundred and ninety-three (48.J•/4) of the respondents received an income of 1001 

-10000 naira per week, 17 5% received an income of 100 - 1000 nairn, ,vhile 2 8%,

O.S% and OS% of the respondenis received an income of 10001 - 20000 nnira, 20001 -

30000 llllnl and 40001 - S0000 naira per week rcspec1ivcly (Table 4 11)

One rundred and fifty-nine (39 8%} oontnbuted S - 100 na,ra daily to the spring. ,vhile 

8(2%) and I (0 3%) of the respondents conlributed between IOI - 200 Mira and 401 -
500 rwra daily 10 the springs (Table 4 11 ). 
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The age distribution or the household n1cmbers ,vas almost even. � 5 were 19 7%,

I�• were �60years, 27,8% were between 2S-S9 years, 21 7% were bet,vccn Lhe ages

of 13-24 years, while 20.8% ,verc between 6-12 years (Figure 4 4) 
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Figure 4.4: Age dis1ribu1ion or 1he respondents 
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Table .&.1 1: Respondent's Socio-Demographic Characteristics (N-400)

Socio-demognpbic features Frequency •;. 
Su 

�!ale 
66 16 6 

Female 334 83 4 
�larital status 
Single 72 18 
�1arried 296 74 
Separated 7 1.8 
Divorced 0 0 
\Yidowed 25 63 
Ethnic group 
llausa 3 0.8 

Yoruba 394 98 5 

Ibo 2 05 

Tiv 0.3 

Religion 
Christian 174 43.5

Islam 226 56 5 

Respondent's wcckJy income (Tn naira) 
1 00- 1000 70 17 5 

1001- 10000 193 48.3

10001-20000 I I 28

20001-30000 2 05

30001-40000 0 00

40001-50000 2 0.5

No response 122 30.5 

Regular contribution co the spring (In naira) 
S- 100 159 39 8 

101-200 8 2 

201-300 -

301-400

401-500 I 03 

No response 232 58 
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1, .• 

• PnmuyNlualJOn • Second1ryNfucatlon • Tcrtl1ryN1ucatlon

• Islamic ecucauon a llo rormal educallon 

Figure 4.S: Educational <1u11lificatioo of rtspondenu 
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"-(Farmers. hajr dressers) 

Figure 4.6: Occupalional s1111us of rcspondcnls 
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figure 4.7: t\gc distribution or households 
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,.5.2 

,.s.1.1 

Knowledge on Effective Spring Utilization 

Knowledge on Optimal Use 

�1ost of the respondents (93 .3%) had access to the spring. Of the respondents that 

stated that they had no access, 25 9% said they had a well, 14.8% stated they had 

children that were too young, 7 4% said they \Vere tenants, J. 7"/o said only the \vivcs 

fetched water fron1 the spring, \Vhile 7.4 % said it was because of the cnvironmcnl 

(Table 4.12) 

The respondents stated that the mean distance 10 fetch \vater from the spring to the 

house was (494.52±29.6) meters. The mean number or times ,va1cr 1s fetched daily 

was J 02*0 4 (Table 4.12) 

The spring users stated that mean time ii took to fetch \Yater before the protection was 

(52 Ol*.5 45) minutes, while the mean 1ime i1 1akes 10 re1ch ,va1er aner the protection 

is (20 83±1 03) minutes, 1- 10, p<0.05 (Table 4 IJ). There ,vas sta1istical significance 

in the time ii 1oolc to fetch water before and aner the protection This result was 

supponcd by the women, who reponcd during the FGD that "time for fetching water is  

better, we fetch the water and leave whenever ,ve come and ,ire do not waste time 

again" 

�1ore than half (56 8%) of the respondents stated 1ha1 they sometimes had long queues 

wbcn fetching water, 38 5% said they always had long queues, while 18 (0 3%) 

persons said they had never experienced long queues when fetching water from the 

springs (Table 4 12) 

�iaJority (71 �/o) of  the spring users stated that the pro1cc11on of the spnngs have

saved time, while 28 3% said there has been no tin1e saved from the pro1ccuon of the 

spring Of the percentage that stated that time has been saved, almost half(49 5%) said

114 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



that they have utilized the tin,e saved for domestic activities, 33 (8.3%) persons used

the time saved for business., 4 5% utilized it for their work, I person utilized it for

education, ,vhilc 2 3% engaged in  other activities like spons (Table 4 14) During the

FGD, the men usins the spring supponcd the response that one of the advantage of 1he 

time saved has helped to ensure that their homes arc cleaner 

The respondents reponcd that the mean volume of water fetched daily ,vas (186±32.8)

liters �1ore than half (53.8%) agreed that the volume of water has increased aflcr the 

protedion, ,vhile 185 (46 3%) disagreed th111 there has been an increase in volume 

afler Lhe protection Of the total of 215 respondents that agreed thnt there has been an 

increase in volume or Wllter after the protection. 82 stated that they utilized the 

increase in volume of water for domestic chores. 66 persons reported that there is an 

improvement in their hysienc, 8 persons used it for business, 23 respondents stated 

that it makes thing convcnjent, while 11 staled that it saved tin,e (Table 4 14) 

For the ccooomic/ agricultural gains accruing from increased volume or water aOer 

protcaion. 8 4% stated that the benefits ,vas utilized for farming. 49 2% used the gains 

1n beuer nutrition. 28 4°/4 reared livestock. ,vhilc 8 4% was involved in some business 

(grinding machine, sale of pure water) (Figure 4 8). 

Three hundred and eighty respondents s111ed that they u.sc the spring water for 

washing clothes, 378 (26 6%) said they clean their homes with the ,va1er, 0 9% stated 

that they do some form of  business with the water, 291 (20 6%) staled 1ha1 they drink 

11, ,vbile 25 2-/o said they cook with 11 (Table 4 14) 
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Table 4.12: Optimal Spring Use 

\
11riables 

-Access to the spring by evuyone 

Yes 

No 
Reasons for no access to spring 

Presence of well in the house 

Too young children 

Tenants 

Only wife has access

En\rironment 

No response 

l\ltJin distance from spring to house (1nc1ers) 

!\lean number or times water is fetched daily 

Ua\'ing long queues for fetching water 

Sometimes 
Always 

Never 

No response 
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Frequency 

373 

27 

7 

4 

2 

I 

2 

I I 

494.52±29 6 

3 02±0 4 

227 

154 

18 

I 

93.3 

6.8 

25 9 

14 8 

74 

3 7 

7.4 

40 8 

56 8 

38.5 

4.5 
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Table 4.13: Comparison ofTin1e it Takes Respondents to Fetch \Valer Before and 

After the Rehabilitation/Protection 

Time it takes rcspondcnts to 

r,tch wat,r 

Btfore the protcctionlrchnbiliuuion 

After the protcctionlrchabili1ation 

l\1can * s.d 

52 03*5 45 

20.83±1 03 
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•Fanrung

• Rcanng of ln'tSlodc

•Others•

•- Al1b11ru (Cllrrying load), ll11ir ntsaking 

• Business (gnndlngnuch,nc, pure water c.Lc)

• Ocucr nutn11on

Figure 4.8: Econo1nic/agricul1unil g11ins 111ribu1ed to increase in waler voluntc 
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Table 4.14: Optimal Water Use 11 Uoweholds

Variables Ff«1uency o/. 
-Saved Lime rrom re1c:hing waler

Yes 
287 71 8 

No I IJ 28.2 
Ac1h•i1ics from 1hc saved lime 
Domestic 

198 49.5 
Business 

J3 8.J
\\fork 18 4.5 
Relaxation 8 2 
Study I O.J
Other activities 9 2.3 

o response 20 5 

�fun ,•olumc orwatu felc.hcd daily (liters) 186-.t:32 8 

Increase in water volume after protection 
Yes 215 53 8 
No 185 46,2 

Benefits or inc.ttA.Scd volume 
Domestic 82 20 S 

Bencr nutrition 66 16.S

Business 8 2 

Convcruencc 23 S,8 

Sa,'CS time I I 2 8

No response 2S 64 

\Vatcr uses 
Cooking 359 25.2 

Dnnking 291 206 

Business (sale of pure water and ice block c t c) 13 09 

\Vaslu.ng 380 267 

Cleaning • 378 266 
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4.S.1.1 Knowledge on hygienic use

�tajority (98%) of the respondents stated that they used plastic containers for fetching 

water from the spring, ,vhile I 8% and O 2% said they used clay pots and metal

containers in fetching water respectively More than half (55%) ofthc respondents said

that their containers for fetching ,va1er had no cover, ,vhile 180 (44%) persons slated 

that their containers for fetching water had covers (Table 4 t 5) 

Three hundred and sixty-one (90.3%) respondents stated that they used plastic 

containers in storing water at home, while 34 and 5 respondents stated that they used 

clay pots and mew containers in storing water at home. Mos1 (93.5%) of the 

respondents stated that their ,vatcr storage containers had covers. ,vhile 26 persons said 

that their ,v.uer storage containers had no covers, One hundred and thirty-six 

respondents staled that they wash their ,vat er storage containers every day, \Yhile 23 7 

and 27 respondents said they ,vashed their ,vater storage containers on alternate days 

and only when dirty respectively (Table 4 15)

Almost all (99"/4) the respondents said that they had a ladle for dra,ving ,vater from the 

storage containers, while only 4 persons had no ladles Of the proportion of  

respondents that had ladle, 288 used plastic cups, 54 used bo,vls, 4 used calabash, 

while 8 used swnless cup Forty (10 2%) rcsponden1s stated that they ,vashcd the 

ladles every day, 138 said they washed them on aJtemate days, ,vhile 218 washed the 

ladles only when dirty (Table 4 15)

�1ajori1y (61 3%) of the respondents stated that children had acc�ss to ,va1er s1orage 

conta.Lners, while 151 said th.at children h.ad no accc:.ss 10 1he ,veter storage container 

�1ost (370) of the respondents said th.al they had d1ITercnt water storage c-0ntainers for 

cooking/drinking from other purposes, while 29 rc.ipondents said they used the same 
wa1cr conwncr for all purpose 
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P.lorc than half (211) of lhe rcsponden1s said they had no pelS or animals, ,vhile 189 

said lhey had pels/animals Of the proponion of respondents that had pets/animals,

17 5% said the pets/animals had access to 1he water storage containers, while most

(82.5%) of the respondents said their pets/animals bad no access 10 the storage

containers (Table 4.16}.

Two hundred and fifty-two (63%) respondents said they never t.rcat the ,vatcr, 82 

respondents stated that they sometimes treat the water, ,vhile 66 said that they al,vays 

treat the water. Of the proponion that practice some form of ,vater t.reatn1ent, 12% 

boil, 9"/4 filter, while 20-/4 add alum.

r-.1ost (82J¾) of the respondents said that there has been some improvements in the 

hygiene practices because of the spring protection Of this proponion, 195 stated that 

good hygiene was a benefit., 29 said domestic ,vas a benefit, while 69 respondents 

Stiled that imp.roved health was one of the hygienic benefits accruing from the spring 

protection (Table 4 16)
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Table 4.15: liygienic Use of Water ContAiners

V1ri1blcs 
Frequency 

Con11iner lype for fetching water from
spring 
Plastic 392 
Clay pots 7 
�ietal I 
Presence of cover for water-fetching 
container 
Y� 180 
No 220 
Container type for water s1on1ge lit

homes 
Plastic 361 
Clay pots 34 

M� S 

Presence of cover for "'Aler storage 
container 
Yes 
No 
\\'ashing or water storage container 
Everyday 
Alternate days 
Only when dirty 
Presence or ladle used to obtain water 
rrom the water storage contJ1iner 
Yes 
No 

T)'pe or ladle used to obt.ain water rron1 
the water stonage con12ioer 
Plastic rup 
Bowl 

Calabash 
Stainless cup 
No response 
\Vuhing or ladle used to obtain w11cr 
rrom the water storage containtr 
Everyday 
Alternate day 

_ Only when dirty 
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374 

26 

136 

237 
27 

396 
4 

288 
54 

4 
8 

42 

40 

138 

218 

98 

1.8 
02 

45 

ss 

90.3 
8.5 

1.3 

93.S

6.5 

33 
60.2 
6.8 

99 
I 

72 
13.5 

I 
2.5 
10 S 

10 2 

34 8 
55 
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Table 4.16: Hygienic \Yater llandling Pnacticcs at lJome 

Variables 

Access of children to stonage container 
Yes 

'o 
No response 
Oilferenl water slonige conlainer for 
cooking/drinking from olbcr purposes 
Yes 

No 
1on:sponsc 

Presence of ptls and animals 
Yes 

No 
Access of peu/anima1s to waler sloragc 
containcn 

Yes 

No 
\Yater trutment practices 
Sometimes 
Always 
Never 

1)'J)t or treatment used 
Boiling 
Filtnuon 
Addiuon of alum/other chcm,caJs 

Bruer hygiene practices accruing fron1 
spring protection 
Yes 

No 
llygienic benefi1s or spring prol«:tion 
Good hyg_icne 
Domestic 
Improved health 
No response 
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Frequency 

245 61 3 

I 5 I 37.8 

4 I 

37 0 92 5 

29 7 3

I 0.3 

189 47 3 

211 52 8 

33 17 5 

156 82 5 

66 16.5 

82 20 S 

252 63 

48 29 27 

36 21 95 

80 48.78 

)29 82 3 

71 17 8 

195 59 3 
29 88 

69 21 

36 10 9 
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�.S.1.3 Knowledge on Co,uistcnt Use 

Fifty-three (5.JS¾) persons stated that there are streams/rivers present in the 

community, 33 I said they had access to ,vells, 56 snid they had boreholes, ,vhile 110 

said they had access to pipe borne water Twenty-nvo (3 1%) respondents said they 

preferred streams/rivers before the sprins protection. 235 stated that they preferred 

\\cUs, ,vhilc 210 and 128 stated they preferred rain ,vater and spring before the 

protection of the spring respectively After the protection of the spring, the highest 

proportion (197) of the respondents stated that they preferred rain water, 176 said they 

preferred the spring \Yater, 186 snid they preferred ,vells, 57 said they preferred pipe 

borne water, ,vhile 31 and 22 respondents stated that they preferred ,w1er vendor and 

boreholes (Table 4 17). During the FGD. the ,von,cn said ''\ve prefer the natural ,vatcr 

because we use the water for everything unlike the other sources th.at ,ve cannot drink 

or cook with" 

t.1ost (92 8) or the respondents reported that they never mix the water from all the 

sources, 19 persons stated that they sometimes mix the ,va1cr, ,vhile 0.8% of the 

respondents reported t.hal they ahvays mix the ,vater from all the sources they use 

(Table 4 17) 

A high (88 8%) proportion of the respondents staled th.at they fetch ,vat er at anytime of 

their choice, while 11.3% reponed that they can only fetch ,voter at the time the 

spnngs arc open to the public Two hundred and ninety (72 5%) respondents stated 

that they preferred to fetch water in the morning, S4 reponcd that evenings ,vu their 

preferred time for fetching water, while IS (J 8%) stated that they fetch water at their 

convenience (Table 4 J 8) Most (309) of the respondents sta.ted that they had "•'lier 

shonagcs during dry season Three hundred and s1xty-t,vo (90.S��) of the respondents 

5aJd that dry season was their season of lughest wa.ter USC. I l persons said rainy 

SC&son, while 19 (4 8%) reported that t11ey used water equally dunng both seasons 
(Table 4 18) 
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Table 4.17: \Yater Sources in the Community

\'ariablcs Frequency (%) 
Presence or other water source, 
S11camlriver 

S3 5.38 
\Vell 3 31 3 3  6 
Borehole 

S6 5 69 
\Veter vendor 82 8.33 
Rain ,va,er 353 35 83 
Pipe borne ,vatcr 110 11 17 
Preferred source of Yl'ater before spring
protection 

Stream/river 22 3 I 
\\'ell 235 33 6 
Borehole 24 3 4
\Vatcr vendor 18 2 6
Rain ,vater 210 30 
Spnng 128 18 6 
Pipe borne water 61 87 
Preferred source or water after spring 
protection 

S11cam/rivcr 9 1.3 

\Veil 186 27 4 
Borehole 22 32 
\Vatcr vendor JI 46 
Rain water 19 7 29 I 
Spnng 176 2 6
Pipe borne water 57 84 
�liiture of'l\•ater front all sources 
Sometimes 19 48 

Al11o'lys 3 08 

'ever 371 92 8 

No response 7 I 8 
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Table -1.17: Water Sources in the Comn,unity 

V1ri1bles Frequency (%) 
Presrnct or othtr w11,r sources 

Suwnfriver 
53 5.38 

\Veil 
331 3) 6

Borehole 
56 5 69 

\Valer vendor 82 8 33 
Rain ,v.a1cr 353 35.83 
Pipe borne \VBICr 110 11 17 

PrtJtrrtd source or water berorc spring
prolttlion 
Stream/river 22 3 I 

\Vell 235 33.6 

Borehole 24 34 

\\la1er \endor 18 2 6

Rain \\"alcr 210 30 

Spnng 128 18 6 

Pipe borne water 61 8 7

Preftrrcd source of waler aft,r spring 
prottttion 
Stream/river 9 I 3 

\Vell 186 27 4 

Borehole 22 3.2 

\V11cr vendor 31 46 

Rain \1\"aler 197 29 I 

Spring 176 26 

Pipe borne wa1er S7 84 

\1111urt or water from all sources 
Sorncumcs 19 48 

Always 3 08 

Never )71 92 8 

No response 7 I 8 
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Table 4.18: Time for Waler Use 

\'1ri1bks 

Abilil)' co fetch waler al anytime 

Yes 

No 

PrrJurtd lime for fecching waler 

�torning 

Evening 

Convenient time 

Every lime 

Aficmoon 

No response 

Susonal water shoruge.s 

Rainy 

Dry 

No response 

Scalon or highest �·atcr use 

Dry 

Ramy 

Both seasons 

?-.o response 
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Frequency 

35S 

4S 

290 

S4 

IS 

12 

21 

8 

I 

309 

90 

362 

13 

19 

6 

-­

_..-,,..,.,...._ -·

% 

88 8 

11.3 

72 S

13 S 

38 

3 

S.3

2 

02 

77.J

22 S 

905 

3.3 

48 

I S 
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,.5.l 
Knowledge on nealth Status 

Thirty-five (30.43%) respondents reported Lhat Lhcre ,vas malaria outbreaks before the 

spring protection, 32 said there \vas outbreak of thypoid, while 21 stated that there ,vas

diarr<>heal infecuon outbreak before the spring ,vas protected. Most (90.5%) of the 

respondents stated that there has been no disease occurrence ofter the spring

protection. or the proportion of respondents that reported that there ,vas occurrence or

disea.sc a_ficr the spring ,vas protected, 13 persons ,vere children under S years, 19 ,vere 

children be1,vecn (6- 12) years, ,vhile 6 ,verc adults (25-29) years Of the proponion or 

respondents that had disease n_ficr spring protection, 5 (13 2%) or the respondents 

reported deaths from the disease outbreak (Table 4.19). the discussants during the 

FGD said that the water bad hea.liog powers and that they were not a,vare of any death 

Tlurty-two (84 2%) or the total proportion or respondents that reponed that there ,vas 

disease outbreak said Lhey seek help when they were sick. or this number, 10 were 
prompted to seek help when they ,vere sick, 3.12% ,vere prompted 10 seek help ,vhen 

it wu urgent and I person when the sickness got ,,"Orse T,vcnty-seven (84%) 

respondents reported that they sought medical attention from hospitals ,vhen they were 

sick, ,,<hile 3 (9 3"79/4) and 2 (6 25%) persons reported thnt they sought help from 

cbenust and clinics when they were sick. More than half(59.3J0/4) of the proponion or 

persons that were sick frequently sought medical attention, 3 persons sought help 

v.hcn iick. while 6 (18 77"/4) persons sought help once in a ,vhile (Table 4 20} 
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Tabk 4.19: Disease Outbreak 

\lariables Frequency Pen:entnge 

Disea.St outbre•k before spring 
-

pro1cc1ion from waler use 

�talaria 35 3043 

Thypoid 32 27.83 

Skin rashes 24 20.87 

Diartohea 21 18 26 

Other 3 2.61 

Diswe occurrence after spnng 

protcclion 

Yes 38 95 

No 362 905 

Agt or arrectt'd pcrsons (years) 

Under S's(�) 13 3.3 

Children (6-12) 19 48 

Adults ( 25-59) 6 1.5 

Dtath.s rrom disca.se outbrcak 

Yes 5 13 2 

No 33 868 

Otbtrs - cholera and dyscntt'ry 
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Table 4.10: Re.Ith Seeking Behaviour

Variables Frequency •1.

Sffk help when sic:k 

Vcs 32 84 2 

No 6 IS 8 

Promptings lo seek help 

Sickness 10 31 2S 

Difficu II)' 17 53 14 

Urgency I 3.12 

Geu worse I 3 12 

No response 3 9.37 

Places where medical a11cn1ion WIS

sought 

Oinic 2 6.25 

llospitaJ 27 84.38 

Chemist 3 937 

Frequency of n1t<1iul visiLS 

Frequently 19 S9 37 

T" ice a \\'ttk ) 9.37 

\\'hen sick 3 9 37 

�«e:ssi1y I 3 12 

On« in a while 6 18 77 
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CIIAPTER FIVE 

DISCUSSION 

Inadequate and poor qualit Y of drinking ,vater is regarded as one of the ,vorld' s major 

causes of preventable morbidity and monality Potable water should appeal to

consumers and should also be free from con1an1ina1ion of oil sons. Often than not, this

is not usually obtainable because of the great property of ,vatcr as a universal and 

excellcnl solvent and a vehicle for transmission of substances ,vith resultant pollution 

from the different sources 

S.1 Quality of\Vntcr rrom Protected Springs

This study sho,ved that the result or the physico-chemical analysis of the springs was

of good quality, as most of the parameters ,verc ,vithin the limits of the recommending

agencies

There were slight variations in the pH values for Sango (5.1±0.9 and 5.45±0 07) and 

Onipasan (5.7±0 6 and 5 65±0 07) during the dry and rainy seasons respectively 

These sho,vcd pH values lower than 6 S-8.S as recommended by \VHO and SON; 

hence, malang the water slightly acidic Such lo,v vnlucs in the pH ,vere also observed 

Ill water samples from Agbadagbudu (5±1.J) and Adegbayi {S 7±0.8) during the rainy 

season The lo,v pl I o bserved in some of these springs could hnve been as a 
con.sequence of carbon dioxjde saturation in the groundwater In a research conducted 
by Oyamukama et al, (1999), he rcponcd th.at soils contain high concentrations of 

arbondioxide whlch dissolves in  the groundwater, hence. creating o ,veak acid 
capable of dissolving any silicate mineral These Ouctuauons in pll may ICAd to an
1ncrca.sc or decrease in the toxicity of poisons in ,w1c_r bodies (Ali, 1991). Although

pH has no ruroct impact on consumus. 11 is one of the most important opcra11onal 

water qual11y parameters 
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The pll of J\gbadagbudu and Adcgbayi had values below the recommended limil 

during the rainy season. ,vhile Sango lllld Onipasan had values belo,v the

recommended liniit for both dry and rainy season This in1plies that the water obtained

from lbcse springs at that time ,vas slightly acidic The lo,ver lhe value of the total 

hardness. gave n correspondingly lo,v values for the pH 

Another association ,vas sho,vn to exist bet,vecn the totnl dissolved solids and the 

electrical conductivity The highest values of the totnl dissolved solids were obtained 

from Sango for dry (395mg/L) and rainy season (480mg/L), and the highest values of 

electrical conductivity ,vcre obtained from Sll!lgo for dry (175 µS) and rainy (789 µS) 

season$. Hence, higher values of totnl dissolved solids ,vhere obtained fron1 ,vatcr 

sa.mples ,vith high elccrrical conductivity 

During the dry season, the results of the electrical conductivity for the springs were 

within the recommended limit of 400i1S/cn1 stipulated by the \VHO. During the rainy 

seaSOI\ all springs except Odo-Akeu (777±9.4) µSiem, Agbadagbudu (437 5±4 95) 

µSiem and Sango (789±11.3) µSiem, had wlucs greater than the recommended limit 

For the higher the values of the tolnl dissolved solid, gave a corresponding increase 1n 

the values of electrical conductivity The electrical conductivity increases ,vith more 

ions in the wa.tcr These findings were supponed by Hll!lcr, 2003, ,vho reponed that 

Lhcrc c:xisLS a relationship between electrical conductivity ond total dissolved solid, 

bccau.sc by measuring the water's clccrrical conductivity, the total dissolved solid can 

be determined and u such. at a high tolal dissolved solid coocentrntion, the ,vater 

becomes saline Owing to the differences in the solubiliues of minerals, the 
concentrations of TDS in water vary These results obt81ncd from Sango could be 
explained by the presence of a large expanse of land beside the spnng which is used as 
a dump site by carpenters and also as an open sue where people defecate 

For both seasons, the mean turbidity values for all springs were within the 
1ecommended limit of 5NTU by \VHO, except Yen10Ja- Olodo, ,vhich had a mean 

131 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



value of (7±.J I) NTU during the rainy season The value obulincd from Yemoja­

Olodo is not surpnsing, owing to the fact 1ha1 1he WBter sample collected from this

source dunns the rainy sea.son was visibly unclear 

The values obtained from the nnalys1s of nilnlte from 1hese springs sho\ved higher 

values during the rainy season as  compBred 10 dry season. except for Onipasan (12 and 

7 7mg/L) and Adegbayi (9 9 nnd 8 7mg/L) where the results or 1he dry season \VIS

higher thlln the rainy seasons respectively These rcsulu agree ,vi,h Ho,V11Id (2002),

who believes 1h111 nitrate conccn1ra1ion n1ay show seasonal peaks. with higher values 

obtained as ,vet season progresses and declining during dry season The concen1ra1ion 

of ni1ra1e in ground\votcr is normally low but can reach high levels as a result or 

leaching or runoff from agricultural land or contamina11on from human or animal 

WUICS (\Vl 10 2006, Le,vis /JI al, 1980) 

All 1he heavy metal paran1e1ers had excellent results, ,vi1h only lead being on the 

borderline or 0.0 I n,g/1 ,vhich ,vas recommended by 1he regulatory agencies. The 

results sho,ved 1hat nil 1hc values that ,vere obtained for lead ,verc ,vithin the 

ma,cimum rooommcnded limit of O Olmg/L During dry and rniny seasons, lead ,vns 

round 10 be present in the ,voter samples from Sango The presence of lead in the \vatcr 

sample from San go could be as a result of the huge expanse of land beside the spring 

used as a refuse dump site Lcachcotc fron1 these refuse containing lead could infiltrate 

into the ground and n1ovc 10 the ,va1cr table. thus. polluting the ,vater 

Lead ,vos also found in samples from Onipasan and Ycmojn,Olodo during the rainy 

season, ,vhile Adegbayi sho,ved the presence or lead during Lhe dry season These 
values obtained could be otuibuted 10 the 1>rcv1uling economic activities around the 
environs of the spring Oniposnn and Adegbayi arc located close 10 mechanic 

workshops and battery charger business This explains the presence or lead in the 
spring water, because ii is used principally in the production of lead-acid balleries,

• 
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solder and alloys (\VHO, 2006) Depending on the level and duration of c.,cposure.

intake of lead can result in a wide range of biological effects. Exposure 10 lead could

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

nervous systen\S 

5.2 Dactcrlologle11I Quality or \Vntcr Snn111lc.s front Protected SJJrings. 

Fron, the result of this study, it shows 1h111 the bac1criolog1cnl quality of ,va1cr from 

these protected springs ,vcre poor O\Vlng to the prevailing environmental and sanitary 

condi11ons The values obtained for the analysis ofTAPC during the dry season ranges 

from (7 SS x 1<>1- 2 5 x 101>efu/ml, ,vith �1ogn having the ICMt value 11nd Vcmoja­

Olodo ,vith the highest vnlue, and fron, (S IS x 101
- 2S" 101)cfu/ml during the rainy 

season. ,vith Odo-Akeu ,vith the least value and On1pasan with the highest value 

During the dry season, only 2 springs sho,ved presence or Pse11don1011as acn1g111osa,

,vith the highest value obtained in Adcgboyi Psl!11don1011as acn1g111oso \Vll.S round in 

all the springs during the roiny season, thus in1ply1ng 1ha1 the ,vors1 contamination 

troubles usually conic during the rainy season, when infihnuing ,vatcr carries the 

,vaste directly 10 the ground,vnter supply This is corroborated by Sautter (1998), ,vho

observed 1h111 the ,vorst contamination occurs during the rainy season 

For both seasons. nll the ,vater samples had faecal coliform counts above the \Vl-10 

guideline The ranges of TCC ,verc from I 150 to IOSOOl'vlPN/IOOml during the dry 
season and (0.7S x 101 to 11 x 10>) �1PN/100ml during the rn,ny season The presence 
of very high TCC in all the spring ,vatcr snn,plcs indicate gross pollution of these 

sources, ,vhich could be nssociiued ,vith the prevailing poor environmental and 
S.1ni1ary conditions as depicted by the sanitary inspection results Refuse dumps,
racccs, smell of urine, ,vaste disposal site upstrcnn, of the springs, no,ving and
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�agnant ,vater which was observed close to lhcsc springs could account for the

palluuon and high bnctcnal load 

In this study, the bacterial faecal indicator, E. col,, was used to provide an insight ,nto

the ,veter quality from the venous springs and households The presence or£. coll in

drinking water denotes that the water has been racc:ally contaminated and therefore 

presents a potential risk of excreta related diseases Sare drinking ,vater should have 

nil r coll in 100 nll of water (WHO, 199Jb, \VHO 1997) The bac1eriolog1cal quality 

of these springs i s  comparable to similar studies carried out earlier in (badan (ltah ct

al., 2006: Oloruntoba and Sridhar, 2007) 

The bacteriological quality or Agbadagbudu and �1oga sho,ved acceptable results that 

conformed to the recommended standard during the dry season The highest value ( 1 x 
101:l:282 84 �1PN/100ml) ,vas obtained from Onapasan, ,vhich could be as a result of 
the unsanitary surroundings of the spring. During the rainy season, all the springs 
shov,cd E.coli values that ,vcre not in confonnity with the acceptable limits, ,vith a 
range of(O 02 x 101- 1 80 "< 103

) MP 1100ml The highest values were obtained from 

Yemoja- Olodo, Adegbayi and Sango This could be as a result of infiltration of 
leachate in the ground,vater, con111111inating it This implies that ground,vater 

deteriorates during the rainy season, as supponcd by Souncr ( I 998) 

The detection or faecal coli fonn bacteria. E. col, in some samples is of panicular 
concern The presence or£. cob in these samples implies faecal contamination of such 
samples and strongly suggests the possible presence or cnteric pathogenic bacteria 
According to Oloruntoba (2008). detection of £. col, in ground,vatcr sources is an 
indication of recent and potentially dangerous faecal pollution ,vhich may be as a
result of inliltration or runoff into the sources 
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5.3 81c1criological Qualiiy or \Va1er Samples rrom Household S1orage

Con11intrs 
The ,va1er samples colleclcd from the households ,vere of good bnc1criolog1cal quali1y 

,n comparison to their various sources A common hnzard of household water is

contam1na1ion by potentially harmful bacteria and other micro-organisms The ,vatcr 

samples collec1cd fro1n the storage vessels at home had belier bacteriological quality 

1han 1hc sources ,vhere the ,va1er ,vas dra\vn from In suppon of the findings of this 

study. \Voods ( 1984} reponed that the duration of \Yater storage also had a pos11ivc 

effect on bacteriological qualily of stored \Yater It ,,-as indicated that the reduction of 

n11croorgnnis1ns in storage vessels i s  achieved 1nainly because microorganisms arc 

hkcly 10 scnlc in the bollom together \vith panicles when water is stored in a 

container. Storing \Valer for as liule as a fe,v hours \viii sediment the large. dense 

paniclcs. such as inorganic sands and silts and large n,icrobes WHO (2009) In 
addition, it could also be as a result of die-off because these microorganisn1s are not in 

the natural habitat. Exposure 10 UV-light fron1 the sun could also lead to reduction in 

1hc number of these microorganisms Ho\vever, overall reduction or bacteria is about 

90"/o, especially ,vi1h longer storage times of 1-2 days These repons suppons the 
findmgs of this study, \Vere 1hc indicator bacteria, mean £.col, count for the 
households ,vcrc greatly reduced from the source 10 the household 

111c testing of \VDler stored in households is imponant 10 asccnain the quality of water 
actually being consun,cd This is because post-source detenoration in quality may 
h.a,•e occurred and therefore good quality \\'Btcr at source n1ny hove become severely 
degraded by the tin,c it is consumed and rcn1edinl actions n,oy be required (Robenson 
et al., 2004) 

In contrast 10 the findings of this study, Sunon and Dominic (1989). reponed that 
initially coliforn,-frec ,vatcr in rural Zan1bia were contaminated due 10 the \vay in
"h h h d Ilic method of 11s 1ranspon 10 hon,cs and the storage at" 1c t e ,va1er ,vas ra,vn, 
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homes Similarly, Caincross Cl al, 1990 and Clasen and Oastablc., 2003 s1a1cd thllt I.he
_

..J 10 pro1cc1 ,�11tcr source will be d r, cd ·f � c eat , the qualuy of 1he ,vater used a t  home

deteriorates due to poor water handling praciices Hence, 1he ris.k of water 

contanunation during transpon to and storage in the home requires close aucntion 

110,vard et al (2003), reponcd iluu it ts the collec1ion, transpon, storage and dccan11ng 

or,, .. 1cr 1h111 cBn lead to subsequent contamination 

S.4 Sanitary anti Environn1cntal Contlitions or Springs

The risk factors ,vhich predisposed the springs and to contaminauon ,verc identified

All ( 100%) the springs hod different sources of pollution uphill and/or ,vi1h1n I Om of 

the spring box. This was observed by the presence or refuse dumps. heaps of wood

shavings, mechanic workshops e t c  Three (42.�1.) spnngs had latrine uphill 11nd/or

"i1l11n JOm of its surroundings There ,vcre also indirect factors ,11hich could lead 10

the con1amin11tion of the springs T,vo springs ,verc unfenced. ,vhile in three (42 9"/o)

springs animals had access ".-ithin I Om or the spring source Some of the springs ,vcrc 
unsanitary- fauhy masonry (28 8%). absent or non-functional surface \\/'Bier diversion 
ditch (85 7%) 

S.S Risk of spring \\'Rtcr con1nn1ination
Some or the springs like Agbadagbudu and Odo-Akeu receive some 1re.11men1
pcnodically, ,vhich explains the results of the bacteriological analysis in comparison 10 
the other springs. This result ,vas corroborated by the men during the FGD, ,11ho
reported that the government odds chlorine to the \Yater occasionnlly The guideline (0
£.coli IOOn,r') stipulated by the \VI 10 n1Bkcs these springs unsuitable for drinking,
hence disapproving their usage by the con1munity Consequently, the classification
scheme used in l ndoncsia, \Vhere the contamination of drinking \Yater by r::. col, ,vas
classified into 5 groups from grade A-E depending on the vnlue of the £. col, count,
was adopted (Lloyd, l984) During the dry season, t\\'O (28 8%) springs ,vcro
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dassilicd as Grade A (no risk to consumers). while live (71 4%) were classified as

Gfadc D (high risk to consuniers), whereas during the rainy season, three (42 ge1e)

springs were classified as Grode C (intermediate risk to consumers). one (14 3%) ,vas

classified as Grade D (high risk to consumers), while three was classified as E (very

high risk to consumers) This could be  e.xpla1ncd by ,vater carrying ,,astc ,vhich 

,nliltratcs into the groundwater Souner (1998) reponcd a similar occurrence in  

Kan,pala, Uganda where II ,vas observed that the ,vorst conl4mination occurs during 

the rainy season 

A posiuvc correlation (0 441) ,vns shown to exist bct,vecn lhc mCll.O E.coli count (Ix 

10>±231 OS) MPN/IOOn1l and the mean sanitary risk score (8.¼I 9) during the rainy 

seasons. Lloyd and Bo.n,nan ( 1991) reponcd some correlation in B number of 

developing countries Oy examining the faecal grading together ,vith the sanitary 

1nspcc11on risk scores. it is possible to assess ,vhethcr ,vatcr quality and the identified 
risks by the inspection arc broadly correlated (1 lo,vard, 2002) The correlation of mean 

£. coli count ,vith the sanitary score sho,vcd that it is a reliable tool for preliminary 
risk assessment of spring ,vat er contamination ,vith faecal bacterial organisms 

5.6 SnnitlU)' Conditions or llousehold \Vnttr Stornge Contnincr 
The major risk factors predisposing 10 con1an1ina1ion as observed by assessment of 
dnnking ,vatcr quality fron, household storage containers ,vcrc identified 1ost (82%) 
of the storage containers ,vere kept a t  ground levels, eighteen (45%) of the storage 
containers ,vere regularly cleaned and twenty-six (65%) of the storage containers ,vcre 
liable 10 rust, crack or leak Six ( 15%) of Lhc utensils/ladle for collecting water from 
the storage containers had covers, ,vhilc 1n  28 (70"/o) households, tl,e utensil used to
dra r. h d · k·ng ,vatcr container \Vas also used for drinking In sevenw water ,ron1 t e nn ·1 

households, anima.ls had access to the drinking ,vater containers.
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\hhough most of the ,va1cr samples fi h 1 rom l e storage containers had an acceptable
bactcnolog,cal result, thc sannary inspection indicated a likelihood of conuunination

S.7 Socio-dcn1ographic Characteristics of Natural Siiring Users
The highest cducationol status for the maiority of the d d � respon ents was secon ary
education and only a few of them having attended a 1eniary 1ns1itu1ion, ,vi1h a quarter
having no formal education Almost half (490/4) of the respondents ,vere house,vivcs,
although some engaged in sonic form of business Socio-economic status i s  usually
measured by de1cm1ining education, income, occupation or a composite of these
dimensions (\Vintleby ct al .• 1992)

5.8 Kno,vledge on ErTectivc S11rl11g Utilisation 
5.8.1 01Himnl Spring Use 
The respondents rcponcd that the mean distance to fetch ,vatcr from ,vas 494 52:1.:269 6

meters This implies that some of the spring users hnd longer distances 10 ,vnlk before 
they can fetch ,vater The distance could affect the volume of water available for use 
and also have an indirect effect on hcahh and sanitation of the households Friedrich 
(2012) reponcd that reducing the tin,e needed to haul ,va1er fron1 source to home can 

improve the health of children in Sub-Saharan Africa_ 

There ,vas statistical significance (p<O 05) in the time for fetching ,vatcr before and 

afler the spring protection. It ,vas supported by the ,vomcn folk, ,vho reported that they 

do not spend as much as they used 10 before the spring \YllS protected during the FGD 

This could also rulcct the volume of \\'lltcr available for use in the home, which has

far-reaching consequences on hcahh and general ,vell-being of the household

members Pickering and Davis (2012} reported 1ha1 the 1in1e burden of,vnter fetching

has been suggested 10 innuencc the volun1e of ,vater collected by 1he households as

v.cU as the time spent on income-generating activities ond child care f.ricdrich (2012)
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also stated thnt longe.r fetching times could mean that less wn1er is retrieved a.nd

therefore is available for hand \vashing and other hygienic activities or ii could mean 

less time to care for children 

S.8.2 Benefits of Spring Protection 

l lcahh and non-hcnhh benefits accruing from in1proving access 10 safe drinking \vater

abound \Vilh safe and adequate supply of \voter, mnny small scale enterprises such as 

farming, sale o f  pure ,vat er, food vendors and animal husbandry, will be encouraged to 

in1provc livelihood There is a direct positive impact in households when there is 

supply of adequate and safe ,va1cr 10 meet their ,vater demands. There \Viii be 

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

household members. 

Majority of the respondents reported that the spring protection had saved time, which 

has been utilized for other activities such a.s petty businesses, more time available for 

study and domestic chores These findings ,verc supported by the men during the 

FGD, ,vho reported that their homes ,vcre cleaner because of more time the \YOmen 

dedicate 10 domestic chores 

More than half of the respondents stated that the volume of ,voter available has 

increased nfier the spnng protection Availability of ,vatcr improves the sanitation and 

general well-being of the household members The increased volume also has some 

economic and agricultural gains The respondents reported 1ha1 the gains arc felt in 

rearing of lh•estock, farming and in their businesses 
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5.8.3 llygicnic Use of Stor:agc Containers and Household \Vatcr llandling 

Practices 

Majority of the respondents staled that they used plastic containers (90 3%) as ,vntcr 

storage containers and 93 5% said the containers had covers. t.1ore than half of the 

respondents stated that they ,vashcd the storage containers on alternate days, ,vhile 136 

said the storage containers were ,vashed daily 

Almost all of the respondents said they had ladles for fetching ,vat er from the ,vatcr 

storage containers, but more than half of the respondents reported that these ladles 

,verc ,vashcd only ,vhen dirty These dirty ladles could affect the ,vater quality in these 

storage containers, because of constant dipping and direct contact ,vith water. 

More than half of the respondents do not practice any fom, or ,vater treatment During 

the FGD, the men and "'omen groups reported that there ,vns no need 10 treat the water 

since the government treats the ,voter for the occasionally, and the water ,vas a 

blessing from God Of the proportion that treated the water, 9"/4 reported that they 

filter, 12% reported that they boil the ,vn1er before use, ,vhile 20"/4 said they add alum 

These ,vater treatment pracuccs employed, although only by a fe,v of the households, 

may have conuibutcd the improved ,vatcr qu11lily obtained from the households as 

compared from the ,vater sources from ,vhere they are dra,vn Robenson et al .. (2004) 

stated thlit the rate 111 which ,va1cr qunlity deteriorates can be controlled by adding a 

prcscrvauve (disinfectant residual) 

S.9 Disease Outbreak and llcnlth-Sccking Dchllviour 

During the FGD, the discussants stated 1hn1 the ,va1er had healing po,vers and they 

believe the water could not cause any disease Alben these reports, 38 persons reported 

that there ,vas an outbreak of disease from the use of these springs and they had 

recorded 5 deaths Of this proportion, majority of the respondents stated that they seek 
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help ,vhen these diseases occurred from hospitals, ,vith more than half seeking n1ed1cal 

111cn1ion frequently 
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CllAP'TER SIX 

CONCLUSION ,\.ND R£C0Ml\1ENDATION 

6.1 Condusion 

\V111er is an essential commodity that touches all facets of live, and its Incle, shortage or 

compromised quality is ahvays felt in grent magnitude. Adequate and clean \Yater 

supply has a positive effect on sustainable development h is the essence of life and 

safe drinking ,wter is a basic hun1:1n right essentinl to all The volume available 

determines the standard of living of people Unacceptable and compromised wnter 

qunlity has a direct bearing on 1he community users ln recent years, the gro\Ylh of 

industry. 1cchnology, populotion, and ,va1er use has increased the stress upon both land 

and water rcsowccs Locally, the quality of ground waler has been degraded 

�1unicipal and indusuiol \Yastcs ond chemical fertilizers, herbicides. and pesticides not 

properly contained ba,,e entered the soil, infiltrated some aquifers., and degraded Lhe 

ground,vatcr quality 

Seven natural springs located in 4 LGA ,vere analysed for physical, chemical heavy 

metals and bac1eriologicnl qualities All the springs serve as sources for drinking ,vatcr 

and other domestic activities All, e,ccept Adegbayi are located in residential areas. 

lhus, the users do not have 10 go for long distances in search of ,va1er. Although many 

users of the spnng ,vater depend on other sources of water, they fetch the spring ,va1er 

for drinking and cooking This strengthens the fact that the \Yater is of good quality 

The water is used mostly during the dry season because 1he other available sources dry 

up Most of the spring waler samples analysed during the dry and rainy seasons. 

shO\\'ed values that \Yere accep1oble for the physico-chemical parameters, meeting Lhe 

recommended standard by regulatory agencies However, there ,vere slight vari11tions 

observed for some of the parameters 
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The protection of the spring has mnny positive benefits, \Yhich has been felt in the 

shonened duration of time spent in fetching \Ynter, the volume fetched and the quality 

,vhich the con1munity users belieYc is be11cr as compared to before it \VOS protected 

The bacteriological quality of these springs ,vns poor, due 10 the prevniling 

environmental nnd sanitary conditions of springs \Yhich was observed and identified 

using the snnitnry inspection checklist for springs The total coliform count for all the 

springs during both rainy and dry season had vnlucs that e.xcecded the limit 

recommended by the regulatory agencies, indicating fencal contan1ina1ion of these 

,vater sources, 

The absence of the indicator bacteria. E.coli implies that the water ,vns free frorn 

reacal contamination T,vo springs ,verc free from E. coli during the dry season There 

were slight variations in the E. col, count during both seasons, ,vith the rainy season 

having higher values of E. coli count, ,vhich could be as a result of infiltration or 

leacheates or subsurface infiltration According 10 the level of contamination, the £. 

coll count was classified; ,vith five of the springs sho,ving high risk to the consumers 

during the dry season, ,vhile one and three springs sho,ved high and very high risk to 

consumers respectively 

These high Vlllues obtained places the consumers at risk of contracting ,vaterborne 

diseases which could lead 10 gastrointestinal disorders and illnesses such as gastro­

en1e:ri1is, giardiasis, typhoid, dysentery, cholera and hepatitis Risk factors making the 

springs liable to contamination ,vcrc identified, ,vith a great percentage of the springs 

being unsanitary and situated close 10 different sources of pollution such as mechanic 

\\-Orkshop and refuse dumps The fcacal coliform count (F:.. col, count) and risk score 

was shown to be broadly correlated, such that it represents a linear relationship, that as 

the risk of contan1ination increases. the bacteriological count increases 
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Toe water quality assessn1ent carried out on Lhese water samples that were collected 

from household \Yater containers sho\vcd that the \Vatcr san1ples bad relatively beuer 

water quality compared to the water dra\vn from the springs The sanitary risk 

assessment of the household storage containers identified some risk factors \Vhich may 

cause contamination of the \Yater in the containers, son1e of which \Vere ground level 

location of storase containers and unsanitnry conditions of storage containers and 

ladles These factors could lead 10 the introduction of reacal n1a11er into the storage 

containers thus, predisposing the users from contracting ,vater borne diseases 

6.2 Rccon11nendntio11s 

I For sustainable dcvelop,nent to occur in any project, the community users \Vho 

the projects \Vere carried out for should be involved in the planning. implementation 

and evaluation It is  on this premise that the Odo-1\kcu natural spring \va5 protected 

by the joint effons of the community, LGA.. UNICEF and S.LP in 1996, as the first 

protected natural spring The community users should be encouraged 10 O\vn these 

facilities by ensuring that stipends arc paid 01 the point of collection This \viii ensure 

that the facilities arc maintained and the ,vater quality is in1proved by occasional 

disinfection 

2 Some defects which were observed around the spring sites could c.�lain the high 

bacterial load Some of these defects were faulty spring box and masonry and 

inadequate or absence of fencing of spring site The con1muni1y 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 mensures will keep a\vay 

animals from having 11cccss to the spnng to compromise the quality 
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3 In some of the springs ,vhere the surroundings of the spring were ,vnterloggcd, 

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

stagnant water may pose a steady risk of contamination ,vhich could lead to an 

outbreak of infection 

4 The combination of the sanitary risk score and E.co/1 co1111/ gives n picture of tl1e 

risk of water contaminauon These springs ,vith a high risk scores and a corresponding 

high E.coli count should be given ursent remedial action, such as trcaunent ,vith 

chlorine 

5 It is pertinent that the spring ,voter is assessed periodically and adequate and 

appropriate treatment administered The need for ,vntcr treatment should be stressed 

and emphasized ns a training need for the con1n1unity 

6. The government should train and re-train some community representatives on

ccnain ,vatcr handling techniques that ,viii improve the health and general ,veil-being. 

7 It ,vu observed that most or the community members use dippers and ladles 10 

fetch ,vater from the storage containers. This could funher lead 10 contamination 

Improved containers protect stored household ,vnter from the introduction of microbial 

con1aminan1s via contact \Vllh hands, dippers, other faccally eontarninatcd vehicles or 

the 1n1rusion of vectors. The community members should be cducaled on the benefits 

of using containers with narro,v openings and cost-eCfcctive ,vays of constructins 

,va1cr dispensing containers with narro,v openings 

8 Household ,vat er treatment (H\VT) technologies 11rc any of a range of devices or 

methods employed for the purposes of 1re11ting ,vatcr in the home or at the point of use 

in other scuings These arc also kno,vn as point-of-use or point-of-entry \\'Bier 

treatment 1cchnologics 
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9 There arc n1any simple and cost effective physical methods for Household 

Treatment Technologies (l lWT) The community should be trained by the 

govcmment, educationists, Non-governmental organisations and charity organisations 

and agencies on the benefits of adopting any sin1ple and appropriate method of 1-£\VT 
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APPENDIX I 

Question 

I Arc there any beliefs surrounding 

this spring and us usage? 

2 Defore the rchab1hlat1on of this 

spring, ,vhat ,vu obtainable in 

terms of 

- The length of umc taken to fetch

\VIier

Volume of,vatcr fetched

- Aesthetic parameters (colour, smell

and taste)

3 \Vhat prompted the community 

wcrs to seek for help to have the 

,vater source rehabilitated? 

4 Do you like ho,v this spring hu 

been rehabilita1cd? 

160 

Follow Up QuHlions. 

a Is the use of this spring restricted only 10 some 

ccnain communiucs? 

b Do you have an idea oflhc number of people 

that use this spring? 

a \Vhat ,verc the problems encountered from 

the use of 

this \\-ater source before the rchab1h1ation, 

such as 

outbreak of diseases like skin rashes.. 

dysentery, cholera, typhoid. childhood diDJThca 

- the frequency of occurrence of these diseases

- persons most afTccted during such outbrcal..s,

under S s. prcgruint \\'Omen. the elderly, e t c

b \Vhat other problems were encountered from ti 

use of the spring and how ,vcrc these problem! 

solved? 

n \Vhat \I.ere the cfTons made b y  the communit) 

sec to the construction of this site? 

a \Vhat ore the things you like? 
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ArrE"iOIX I 

FOCUS GROUr DISCUS ION GlJIDE 

Question 

1\re there any beliefs surrounding 

1h1s spring llnd its usage? 

2 Defore the rchab1lt1a11on of 1h1s 

spring. ,vhot \\'US obtainable in 

terms of 

• The length of time taken 10 fetch

,va,er

• Volume of ,voter fetched

• i\csthctic parameters (colour, smell

and taste)

l \\That prompted the comn1um1y

users 10 seek for help to have the

water source rch11bilita1cd?

4 Do you like how this spring has 

been rchab1l11a1cd'> 

160 

Follow Up Questions. 

a Is the usc of this spnng restricted only to son1e 

�rtain c:ommun1l1C$? 

b Do you have a.n idea of the number of people 

that use this spring? 

a \\/fiat \\'Cl'C the problems encounccrcd from 

the USC of 

this \\acer source before the rchabili1111ion, 

such as 

• oucbrcal. of diseases lil.e sl.1n rashes,

d)'"lCnlery, cholera., 1ypho1d, childhood diarrhea? 

- chc frequency o f  occurrence of chcse diseases

- persons mosc affected during such oucbreaks,

under 5 s, pregnant ,vome°' the elderly, e I c

b \Vhat other problems \\ere encountered from the 

use of the spring a.nd how ,verc these problems 

solved? 

a \Vhat ,vere cite elTons made b y  chc community co 

sec 10 the conscructton of 1h1s site? 

a \Vhac arc the chings you like? 
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5 \Vhat is the ,voter used for? 

·Cooking

·\Vashing

·Drinking

-Business (Pure ,va1er and ice block)

·Others (pis specify)

6 \Vha1 1s the impact of1his 

project on 

1he health and general wellbeing 

on your family and community? 

161 

b How have you benefited from the rehabil11ation 

in terms of 

- The time II takes to fetch ,wteJ

Having more time at your disposal, ,vhat

has the c."<tra time helped you achieve personally 

and for your family? 

Do your children, especially your daughters 

have time to go 10 school, or do they have umc 

10 \\'Ork or learn to acquire some skills? 

Has ii improved the cleanliness of your 

home and surroundings? 

- Do you have more volun1e of ,wter now

than before the rehabilitation? 

11 Aflcr fetching this waler, do you give it any 

form of 1rco1n1ent before use? 

- No, you use it like 1hat

• Allo,v ii to scnlc, 1hcn filter

• Boil

- Add chemicals

• Leave i1 for hours before use

Health Impact 

• Aner the construction of this project, has there

been any complaint on outbreak of diseases

which may be due to the use of this rehabilitated

spring?

b. Non- health impact
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7 Aie there other sources of 

"111cr available to this community? 

8. \Vhal are the pcn:eivcd

problems oner the rehabilitation of 

this spring, which \Vere absent 

before the rehabilitation. 

·Too many people using it? (,vhal

problem have arisen with 100 many 

users) 

·lnacccs.sibility of the waler at any time

oflhe cby 

9 I low a.s this spnng being managed? 

10. How have the people

paruc1patcd 10 the proper 

funa1omng oflhis rehabilitated 

spring? 

162 

• Length of time it takes waier 10 boil

• Darkens cooking pol and ,va1cr storage containers

• Stains clothes

a. Do you fetch ,vatcr from these sources?

b. \Vhich source of  ,va1cr do you prefer? 

c. \Vhich ,vatcr source is n1os1 suitable nnd

convenient for you

a \Vhal arc the technical problems you have 

encountered after the rehabili1a1ion 

• Has there been an incidence of breakdo,vn of the

facility? \Vhat is the frequency- monthly or

pe.ri odica lly?

• Did you seek other sourccs of water or made

effons 10 have 1he facility restored to proper

functioning?

IL Do you pay some money? 

b Do you pay as you fetch or pcriodicall y 

C Do you think your money. has achieved the goal 

of managing and maintaining this facility 

d Arc the bcncliw advantages derived measurable 

to the fine paid 

a . Do the community U!Crs volunteer ,V1lhns

and regularly

b Do all pcoons- male, female ond children 
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I I \Vhal arc the things you ,viii 

like to be done, to ensure that there 

is constant supply of clean potable 

watC!'1 

12. Do you have any other things

you will like to say? Feel free ond 

speak your mind 

163 

pmicipatc to ensure the proper functioning of 

the facilily 

c Are there different social and local political 

groups ,vhich may affect the participation 
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APPENDIX II 

SANITARY INSPF.CTION FQRI\I FOR SPRINGS 

I. Type or Facilic-y

I Date of visit-·---·---------------

2 \Vatcr sample taken?---- Sample 'o ---- Faecal colifomt grade 

3 Village-·------------------
4 Local Government AICJ! ----------------

IL Specinc Diagnoscic lnrormation for Asscssn1e111 

l 

2 

3 

4 

s 

6 

10 

I I 

12 

13 

Is the spring sowu unprotected by 111a.sonry or concrete 

v.all or spnog bo-< (open to surface con1an1ination)? 

Is the l'M50nty protecting the spring source faulty? 

If there is I spring bo.'<, 1s there an insanitary inspection 

cover 1n the muollr)n 

Does the spring bo'< conl4Jn con1amina1ing silt or anin1als? 

If there 1s an air ,enc ,n chc masonry, 1s it insanitary? 

tr there 1s an overflow pipe:, is 11 insanitary or faulty? 

Does sp1h water Oood the collcc11on area? 

Is the area around the spring unfenced or fauhy? 

Can aninws ha,c access w11h1n I Om of the spring source? 

Is !here I latnnc uphill and/or v.,1h1n JOm of the spring? 

Does surface ,1111cr collect uphill of chc spnng? 

Is  the spnng laclring a surface di11crs1on d11ch above II or 

(tf present) IS II llOn•funct1onaJ? 

Arc there any Olhcr source of pollution uphill 

and/ or v.,lhJn I Om oflhc spring? (Specify) 

164 

RANK 

'\'ES NO 

D D 

D D 

D D 

D D 

D D 

DO 

DO 
0 0 

0 0 

0 0 
D 0 

0 0 

0 0 
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APPE�DIX Ill 

SANITARY IN PECTION FOR\I FOR 

IIOUSF.IIOLO \\IATF.R TORACE CONTAINF,R 

I Gtntral lnfom111ion 

a Village -------·-------

b Con1nincr/ waler source code·--------
c Communuy ---------------­

d Local Government Arca --------­

e Dale and Time of Visit. ---·--------
r su11e ----------------

II. Sptclric Oil,gnouic lnfom1a1io11 for Asscssn1tnt

I Are con1aincrs used for collcc1ing ,va1cr clean or lllllcd'> 

2 Is ii used 10 slorc any 01her liquid? 

3 Docs the container used for collec1ing 1V111er have cover 

nnd being used? 

4 Is 1he con1aincr used for fe1ching \\'alcr also used for ,vaslung/ bathing 

and 01her activ111c.s'> 

S Is 1he 1,-ater storage con1aincr kepi 01 ground level? 

6 S1orage containers (communi1y/ household) regularly cleaned 

and d1s1nfce1ed? 

7 Is the s1oragc con11incr liable 10 rust, crack, lcaJ..,ng or in-sanitory? 

8 Is 1hc u1cns1I used 10 dra1v 1va1ct from the drinking container 

also used for drinking'> 

9 ls  1he area around 1hc s1orage con1aincr in-sannary?

IO Do animals have access 10 drinking wa1cr conta1ncr'1 

llisk 

YIN 

YIN 

YIN 

YIN 

YIN 

YIN 

YIN 

YIN 

YIN 

YIN 

To1al Score of Rhlu --
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Ill. Re111lls and Con1mtnts 

1 Risk score (Tick appropriate)

9. 10 very hish 6- 8 - high ). s medium 

b The fotlo,vins imponant points of risk \Vere noted· 

0- 2-' IO\V

------------------ (list nos t-10) 

c Additionnl comment (continue on bnck of the form if necessary) 

N11111c or Annlyst (PRINT, sign111urc nnd 1ln1c) ____________ _ 
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APPENDL'< IV 

QUESTIONNAIRE 

Please answer the follo\ving questions by ticl"ng any of the alternative responses or 

filling the blank space \Vhich best applies to you 

SECTlON A 

SOCIO-DE�tOGRAPIIIC lNFOMli\TION

I Age 

2 Sc:< 11 Mnlc D b Female D 

3. Marital Status

a Single D b Mnrricd D c Separated D d Divorced D

C \VidO\VCd D 

4 Ethnic Group 

11 Hausa Ob Yoruba De. lboO d Othcrs(spccify) D

S Rclie,ion 

n Christian Db Islam D c. Traditional .._I __,� Others (specify) D

6 Educauonal Status 

11 Pnmary education I )> Secondary education D 

c Tcniary education LJ Islamic school I � 'o formal education D

7 Q�upational SllltUS 

a Professional I I> Civil servant D Self employment D 

c Trading D f Unemployed/ housc\vifc D

g 1\rtisanl Tailor/ Hairdresser D h Others (specify) D

8 Do you receive some income? 

a. Yes D
9 Estimate 

\Vctkly 

hO\V 

b 

much 
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10 How much do you spend/contribute to the spnng regularly 

• • . .. 

11 1 IO\V many people live in your house? 

a males 

b females 

• • • • • • •• •• • • ••• • •• •• •• •• • • • ••

12 \Vhat are their age ranges and ho\v many are they? 

o under s·s

b children (6- 12yrs) 

c. teenagers ( I 3 - 24yrs)

d. adulLS (25 - 59yrs)

e the elderly (above 60yrs) 
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SECTION 0 

lNFOR�IATION ON EPFECTIVE SPRING UTILIZA'rJON 

001111111 u,r 

13 Docs everyone in your house have access 10 the spnng ,vatcr? 

11 YcsOb No D 

14 If No, ,..,hy'> 

IS Can you estimate lhc distance from the spring 10 your home (In meters)? 

16 flow many times do you fetch \Yater from the spring daily? 

17 Defore the rehab1h1a1ion of 1h1s spnng, how long does ii take to fetch ,vn1er from 

the spring? 

18 After the rchab1li11111on \\Ori., hO\V long docs II take 10 fetch water fron1 the spnng? 

19 Do you usually have long queues for fetching \VIier from the spring sites? 

11 Some11mcsD b Always D e Never D 

20 I hu the rchab1li1a11011 of this spnng saved ume. hence reducing the leng1h of time 

spent 10  fetch w111er frorn the spnng? 

1 Yes D b 'o D 
21 If yes. \,hut do you do \vith the ume that ha.s been SDved'> 

22 \\'hat volume of\\ater 1s been fetched daily in your house? 

2J Has the ,olume of\\111cr increased since the rehabilitation of the spring 

a Yes D b No D 
24 If yes. ,,hat hllS this increased volume helped 10 achieve? 

169 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2S What cconomidagricuhural gains can be Bllribu1cd 10 1hc increase of the volun,e

of wn1er from the springs 

Yes 
No 

Farming 

Business (pure 

woter,solc of 

ICC 

block,grinding 

machine e.t.c) 

Rearing of 

livestock 

Deller nu1ri11on 

01hcrs 

(spcoify) 

26 \Vh111 do you do ,vi1h the ,w1cr?

a Cooking D b Drinking D c. Business (pure ,va1er a11d ice

block) D d \Vashing D c. Cleaning D f Others (specify) D
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11y1ifnic ll�r 

27 \Vhat type or container do )OU use 10 retch Y.'3ter from the spring? 

n PlasucO b Clay D c ?-.fetal D d Other (spcc:,ry) D 

28 Docs the water container used 10 re1ch waler from lhe spring have cover? 

• Yes D b No D 
29 \Vh:11 type of ,va1er container do you use 10 siore war er 11 home? 

a Plas1icQ b Clay D c 1etal I � Other (specify) D 
30 Docs 1he wa1cr storage conuliner in your home have• cover'1 

a Yes Db NoD 

JI Do you ,vosh these water storage conuuncrs? 
o Every day D b Ahcmote day D c Only ,vhcn d1ny D

32 Is there n container/lndlc used 10 ob1a1n \\1ller from 1hc ,.,11,cr s1oragc con1111ncr a1 
home? 

a Yes D b No D 
33 \Vhat type of container/ladle do you use 10 ob1ain ,vntcr from these storage 
containers? 
34 Do you ,vash 1hcse containers/ladles used to ob1ain ,vater from 1he water storage 
con1D1ncrs? 

o Every day c::::J b 1\ltem111e day D c Only ,vhen dirty D

JS Do children have access 10 these \\'3tcr Slorage containers? 
a Yes D b 0 D 

36 Do you have ,,,a1er storage containers for cool:ing/drinf..1ng diffcrenr from other 

pu
rpo

ses? 

a Yes D b No D 
37 Do you have peu/animals (especially ch,cl:en and gont) 

a Yes c::::J b No D 
38 If yes. do they have access to the ,varcr sioragc container? 

a Yes D b No D 
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39 Do you give any type of treatment to the water? 

a Sometimes D b Always D c Never D 

40 \Vhat type of  treatment do you give? 

Yes No 

Boiling 

Flltcrntion 

Addition of alum/ 

other chemical 

Others (specify) 

None 

41 Mos the rehRbilitntion of this spring improved the hygienic practices and the

general cleanliness 

of your home? 

11 Yes D 

42 Could you explain in ,vhat ,vay the hygienic practices has been improved?
b. No D
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Con1is1c,1 \lac 

43 A pan from the spnng. which other sources of water do you have in and around the 

community? 

\'ts No 

Stream/river 

\Yell 

llorehole 

Water 

vendor 

Rain ,voter 

44 Before the rehabilitation of thiJ spring. "hich \\&S )'our preferred source of ,vater? 

a Strcan\/rivcr D b \\'ell D c Borehole D 
d \Vater vendor D e RJiin \\'lier D f spring D 

45 Aficr the rehabilitation of th1s spring. ,..,htch i s  your preferred source of,\llltcr? 

n Strcanllriver D b \Yell D e Borehole D 
d \Vater vendor D e Rain ,..,11,cr D f spring D 

46 Has there been wnter shonagcs from this spring 11 ony 11me of the year? 

Season Yes No 

Rainy 

Ory 

47 Ho,v many 11mcs do you fetch ,Yater from these sources on a daily or ,..,cel.ly 

basis? 

48 If there arc other sources of ,Yater thnt you use aside from the spring, do you pour 

the 1.1,-ater from all sources tn one (I) sioragc con101ncr? 

a So,ncumcs D b Ahvays D c Never D 
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I 

49 Do you fc1ch w111cr anytime you go 10 the spring? 

a YcsO b No D 

SO \Vhen do you prercr 10 dra,v waler from 1he spnng? 

SI \Vhy do you prefer your choice 

above? . . . . 

in 

S2 \Vhich season of1hc year do you use 1he spring water mostly? 

a. Rainy D b Dry D 
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l 

SECTION C 

INFOIU1ATION ON IIEALTII STATUS 

53 Defore the rehabilitation of this spring, has there been any outbreak of disease 

which may be due to the use of water? 

Disease Yes No 

--

Malaria 

Thypoid 

Skin 

rashes 

Oiarrohea 

Other 

(specify) 

S4 Since afier the rehabilitation of this spring. has there been such con1plain1s of those

diseases? 

o Yes D b No 0

, 
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SS What arc these diseases and which age range are mostly affcc1cd? 
---r 

DISEASES NO. 0 F E P:..,:l.:::;SO
::;;

D::.:ES:::..:l.:.:.N_::;l.:.;��·o:::!.N.:..:Tl�l:.:::S:1.--,-,�--,,--T-:-::-:--:-rtThypoid D1arrohca Dy.sentry Cholera Yellow Skin rashes Malaria 
fever 

UndcrS:...'\:..-..-----f----1-----�---4-----+-----+------I
Children 
�12)TS} • 

\\'omen 

56 \Vhich persons arc mo51ly afTcctcd? 

57 \Vhcn these illness occur, do you seek help? 

o YeiO b No D

SB \Vhat prompts you 10 seek for medical help? 

59 \Vhcre do you go 10 for mcd1c11I 1111en11on'> 

a ChnicO b llosp1111I D c Chemist D 

d Trnd111onahst c:::J e Others (spcc,fy) D 

60 I lo\Y onen do )OU seek mcd1col a11cn11on? 
61 Hu there an) deaths from these diseases? 
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