
A ES ,\lE�'T OF THE EFFICACY OF SOLAR RADIATION AS A 
DISINFECTION �IETHOD FOR \VELL \1/ATER IN A SLm-r fN 

IBADAN 

BY 

BOLUWAJI ENABOR 

(B.Sc. Zoology) 

A THESIS IN THE DEPARTMENT OF PREVENTIVE AND SOCW. MEDICINE 

SUBMITTED TO THE FACULTY OF CLINICAL SCIENCES AND DENTISTRY 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF 

MASTER IN PUBLIC HEAL TH (ENVIRONMENT AL HEAL TH) 

OF THE 

UNIVERSITY OF IBADAN 

MARCH, 1998 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



ii 

DEDICATION 

TO LOVE ... 

Of my mother ... a model, my father. .. the best there iSt my brothers, my 

slste� tunde, my klds, Tope, Segun, my friends Bisi, fun/a yo, tessie, 

buky, lfe, Tit/, Sam, and my two brothers and friends (flinstone* and 

groucho•), 

(4_,_ ... .. .,,.4,, �ti. ---a-� .::i �

For 11ll lhose times you stood by me 

For all the lruths you mnde me see 

For a1J the wrong you n1adc right

For au the joy you brought to my lift

For all the lovt )OU gave to me 

For bting my slrtogth when I was nuk 

Lifting me up � hen I couldn't rtacb 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



111 

ABSTRACT 

Lack of safe dnnk1ng water 1s a serious problem 1n many urban centers 1n 

Nigena. The limited water available for low Income communities is contaminated 

'Mth human wastes and 1s responsible for many water-oome diseases This study 1s 

aimed at developing a cheap method of water disinfection using solar rad1allon 1n 

Koloko-Alyekala commun11tes 1n Ibadan North East local Government These 

communities are low income and live ,n unplanned, high-<lens1ty areas They are

also charadensed by narrow roads, open drains and shallow wells The study 1s 

desa,pllve and analytical 1n nature. A random sampling method was used to  select 

respondents for the study All the houses In the area were surveyed and the PHC 

numbers used ,n random selection Thus 324 households v.8"e selected and the 

senior v.oman was 1n1erv1ewed using a structured questJonna,re. A guideline was 

developed and the items of ,nfonnatlon sought 1nduded demographic 

charactenslics soun::e of water, water treatment pracllces, knov.fedge. attJtude and 

practice of water use and related health nsks. personal hygiene and sanitary 

features of wells In edd,llon 78 Y.-ater samples were analyzed to determine 

physical, chemical and bactenological quahty UNIV
ERSITY O
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Solar radiation disinfection, was standardized 1n the laborato,y using various 

parameters such as type of container, cover, colour of container and cover, volume 

of water, turb1d1ty and number of hours of exposure to sunlight Furlhennore, a solar 

radiation chamber was designed, fabricated and used to detenn1ne its efficacy in 

disinfecting water in polythene sachets. 

The results shO'M:!d that 96 (29.5%) 1ntervi8'M!d had no fonnal education, 82 

(25.3°/4) had pnmary education 52 (16.1) had secondary education, 15(1.5°/4) had 

tertiary education Most of the Y,001en interviewed (91 1 % ) ..wre married and 

belonged to the Muslim faith The oomen had a mean monthly income of N1 253

and 13 (3 7%) ..wre unemployed. 43 (13 6%) of the v.omen also had vocational 

tra1n1ng 1n ta1lonng, hair dressing cloth ..waving and dyeing Shallow i,wll water 

was lhe:r main source of water Y<ith 78 9% of the households using 1t 1n rainy season 

and 92 4°/o in the dry season. They used the water for dnnlong and olher domesUc 

needs About the sanrtary features of the ..wll 137 (42.3%) of the 'MIiis v.t!ra unlined 

or poorly lined with many of them lacking parape� apron, cover or a permanent 

bucket About 199 (61 4°/4) had animal exaeta around the 'M!lls The depths of the 

'M3lls ranged rrom O 178m to 37 93m and the water depths ranged from o. ()5m to 

18 29m About lhe treatment of water 46 (8 29%) of the respondents said they 

chlonnate their wells. 211 (38%) boil, 257 (46 3%) treat using other methods hke 

alum treatment and salt addition. About 41 (7 4%) gave no treatmenl When asked 
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'M!ether they will like to use solar radiation as a method of water disinfection, 292 

(93%) indicated their WIiiingness. 

Regarding the quality of 'Mlll waters the foUOMng mean values were recorded 

dunng rainy season (mg/I): Total solids, 383.1; Suspended sohds, 78.1, Total 

Alkallnity, 54.3 , Total hardness, 86.3; Calcium, 28.7; Magnesium 12.4 and 

Chlondes, 70.1; the mean coliform count was 2685 MPN/100ml. The dry season 

values recorded 'Mlre (mg/I) Total solids, 443.6; Suspended solids, Not done, Total 

Alkalln1ty, 68.0 , Total hardness, 67.6; Calcium, 15.6; Magnesium 7.8 and 

Chlorides, 11 06, The mean coliform count was 833. 7MPN / 100ml 

These results 1nd1cate that the 'Mlll waters are polluted and needed effec:tJve 

d1s1nfection 

Solar radiation expenments 1n the laboratory indicated that the disinfection 

process is effective \\tlen 51 samples 'Mlre taken 1n a plas!Jc boY.1 The degree of 

d1s1nfed1on 1s rela!Jvely higher v.tien the colour of the container was v.h,le or black. 

Blue, green and br0'Ml showed relatively loiMar dis1nfed1on effic,enoes. Similarly 

\\tlen the tx,,,As were covered With plas1,c cover, Ytt11te and black shov.ed higher 

effiClency than other colours The optimal e)(JX)Sure time was found to be 7 to 8 

hours 

When the days were cloudy °' rainy the solar disinfection process was not 

signrfic.anUy affected as long as the samples had 5 hours of SIX\Sh1ne Dunng the 
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vJielher they will like to use solar radiation as a method of water disinfection, 292 

(93%) 1nd1cated their willingness. 

Regarding the quality of well waters the follOW1ng mean values were recorded 

dunng rainy season (mg/I): Total solids, 3831, Suspended solids, 78.1; Total 

Alkalinity, 54.3 ; Total hardness, 86.3; Calcium, 28.7, Magnesium 12.4 and 

Chlondes, 70.1, the mean coliform count was 2685 MPN/100ml . The dry season 

values recorded -.wre (mg/l): Total solids, 443.6 ; Suspended solids, Not done; Total 

Alkahn1ty, 68.0 , Total hardness, 67 6; Calcium, 15.6, Magnesium, 7.8 and 

Chlorides, 11.06, The mean coliform count was 833. 7MPN / 100ml 

These results 1nd1cate that the well waters are polluted and needed effectJve

d1s1nfection 

Solar radiation expenments in the laboratory 1nd1cated that the d,s,nfection 

process Is effective \'Alen 51 samples -M?re taken 1n a plastic bowl. The degree of 

d1s1nfection 1s relattvely higher v.tlen the colour of the conta ner was v.nita or black. 

Blue, green and l>wMi sho-.wd relatively lower dis,nfect1on efficaenc1es. S1m1larfy 

v.tien the boY.is ware covered with plastic cover, wi,te and black shoY.oo higher 

efficiency than other colours The opltmal exposure lime was found to be 7 to a

hours 

When the days were cloudy or ra,ny, the solar d1s1nfection process was not 

slgndicanlly affected as long as the samples had 5 hours of Slrlsh,ne During the 
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solar radiation process the ambient temperature varied betv.een 23°C and 46.S°C, 

and the water temperature ranged between 2s'C and 4s'C. 

It was sOOM'l that solar radiation had a definite effect on the colrfonn reduchon as 

compared to lhe heat effect This study on regrovAh of colrfonns after storage of 

water indicated that v.tien the water samples v.ere properly disinfected, there were

no regrowths after storage. Increasing turbidity beyond 40 mg/I had a slightly 

reducing effect on the d1s1nfect1on effic,ency. There was a negative correlation 

be�en the thickness of container and the efficacy of solar disinfection. The trials 

with selected community members also showed that solar disinfection process 1s 

satisfactO()' and viable 

A solar radiation chamber was designed and fabncated using plyY,ood, plain 

glass and a mirror. This chamber was found to be efficient 1n dis1nfedJng small 

quantities or water (500ml) v.ti1ch are commonly sold 1n the market as "pure water" 

The d1s1nfected sactlets did not show any regrowth even after storage for about a 

day These results are significant ,n that the solar rad1a1Jon d,s1nfedlon method ,s 

economical as people can adopt this tedvlology �th mlnunal skills and little 

expenditure 

Based on these results certain recommendations were made to the 

corrvnun111es and policy makers to encourage the use of solar rad1a11on technology 

as a water d1slnfedlon method 
� ' 

I 
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Absorbance: 

,rvj�i 

Glossary and Definitions 

The amount of Radiant Energy absorbed by a substance 
Inversely and logarithmically related to transmittance 

Blochemical Oxygen Demand (BOD): Amount of dissolved oxygen 1n an 
aqueous solution, that is consumed by microorganisms dunng 
the breakdown of the present organic substances under 
standardized conditions (5 days, 20 °C) 

Chromophores: Chem cal group or substance that gives colour to a compound 

Colifonns: Group of Badena related to Escherichia coli (one of the most 
abundant components of the intestinal flora) 

Oeoxy-ribonucleic acid (ONA): Substances found in the chromosomes 
responsible for the transmission of genellc charactenslics of a
hv1ng organism 

Dissolved oxygen: Amount of oxygen found an aqueous solutJon usually 
expressed in milligrams per litre (mg/I) 

Exposure Time or Residence time Is the amount of lime (minutes) that a 
quantity of water 1s exposed to sunlight 1n a now tl'vough
system 

Gennicidal Action Inactivation or k1lhng effect exerted by a chemical of physical 
factor on pathogens 

Indicator Bacteria Group or bacteria used for assessing the quality of a water 
body 

Intensity: Amount of Incident radiation expressed 1n W/cm2
, W/m2

Irradiation: Exposure lo a rad1at1on source 

Most Probable Number (MPN): Expression and Technique for estimallng lhe 
badenal dens11y or a sample 

Pathogens: Disease causing organisms usually bacteria. viruses and larger
parasites -a:>::!:, 

�'-''' 
-o' 
-
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PTWI: Provisional Tolerable Wet.kly Intake 

Solar Energy All kinds of radiation from lhe sun Iha! reaches the earth, 
usually after being scattered and filtered through lhe 
atmosphere Divided into invisible (ultraviolet and infra red) and 
visib'e ranges 

Solar Irradiation Em1ss1on or exposure to Solar Radiation 

(P) Used for contaminants for which there 1s some evidence or a 
potential hazard where available informahon on heallh effects 1s 
limited 

TOI: Total Da,ly Intake 

ADI: Average Daily Intake 
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1.1 Goneral lntroductlon 

1 

CHAPTER ONE 

INTRODUCTION 

Potable water Is a scarce commodity in developing countries. According to an 

editorial in Water International (1991) reremng to water and sanitation, one in three 

people lack this basic requirement ror health and dignity. In spite or projects like the 

Waler And Sanitation Decade (1980-1990), wtlich had the goal or providing universal 

access lo waler, al the end or the decade only an estimated 60°/4 or the oorld's 

developing countries had access lo a water supply adequate and sare by lnlemallonal 

standards (WHO, 1991). 

One reason espoused by various authorities for the inability or the water decade 

to achieve its aim, was the use or expensive technology that was not fully utilised. 

Reasons for non-utilisation include lack of trained personnel; funds or socio-cultural 

unacceptability, resulting in abandoned �tis, broken dov,n hand pumps and unused 

communal wells. In 1980, 80% or the water and sanitation delivery for developing 

countries by the UNICEF was spent on high cost technology, (Salisbury 1978; UNDP 

1990; UNICEF 1991). 

In response to the lessons learnt during the decade there was a shin to an 

appropriate technology and community based approach for water and sanitation 

delivery. Appropriate technology refers to low-cost systems that can be built with locally 

I 
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available materials and skills and also be maintained by the community (UNDP 1990;

Kalbennattan 1990; Warner 1991 ; Chrismas, 1991 ). 

Benefits or appropriate technology include reduction in cost. Examples are 

shallow drum lined wells ror gulneaY<Onn eradication as shown In Nigeria, savings in 

time and energy like the use of pousse-pousse in Burkina-Faso. (A '1-/heelbarrowused by 

the v..omen to carry water) Other examples or low-cost technology for waler and 

sanitation are the popular Mark Ill VLOM pumps, Gravity reticulated systems and nylon 

fillers for guineav..onn eradication. Other direct end Indirect benefits include 
• 

environmental protection and improved potential for economic and social development. 

(UNDP, 1990; Ayotamuno el al, 1992; Bulajlch, 1992). 

Desplle the shift to low cost technology and the additional provision of safe and 

adequate water lo 302 million people In 1992, by 1994, 1.3 billion people In the 

developing v.orld lad<ed safe water and 1. 9 billion had no sanitation facilities. (Bulajich, 

1992; UNICEF, 1994). 

A reason for the continuing dismal picture in water and sanitation delivery to 

developing countries is the explosive population growth particularly In the urban 

population, Vvtlich is estimated to double In about eighteen years based on a growth rate 

of 3% (WHO, 1991). A concomitant of this rapid urban growth in the developing mrtd Is 

the Increased phenomenon of urban slums, characterised by Inadequacy of 

Infrastructure necessary for the support or environmental health such as waler and 

I. l
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sanitation, housing, food and storage. According to Nakajima (1996), the health of 600 

million people is threatened by the inadequacy of facilities In urban slums. 

The lack or access to an adequate supply of safe drinking water and sanitation 

thus remains the most widespread and important environmental hazard, causing about 

80% of diseases in the tropics e.g. cholera, typhoid, diarrhoea, dysentery, Infectious 

hepatitis (Calc1-M!II, 1988; WHO 1995). Diarrhoeal diseases remain one of lhe YtOrld's 

leading causes or morbidity claiming 3 million deaths among children every year, with 

diarrhoea ranking as second cause of under five mortality rate in Central and West 

Africa, with Nigeria not being left oul (Dee Rooy, 1995). 

Improvements in water supply result in the reduced Incidence and prevalence of 

waterborne and associated diseases, an example is the eradication of guineay,orm in 

Nepal, brought about by en integrated waler management program embarked upon by 

the Nepalese government (UNICEF, 1994). 

The poor are mostly affected by the non-access to potable waler, with tv.o thirds 

or the mrld's poor belonging to this category (Bulajich, 1992). The urban poor, resident 

in slums are partirularly exposed to water related diseases because In the absence or 

piped waler, they rely on polluted allemalive waler sources, such as shallow ..wlls, 

streams and commercial vendors but lack the finances and knowledge to improve the 

quality of this waters. 

Ibadan In Nigeria is an example or a city that possesses urban slums, Such as 
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Agbov.o, Agugu and Od1njo. Although the entire city of Ibadan lacks a steady supply of 

prped water, the urban slum residents bear the brunt of the unavailability of water As a 

result they suffer from infections and epidemics. For example, the areas of the highest 

incidence during the cholera epidemic of the seventies OCOJrred 1n these areas of 

Ibadan (Egunpbl, unpubllshed). This 1s because v.n1le the residents of high income, low­

density areas like Bodija and Jericho can afford to sink deep v.ells, the urt>an slum 

residents use polluted \Wlls, streams and water from commercial vendors Some of the 

people of Agugu, one of the urban slums 1n Ibadan claim to use alt..m and salt, and also 

chlonnation as water treatment methods for their \WII water These methods do no� 

ho\Wver, improve the \WII water quality because although alt.m clanfies the water, the 

bactenotogical quality 1s not affected ChlonnatJon is ineffedlve because the use,s 

cannot afford to buy the chlonne, as rt 1s available ,n 50Kg dn..ms only Another reason 

for the ineffectiveness of chlonnallon v.nen used by the poor 1s that they lack the 

knov.iedge to apply the chlonne 1n correct doses and also because they use the chlonne 

1n inadequate quant1t1es, in order to make the chloone last longer There as a need for a 

k,,v cost melhod of waler treatment for the aJtematJve sources v.n1ch urban sh.m 

residents depend on, v.nich 1s s,mple to use and can be ma.inla!ned by the intended 

users at their present SOC1o-economic status Some v.ak earned out 1n developing 

COlXltlies revealed that solar dls,nfedlon might be a cheaper and etrJOent option In 

IIOpicaJ countnes (Sommer et at 1997) 

� ... 
• 
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1.2 Problem Statement 

High-density areas in Ibadan such as Agugu, lack treated piped water and have to rely 

on alternative sources, 'M11ch are not potable. Examples are polluted shallow ..wlls and 

streams. The residents lack both the knowledge and finances to improve the quality of

these water sources thereby predisposing them to water related diseases. 

1.3 Broad Objective of the Study 

To assess the efficacy of Solar Radiation as a method of providing potable water for

resource poor commun11Jes 1n a high-density area of Ibadan, practices of the Yt001en in 

the community concerning water sources 

1.3. 1. Specific Objectives: 

1. To obla.n baseline informa!Jon on demographic charadenstics of the

communities and the knoYAedge, attitude and practices (KAP) of the v.omen 

aiocemlng water ,ources, use, sanitary features of the scuces, health related nsks 

perceived, personal hygiene and lnfonnallOO on methods of water treatment 

practiced by them 

2. To assess chemical and badetiolog!CSJ quality ot �II waters used by the

COOVTUl1ty 

3 To carry out l/'1V8st1got1on 1n the laborato,y on opbmizabOn of sol� radrabon 

lectwque using the a>/1foml Index, and 

4 To transfer the laborato,y tindJOgS on the solar d1stnfedion method to the selected 
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community and test its large scale etr,cacy and acceptability 

1.4. Significance of the SbJdy 

This study 'MIi be a significant step towards proV1ding a cheap means of water

disinfection, v.tiidl is effective and acceptable to the COl1'lOUUty, bearing in mind the 

socio«onomic status of the people and the cheap nature of the technology belllg used. 

This study Is also one that employs the use of anrent trends 1n the water and 

sanitation Sedor of v.omen participation in p<oJeCts The data obtau1ed wtll be useful for 

other communities In similar s, b4o.l:'lo".r 

1.5. Umltatlons of the Study 

The study was carried out dunng the rainy season and tt-lJS tt,e solar radiation 

was not as high as can be obtained dunng the dty season, this might have implications 

for the minimum exposure time necessary for adequate diStnfedion. 

There 1s also a need to carry out further slvd,e, dt.rlng the dry seascn 
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CIIAPTER T\-VO 

LITERA TUR Ir I{€ VI l�\V 

This chapter 1s a review of hterature available in Nigeria, Africa and other parts of 

the v/Ofld It deals with water distnbulion, water importance, water san1tallon and health, 

water pollullon, drinking waler quahty, water lreatmenl meth<)ds, solar disinrectron 

technique and communrly part1cipallon 1n water and sanrlalion delivery 

2.1 Water Distribution: 

Water permeates the earth rn three domains, almosphere hydrosphere and the 

lithosphere rn the three states, hqu1d, gaseous and sohd II moves through three phases, 

atmospheric, surface and sub surface waler 1n a cycle knov.n as the hydrological or 

,vater cycle (Fig 1) The total volume of water on the earth 1s about 1 4 million Km
3
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The oceans cover more than 70°/4 or the earth surface and contains 1,350,000

km 
3 

of water, whilst 770,000,000 km
3 

is localised within the lithosphere in the form 

of water and hydration and 28,000,000km
3 

is held in the ice-caps and glaciers 

(Chow, 1979; Anon, 1990). It is not all of the available water resources that are 

usable or wanted. According to Barrow (1987) only 137,000km
3 

is fresh water, the

type essential to life on land. Calley-Carson (1988) puts it more graphically "if half 

gallon bottle held all of the world's water the amount of usable water will fill only 1/2 

of a teaspoon, a single drop will represent the amount of water in rivers and streams, 

whilst the rest would be ground water. 

2.2 Sources of Water 

All water that is available to man comes as aqueous vapour condensed in the 

form of rain or snow, and forms atmospheric water (rain), Sl.rlace water (oceans, lakes, 

streams) or sub surface waler (v.13lls, springs) through dlstnbubOn by the water cycle. 

Though according to Chapman (1991), each of the pnncipal types has distinct hydro­

dynamic properties, one water type can change to another e.g rain can beeome surface 

water, v.tiich In tum can beCOme ground water The contaminants each water type 

comes llllo contact w,th w,11 determine its properties and also ,ts use 

2 2.1 Rain water

RaJnwater has a""8ys been used as a soute of water ,n developing COll'ltnes 

and has fcx.nd increasing use In n.ral areas of the developed countnes as rall'l'Mlter 
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catchment systems (Mayo, 1991). 

Rain water is dissolved water i.e. water that has been vaporized and condensed 

leaving all volatile substances behind and therefore theorettcal/y cioser to chemical 

punty than any other kind or water Various ractO/'S llo-M3ver affect the expected chemical 

purity or rainwater. AA example is the quality or precip1tat1on 1.e. v.tlat kind of gases 11 

has come into contact 'Mth during its passage through the atmosphere For example 

where 11 passes through mists of sulphur and nitrogen 1t is preap1tated as aCld rain This 

is unsuitable ror use as drinking water and other domestJc purposes, because 11 causes 

corrosion and 1s unaesthetically unacceptable to the consumer Another factor that 

detenn1nes the chemical purity or rainwater Is the catchment surface area This rs 

because the collected rainwater Yt1II contain all the substances on the catchment 

surface. These substances include partirulate matter from automollve gas emiSSlons 

and industnal manuractu--e and cooosion of galvanised roofs Gumbs (1987), noted that 

rain water 1n a cisterns supplying single ram,ty �lhrQs ca l'lain lead and caloum 1n 

amounts that exceed the US Public Health Standards 01ssolU1Jon of sediments also 

reduces the chemrcal punty of rainwater r0< domesbc r:uposes as heavy metals due to 

their part1CUlate natl.re settle lo the bottom or the cistem end eco.m.ilates as sediments, 

v.tuch are released Into tho water when d1sllxbed 

The blologlatl quality or rain 'Mite< has aM11)'S been a SOl.f'C8 of concern in rts

use '°' domesllc PlXP0SO! because apart hon nucro-organ,sms 't\h1ct, may be waShed 
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Into It from the catchment area, man can also contaminate otherwise pure rain 

water In his bid to use It. Oluwande (1983), devised a tap for a rain water catchment 

system to ehminate the need for dipping containers into the cisterns He slfessed 

that in order to protect the miaobiological quality of rainwater, thatched roofs 

should never be used as a catchment surface for rain water. 

2 2.2 Surface Waters 

Surface waters include rivers, lakes, creeks, streams, ponds and

impounding reservo1rs vth1ch are used for purposes which Include transpataboo d 

goods and people, power generation e g. The Ka1nJ1 lake and dam in N,gena 2/3 d 

all the water used for agnc:ullure is taken from surface water (Johansson, 1993) 

Natural or man-made lakes also serve as vital sources of domestic water supply to 

surrounding towns and cities 

Toe characterisllcs of surface ,vater include dissolved solids fiom the� 

,•,ater overflows, surface run-off, turbidity, organic matter as wen as pathogenc 

organisms because surface water originates partly from e,thef oulflo\\-'S or �atat 

which would have nowed over the ground The nati.nl self� mec:hallSlnS 

can be overcome, such that lakes are eutroph,cated and 0\,8f'S become 59\\-ers_ 

and cannot be used for domestic purposes '"ilhout exteo54\'9 treatment ( est, 

1991, Zald, 1991) 

Ayoodo (1994) roported thot nono of the nvers in Ibadan meln>po,' SIS 

potable by WI 10 1tondords OIU\vonde et al (1983) examined nver Og\.n ri the 

aoulhwostom region 
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of Nigeria, wiich received bre\Wry effluents, and observed that it had no dissolved 

oxygen a t  some sampling points. He further noted that levels of some other parameters 

like coliform count and suspended solids � that the river 'M>Uld require full scale

conventional treatment before it could be used for oomestJc purposes 

2.2 3 Ground Water 

Groundwater refers to all the water occupying the voids, pores or fissures v.,thin

geological foonaUons, >M11ch onginated from some form of atmosphenc precipitation 

either directly by rainfall infiltration or indirectly from nvers, lak� or canals. Sand and 

gravel, sand stone, limestone foonations are the 11s11al SOlKC8S of grou,cMElter Sl.JPPIY

though some may be draMl from impervious rocks such as granite v.t,en they have an

aver burden of sand or gravel. 

Groundwater can be hydrochemically dasslfied as n,eteqoc v.hen ,t a>mes flan rainfall

v.tllch has passed through the noonaJ hycrologlC8l cyde. Conflate v.nlCh as saline

grot.nd v.eter from manne !ediments and W!)lle te grollldwuter v.hid'I arose flan

lgl80US
.,..._ 

prooess v.1thln the earth and has not been in the atOJlatJng SfS!em d the

hyo'01ogal cycle 

Grct.nct,wtar " a valued fresh \ll8ter rUCU'0I and contnbutet almost 2/3 d the

fresh water reseMI of the IMlf1d (o,;Jton, 1992) It IS Ulld f'Jf ogna.u!l.rDI, if'dvicl.c!J 

and dane.sbC �p01as It acxn.ns ftY lb0ti 50% of � and mgsbOn u,e and
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just under 400A» of water supplies, w,ilst In rural areas, 98% of domestic water use is 

from groundwater (Todd, 1980). There Is a high dependence on ground water for 

community use in developing countries, and Nigeria is no exception to this due to the 

usual non-functioning or government provided piped water systems 

Advantages of groundwater include its relatively low capital cost of development, 

v.tiich make it popular for community use in the rural, pen-urban and urban areas of 

developing and developed v.or1ds (Park, 1991; Chilton, 1992). 

This is due to the ract that unlike surface waters, groundv-later has excellent natural 

qualities v.tiich means that it requires little or no treatment before use. The proximity or 

ground water to v.tiere it will be used also makes it cheap to develop. Another 

advantage of ground water is that the source, v.tien properly developed is likely to be 

continuous in all seasons. 

Groundwater has some disadvantages, v.tiich might increase the cost of

developing it for community use. One of such disadvantages Is that It often requires

pumping or some arrangement lo lift the water. Anolher disadvantage w,ich might 

increase cost of development, is that ground water is often high In mineral content such 

as magnesium and cal�um salts, iron and manganese depending on the chemical 

composition of the stratum through v.tiich the rock nows (Todd, 1980; Hofkes , 1981 ). 

Hofkes (1981) further noted that though Iron and manganese can be precipitated by 

aeration it is usually more cost-effective to develop another ground water source. 
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Although groundwater has good natural qualities due to the attenuation processes that 

OCOJr dunng its passage through the earth, once polluted, some groundwater types can 

remain so for decades or hundreds of years due to the slow pace of ,ts natural nush1ng 

processes. 

There are vanous types o f  groundwater v.tl1ch range from water holes v.tl1ch, as 

their na.me implies are holes dug in the groood 'Mth a stick till water gathers in the hole to

boreholes v.tlich are developed to several hundred of meters deep with sophisticated 

equipmenL Oluwande (1983) identified four types of waterholes the! demand full 

conventional treatment before use. He identified water holes as the oldest means of

obta1n1ng sub-surface water, although Aggawarata (1993) reported that the oldest form 

of sub surface waler used by communrties is the quanats, W'llch are underground 

galleries connecting a sanes of 'M:!lls, using a techn,que perfected by Iranians 2,000 

years ago. 

A spnng 1s a concentrated discharge of ground water appeanng at the ground 

surface as a current or flowing water (TOdd, 1980). It is disllnd from seepage areas, 

w11ch are a slO'M!r movement of groundwater to the surface Springs can be classrfied 

according to their cause, rock strudure, temperature, variabihty and discharge 

Examples are depression springs, thermals spnngs, v.tllch apart from their domestic use 

are also behaved to have medicinal properties e g the lkogos1 wann spnngs 

Wells are holes in the ground that intersect the water table as water beanng 
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rocks flO"Mng as aquifers Park and Park (1991) classified v.ells as shallow or deep 

depending on the location of  the impervious strata from v.hlch the waler Is obtained. A 

shallow well refers to that in v.ti,ch water is obtained from the first 1mperv1ous fayer v.ti1lst 

one v.tiich taps water lying beneath the impervious layer Is knO'Ml as a deep well 

Shallow wells are generally less than 15m In depth (Hofkes, 1981) Shallow and deep 

wells exhibit differences 1n baderiolog1cal quahty and yield, wilh deep v.ells being purer 

and more constant in water supply 

Hand dug \\1:111s are v.ells v.tiich may be htUe more than an irregular hole in the 

ground, intersecting the water table (Todd, 1980). They are prone to pollution from a1r 

borne matenals, run-0ff from the surface, though lheir sanitary status may be Improved 

by inclusion of features such as fining, a cover, parape� apron and drain 

Ho-M:lver the ability to do lhis is largely determined by lhe socio-economic status of the 

well ov.ner A properly c:onslruded 'M!II can yield 2,500 to 7,50CJm3 per day, although 

most domestic dug 'M!lls yield less than 50CJm3
tday (Todd, 1980). 

Tube wells also knov.n as driven 'M!lls consist of a senes of pipes, usually made 

up of galvanized i.ron, sunk or dnven into the ground by repeated impact on the water 

beanng stratum, 1t 1s fitted Wllh a strainer at the bottom and a hand pump et the top. 

They are suitable for small capacity water supplies, due to their small yields or 100-

, 250m /day (Todd, 1980) They are tio-.wver hm1ted to only unconsolidated ground due

to the possibility of damage of lhe dnvel point by gravel or rocks. 
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16 
BorehOIU .. c;iDed ,.....a, w.lh depthS rJ CNfil aro,, lf'ld small dla'nlterl d 15-

20cm « e max,tYUTl d 60cm They ..,v, ta,ge oonvrantiel U lO their vetY high yield 

but they have the�°' being upen5IY9 

Well ,nan..-,ce n, f'lha'>!�atinn .. v«y � be(;atSe If v.ells are not

property ITllllllllt.ned, pioblemS llJth a, v.ell 10:e1n doggtllJ and ca,0110n, ooncni«e 

casing aad<a and�� v.oll � an:11 r� ri a recllCOOf1 al the Ide span ol 

i;unps and V4!1s Hyd'ochl0nC and alptu1c aoos n.J- be used to ddaOlve lht 

pt90ptl.ateS, vhlsl regiw, chlonnal,0n. phys,c:al ag1twon
-

and e a:,nbl'tfllm ot 

�es ond hypOChlorrta may be used to disperse SO"ef.W"l aepos1ts

The methOd al w.1rd'1t,WlQ v.el8f frcm av.ell is 1r1 IITl)Ol'tSnl c:ans,d8,ab0n as it 

Im a proven effect on v.etllf' quahty Goeder ( 1995) demOnStraled that �s lhai "'89 

hoed With rope p!.C11pS had a 62% reduction vi the geometnc mean ot fecal CXXlforms 

wth � wthoul a COV8f MelhOds of withdmv,el Include the use ot focad buc:ke(s to w.::h 

o rope Is tied, W1ndlas, melhOd consisting of a VMdlass v.heel am axle and oorcnJous

now device made up of bel� small buckets and p.rnps 

Pumps are devices used to lrft water''°'° a Yiell and can be das$fied acwt'CblQ 

to lhe mechanical pnnclplas involved (Table I) Hand punps .-e � lrtl<4ad n 

Nigeria In reccot yoors and are used tor shallow weUs al small os11eter t.'-n t-V .. 

VlOM pumps v.tilch hove been cont1ru>usly I� for u,e " Nigena. W.. 

pumping tachnology devoloped parallel to the SOlM'CM ot pcMU" 8\'ll•ld 'It the tme AA 
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example of pov.er S01Xces is human power that is important 1n developing countnes 

because the requirements can be met within the user group at a low cosl Other pov,er 

SOU'CeS are animal power, wind, diesel and electnc engines. 
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Table I. Types of pumps commonly used by population 

TweofPump UsWII depth QinraacristJc., and Apphcabtliry 
range 

I. RECIPROCATING low speed of operation, hand, Wlnd or motor 

(plunger) powered; efficiency low (11111ge 25 • 60,�) 

a. Suction (shallow well Up to 7 m 0pacity range. I 0-SO I/min; 

b Lift (deep well) 

2 ROTARY low speed of operation, hand, animal, wmd 
(positi vc dispbccmcnt) powered; 

a. Ch1111 and bucket pump Up to IOm 0pacity range: 5-30 I/min. disduirge Ca\St3lll 
under v.ufable heads. 

b. Helic:il ro<or 2.S to150m hand, wind or motor powered good efficiency; 
Usually suited 10 low capacity-high lift pumping. 
submerged 

3. AXIAL- FLOW S to IOm. high 0pacity - low lift pump111g, can pump 
sil� or sandy water 

4 CENTRIFUGAL high speed of operatioo -smoodl, cvm 
dJ.scluirgc, efficicocy (1'1lllge 50-85%) 

a. Single • stage
2010 JS m 

requires skilled maintenance, not suitable for 
hand operation. power. cngint/ electric mocor 
u for s111gle suge, mocor accessible, above

b. Multi-Sl:lge
2.S to SO m 

ground; ali8,uncot and lubriaiuoo of shaft
Shaft-dri\'en cntic:il; 0pacey range 25 -10,000 I/min.

c. �(ulti-sugc 30 to 120m as for multi stage �ft driven, smoother
Submersible opcmtion; llllllllUmnCO difficult; llfl°fflecl by

sandy water

S. AJR LIFT IS to SO m high 0pacity at low lift; efficlfflcy reduced with 
increase in lift \Veil aising straightness not 
CntJQ). 

Source; Hofkes (1981) 
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2.3.0 Importance of Water

Water is an essential need of the human body. Almost all forms or life are 

dependent on water The UNOP (1990) refers to it as the source of life. II is the principal 

constituent or living things and the human body is made up or about 65°k water by 

'Mlighl The human being can survive for a longer period without food than it can without 

water. Hofkes (1981) noted that the human body needs about 3-10 litres of water per 

day for normal physiological functioning. Water forms the backbone of the v.orld's 

economy, as it is ctitJcal in all spheres of man's activities. It is used for production as 1n 

pov.9r generation, irrigation and flood plain farming, it is vital to transportation of goods 

such crude as oils and timber and it Is also used for recreation in water sports and 

holiday resorts, YA'lich contribute significanUy to some economies. Water is also used for 

a wide range of domestic purposes; laundry, drinking, food preparation and the 

maintenance of personal and environmental hygiene. (De mare, 1977); Calley-Carson, 

1988; Nest, 1991)

Water is  vital to development as it plays a vital role in the pattern of human 

settlement ,n ancient civilizations like Egypt and the NIie, Rome and the Mediterranean 

Barrow (1987) observed that groundwater is the key to development 11 can also serve 

es en index of the level of development of a community by using parameters such as per 

captta water consumption The water consumption increases v.,th the level of 

development from 400Uday to as high as 1,5001 In metropolitan areas (Nace, 1975; 
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Chow, 1979). 

Although half the UNO recommended amount of 200Vday is enough to meet 

the needs or an Individual and his household, in rural Nigeria, even this meager 

amount Is not available (Uma, 1988; Srldhar, 1985). 

2.3.1. Water, Sanitation and Health 

Inadequate water supply and sanitation are still the world's leading cause 

of human illness. About 80°/4 of lroplcal diseases ere said to be water related e.g 

cholera, typhoid, diarrhoea, dysentery and Infectious hepatitis. They can be 

attributed to poor or non existent sanitation, which leads to water contamination 

by human ,vastes (Mcjunkin, 1983, Caldwell 1988). Whist some water experts 

insist that the overall 1nc1dence of infant and child mortality can be reduced by 

half through ,vater and sanitation improvement, others say there is d1fficully ln 

measuring Jmprovement empirically. There is, however a consensus that easy 

access to waler helps to build a relatively healthy and aesthetically clean 

population (Sebura, 1980; Christmas, 1991 ). 

Srldhar and Om1shakin (1985) ca11ieo out a study ,vhlch showed that the 

incidence of documented disease in ten major states 1n N1gena Is correlated with 

water supply and 
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sanitation. Availability of ample supplies of high quality water characterizes a 

community's hygiene status by preventing the spread of water-borne diseases 

and Improving the communities' living standards (Krasovsky, 1986). Sages over 

time have recognized the Importance or water In relation to health. Water is 

related to disease in venous ways. ll serves as a route or transmission e.g 

cholera; a breeding site of a stage of the life cycle or the Infective agent e.g 

malaria; a harbour for the carrier of the infective agent e.g. Schistosomlasis; Its 

presence or absence In inadequate quantities can also cause disease e.g. 

trachoma. 

Water associated microbiological diseases are transmitted througl1 the 

Ingestion of a sufficient number of the causative organisms In water. They might 

be as few as 10-100 as in Shigella, or as many as 1-1 O million in cholera 

(Chandra, 1986). 

Classical waterborne diseases include. 

(i) Amoebiasls or amoebic dysentery caused by the protozoan, Enlamoeba

histolytica, which Infects 500 million people annually In developing countries

(ii) Cholera which is caused by Vibrio cholerae infecting 300,000 people

annually In developing countries

(Iii) G astro enteritis which annually inlects 100 million people 1n developing

countries; 

(Iv) Glardlasis caused by Giardia lamblla ,vhlch infects 250 million people 

annually 
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in developing countries (Table 2). 

(v) Hepatilis, a viral infecllon v1h1ch causes 14,000 deaths annually ,n developirig

counlnes and

(vi) Typhoid caused by Salmonella tvph, ., v.ih1ch affects 70 million people 1n

developing countries annually (Warner. 1991, Senes m. 1992)

•
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Tnblc 2 Diseases rcln1cd 10 dtricirncies In \\Oler supply and/or snni1n1lo11 nntl their 

Group 

Thcac arc di,c;a,n 1Rruml11ftl by w1tc1

(Wala·bomc: d1,ca.,a) 1n •hKh "liter 
ICU anly u a ,-sao-c ,ctuclc (ot lhc: 
1nfcct1n, 1gcn1. Alllhacd,,ca>a 
Ibo dcp.nl an poor unlt&IICII\ 

0.Ml'.ICt due IO lad o( •"Ila, (Wala, 
•uhcd ducaxi )
lett oladaq1111cq111111,1yol .. 11Cfllld 
poc, pcno,.,J h)lJOIC crate -i,11_ 
CalVWll:llc (ot lhc.r aprc:aJ n,,. 
imaliNI w«hoN ui llul pwp 1bo 
•pu.t a lau ol P"lct llama •u&c
,L.,_I 

n1cdi�11 inrcclivc doses • 

Disc.ases 

. 

Cholm 
T)lffocl 
llacilllJI)' d)'ICUICI)' 
(llugcllmu) 
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Ou1r0cr11m�1 

Bac1ll.uy d)lC111cr, 
A&noct.c d)1e111t7) 
Ulcr0111111 d.ar, boa, 

....._... 

Wh,p •-( r.AIO'OINw) 
fl"01 •01111 !Md)�)
Ul"OI) 
I Kc llnJ 1,re,i, 
�llinO<J'llt.t 
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,,..,._ 
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C '"•ht 

•
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Table 2 (Coned) 

Group 

o.-cawol by 1nr«llrc 
llffllJ ,pQo) by rmlKI ,.,lh 01 
.,,�,on or .. 111a , ... ,.,. bual 

.i. ... llC:J, 

0.JCUa ltlnlmlllcd by UUCCl.t

"htdt h1cdo.: lo Ille
,.lllef ("IICf•IClalal \-.:ClOfJ) 

(f ml di.tpoal d.wia) 
Ouasa ca11.IOI by llll'ccll,c 
•• .,, -1)' ccnaaclcll by alola
..cootal fuh anJ OUlff (OQ[
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Diseases 

S<lu11010m1a.,s (Unnat)' a/Id 
Retaal) 
Oncuncuf,.,1, (Ouua,._) 
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Yellow re1cr 
l)oiauc enJ tJcr,pc 
I lam,oms,- (c•ct

Wc,4 Ntk anJ nil nllcy (e>-a

Eocq,llal11Jda 
Oancrol\wu 
F11anatu 
Ma!IN' 
�· 

Slcq,ut& 11cl.ncsJ• 

Clanarda.i.uo 
O.phi llobowsu 
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. tffl&At1I 
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,_ 

S haaratcblma -
.Q ma.hncMJ 

5'!!'!'1)k,dct !!S!Sfflht 
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I wqlAIO 
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flMa!UllD 
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Si-l•111110y 
Ta: IICOy 
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c - PNONI 

�r:b)lktmllrilP -111111 
[rggf1 ..._,,,_. 

mu, •Cl&cnnan, 

- w < 
• 

• Keyl Lo ( 101.�I �lcJ1um( 10),H llishc>IO�. 7Unc:crwn
Sourtc - (llo�cs, 1981, fac.hcm. I 91l, \\ 110 1995)

Infective Dose 

L 
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L 
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lnt8!\lentions include breaking the taeco-oral transmission route by improving water 

supply and sanitation. Masters et al (1990) 1n a study to access the impact of impro.ved 

water sources on childhood diarrhoea in Sn Lanka observed that children Ill households 

Y.tuch dtf1W their dnnking water from hand pt.lTl) equ:pped ....ells suffer fe,,.,er dlarmoea 

episodes than ctuldren using unprotected water Whist children in households us,ng 

protected trad1llonal �Us suffer 35% f8'MK episodes than children in families USltlg 

unprotected tradiUonaJ sources. Other Interventions include hygiene education 'Mthout 

'MIich the benefits of improved water supply and sanrtabon 'MIi be hmited (Gawatansa, 

1991) 

Water vector habitat diseases are also Yteter related they are diseases 111 

'Mlic:h a stage of their Ide cycle depends on water Of p10x11l11ty to ,t Examples are 

Onchocerc,as,s, 'Mllch infects 118 million people, ocos, tn 27 o:>untnes In Afnco 

Wllh 1 of 3 cases 1n the � being a N1genan (WHO 1987, FMOHHS 1995) 

Another example " gu1neav.oon. 'Milch is transm,lted by ingesbon of infected 

cyelops N1gena contauu nearly 60% of all the reponed 0Utneaw0ffll cases in the 

Y,Uld v.,lh Ondo Anamtn Imo and K'Mlfl states being moat affeded (UNICEF, 

1995) Pl'OV1110n or developed v.111er supply eovinnnental sanitation and un of 

chefflica1s and nylon fillet tor gu,nea,,,om, n possible Interventions Other 

exatrp1e1 of woter related diseases ore �,,, cont.Kt dlseuea tmnam,tted by 

Ct.ll18d 'Mlh the pathogens lt'I Mtet I Q 1Chsl010ml8SII 0( bilhan, s 
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Interventions include reducing man-vector contact, environmental sanitation and use 

of chemicals, 

Water hygiene diseases are those whose incidence and impact can be 

reduced by prov1s1on of ample quantities or water to improve personal and domeshc 

hygiene (Population report, 1992) Examples are trachoma t1nea and scabies 

Non-classical water diseases \vh1ch are chemically relaled such es 

methaemoglob1nemia are on the nse due to the produdlon of new types of wastes by 

new technology, increased use or agrochemicals and the dependence on water 

sources (including groundwater) \•1h1ch are vulnerable to pollution (Za1d 1988, 

Johansson, 1993) Interventions include more stringent rules about efficient treatment 

and protection of water sources 

2,4 Water Pollution 

Water 1s said to be polluted when its quc>ltty ,s degraded c>s il result of rnan· s 

act1v1t1es such that 11 becomes less suitable for ats intended use (Kumar, 1979. 

Chapman, 1992) The substances that 1mpa11 or degrade the water quol1ty ore referred 

to as pollutants end thoy ore roro,gn substances that nilly be or orgnnic, 1n01g:inte, 

radlOlogiail. biological or physical ongan The deleteuous effects or pollutants lncluda 

hafm to human health hindrance to nquatic actMlles ond th inab1hty of tho ...,':lter to 

support agieulh..ral indusl11al and other econom c actN1hos Ch:1pm.1n ( 1992) ot),'IN\fcd 

lhal types of pollutJOn p,ob!ems olld lhe pe110ds lhey ere fflCOU\tl!fed in O CCU\try 

be related 10 ltS kwtlf of SOCIO CCOfl0nllC 00\� (Ftg 2) 
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Chapman (1992) identified four phases of environmental pollution devefopment 

namely 

Phase 1, which represents linear increase 1n low level pollution 1n relauon to population 

number. This is a pattern typical of agricultural societies. 

Phase 2 represents an exponential pollution increase 1n relation to industrial production 

energy consumption and agncultural Intensification. It is a pattern typ,cal of newly 

industnalizing countries. 

Phase 3 ,n v,tuch there is a contairvnent of pollubon problems due to the IITiplementallon 

of control strategies This is a pattern typical af highly industnahzed countnes 

Phase 4 there ,s a reductlOO of pollutJon problems mainly at the �. to an 

ecologically tolerable level lhat does not 1nterte,e -....th water uses AcoordlllQ to 

Chapman (1992), phase 4 1s the lhus the ulbmate goal He full& stated that highly 

industnal!Zed COll'ltnes enc0U'lteted the fOll phases C:N« a long penod of time suwting 

at abOlA 1850 v.t11le reM'f 1ndustnahzed en.nines � most d tho problems

from the 1950s to more recer4 tamee Developr,g co.nnes Ythch have pnldominantJy

ai,iClitLral economies, have ooc yet tx;,enenced most of the v.eter polluti«1 prot)lama

e,o,pt thole c1Je IO organic and fecal polkJJon FuiltMIUIIO(t, "'developing CICU'bln.

lhl dJf«n phaseS d polMJoo probiem!I 0/Xll more c::aely in bme thin 11'1 developed

nataw v.hd\ rtllAtll in a a.tua110n v.nere �flffll IUCtl m ctiem--i .-....... ---·�tlrt 
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before much control has been achieved over traditional types of pollution problems 

Nigeria is an example of a developing country 'Atlere changing technologies and 

r'rf1'N agrirultural practices due to population gl"O'Mh haVe contnbuled to water pollution 

(Oganga. 1985). Pollutants can be released Into the water bodies either from point Of

diffuse sources. A point source of pollution is one that can be related to a single outle� 

v.tiile a diffuse source of pollullon may result from several point scx.rces Untreated °'

inadequately treated sewage and industrial effluents are ma,or p01nt source pollutants

Diffuse pollution sources may be atmospheric Of non-atmosphene v.,tt, lhe atmosphere 

being one of the most extensive sources of water pollutian.

,_

due to volatJlizatlon ham 

agnrulture waste disposal regions. pat1Jdes or solutes hem fuels and aod rain. 

Examples of non-atmospheOC drffuse 90Ul'08S include agric::ulnnl n.n-off, Lrt>an nx, off, 

waste dlsposal sites end wastes rrom navigatJOO. hatbot.l' and m.nia sediments 

24 1 Groundwater pollutfon 

Ground-Miter poUutJOn Is lhe artlf10ally induced degrodobon of natural 

�ter quality (Todd. 1980) lreadl (1980) hO'MMlr noted that nati.nl ocx:urrences

eucn as the geolog,cal nalU'8 of the � 8QU1fet can cause pollubon of 

�. 0t v.oe.-e saline v,eter inlnJdes lntO fresh YAlter aquifers Art,f10ally 1� 

�er polllJ,on coud be due to 11Ul10pCI r4.1.W1a1 or &91c:ult1.nl ectMllN of 

man. 

VIPllMIW'IIS
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and septic tanks v.n,c:h have been noted to be p0SSlble sources of pollution ,n ground 

water supplies, causing en ,naease 1n BOD, COD. nitrates, inorganic chemlcals and 

pathogens and leading to disease outbreaks in many areas of S America, Afnca, and 

India (Lev.,s et al, 1980; Chapman 1992) In places v.here the ....eter table 1s h,gh In 

N,gena, hke Shasha COOVT1Undy 1n Ibadan, fecal matter from p,t toilets is seen as 

c:ontnbutory fador for high colrform COlX1I ,n the spmg (Sndhar Unpublished) The high 

potential for ground water pollution 1n coo,tnes like N,gena v.tl8l"e most parts of the 

country lad< c:onventJOnal water borne sev.«age can best be apprecrated if consJdered 

in the light of the fad that even 1n countnes ....,u, sev.«age, lave qu.r,trt,es c:I partially 

treated sewage are released on to the ground In the United States for example, 25 

bill,on gallons of partJally treated sewage ,s released onto the ground everyday flom 

homes alone (Todd 1980) 

Sewers that n not wat9f bght, perhaps c1Je to pocr �P may also 

cause leakage of heavy metals into �er Chougl po1Mion rton lhls S0l.n:e may 

be r.ss than expected, becau,e suspended sohds dog ITWl0r sewer opening, 

Sofld v.este d•spoaal on land 11 an impon.anc 1TU'110pel acx.rce c;1 g'Ollld 'AGt8r 

polkAicwl In developed c:ou,tnes In the USA for exwnpie, Of"Y 10% of the 10,000 

lnli •e unita,y ext ... �-no rnoat'Y retuae � In Noena a dtvelopr,g ca.ray 

�_,oiled� 1 tie most CXlf'M'IOn meetlOd i;J 1011d V41te OC9')0SDI L11 c:nate � 

wto kfflUlClrlg IOils h.w polU,,g � � (Todd 1 
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Sridhar, 1983; Chapman, 1992). 

Industrial wastes and effluent disposal methods may serve as pollution pattrways 

to underlying aquifers by introducing viruses, heavy metals, other chemicals such as 

DDT and dyes wiich are toxic to man and aquatic life Some of such methOds ll'lClude 

the use of lagoon and oxidation ponds, deep soak.aways, abandoned ....ells, and deep 

injection 'MIiis favoured by the oil industry. Ottle< 1ndustnal waste disposal methods, 

v.nich have the potential of polluting groundwater are the discharge of effluents onto 

land, stream and sanitation 58'M!rs that raise health related c:oncems espeaally v.tlere 

treated waste water is chlorinated and recharged for poCable use. 

Tank and pipeline leakage is also a pathway of gou,dwat
_

er pollution, the 

leakage may be due to cooosion, rupture, sabotage or lunan e11or. The fuels and 

chemicals being stored move underground ttrough penneable SOIis, untll they reach the 

v.eter table Examples are crude Otl and hquld radl08d!Ye wastes An estimated 400ml 

d gasoline v.as dJSCOVOfed floa!Jng 83 deep a, 075m on lhe 'Miter tlble (Todd, 1980) 

A llgu(IC.anl oil aptll OCCUTed Ill NIQGl18 In 1�. spn,adiro as far as 100<m along tt,e 

mast and 3CJ<m Inland along the delta polkAlng lhe � v.ecer (STAN. 1982) 

M.nro actMbes also � � pol� Exa11ip1eis a these octMlltl 

In ac.s l1l08 � v.twl mneralatd water IS punped 01i to upend lhe l'Tllli'l9d 

feQIO"l. thlre a, IW1 Rflfflllt'Ollg IMth the � proc1Jang ferrous ailphate Q' 

tlAph.nc -=-1 w, eota•aon nu potues lhe � by rec1.ang tho pH 1ne1 
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increasing the iron and sulphate ground water content Other mining activities that 

pollute ground water is the leaching of old mine tailings. 

Oil and gas production is often accompanied by substantial discharges of 

wastewater called brine, Yilich is disposed of ustnQ methOds such as abandoned pits, 

evaporation ponds and streams These methods have the potential of polluting aquifers 

-Mlh brine, leading to an increase in sodium, calcilln, ammonia, boron, chlondes.

sulfates, trace metals and substantial amounts of total solids. 

Agricultural sources of pollution include IITigation. v.t11ch although 'Mdely 

practiced in Nigeria, its environmental impact from imgation retLm flow 1s not assessed 

(Ogedengbe, 1980, Nest, 1991) The possible effect a, the � water include an 

Increase in ground v.eter salinity, due to 1nadeqUete drainage and direct evapc>, 

transpiration of irrigation rell.fTHlcMi from soils v.tiose salinity has bee., increased by 

salts from fertilizet's (Todd, 1980; Chapman 1992) 

Animal wastes partlOJlat1y from feedlots, v.tlere anmals an, cxnined for 

i:,uposes at beef and milk prCWdJon. may cany throug, sto.111 � � 

amwu ct nitrate,, aalts organic loads and boctena to arfeoe end suo«.rtaoe 'Miter. 

AcJodlemlcal.s alsO pollue pl'ld 'MIIW Their � became fully appGnn In 

lnillstnaltz:ed � In lhe 1970, rd lS beca'rw,g lilC, 1151,W llg'lr.car. in 

deveqq CXU11neS C1J8 k> it. inaus1d lood demand at lhl � gro,w,g 

popJMms Nmte besed ffll1ilizln are a 1111\fan& 00i�ibaaor 10 grc:uld watw 
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pollution. This is because nitrogen 1n solution 1s not fully utilized by plants or absort>ed 

by the soils. The use or pesticides or bioc/des closely ro11ows the trend of ferorrzer use 1n

Nigeria Examples of pesticides used in Nigeria include gamahn-20, paraquat-atrazrne 

and glycophosphates (Sndhar, 1986) The persistence and ubiquitous nature of these 

chemicals has raised coocem about the polentral ror pollutJon of Slrlace and ground 

water, by aenal transport, SU'face run-off and acadental <flscharge, wirch prompted the 

US EPA 10 set limits ror pesticides 1n dnnkrng waler Qs,banp (1980) reported that 

Chlonne pesllades PCBs have been rCUld Ill sediments htu1 UTA lake. A'M>a dan (UI) 

and the Agod1 fish pond 

Slack pdes of solid malenals from oonstrudJon s,tes indMCiJal plO¥Tts and other 

lndustnes are potenlJal groundwater pollutants v.tien prec,pd.atJoo falls on these p,las 

causing a leachlng of heavy metals salts and olhe,-� S1d 1norg3n,c c:anslJ!uents 

�er is wlnerable lo 80d depos,bon. Le the b'Unsfer c:I aadic 

substances from the eltnOSptlere to vegelatOl, land °' _.,. suface The 1113Ceptibd ty 

of �er to the lrDnsfer Is <1Jo to tho tac1 that the v.ater potentially IMtllable for 

lbslrac110t1 IS mainly from rain � Wlid\ has m :ilted Uvcug, the aod to � 

lqr/en (Chap,Tw, 1992) Al:JJd deposioon tm beer\• docunented r, Nonh � 

.-Id Eilq)e NOC nu:ti '911•·:t1, has b1en ta,.-j °" in N,gena allhough ttwe � 

been �IO'll of 10d ron r, the oil � ,-o,an of lhe COl.t1lr)' 

� � � • v.tl'Ch n � � cw noc Mill!Od 
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being abandoned, means they can serve as avenues f°' ground water pollution t>ecause 

of their highly penneable vertical connections 

Miscellaneous sources of grouna.vater pollution include uncontrolled liquid 

discharge from improper control of storm run-Off and wastewater Boiler losses and 

ind1saiminate emptying of spent engine oil on the grOlJ'ld, also serve as sources of 

groundwater pollution. Although no figures exist for Nigeria. Todd (1980) estimates that 

millions of gallons of automobile waste oils are discharged onto the ground annually 

2.4.2 Surface Water Pollutlon 

Sources of surface water pollution are s1miia' to those d gt)lJnd �ter pollution. 

and invanabty end up as groundwate, pollutants They ll'ldude ltldustnal, agnOJltLral 

and domestic wastes MaJO( pattr.vays of surface water poOutlon ll'ldude surface run off 

v.hich cames pollutants into streams. nvers and lakes RNeB in tropical areas have high 

amounts of suspended solids and turud1ty espeoally flood condibOn.S, WllCh 1, si 1ti,3d 

to sea900aJ vanatJOn 

The use of suface waters as rece� bodies for ro.JStnaJ ond domestic 

'Ml!teS, v.hch have � different stages o( lnlatmef'( 13 another fflOJOC' poth-MJy cl 

uface wat« polb.4lon The level cl polfullon has oven::ome the no.11.nll processos o( NII 

l)ll1(1Ca1JOO of lhBse v.mle$, IJUCh 81 aenrucn in ffiOWlg v.9!1!n, sed� 10 bkts 

and nvers and blo-<:tlemlc:aJ processes \lihcn cause e alOltatiaJ reciJdlon n ltle 

moeoologi<al 1...-ef ci these tf4lSt8s 
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and eutrophicated, w,1le rivers partiaJlarly those lkMing lhrough ixt>an and industrial 

centres have become open � These waters ate rendered unsuitable for human 

consumption and are unable to maintain aquatic life at natural levels (Oluwande, 1983,

laid 1991). 

2.5 Drinking Water Quality 

Water quality refers to the concenlralions, specifications, and physical values of 

lno,ganic and organic substances contained 1n waler including its biota (Zoldbakova,

1980, Chapman, 1992) The qualrty of water 1s usually detenruned Ill relation to ,ts 

intended use. For instance water intended for pharmaceutical preparations must have 

l�r levels of certain minerals than dnnking water (Sol� 1983 ).

The first water-qualrty standatds tor dnnlong � set in 1914 (Hamner 1986), 

v.hllst \NHO published the first lfltemational standards of dnnlong water ,n 1958 (Table 

3)
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Table 3. 

Pnr11n1cter 

Total Dissolved 
Solids 

Turbidity 

Colour 
pll 

Total Hardness 

Chloride 

J6 

Drinking \Voter Standards and Public Health and Other Significance of 
Physico-rher1ical Parameters 

Guideline 
Vnluc 
No health 
based value 

SNTU (not 
health based) 

15TCU 
6.5-8 

SOOn1g/l 

250mg/1 

• 

Public ncnllh nnd other Signiricnnce 

No deleterious elfccr, niay confer protective health 
beneril, certain components, i e chlorides, 
sulphates, magnesium, Calcium and carbonates 
alfecr corrosion ond encrustation in water 
dis

1

tribution systems, alfecrs taste in extremely IO\Y

concentnuions flat insipid taste; above I 200n1g/l 
bccorncs increasinalv unoalotable 
Unaesrhcticolly unacceptable, forn1s complexes 
with heavy metals, promotes n1icrobial gro\vth, and 
protects n1icrobes from disinfection Implicated 1n 
Triholon1ethane forn1ation 
Some as above 
Many water trcatrnent processes are correlated with 
pl I e g chlorination, coagulation ond flocculation 
Growth of iron bacteria and hydrogen sulplude is 
ol I dcocndenr 
I ligh hardness Scale deposition, scum form1111on 
LO\Y hardness nossible corrosion 
I ligh levels imparts undesirable taste to \Ylllcr and 
bcvcn1ces dcpcnd,1111 on the assocrntcd catron 
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Table '.l Contd. 

P:irarncter Guideline Public llt:illh :ind other Slgnlricance 
Vnluc 

Sulfate No health Conlributt.s 10 corrosion of metals cspec,aJly in waters with low 
based alkalinilv 

Lead O.Olmg/1 cumulative poison causes lassitude, abdominal discon1fort, 
anemia and behavioral chant?es in children 

-

Fluoride 1.Smg/1 high levcl-Skclelal Ouorosis, teeth n1011ling. low level- dental 
. 

canes 
Numinum 0.2mg/l (not 1\nes1hctically pleasing sediments, discolorat,on of waler. 

health bnscd) ncurologicnl disorders like J\l1hcirncr's diseases nnd d1olysis 
dcn1cn1ia 

Copper 2 Omg/1 (p) unpleasant color and astringent, stains laundry and plumbing 
lil(lurcs 

Nil rate SOmg/1 mcthacmoglobinacmia, fom1a11on ofnurosamincs �hich arc 
Nitrite Jmo/1 sus=cted carcinol!cns 
Manganese O.S mg/I (p) Undesirable taste in beverage stains plumbing fixtures and 

laundry prccip11a1es form rncruslation, encourages bacterial 
growth \\ hich gives 1as1e, odor and turbidity problems to
distributed water 

Arsenic O.Olmg/1 (p) Acute poisoning involves Central nel'\lous system leading 10
coma and possibly death Chronic poisoning le3ds 10 general 
muscle weakness, appetlle loss, nausea, mucous membrane 
1nOamma11on, skin cancers 
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T bl 3 C d a e ont 
P11r:11nctcr Guideline Vnluc Public l l cnlth nnd other 

Si0nUicnnce 

Cadmium 0.003mg/l Partial inhibition of 
Gostrointes11nal tract absorption 
of iron, renal errccts like 
proteinuria, glucosoria and 
ominocidurio 

Chromium O.OSmg/1 (p) Mc.xovalcnt chromium causes

necrosis, nephritis ond de.uh in 
man 

Cvanidc 007moil Possible death 
Mercury (total) 0.00 I mg/1 Neurological and renal 

disturbances 
Boron 0 JmrJ1 Mild oastro intestinal irritation 
Zinc Jmg/1 (not health based) imparts undesirable astrini&cnt 

taste to \Voter , may confer 
oreasv film on boilin11 

Ornnnit constituents 
-

Carbon Tetrachloride 2ug/l destroys cell membranes, proven 
carcinoncn,c 1n mice 

Dichloromcthane 20uo/l Possiblv carcinoucnic 
Vinyl C hloride Sug/1 Causes nngiosarcomn. possible 

carcinoocn 
1.2 dichlorocthcnc SOuoll nossiblc ucnotoxic activitv 

• 
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Table 3 Contd .

Parnn1e1cr Guil.lcline PulJlic Ucnllh nnl.l other Signific:1ncc 
Vnluc 

Benz.enc IOua/1 Corcinoaenic-leukemia 
Toluene 700ug/l t.loy affect taste at levels belo\v guideline 

values, inipoirmenl of CNS and irritation 
of mucous membranes 

Xvlcnc 500m1!/I 
1'\ ,.I t • •  • • 

. . , ;;;.,., ... c:, uclc:1.1bu1e ooor ano 1os1c 
Styrene 20ug/l ln1pans S\VCCI ol.lor 10 \Valer, possible 

carcino11cn 
PAH (bcnzo[a] pyrcnc) 0. 7ug/l Closely nssocio1cd 1vi1h suspended solids, 

some e.g bcnzo{a] pyrene proven 
cnrc,nol!.cnic 

Acrvlam1dc O.Suc/1 Neurotoxic. l!.eno1o�ic carcinol!.en 
Ni1rolooce1ic acid 200u!!.II Produces tumors ancr Iona cxoosure 
Pesticides 
Ndnn and Oieldrin 0.03ug/l I lealth effects on central nervous system 

and liver 
Cnrbofuran Sug/1 Chemical manifestations similar 10 

orl!anoohosphorus , n1oidc1111on 
Chlordane 0.2usl!_ Possible carcino11en 
DOT 2ua/l lmoairs reoroduction 
2,4 -dichlorophcnoxyacctic 30ug/l L1mi1ed data available lo include on ,ts
acid carcinol!cnitv 
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The aim or drinking water quality standards Is: 

a. 

b. 

c. 

To ensure that water Intended for human consumption is free of 

organisms and from concentrahons of chemical substances that may be 

hazardous to human health (WHO, 1971 ). 

To ensure Iha! \•,ater is aesthetically acceptable to consumers 

To serve as an indicator or the reliability or water supply systems, making 

them economically useful. 

Onnk1ng water quality standards can be grouped according to physical, chemical 

and microbial quality 

2.5.1 Microblal Quality 

Sare guarding the miCfobial quality or dnnklng waler is believed by experts 

lo be the most important obJeclive, even ahead of Its physical and chemical 

quality, because \Yater rep<esents an obvious mode or transmission or enteric 

diseases (Bland, 1980, Skinner, 1971) According to  the WHO (1971 ), the 

greatest danger associated \Yllh dnnklng \Yater 1s contamination by  sewage,

human or animal excreta. 

MiCfobial quality is determined using Yanous methods or bactenal 

examination Percy Frankland in London, started the first rouhne examination or 

v,ater using gelallne plate countc :11 lSSi i1e enunc1a1ea tne concept or using 

organisms usually 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



,, 

IDU'ldanl in tunan and � e.aement. as e\llde008 of cootarmnauon end 1he 

p01,rD1e pt>osence ot other potentiaDy daog«ous m,ao-o,garusms (wt10. 1984). 

Tht1e organl1m1 •• � es Wldicator O<gan1sms 

Tho use of 1ndicat0f' organisms tor detetm1nahon of the mtctoblal quality ot

water saves tho ume. tabOU' and expense involved ,n attempting to test tor all 

palhogan1 that a wale< umpla might posJibly conta,n Fot on orgarusm lo be 

ldoal '°' use as on lndic:ata, II must ,11ee1 tne rouow1ng e11terla 

a) Tho melhods of 19ola11on. identrfication and enume,0110n should be SJmple

ond unambiguous

b) II should be res,stanl to chlome and have a higher Sl.l'Vfval rate in water

than polhOgons 

c) They should be more neutral than all pathogens ,n the environment

The slgruficanca thal can be attached to the presence or absence or a P«ticul• 

fecal ind,calor vanos Wllh ooch organism end with the dogroo to which that 

organism can be speafically assooated ,vilh faeces (WHO 1984) 

Houston reoogn,zod tho 3 main groups of lndtealor used today I e the 

colilonns, recal streptOCOCCI ond gas forming dostnd,a n. Cohlonn or total 

cohlorm group 1ndude all lhe aerobic and lacultahve anaerobic, giam negative_

non-sporo forming rod shaped bectena that ferment lactose in 24 � 01 3* 

(EPA, 1978) o g Eschencn,a COIi, c,trobacter ' 
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Citrobacter, enterobacter and klebsiella. 

The cohronn group includes a sub-group known as recal coliforms, whrch ferment

lactose in 24+2 hours al 4S+o.2°c wilh !he producllon of gas in a multiple lube
- -

procedure (EPA, 1978) 

g,c.Q}i 1s specifically of fecal origin, and 11s absence can generally inrer that 

disease producing organisms are also absenl (WHO, 1971). 

The ease or delechon and enumeration or cohforms, have made them widely 

used in assessment or drinking ,valer quality, however some doubts have been 

raised as to their su1labillty as 1nd1ca1or organisms These include 

a) 

• 

Thetr prohferalton in nutrient enriched waters that might not be due to recal 

contam1nahon e.g waters ennched by erfluents from a paper mill (Dutska, 

1979, WHO 1984) 

b) Their use as an 1nd1calor ror health hazards or which they cannot be true

delermlnanls e g In s,vimmlng associated diseases hke skin and naso­

pharyngeal lnfed1on (James, 1979)

c) The greater ros,slanca to d1s1nrect1on of some cysts like G1ard10 Jombha end

amoebae, raises doubts on the rnrerence lhal the absence of col1forms from

recently d1s1nfected water moans that pathogens are absent (WHO, 1984)

d) The vahd1ty of 100ml co11rorm counts has also been quened where cohfonns

ere homogeneously dispersed Gale I 1fl<lR} nn1 .. � !N! pub!,,:�::·�, ::;n;f.cance of 
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this lapse especially ln diseases ....tiere a single pathogen like rotavirus has been 

kt1CMfl to infect 27% or adults. 

e) Outska (1979) reports that the temperature at ....tlid'l coliform are incubated is

··--" i f  the inhibitory to the growth of enterobaeleriacidae and thus WVI .... ers

enumeration of cultures is representative of the natural water samples. 

The awareness of the limitations of coliform groups stimulated researdl in the use of 

other organisms as indicators. 

Fecal streptococci are thoSe nom,ally present in the faeces of man and animals 

e.g §..faecalis. �.faecium. §..durafis and $.avium, as well as strains with properties 

intermediate betv.een them (WHO, 1984). The advantages of recal streptococci over 

coliforms include their non-mulllplicat1on in water and their higher SUN!Val rates v.t,ich 

means that they can be used to indicate pollution distant from the source. Fecal 

streptococci also show a degree of host specifiaty pemulting characterization of the 

pollution source. The high ratio of fecal coliforms to fecal streptococci may be userul 1n 

locating the origin of fecal pollu!Jon In heavily c:ont8/T\11'18led raw water 

Fecal streptoc:occa have the hmrtatlon of being less aboodant than E.coli in faeces 

and may grow on vegetation and insects Their pers1$lence in v.11ter with moderate salt 

conoentratlons also 11m1ls their use as Indicator for ctvllung water 

Clostndia are spon1 fom\lng o,ganisms, � ere charactenzed by their ability 10 

reduce sulfites to sulphates and their fonnal!On at spores. Examples are � perfnngens 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



44 

(WHO, 1984). They have some advantages over the coliform group due to their ability 

to sUNive longer and greater resistance to d1sinfedion than the colifom1 group The 

p<esence or 9. e.ecfringe� in a natural water and the absence of colifonns suggests that

the contamination took place a longtime ago. Their presence ,n d1sinfeded water

indicates that there is a deficiency in the water treatment system. Their high survival 

rates means that they can give false alarms and should therefore not be used for routJne 

examinations 

Pseudomonas aeruq,nosa 1s a gram negatJve non spore fonning, rod-shaped 

bactenum that grows at 42°C, it is oxidase and cata!ase positive, reduces nitrates, 

nitntes, ammonia and ox1d1zes glucose (WHO, 1984) It occurs m kMer runbers lhan 

colifonns 1n the faeces of man P aeruginosa Is of value in preparation of

pharmaceuticals, baby roods, and rehydration mLX!Lres, rather than for routJne 

examination of drinklng water 

The des,re fOf an 1ndlcat0< system w,,cn LlleqUtVOCally denotes the presence of

reca1 matter and potenhal health hazards has 1t11nulated research along bactenologicaJ 

and biochemical line, One such organisms i, Bdidobacter a ma,or oomponent cl hunan 

and anunal specie, Blfldobaaer has the advantage cl be,ng anaerobic and unable to 

ITlJIUply In nallral wat« They may provide a ,peoflc assay by Wllch l0'M:!r animal IWld 

tunan reca1 po11u110n may be separated Oucska (1979) CoprosttW'lOf cS--Cholestan-3•. 
' • ) Is an �e of a bloc:hemical lndicat0< YohiCh has the �--·-·� ol being rtable
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and non-pathogenic. It can be detected even 1n the presance of other 1P 1 8

compounds In the water Unlike biolog1caJ Indicators Coprostanol ,s not affected by 

disinfectants or toXJc waste discharge, and 1s therefore ideal f0< use in chlorinated 

effluents and industrial wastes to indicate fecal contamination or health hazards due to 

non-lnadivated viruses. Coproslanol has limitations that 1ndude the laborious procedtxe 

required for each sample and the lack of knowtedge about the rela1Jonsh1p between 

pathogens, 1nd1calors and Coprostanol 

M,aobtologicaf slanda<ds for nral and small coovrunrty water �lies can be 

less stnngent than those for urban areas. because of the non-attaJnabthty of trban 

standards 1n small commun1lies, -..Alere water sources are v.ells, boreholes and springs 

not piped water. There is therefore a greater likelihood of contam1natlon during 

transportation or storage (WHO, 1971, WHO 1984, Morgan, 1989) The WHO {1975) 

recommended standard for such �er supplies 1s an MPN cou,t ci <101100ml tor total 

coliforms and 2 51100ml for s.� The WHO (1995) recommends that due to the 

\Mdespread faecal cootaminauon 1n develOf)(ng ax.ntne,, the nallonal surveillance 

agency should set med1U11-term targets tor the progressrve Improvement of water 

supplies 

2.5 2 Physlco-Chomlcal quality 

The 18ml phystcx><hemicaf quality IS u,ed In refenince 10 the CharactensbCS of 

'Miter WllCh may affect its acceplabthly cLe to aesthetic considerations suet\ as cow 
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and taste; produce toxicity reactions, unexpected physiological responses of laxative 

effect, and objectionable effects during normal use such as o;rcy precipitates (Chanlett, 

1979) 

Taste ad Odour 

Taste and odour depend on the stimulation of the human receptor cells, v.hich 

are located in the taste-buds for taste and nasal cavity for odour (Emslie-Smrth, 1988, 

WHO, 1984) Taste and odour are complimentary, e.g v.hen tasting water, both the 

olfactory and gustatory nerves are active In all taste tests rt is actually flavour that rs 

being measured Flavour refers to the combtnation of taste, odolr, temperature and feel. 

The dose association bel\weo taste and odour may be illustrated by the lad< of flavour 

of many food substances, 'htien the sense of smell is lost dunng a head cold (Emslte­

Smith, 1988; APHA. 1996) 

Taste and odcu problems 8CC0lXlt for the largest $j()Qle class of C0nSllll8f comp/a nts 

10 dnnkJng water supplies, due to the water sou-c:e, the treatment method, dtstnbutlon 

system or a combination of all three (WHO, 1984) Taste 10 dnnlong water 1s meaSl.l'ed 

by taste tests suc.h as the Uveshold test or taste ra!Jng tests Whtie Odour tests are 

earned out for odcu 1t1 drinking water (Table 4) (See standard methods, for details) 

The W\SG ot smell ls more sens111Vo than the best analytical method. for example the 

QVtdeline for cy.nde lfl dnnkrng v.eter YoOUfd be 11100th ot the preseot limit rf based on 

tho Odour ltYeshold of O 001 mg/I (WHO, 1964) 
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and taste; produce toxicity reactions, unexpected physiological responses of laxative 

effect, and objectionable effects during nonnal use such as o.xrty precipitates (Chanlett, 

1979). 

Taste ad Odour 

Taste and odour depend on the st1mulat1on of the human receptor cells, wt11dl 

are located in the taste-buds ror taste and nasal cavity for odour (Emshe-Sm1th, 1988, 

WHO, 1984) Taste and odour are complimentary, e.g when tasting water, both the 

olfactory and gustatory nerves a<e active In all taste tests 11 is adually flavour that 1s 

being measured. Flavour refers to the combination of taste, odour, temperature and feel 

The dose assooation be�n taste and odour may be illustrated by the lad< of flavour 

of many food substances, when the sense of smell 1s lost dumg a head cold (Emslie-­

Smith, 1988; APHA, 1996) 

Taste and odour problems account for the largest SlflQle class of oonsumer complaints 

In dnnlong water supplies due to the water SOU'C8, the treatment method, d1stnbutloo 

system ex a c:ombinallon of au three (WHO 1984). Taste Ill drlli<ing waler fs measured 

by taste tests such as the threshold test ex taste l'8l.llg tests While odc:u tests are 

camed out for odour 1n dnnlong water (Tobie 4) (See standard methods for details) 

The sense of smell is more sensitive than the best analyt,caJ method, for example the

OUtdehne tor cyantde 1n dnnklng v.eter v.oold be 1/100!h of the present limit If based on 

the odour threshold of O 001,ng,1 (WHO. 1984)
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Factors that affect taste and odour Include 

i. Temperature

The gl'O'Mh rate of micro-organisms, some of ....tllch produce bad tasting 

metabolites 1s posrtively correlated with temperat11e The odour of substance is also 

temperature influenced because of the relatJonship betv.een odour and vapour pressure, 

therefore odour measurements usually speedy temperature 

ii. pH innuences the ta.ste and odour of a substance s1gnmcantly, espec,alfy ....tlen rt 

oontrols the equihbnum coocentration of the neutral and ionized fonns of a substance 1n

solution. The average threshold increases from O 075mgll to 450 mg/I as pH 111C1eases 

from 5.0 to 9.0 (WHO 1984). 

m. Residual Chlorine

A balance 1s sought such that the level of residual chlonne is high enough 

for m1crobtal safety w,thout leaving an oqedJOnable taste an oonklng water 
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Table 4 Taste threshold for major Clllions 

ELEt.1ENTS TASTE THRESI-IOLD mw! 

Calcium 100 

Ma1tnesium • 30 

Sodiu,n • 100 • 

Potassium 300 

Iron II G.; 111 uisiiiic:u wnter 

Iron ill 0 12 ,n d1s11lled ,Yater 

Zinc 11 3 in distilled water 

6 8 in mineralized water 

Soorce. (\VJ-IO, 1984) 
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Heallh 1mphcations of taste and odour ;,. water is related to the fact that 

consumers seek allernat1ve sources that have mo<e ac.ceptable tastes to them even 

though the allernat1ves may not be of as high a m1crob1al quality as the rejected water 

Short term changes ,n taste and odour or water may be 1nd1ca1tve of changes 1n the ra\v 

\vater qualtty, del'ioenc,es 1n the treatment p(ocess These changes may also be 

1nd1catrve or chemical corrosion and biological gr01vth 1n the d1stnbut1on system All of 

which may have negative health 1mpltca1tons (WHO, 1984) Organisms responsible for

taste and odour ,n water include acllnomycetes, algae, ,ron badena and free living 

worms 

Total Dissolved Solids 

Total Dissolved solids compnse organic matler and 1norgan1c salts ,vtuch may 

ong1nale from sources such as se\vage ellluent discharge urban run-orr o r  from 

natural bicarbonates chlondes, sulphate. n1lrales sod1l.m, potassium, calcium and 

magnesium The maior determnant of the TDS level 1n waler ts the geocnemrcal 

charactonsltcs of lhe ground ii comes ,n contact \V1lh e g g,an,te and s1hceous sands 
'

and well leached soils have TDS less than 360mg/1 TOS levels are mainly detenn1ned 

by grav,metrrc methods J\ccofd1ng to WHO (1984) the p;:,lnlabthty of dr,nlung w.it0t 

accordtng to tis TDS level has been rated by BI\JV0ld w,th levels less lhan 500mg/l 

borng roted as excellent and levels grealor tnan 1700mg/l unacceptable (Toblo 6) 

Total Dissolved solids 1s rolotod to other water quality parornote,s hke hardnoss 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



which occurs if the high TDS content is due to the presence of carbonates A low total 

dissolved solids level also affects the taste of water and might be perceived by the 

consumer as flat and thus unacceptable. Furthermore TDS levels due to chloride, 

causes corrosion, whilst that due to carbonate and calcium sails m ight result 1n 

encrustation 
• 

Turbidity 

Turbidity is an expression of certain light scattering and hght absorb ing properties

of the water sample caused by the presence of clay, silt, suspended matter, colloidal 

particles plankton and other m1cro-organ1sms (WHO, 1984) Examples of m1ao-
• 

organisms that cause turbidity are the summer blooms of the blue-green algae 1n 

surface water and algal detntus formed by iron bacteria Turbidi ty can be measured by 

vanous methods, two of which are currenlly used, turb1d1metry and nephelometry The 

nephelometric method is more current and measures the 1ntens1tv of hght �,altered at 

0 90 to the path of 1nc1dent l ight Turb1d1ty or water affects other ,vater quahly parameters 

such as colour, when 11 is imparted by collo1dal particles Therefore when measuring 

color, the colour 1s that from which turbidity has been removed The taste and odour or 

raw and treated ,vater varies w1lh high levels or turb1d1ly Turb1d1ty also negahvely 

affects the m1crob1olog1c:al quahly or ,vater by p<omohng m1aob1al prohferallon and 

protecting bacteria and viruses from d1s,nrechng agents Turbtd1ty also affects the 

chemical quahly of dnnkll'lQ water through the formallon of complexes Ml\\'000 tho
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lurb1d1ty causing hum1c mailer and heavy metals The absorption or organic molecules 

like herb1c1des onto a clay-hum1c acid surface also affects waler quahly 

Colour 

Colour 1n dnnk1ng water 1s caused by the presence or coloured organic 

subslances, usually hum1c, which originate from lhe decay of vegelahon 1n sur1ace 

,valer Iron and manganese also give waler a red and blue colour respechvely by the 

aclion or baclena, which ox1d1ze !hem lo their rerric and manganic oxides respccllvely 

The solubihsahon or copper from copper pipes may also give a blue tinge lo waler 

Colour can be measured by visual comparison or the sample wilh platinum coball 

standards where one unil of colour 1s lhat produced by 1mg/l platinum or 

chloraplahnale ion (EPA, 1983) The WHO (1984) recommends hm1l of 15TCU for 

drinking \VBler 
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Table 6 Consumer rntmgs according to total dissolved solid 
levels of drinking 1\11tcr 

RATINGS 

Excellent 

Good 

Poor 

U1L1ccc table 

TOTAL DISSOLVED SOLID LcVEL m 

<JOO 

]00-600 

• 

600-900

>1700

Source (\\'110 1984) 
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Tnblc 7 Clo$�ilica11on or hnrdncss 1n cqu1vnfcn1 or c.1fciun1 
Carbunatc conccn1rn11011 

Cf115s11ication 

Son 060 

f\1ediun1 hard 60-120

Hard 120-I 80

Ve hard >180

Source (\VJ JO. 1984) 
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pH 

The pH of a solution is the negative common loganthm of the hydrogetl ion 

activity, aH·, and it 1s measured electrochemically using a glass electrode. Most r;rw 

water sources have a pH range of6.5-8.5 (WHO, 1984) pH is temperature dependen� 

and a decrease of about 0.45 occurs with a temperature increase 25', though this can

be modified by the buffenng eff"ect of bicarbonates Water treatment processes such 

as chlorination lov.ers the pH, v.tiit•sonening with excess ltme/soda raises the pH 

Dissolved Oxygen 

The level of Dissolved oxygen in water is used as an indication of pollution and 

potability, 1t thus forms a key test in water pollution conb ol actMtJes and waste 

treatment p,ocess control Dissolved oxygen is measured using either the Winkler 

method, its modification or the IOdometnc method, depencf,ng on the accuracy desired, 

convenience, and interference present (APHA. 1996) The rea>mmended guldehne 

value for dnnklng wat8' 1s a level not below 8mg/l (WHO 1984) L� levels indicate 

microbial cootam1na11on or coooslon It ,s hov.ever possible tor large amou,u of 1ror, 

<Xltroslon to ocnr 1Mthout the oxygen level falling percept,bly 

Haronoss 

Hflfdness of a water Is the lrad11Jonal measure of the capaoty of water to react 

'Min soap Hard water tt.Js reqwes • oonsiderable am0U'll of soop to J)ftnJCe lather 

The pnnopaf ions causing hardness are calo1.m end magleSIUll, and v.nen the enron 

is carbonate 11 1, referred to a, t� bee& 1M lhl.s type of tlarciloss can be 
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removed by boding, unlike v.tlen the anoo, are sulfates. chlorides and nitrates Natural 

sources of hardness Include sewage and run-off from soils pattJaJlarty limestone 

fomiatlons, v.f11le main 1rnislnal SOlXC8S are mining the bu11d1ng industry v.here 

caloum oxide IS used and the use of magnesium in textile tanning and paper 

lnduslnes Grouro.vater Is often harder than surface water and may have levels � to

several thousand mg/I because of its h,gh solubtlwng potential, partndarty for rocks 

that contain gypsum, calcite and dolomite Hardness may be esumated by btr.rnetnc 

determrnahon of 1nd1vidual concentrations of the oomponents of hardness, their terrus 

being expressed in terms of an equivalent quantJty of calCII.JTl cart:>onate (Table 7).  
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Alkalinity 

Alkalinity is  an index of the buffering capacity of water, produced by anions of 

\Wak acids, usually hydroxides, bicarbonates and cart>onates. It is measured by 

tilrimetric methods, v.tiere an increase in alkafinrty causes a loss of colour, which is 

directly proportional to the alkalinity of the sample Alkalinity of a water sample 1s 

usually dose to its hardness value. 

Chloride 

Chloride OCOJrs 1n nature 1n the fonn of sodium, potass,um and calc,um chloride 

salts from the oceans. It occurs in ground water as a result of saline 1ntn.Js1on, brine in 

oil v.9II operalions, sewage discharge, rmgahon drainage, contam1nalion f10m refuse 

leachate and in temperate countries, from the use of salts to de-ke roads Chlonde in 

dnnking water 1s measu-ed by titratrng an aadtfied sample wrth men:u1c nitrate In the 

presence of mcxed d;phenyl meteuric carbazone blue indicator with the fa11aabon of the 

blue solid, mercury d1phenyt carbazone complex as end point (EPA. 1983) Although 

the taste threshold of chlonde 1n dnnlung water depends on the assooated cation. rt 1, 

usually in the range of 200-300mg of chlondell1tre The WHO (1964) recommends 8

QUideline value of 250mgll A higher value than 1� ll 'M!ter 1, an lndlCatlOfl of
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25.3 Toxic Chemicals 

Chemical contaminants of drinking water supplies occur along with contaminants 

of other inorganic and organic constituents Thererore since guideline values for these 

chemicals are calculated separately, without consideration of possible synergistic 

effects, on the occasion when contaminants w,lh similar toxicological effect occur at 

levels near their respective guideline values, appropnate action should be taken w,lh 

the assumption that the toxic effects or these compounds are addrtive.. 

Nitrates and Nitrites 

Nitrates and Nitrites are considered together because conversion from one form 

to the other oc.curs in the environment and the health effects of nitrates are generally 

as a consequence or rts ready ex>nvfflK>n to n1tntes in the body Nitrate levels 1n 

polluted water are usually higher than n1tnte levels Nrtrates ate roo11ed as by products 

of incomplete oxidatron of organic nitrogen by badena present in sorl Seut:eS of 

nitrate pollution are reedlots, domestrc effluents, 1ndustnal effluents, refuse dlnlp 

leachates and excessive rertlltzer use and land disposal of sludge The WHO (1984)

(1.Jldellne for nitrates in dnnlong water are typ1Cally below 50mg of nitrate-N per litre, 

levels exceect,ng these are indicative of pollution N tnte levels can be reduced dunng 

water lreatment by the OXldwng elfeds of chlonne UNIV
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Lead 

Lead is a natural constituent or the earth crust a t  an average concentration 

of about 16mlkg. It exists 1n the environment almost entirely in the Inorganic form, 

although small amounts of organic lead occur from the use of leaded gasoline and 

from natural alkylalion processes that produce methyl lead compounds. Lead is 

used for a wide range or purposes such as the manufacture of motor ballenes, 

alkyl lead compounds for gasoline, solder pigment, cable sheathing, roofing and 

piping materials, which are all pol��!::::! ;:::!h·,·,u;o of .:,v:iui,vi, vi J, 111i<1ng water

Lead levels in drinking water are relatively low, because conventional water

treatment procedures remove a significant amount or lead, levels may be higher 

where lead plumbing or lead storage tanks are used Low pH and softness 

Increases lead content or water by promoting corrosion. The maximum intake of 

lead from food, air and water Is 3mg/week (0 OSmg.lkg or body weight) for adults 

(WHO, 1984) 

Iron 

Iron Is the most abundant element by ,ve,ght In the earth crust. 11 occurs ,n 

water in its remc and rerroos states, part1rularly 1n v.ell aerated cond11Jons Rock 

end mineral d1ssoluUon, oad mine dra1nago, land rill loachates, sewogo or iron 

related Industries are causes or high iron levels ,n 9'01.rldwaler, lakes end

r8S<WVoirs, parurularly where roduong C0od hons are present (Okun, 1983) 
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Ammonia 

Ammonia refers to the non-ionized (NHJ) and ionized (NH.·, forms. Its 

occurrence in the environment is from metabolic. agncvltural, 1ndustnal processes and

from disinfection with c.hloram1ne No guideline value is fixed for ammonia 1n dnnking 

water, due to the fact that it is not of immediate pubhc health signlf,cance 

Arsenic 

Arsenic 1s another inorganic constituent of dnnlong water that 1s 'Mdely d1stnbuted 

throughout the earth The sources of lntrodudlon into dnnklng water include 

dissolution of minerals and ores, industnal effluents and atmosphenc deposition. 

Concentrations in groundwater may be elevated as a result of eros10n from nail.rat 

sources A provisional guideline value of O 01 mg/I 1s established. with a VJfNI to 

reducing its concentration 1n dnnklng water 

Asbestos 

Asbestos 1s tntroduced into water by the dissolutJon of asbestos oonta1n1ng 

mine'81s end 0<es as 'Mlll as from llldustnal effluents, ebrlOSJ)henc pollution and 

asbestos cement pipes 1n the dlstnbubon system {WHO, 1995). The amot6'11 of

eSbestos eldohated from v,gter pipes depend$ on the � of the water 

supply There ts no health based guideline value fer asbestos tn dnnklng water 

Barium 

8anlXl'I ocan as vanous oomp0Ulds in the eantrs a1JSt. and rt is used in a Wide 
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variety or industrial applications. Its presence 1n water is from natural sources The 

guideline value 1s 0 .  7mg/l (WHO, 1995). 

Boron 

Boron is released into water rrom industrial and domestic effluents from its use in

detergents and Industrial processes. Elemental boron 1s also used in composite 

structural matenals Boron 1s present in dnnlong water at cooc:entratlons below 1mg/l 

Though higher levels have been round YkllCh are attnbutable to natural oocurrence of 

boron. A 0.3mg/l (rounded figure) guideline value based on a 10% TOI from dnnlong 

water has been establtshed by the WHO (WHO, 1995) 

Cadmium 

Cadmium i s  a metal used 1n the steel industry and 1n plaslJCS Its CXll11pcu,ds ere 

Ytidely used 1n battenes Environmental scuces of c:adl ml.ffl include 'MiStewater 

discharge, fertilizers and av satra!s Dnnking water c:ontamtnauon oa:urs horn 

lmpunt,es in the zinc used lfl galvanized pipes solders and some metal fittings Levels 

ln dnnl<Jng water are usually less than 11.,9'1 A guideline value of o OCX3n9'I 1s 

established w,lh an allocatJon or 10% or the PTWI to Gtlnlung Yteter 
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Chromium 

Chromium OCOJrs widely in the earth crust in +2 to +6 valences Total chromium 

concentrations in drinking water are usually equal to or fess than Sug/1, although 

concentrations as high as 20.Jg/l have been reported A prOV1s1onaf guideline value of

0 05 mg/I has been retained from considerahons that it ,s unlikely to give nse to 

significant risks to health (WHO, 1995). 

Copper 

Copper plumbing can greatly inaeasa cooc:entrallOl'lS of copper ,n dnnklng water 

from ,ts usual low level of a few miaograms per litre to several milligrams per fltre,

usually foffa-Mng a period of stagnabon in pipes The presence of copper 1n a v.eter 

supply system may interfere wtth the intended domestic use of the water, dJe to an

increase ,n the corrosion of galvanized ,ron and steel fittings, v.tuch causes staining of

laundry and sanitary wares et concentrations above 1 mg! AJ. levels higher than 5 mg/I. 

a COIOlX and an undesirable taste is 1mpat1ed to the water

Aluminum 

Al1.n1inum ts a wtdespread and abuidant element compns,ng ,on1e 8" of the 

earth's surface A frequent reason for the presence al all..mrun in dnnking water Is 

defldency ,n control and operation al the lreabl'lel'll process 'When present in 

0000enttat100S above o 2 mg/I deposits of all.ffllrun h)'drox)de noc occur causing an 

Increase in the d1sa>laetJon of 'Miter leading to consuner a,mpla1nts 
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Fluoride 

Fluoride accounts for about 0.3 g/kg of the earth's crust Sources of 

exposure include the use of inorganic fluorine compounds in the production of 

fluoride, the release of fluoride during the manufaciure and use of phosphate 

based fertihzers. Exposure from drinking water depends greaUy on natural 

orcumslances. Raw ,valer levels are normally below 1.5 mg/I !hough ground 

water may contain about 10 mg/I In areas rich in minerals conta1n1ng fluorides A 

guideline value of 1.5 mg/I exists for fluorides (WHO, 1995) 

Mercury 

Mercury usually occurs in the 1norgan1c form 1n surface and ground water at 

concentrations less lhan 0.5 mgn. The guideline value for total mercury 1s 0.001 

mg/I (rounded figure). 

Organic contaminants 

Organic contaminants of dnnk1ng water lnciude chlorinated alkanes, 

chlonnated elhenes, aromatic hydrocarbons and chlorinated benzenes 

Chlorlnated Alkanos 

Caroon Telfachlonde 1s used principally Ill the production of 

chlorofluorocarbon refrigerants Sources or environmental expos1Se include 

release Into olr and water during rmn,fact111ng and use Concentraoons In

�ng water are usually less than 5 ug,1 A gu1del1ne value or o 2 ug11 was

denved based on a TOI or O 714 ug/kg or body 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



64 

\Wight (WHO, 1995). 

1, 1-dichloroethane is used as a chemical mtennediate and solvent, f1mlted data

show that it cao ocax ,n concentrations up to 1 O I.qi in dnnk1ng waler According lo the

WHO (1995), rts occurence in ground waler may maease due to rts widespread use 

and disposal in grolKld water No guideline value has been proposed, because of the 

limited database on ,ts toXJcrty and catcinogeniaty 

Chlorinated Elhenes 

Vinyl Chloride Is used pnmanly for the produd!On a polyvinyl chlonde Seut:es 

of environmental e)(J)Osure include the constant presence Ill air v,t11ch lfl Western 

Europe is estJmated to range from O 1 to O 5 ugtm' (WHO 1995) Vlf1)'1 c:hlonde can be 

formed in water from tnchloroelhene and tetrachloroethene II has been f0l.nd Ill

drinking water at levels � lo a few m,aograms per litre and on occas,on, higher levels 

occu in Qr(Uld waler 

Aromatic hydrocarbons

Beruone ,s used pnnopally 1n the produdJon a other organic c:hemlca s 

Route, a enviromiental � include petrol and veh,cufar 80'llSSIOOS II may be 

introduced lntO water by...,industnal..,. effluerU and atmosphenc pollution. ConcentratJons 

Wl � v.eter n generaf,Y km than S l.9l A gudehne value of 10 ug/1, for a 10• 

excess cover nsk is lherefore retained (WHO 199SJ 

Styrene IS anolher aromaLC hydoawt>on. used pnmanly for the PfOClx:tion of
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plastics and resins. It is found In trace amounts In surface water, drinking water and 

food. Levels in air can be up to a f'1W hundred miaograms/day m industrial areas A 

guideline value of  20ug/l, with 10% of TOI allocated to dnnk1ng water has been 

established by the WHO (1995). 

Polyaromatic Hydrocarbons 

Polyaromalic hydrocarbons (PAH) from a vanety of contamrnallon and pyrolysis 

sources have been identified in lhe environment as mrnor sources of dnnking water

contamination. A guideline value for benzo(a]pyrene 1n dnnking water of O 7ugll has

been established. According to the WHO (1995) there 1s 1nsuffioent data available for 

the derivation of values for olher P AH 

Chlorinated benzenos 

Monochlorobenzene (MCB), is released to the environment from volat1sat1on 

8SSOC1aled \\1th its use as solvent 1n pesttade fcxmufabon, a degreasing agent and 

from other industnal applrcatJons Although the kM9st reported taste and odol.r 

ltveshold for MCB In water 1s 10-�. guidehne values of 300.Jg/1 an based on an 

aJloc:atJoo of 10% of the TOI to d1nlong water 

Di(2,.thythexyt) adlpato (DEHA) 

DEHA Is used mainly as o p/astmer for synthetJc res ns hke polyvinyf c:hlonde 

(PVC) OEHA have been 1n(requently ldentdied in cmlong v,uter at levels of 8 h,w

l1'llaogumsll11f8 The gudehne va� is &qi hire (1"01.nded frgtxe) based on an
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allocation or 1 °/4 or the TOI to drinking v.-ater. 

Di (2-ethyhcxylJ phtalate is another Ofgan,c contaminant used primanly as a 

plasticizer. II occurs on the surface of groundwater, and concentrallons of hundreds or 

micrograms/litre have been reported in polluted sources II occurs ,n drinking water in 

concentrations or a few micrograms per hire A guideline value or Bug/litre (rounded 

figure) with an allocation or 1% or the TOI to drinking water has been established. 

Organic chemicals 

Nitrilotriacetic acid (NTA) is used primarily in laundry detergents as a 

replacement for phosphates and to treat boiler v.-ater, so as to prevent scale 

accumulation. A gu,del,ne value of 200ug/l has been established (WHO, 1995). 

Edetic acid ((Ethylene diamlne tetracetlc acid; EOTA) and its salts are used 1n

many industrial processes, as rood additives 1n domesllc products, as drugs 1n 

chelation therapy, all or �hlch alfov, substantial release into the aquallC env1ronmenl 

Levels in natural v.-ater or 0.9mg/l have been recorded though levels less than 0.1mg/l 

are more usual A gu1dehne value ol 200ug/l has been estabftshed (WHO, 1995) 

Acrylanlldo In the form of residual aaylamide monomer occurs 1n poly 

Scryf amide coagulants used In tho treatment of drinking w.:itor Other sources of 

expo,u-e rrom water Include ,ts use as grouting agents 1n the construction or dnnklng 

water resorvolrs and ..wlls A guidehne value of O � has been established 
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Biocides 

Biocides In drinking water are increasing becoming a problem, due to degradation 

of these compounds. 

Guideline values have however not taken into consideration toxicll1es attached to

the degraded products due to lack of data. 

Aldrin and Dieldrin 

They are chlorinated pesticides used against soil dwelling pests, for wood 

proteclton. D1eldnn is also used against insects of public health significance The 

compounds have similar toxicology and mode of action, with Aldnn being 

converted to Dieldrin under moist environmental cond1ltons 01eldrin 1s highly 

persistent ,vith 10,v mobility in soil and atmospheric losses It 1s occasionally found 

in drinking waler through agncullural run-off into surface waters and eventual 

percolalton into ground water A gu,dehne value of O 03ug/htre has been 

eslabllshed based on en allocallon or 1 % or the ADI to dnnktng water (WHO, 

1995) 

Bontozono 1s a broad-spectrum herbicides used fOf a variety of crops, 

though 11 photodogredes 1n s011 one.I water 11 has a high soil mob1hty and moderate 

Pt<&lstence 1n the environment 

It has been found 1n g,OlJld water. and has a high alf1n1ly for the water 

componenL A gUldohno value of 3<Aigl1 based on 1% allocation or tho ADI to

dnnking water was established (WHO. 1995) 
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DDT 

Although DDT has been banned or p<oh1b1ted in some countries, ii sllfl 

enjoys extensive usage. II is a persistent insedie1de, soluble under most 

environmental cond1hons. A guideline value or 2ug/l has been estabhshed r°' DDT

and its metabolites. Allhough lh1s exceeds lhe waler solubihty of DDT, whrch ,s 

1ug/l, some DDT may be absorbed into !he small amounts of particulate matter

present in drinking waler, so lhal even the guldehne value or 2ug/l can be reached 

under certain concf1lions. 

2.6 Wotor Treatn1ent for 5mall Community Waler Supply Systems 

Small Community waler supply systems refer to technologies used rn water 

distribuhon 1nclud1ng trealment meUlOds that are integrated with comrmnty 

involvement. Homer (1986) points out Ulat 111s not a scaled dO\vn verso, of Lfban 

installations, bul one in ,vhlch the pecuha11ties ol lhe com1nun1ty r, terms of

organizallon, managemenl, skill, economics and sooal pract,ces are taken no 

considorallon This Is necessary In order to choose the tectvlology appropnate ftt 

water provision 1n Iha seleclod com1nunity. 

Water trealment Is the process ol converting r8\V ,vot8' h0p S\l'face 

or sub-surface sources lnlo a drinking ,vater su,toble f0< domestrc uses (Hofkes. 

1981) Allhough eulhontlos ogroo thot the 0101 ol \\.lier lloolmnnt is llvl �val o, 

P81hogonlc organisms end toxic substoncos, they note thot ,.,.atOf' trootmeot should

not moko drinking ,votor pure °' stertlo 1n tho onol}tteal sense In th1S r�d sails

1re 10mot1mo1
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added to improve the taste. (Hofl<es, 1981; Soll, 1984; 011.Ntande, 1983, APHA. 1996) 

The various methods by v.nich water is renderad potable are referred to as unit 

operations and they are namely Aeration, Coagulallon and F/oco tlatiOt\ Sedimentation, 

Filtration, and different means of Disinfection, v.tiich make use of physical, biological 

and chemical processes to achieve their obJectNes. 

There are other purif lC8tion methods, v.tiich though not unit operations are used for 

small C01TV11unity water supplies. 

Storage 

This is a punficatlon method used in many low socio-eanJtnic communities 

Water can be made safe to dnnk if slored for 2 days during v.tl1ch the hannfuf 

0r9anisms die and sink to the bottom DD (1987) advocates the ttvee pots method, 

v.tiereby tv.o pots are used for fetching water on alternate days and one for stonng 

v.tl1ch allows the household lo have water v.tldl has been stored for at least 2 days 

before contamination Pots should be covered to prevent contam,natron, hm1t 

evaporatJon and prevent algal Qn>Mh Earthenware pots should not be used because 

they encotxage bacterial gWMh 

Bolllng 

Bo!hng Is a safe and effectJve 'MiY o( pathogen extJnctJon ,f awned out property, 

• g making su-e that water boils tor reamnend8d penod of five mrotes 1-toY.Qver

recent studies reveal that most ml<J'O-OrgaMmS are lulled far below the boJhng t��' 
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,t-90°C (S001S, 1997) 

Bolling water 1n1ght be tedious 1n terms of lime needed lo prepare tire and to cool boiled 

waler. 
I 

2.6.1 Aeration 

Aerahon is the trealment process, whereby water 1s brought into 1nhmate contact 

1111th atr 1n order to increase their oxygen conlent to lacihtale prec1p1tation and resufls 1n 

the removal of iron and manganese ,n their lernc and manganese lorms, and organic 

compounds such as methane and hydrogen sulphide Aerahon decreases the carbon 

dioxide conlenl of waler and thus reduces lhe solub1hzing lendencies of waler, which 

cause corrosion and leaching of plumbing malerials into waler Ground\vater high 1n 

iron and manganese benefil from aerahon 

2 6 2 Coi!gulatlon and Flocculi!lion 

Coagulation and llocculahon 1s the process by which finely divided suspended 

and colloidal matter 1n the water is made lo aggregate and f0<m noes with the aim or 

removing substances lhat cause turb1d1ty and col0< 1n ,vater Coagulants are often sails 

of mulhvalent elements. the most common of which are aluminum and femc sa1ts e g

olum1num &ulphate (alum) end ferric chlo11de Coagulat on ellCCXXages sed11nentatJOO 

thus reducing tho load 1n fillers, thereby reducing costs ttvough the extension of the life 

of the f11tor 
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2.6.3 Sedimentation 

Sedimentation, also knooMi as clarification refers to lhe unit process v.here 

particles heavier than lhe liquid they are in, are removed by grav1tatiooal settling Apart 

from the obv101Js significance of cJarif,cation, sedimentation also affects the chemical 

quality of water, through the settling of complexes fanned betv.een heavy metals and 

noes. 

2.6. 4 Filtration 

Filtration is the process v.nereby water 1s pumped and made attradlve by passing 

it llvough a porous matenal or medrum. Hofkes, 1981, Ok.wande, 1983). When sand 1s 

used as a medit.m, filtrallon has an effect on the physical and m1aob1olog1cal qualrty of 

the water, the extent of \\tiich depends on the method of filtration employed I e slow or 

rapid sand filtration Treated water comes into the filter with about 2 JTU and leaves 

with a turt>1d1ty of 0.2 JTU Badenal removal 1s 96-99% or more (WHO 1995). Rapid 

sand filtered water, needs to be chlonnated due to the filtration rate, \\tilCh 1s an

amount frfty times that of the slow sand filter and allows �ttle tJme for blodegradatJon 

Slow sand fillers are more suitable for small communities 1n the developing 

countries due to factors such as redUC11on of costs ans ng from the ehm1natJon of 

the need for chemical purchase and the ehm1na1ton or mechanical devices to

encourage coagulallon and noa:ulallon Costs are also reduced for the reasons 

related to the cleaning intervals \\tt1ch 1s thirty times that of rapid filters Though 
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the filters require extensive bed areas and have a throughput rate of one thirtieth o f

that of rapid filters, slow sand filters are more ideal for developing countnes 

(Chanlett, 1979). 

2.6.5 Disinfection 

Disinfection is a ma1or unit operation 1n water processing Its objective 1s to 

obtain microbiologica!ly clean water processing v.hich contains no pathogenic 

organisms and is free from biological forms Iha! may be hannful lo ht.man health or 

aesthetically objectionable (Kootapep, 1980) VVhile other unit operations affect 

more than one aspect of water quality, d1s1nfectJon affects the b1olog1cal quality only. 

The efficacy of disinfection is influenced by factors such as the nature and number of 

organisms 1n the raw water, the type and concentration of d1sinfectan� water

temperature, contact time, nature of water to be d1s1nfected and pH 01s1nfect1on can

either be physical or chemical 

Chemical d1s1nfectants employ the use of ctiem,caJs know, a s

disinfectants a s  the dis1nfect1ng agents Some examples include chlonne, ozone, 

potassll.m pennanganate and chlonne diOXJde, \\tiose populanty vanes with factors 

related lo aa:eptabd1ty due to taste, odour and cost These factors v.ould also 

detenn1ne 11$ suitability for small community use 

Heikes (1981) notes that for a chemical to be suitable for use as a d1s1nfectan� 11 should 

satisfy the folkM1ng parameters 
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I). Be quick and effective in killing pathogens present in water 

ii) Be readily soluble in the water concentrations required for disinfection

iii) It should leave a residual

1v) It should impart no taste, odour or colour to the disinfected water 

v) It should be easy to detect and measure in water

vi) ft should be readily available at moderate cost

Chlonne was first used for water disinfection early in the 20th century, it 1s by far the 

most widely used chemical d1s1nfectant for reasons, W11ch include ,ts low cos� and 

efficacy against enteric diseases, that are water related (Hofkes, 1981; 00, 1987, Reiff, 

1992) Chlorine can be used in vanous forms for water treatment (Table 8) 

The following reactions take place v.tien chlonne is added to water

(1) Cb+ H,O 0 HOC!+ Cl+ H'

(2) Ca(OCl)2 + H20 Q ea-+ 2ocr+ H',O

The first equation represents chlorine, Wlilst the second represents v.nat ocnrs

v.tien Ce(OCI) 2 is used The hypochlorous ac,d and the hypoctllonte ions are referred 

to a, free available chlorine, it Is JTIO(e pc:l',Wlful than combined chlonne Wlich refers to 

monochloramlnes, dtchloram1nes, and nrtrogen tetrachlonde formed Wlen water 

containing organic nitrogen and ammonia ,s c:hlonnated (Chanlett. 1979)
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Table 8 Chlorine compounds 

% 

Type Formula FormulB Available Containers Feeding 
Chlorine 

Calcium Ca(OC[)• 4Hz0 Powder 60-70 Cans or 1-3% 

bvoochlori1e Drums Solution 

Bleaching Ca02Ca0Ch1H2 Po,vder 25 - JS Drums I -2% 

powder 0 Solution 
( chlorinated 
lime) 

Sodium NaOCI Solu1ion JO - I 5 Glass or I - 3% 

h, hlori1e olastic Solution 

Chlorine Ch Liquefied 99 Steel Gas or 
11as C . den solution 
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APPROPIUATE TECHNOLOGY ,,on \VA1 Elt 'J ltEA'I i\1ENT 

Technology ror small and rural water supplies 1s limited to that which the 

community's resources 1n terms or financ,al and manpower can operate and ma1nta1n 

e.g chlonne gas 1s not suitable ror small c:onvnun11y supplles due 10 high sklll 

requlremenl 
• 

Pot Chlorination 

This refers to the d1s1nrec11on or well waler by placing a vessel conta1n1ng a 

mixture or chlonne powder and sand 1n the v1ell (Holl<es, 1981) 1 5kg or chlonne will 

provide salisractory d1s1nrec11on ror one ,veek Pol chlonnalron m,ghl be either Slllgfe 01

double pot where the s1ngfe pot is round lo give too high a chlonne c:ootent to lhe 

water. The double pol 1s effective ror 2 weeks, in a well with a 45001 capacity drawn at 

a rate or 40Q.Jl50Vday.

Chlonno may also be introduced 1n10 the ,vell by means or a Jerry can placed oo the 

parapet and allowrng II lo dnp rrom an extended outlet tube into !he water Chlonne 

tablets and bleach solution may also be used lo d1s1nrect small quanlJIJes of \\"ell v.-ater. 

DO ( 1987), recommends 3 drops or 1 °4 solullon to O 951 or \\-ater ,Y11h a stand,ng tme of

20.30 minutes (Holkes, 1981, DD, 1987) Trade names andude Hadex, H
)
doctn.'U'l8 

end Holozone 

Iodine Is another chemical d1s1n!cclont that DD (1987) lauded es e.\,::e � bul 
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other experts believe it possesses limitations, which outweigh its advantages 

(Oluwande 1983; Holkes 1981). Some of ,ts hmilalions are the high doses 

necessary to achieve satisfactory d1s1nfeclion and 1ls 1neffect1veness 1n colOl'ed or

turbid water, though Diarrhoeal diseases (1987) notes that the dosage should be 

doubled , r \Valer is polluted. Other l1m1tallons include its medicinal aftertaste end 

Its volatility that limits Its use to emergencies Iodine is available in tablet form as 

tetraglycic potassium triiod1te. It is highly effective against amoebic cysts, some 

viruses and bacteria (Oluwande, 1983). 

Potassium permanganate 1s another chemical d1s1nfectant that ,s a powerful

oXidtzlng agent and 1s effective aga inst Vibno cholerae but not for other

pathogens. It stains containers l:m1ting its acceptability in the community 

A method of phys ical d1s1nfechon ,vh1ch 1s ga,n ng increasing use ,s UV

d1SinfedJon, which makes use of the ultraviolet band of the electromagnetic 

spectrum, situated Ill the ,vave length range of 10 8400nm, between X-rays and 

v1s1ble light (Fig 3) The UV band bnngs about germicidal action in water by 

lnact1vahng pathogens through damage done to the pynmld1ne thymine, and 

cytosine and uracil ONA bases of the mlCl'obes (Anghem, 1984) 

A basic d1s1nfechon unit requires an irradiating chamber, and a

rad alton SOU/ce of between 240.270nm ,n ,..,,avelenght (Ftg 4) The radialton 

SOtxce Is usually a low-pressure morcuy quartz lamp, ,vh1ch emits radiation when

shmulated by an electnc O.KTent Nthaus earned out one of several studies In 

Germany between 1982 and 
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1983 on a W unit wlh 2 irradiating chambers, each wlh a 36 W lamp as ,ts radiation

source. The f';r.N water from river Ruhr 'Mth an initial baden al count betv.een 1o'-10� 

per ml and colifonn count of 5x102-5x10' per 100ml 'NaS reduced to zero on both 

counts after UV disinfection. 

W disinfection has hm,tallons that include the fact that 11 does not leave a 

residual to combat recontamination and the poss1b11ity of regl'OYAh of inactivated 

microbes. Anghem (1984) h<l-Mlver reports that regl'OYAh is not possible because 

conditions 'M11Ch enable bacteria carry out repair processes do not occur ,n nature 

except 'Mlere water is improperly irradiated, In 'M1ich case rEIQTO'Mh by as much as a 

hundred present is possible (Anghem, 1984; Baldi, 1980). 
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2.6.5.1 Solar Water Disinfection 

Solar Water Disinfection or SODIS popularised by Prof. Anim Acra or the 

American University of Beirut (Lebanon) is a technique in which small quanltlies of 

drinking water ls disinfected by exposure to Solar Radiation. (Acra e t  al , 1990, 

Wegelin et al, 1994 ). Acra and his team noted that the most effeci1ve spectral band 1s 

the ultraviolet optimum or 357nm. 

The technique makes use or the either the batch process , ,n which discrete units 

of water are exposed 1n vanous containers ( e g plastic bags, bollles) or continuous 

flow systems (e.g. solar reactors) 1n which an attempt 1s made lo maintain a un1ronn 

flow of ,vater and solar intensity at all points of the system (Acra et al, 1990) 

Several studies have been carried out 1n vanous parts of the ,vor l.Jbased on All1m 

Accra's work. These studies ,vere earned out 1n Columbia, Peru and Nigeria 1n lhe 

eighties and more recently in Columbia, Jordan, Thailand and Costa Rica The studies 

had the objective of 1nvest1gallng tho effect on the d1sinfect1on process of factors such 

as minimum number or hours or exposure, type shape, size and color or container 
'

turbidity, type of pathogen end density, water temperature, water volume and 

cloudiness Investigations ,vere also carried out on the poss1b1hly or regrowth in 

1rrad1at8d water.

Acre (1980) observed that ,V1th a 95 minute exposure to sunhght (between 0900

hours and 1400 hours) In Beirut, a 99 9% reduction of the faecal cohforms was
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acheved 'Mlh JOO tnlBJtes being reqwed for 99 9% lnadlVa!Jon of the total badena 

The mlnJITIUTI exposu-e 1.1/ne appears to vary� locat.on for rusons relatad to solw 

intensity v.tllCh in ILm va,es 'Mlh latrtude � locatoo. season cloud 

covetage, atmosphenc ponut10n solar allill.dl nf elevatal above sea level (Aaa

1990) Odeyerrv (1980} noted that a mrwrun d 51'101.n tJq)O$.r9 v.es � for

adequate solar d1sinfec:tJon of water in N,gena Studies earned out 111 Qiuroa 

Jordan Thailand and Costa RICI obseMd vawying expos n t,ma 'Mth ddf.,.... 

percent age redudJon of the ITliOO 01gaum load (Tat,le 9) 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



82 

Table 9 l11.1ClJV111Jon rates of facail cohfomu and y,t,no CIK!IC� (\\here lndlcucd)
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According to Wegelfn et al (1994), a 5 hour exposure of water to mid latitude summer 

sunshine that corresponds to a dose of 555 W/m2 wdl result in a 3 log reduction of s.

c.oli. 
-

Suitability of the materials, for the S001S technique is a ft.Klclton of the type and 

lhicl<ness of the material, the angle of incidence and the specific wavelength band of 

radiation as these factors v.;11 determine the maxirrun transmittance of solar rad1a1Jon. 

Clear glass, polystyrene and polythene transtn1t W rad1atJon fairly ....ell With ordinary 

glass of the soda lime silica type transm1tt1ng more than 9()0.(, of the 1nodent rad1ahon 1n 

the UV-A ¥.1th certain proVJsu lOrd1nary glass 1s opaque lo radiation 1n the W-8 band

and attains highest transm1ssron level at 340nm and above Quartz has higher

transmission properties than Pyrex (Aaa 1980 Odeyem1, 1980 Aaa, 1984; Aaa, 

1990). Transparent plas!Jc matenals suet, as Lucie and plexi glass are good 

transmitters, end more efficient due to their low transmission losses ,.10% (Aaa 1990 

Sommer, 1997) lnveshgauons on the etred of CXllOl.l' revealed that the most effed!ve 

c:olotx Is the v.nite black, light green and light blue, v.n,1n Arata and Colls(1980) 

Obsetved a decreasing germlCldal etred 1n the order of v.nite. blue green and brcMn. 

Presently SANDEC desqied and IS lest,ng 8 5 �Ire plastJc bag Wlh the upper pan 

transparent end the loM!r par1 black to allow absofpbon, trensni.ttance ond

ccntalrvnent of heat (SOOIS, 1997)

Regarding conta.ner shape atthough COIJS (1980) obsetved that oontalflel' shape 
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has little effect on the disinfection process, tt is one of the variables that detenn,ne the 

amount of solar radiation tapped, with round or cylindrical being most effdent (Mathur 

and Khandpal, 1980, Acra, 1984 ).

Whist investigating the effect of water volume on the d1s1nfect1on process, Colis 

(1980) observed that 500ml samples had a higher dis1nfedlon rate than 100nl 

samples, but those results cannot be generalized due to the smaller than usual 

volumes involved Authorities caution that the treatment method should be applied on 

small quanhties of drinking v.iater only This 1s because of the rapid deaease In W-A 

intensity with 1ncreaS1ng v.iater depth and turbidilles due to attenuallon from ,ts

renectron and absorption. (Acra, 1990; Sommers, 1997,)

Studies canied out to rnveshgale the effect of lurt>1drty on the d1s1nfed1on 

process, revealed that v.iater wrth1n a ll.rl'bfd,ty range cl 1-10 NTU did not show 8tt'rf

dear trend of variation Highly b.Wt>id v.-aters and those wrlh high bactenal load """9 

not satlstadonly d1slnfeded by solar rad1atron (Odeyemt, 1980; Baldi 1980, Kootapep, 

1980) SODIS (1997) advocates storage of v.-ater fOf 3-5 hours before exposure to 

reduce the turbidity of the raw v.ialer 

lnvestlgatron, on the etred of the mlCt'Oblologtcal oootent of the raw water on the 

dlSlnfedlon process revealed that nvxed c:ull\nlS have a longer lnadMltJon time, as

shoY.n by results d �ts by Aaa (1970 ) v.hdl Involved using ,x.re f..c;gjj__

OJl!ln end 1eY.ege contomnaled by C0111'01111s end Srr !i,tlCD(U as a source ot 't\Uler 
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(Wegelin, 1994). Relatedly �qQ!L strains are slighUy more resistant to solar

disinfection than other badena such as f.aerugrnosa, §.. flexneri, §.. !l'.E!'.!!_ 

�enteritjdis, \'Alile §![ raecalis was slighUy more resistant to solar d1s1nfedlon \'Alen 

compared with E.coli and olher colrforms High bactenal loads also shc1,wd a loY.ef 

sensitivity to solar radiation, \'Alen compared with those of low or moderate density 

(Wegelin, 1994) Solar d1s1nfectron is effective wtth other pathogens such as Vibno 

cholerae, although the rate or ,nactivalion wtll be correlated with 'Mlether they exist ,n 

their vegetative or spore forms With tested viruses bacterial spores and amoebic 

cysts requiring 3-4 limes 9 times, and 15 Umes higher doses respectively to achieve 

the same effect (Ocleyem,, 1980, Sommer, 1997, Wegehn 1994)

The role of temperature ,n the solar d1s1nfect1on process was for some years 

under debate With some authonties behevtng lemperalln plays no s,gnrficant role in the 

solar water disinfection procass, since the lemperature nse ,n the irradiated water ,s only 

about ff'c (Ocleyemr, 1980. Aas 1980) Ths appears to be true only Wlthm a c:ert.aJn 

lemperaue range ac:co<dlng to Sommers (1997), a vanatJOn 111 temperature betvA!IOO 

12°Cand 40°C does not lead to sign,r,cant badenal Ndivation Above this upper hm,t, 

from about 42 e0c or ro0
c, the pasteuizatron effea of teffl)e(81ln could oco r with 

baaena, lnac:t/ValJOn rates increasing (Baldi. 1980 Kootapep 1980. Sommers 1996)

Vanous devtces have been developed to maJ..e use of the �Sbe effect of 

his1, t8fTl)erotLn and solar radiation in 'MIiar d•sinfectJon A solar sltll or radration
,, �o,+ 
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chamber ,s one ci such designs with the oqec:tive ci concenlra!Jng the sun's rays by the 

use of reflecting surfaces hke murors, and ra1s1ng lemperatl.re using alUITllll'.-n black 

coloc.r etc. Kootapep (1980) earned out a study lo evaluate some models o< solar 

radiation chambers, viz. a nse 1n temperatUfe model and a lN disinfection model He 

noted that the model 'hti,ch combu'led temperature and the lN component 'MiS mo,e 

efficient al disinfection (at temperatures above 60°C) than the lN d1san{ect,on model 

Conttnuous now systems such as S001S and SOPAS (solar pasteulZallon) 

reaciors �re assessed ,n Costa Rica ,n 1996, the S001S plant COOS1sts cl a 1 8m long 

retention container wtth the upper side made up or a solar glass panel sealed 'Mth 

silicone to a copper basin (Manno, 1995) (F,g 5) II uses both the thermal and the 

radiation effect ror pathogen ,nac:tivallon The unit coos,sts of raw water lank, from Wlich 

a continuous now ,s ma1nta,ned by valves, rt then passes though a heat exchanger 

v.tiere the temperature is bu1II up to s:lc, tierore passing ll'llo the solar p1an1 for w

d1simectJon ll then goes bad< to the heat exchanga' "tiers rt rs cooled do-Ml beftxe 

going to the tank ror potable \\'liter (Fig 6) The SOPAS reactcr hcM.eYer- maJ.es use cl 

only 1empera1lK'l!s or at lea.s1 70°C ror 1nadlvall0n of the rntcro-otganlSr �age

reductJon of roocal colifonns end V,t>no coolen,e oonoenbat11JnS � lhe SOOIS .-.a

SOPAS vanes w,th now rate and tomperatl.1'8 In the S001S pc.-c, gr.-en detw si..ies,

raeca1 cohforms Yt«e 111mos1 comple1ely 1Md1vated 1n the ,ota- cot:eaors 1hrc:>tqt cu

the experiments a1 a now role or 54-56 1/h No 1n3dlvat,on OCXUTed ., the ,n,dllC)on 
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reaction at loY,er flow rates, suggesting that an increase 1n flow rate opt,maes the 

operations (Sommers, 1997) The results obtained from the SOPAS plant show that rt 1s

diff1CUI! to ma1nta1n the 7d'C m1n1mum temperahxe lhroughoot the entJre expenment.

leading to possible incomplete inactivation of faecal colrfonns even at mmarrun flow 

rates of 751/hr. 

The readO<S �e used to assess the impact of doudiness on d1SJnfecbon 

process. Results revealed that mo<e clouds mean less soostune and hJS a deaease 11 

temperatUl'e, wtth percentage collfonn reductions which indicate that there was about 

three limes mo<e energy available for heating and 1rrad1allon on a day Vw1th a dear sky 

than on a completely overcast day, thus reducing the effioency of soots and SOPAS 

plants (Sommers , 1997) No regl'O'Mh of faecal colrforms oca.rred wtlh1n 24 hot.n at  

normal temperature (30°C) either after lfladlvabon n the batch process or in the 

continuous now process (Sommers 1997) 

The advantages of solar d1s1nfedlon include rts � of chem,c:als, and 

U.,s the non-lonnat,on of i.mestrable prodJcts such as TliMs assooated wtlh 

dllonnauon of water. tt also cames no nsk ot overdose (Anghem 1984) The mineral 

00mpos1tJOn o( the Yteter e g the NAHCO, remains uiaffeded (Aaa 1964) It also has 

the advaotage of using a freo nattnl energy SOU"Ce end requnng few h,gl tectnology 

lloJts 'Mth the 1mphcatJOn ot tdfordabtl1ty for uso by the mdbons of people still � 

Vteler 1n developfng eot.ntnes (Sonvnerl, 1997) 
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2.6.5.2 Halosol Water Disinfection 

This Is a method developed a t  the American Un1vers,ty in Beirut (1979-1982), 

through v.h1ch water is treated wth large doses or Sodium hypochlonte or iodine 

solutions and subsequently exposed to solar 1rrad1at1on It was intended to be an 

efficacious dis1rnection method r°' small volumes or heavily polluted waler wtth the 

resultant removal or excess halogen by solar radiation. Ounng expenments camed out 

using this method on the batch process, 51 or halogenated water containing chlonne or

iodine residuals 'Mire exposed to sunlight 1n containers made or colourless or blue tinted

glass°' plastic,� efficient halogen removal According to Acra (1990), the Tsi and 

Tm values ror dechlonnation v.here T 1s the exposure hme 'M!re 11 and 72 minutes (32 

and 215 minutes ror derod1nation), respectively He further observed that in contrast, the 

decay reaction occumng under normal room lllum1nat1on was slov.«, and that CXllTlplete 

darkness (or the use of dark bf'O'Ml containers) retarded 1L Commenting on the 

s1gnrfteance or this method, Aaa (1990) noted that viruses, sporas, ova and protozoa 

are less efficiently destroyed by halogens ( chlonne, iodine and some or their denvaltves) 

than waterborne pathogenic badena, Whtlst sunlight has proven to have similar 

bactencldal properties but unclear effect on viruses, ova, protozoa and spores He 

h.rther comments that the cximbined effects of the N.o f01111s or disinrectton (halosol 

Pfocess) could destroy highly resistant m1croo<gan1sms and lhelf latent stages He 

based this view on the kfl()Y,fl germ1adat effects or solar radiation and free Chlonne 
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2.6.5.2 Halosol Water Disinfection 

This Is a method developed at the Amencan Un1vers1ty In Beirut (1979-1982), 

through v.h1ch water ,s treated 'Mth large doses of S001um hypochlonte or loc11ne 

solutions and subsequently exposed to solar 1rrad1at1on It was intended to be an 

efficacious disinfection method for small volumes of heavily polluted water with the 

resultant removal of excess halogen by solar radiation. During expenments earned out 

using this method on the batch process, 51 of halogenated water conta1n1ng chlonne or 

iodine residuals �re exposed to sunlight in container.. made of colourless 0< blue tinted 

glass or plastic, shov.ed efficient halogen removal. According to Aeta (1990), the Tsi and

TGO values for dechlorination \\tiere T 1s the exposure lime �re 11 and 72 minutes (32 

and 215 minutes for de1od1nat,on), respectively He further observed that 1n contrast, the

decay reaction occumng under nonnal room 1111.xrunat,on was sla.wr, and that complete 

darl<ness (or the use of dark br0'Ml containers) retarded ti. Commenttng on the 

significance of this method, Aaa (1990) noted that viruses, spores, ova and protozoa 

a.re less efficiently destroyed by halogens (chlonne, 1od1ne and some of lherr denvatJves) 

than waterborne pathogenic badena, Whtlst sunlight has proven to have similar 

bactericidal properties but unclear effect on viruses, ova, protozoa and spores He 

fLwther comments that the combined effects of the I\W fonns of disinfectJon (halosol 

Process) could destroy highly resistant m1croorgan1sms &'ld their latent stages He 

based this VJew on the kr10'Ml germicidal effects of solar rad1at,on and free chlorine 
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Fi,: 5 A pho1 raph or11ic SODI� Rei lor(Sou,cc: ktlC/ulon, 1991)
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



·: 91 '

• 

( S01 �r

I 

SODIS 
, I 

·).:0 ,.,,nf(Ct, 00"\ • 

... 

1 

• 

• 
• 

6--1"---

J 

I 

• 

' • 

Flg I SOOIS � Pllrl 
(Sowct, Vllientt,1tt7) 

-
•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



92 

27. Community Participation

Community Organiza!Jon for health and welfare se,vices refers to the social

process, WIich involves the meaSt.rement or coovnun1ty needs in terms of available 

commuruty resources, and from these measurements, the davelopment, extension, 

modification and organization or se,vices for an adequate satisfaction or the continued 

needs of the people (F1on, 1990). 

Different approaches have been employed to organize and mob1hze commun11/es 

1n a bid to deliver health or development related services like water supply and sanitation 

to communities An example 1s the top,doY,fl approach 1n v.hich priorities or needs are 

decided by the 'experts' and passed doY.fl to the selected community This approach 

often Involves professional dominance as the needs have usually been defined through 

research findings Anofher approach involves 1ndoctnnallon, in WIich the targeted

community is told v.hal to do, v.hen to do i t  and how lo do 1L

The self -help approach is one 1n v.hich the targeted community prov,des the 

labour ror the intended project such as the construdion of a pit latnne Although this 

approach due to ,ts high level of CO/Ml\Xlity involvement has at limes been mistaken for 

1/\Je community partiopation, it Is still far from ideal. This 1s because the people often 

have not been asked for their views or felt needs before the relevant organization or 

oovemment body emban<S on the prqect and involves them 1n labour supply (Olaseha,

lecture notes) 
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From past experience all the above mentioned foons of commlXlrty ()(9anizalion 

or mobilization have proven to be inetrectJve approaches 1n delivery of water and 

sanitation, due to their urvespons1veness to local s1tua1tons, beliefs and practices,

and because they are non-self sustaining. There are numerous examples of 

abandoned 'M!IIS, unused communal pipe 'M!lls and broken dO'Ml hand pumps due to 

reasons, Ylh1ch vary from QJltural unacx:eplablhty to non ava1labllity of man p<l'Mlr 

(UNOP, 1990; Salisbury, 1978) 

Aa::ord1ng to United Nations Conference on Environment and Development 

(1994), seMC8S and technologies need to be tailored to the demand and cood11ton of the 

targeted envirorvnent in order to make them efficien� viable and sustainable. This is 

pat1Jcularty important in pen-t.irtan areas Ylhere people settle before any fo,mal 

development takes place, often exceeding the ass1mdative capacity of the environmenL 

For these areas a demand onenled response to water & sanitat.ion dehvery v.ould be 

more effective than one ,n Ylh1ch the aulhonbes decide the needs Past expenence 

In the water supply and sanitation sector has indicated Iha! for a water and san1ta11on 

project to be effectrve, rt 1s necessary 10 develop a sense or OY.11ersh1p 1n the users, 

tov.wds the del1vety lnfrastrudure This 1s so that they perceive themselves not JUSI as

beneticlati8$ but as owiers and operators of the scheme It also became increasingly 

evident that In order to achieve this, the approach employed should move beyond

P8fSuasion or 1ndodrina11on to one 1n 'M1ICh the commun,11es take the leading role An 
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enabling envirorvnent must also be provided 10 allow the people make lnfom,ed 

decisions about proposed ledmlogies (De Rooy, 1986; Head, 1988, Hubbley;1990; 

UNDP, 1990). An approach that 1noorporales all these 1s kno'Ml as community 

partiopation 

CotMlunity partJcipalion can be defined as  the active involvement of the local 

population 1n lhe decision making c:onceming developmenl projects or In their 

lmplementallon (While, 1981) Certain features distinguish community participation from 

community involvemenL 

• In CX>ITVTlunity participation the people are involved 1n decision making even from the

first stage of concepluahzation, through later stages of project planning,

implementation, maintenance and evaluaUon (White, 1981; Head, 1988).

• The community Is Involved as an organ12ed entity and not just a ffffl lnd1vlduals as 1s

the case With community Involvement While (1981) agrees wilh the view that tn.ie

community partiopahon is achieved only �en the corMUllly is In full control of the

process but cautions Iha! in the delfve,y of water and san1tatJon, this should be

considered a spooal fonn of partic,pation This 1s because of the drffJOJlty in

operating the Ideal concept of oommunity particf patJon by a governmental sectoral

agency like the Water C0<p0ration.

In order to aeate a sense of owiership, �lch is vtlal lo a 1rue pat1Jcipato,y 

8pproach in water and sanitation projeds, 11 1s necessary to l#lderstand lhoroughly the 
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aeleded coovnun,ty, In terms of Us physical and IOClaJ envir0Ml8111 These include 

water sources, local resources, local rehg10US belters, pradices and taboos, 

c:ommunlcalton networ1<, leadership slrud11e, OClf1'llTll8llly fell needs and other 

reatures whtch may alfect lhe success or the water pr0f8d This can be done 

through a c:oomuruty d1agnos,s (Olaseha, lecture notes)

It ts also necessary, In an attempt 10 aeate a sense of ownet$h,p lo establish 

a community water committee The coomttee 1s made up or a representallv8 

sample or the community such as trad,IIOnal leaders representatNes of VMOUS

SOClel/es (marl<et, rehgoos, sooal co-operatives), membefs of VIiiage health 

c:omm1ttees and women chosen by the convnun1ty This comm,tlee will 5ef"V8 as a 2 

way charv,ef bel\veen the p<oJect c:ooo11nator and the users 111 order to make

dec:tsion making, evaluabon, 1mplementa!Jon and the resolution of any problems that 

may arise 1n the c:ourse of the prOJecl It 1s also necessary to involve lhe coonu,,ty

In selection or lnstallalion sites of water points, proV1s10n of locally oblanable

constructton matonals such os sand, gravel, stone and laoou- wpply � dlillirl;j

end test pumping 

Apar1 rrom the benefits of suste1nab1hty and unpro,'8d elfedJveness 

ec.hloved by the commun11y pert1ctpotory approach, the sense ol °''nerstllP thus

c:roeted \VIII provido o moons to osloblish o village le,-el pro,ect mnintentwnl system 

M oxomplo Is as occurs tn tho VLOM hand pumps, \\hero loc:nl artisans are � 01

• lhroo llor mo1ntononce sys1om 01ode up of v1llogi! lovel, sub regional and reg,onai

lochnlclens
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The resultant effect is a greater sense of responsibility amongst users and a substantial 

reduclJon In the maintenance costs (De Rooy, (1995) 

Community participation can also provide a basis for modest cost recovery, YA11ch 

is a key problem to the susta1nablllty of water supply and sanitahon systems According 

to De Rooy (1995) the challenge to the sedor Is movement towards commun1hes paying 

the full cost of operation and maintenance of services provided for them. Strong 

mobilization and educaUon is needed for this to be achieved. 

Education is an integral part of community part1cipa1Jon In the delive,y of water supply 

and san1tabon because the success of a projed depends on its adoption usage end 

maintenance by the people 'Mth accompanying hygiene practices Morgan (1992) gives 

the example of UNICEF v.oo 1n coord1nalfon with the Nepal government provided many 

Improve water supplies over the last tv.enry years Y.1thout significant health beneflt.s, 

because of the non tndus,on of a san,tahon education component In the delivery of 

these SSMces Education Is necessary because often bamers E!XISI lo changing even 

dearty high nsk behav,our De Rooy (1995) gives the example of a rev,ew of san,tabon 

In Central and West Afnca 001ch revealed that although the quality of water was 1<na,,,n 

lo be bad, only half of the one lhoosand v.omen surveyed took any form of precautions 

Bo1hng was resisted because of the aooompanying change 1n taste and d1ff10.Jlty in re­

COOiing the water in the hot regions These bamers to behavioural change can only be 

removed If the kn01Medge, attJtude and practices of the target populahon are understOOd
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Accof'd,ng to experts, for behavioural modmcallon to cxx:ur, a particlpato,y approach 

rrust involve a pat1nership betv.een the drfferent agents conc:emed, the population and 

the use of a systemabc assooabon of the relevant method of health and hygiene 

education ,n the water project (UNCED, 1994, De Rooy, 1995) 

Honduras 1s an example of a city that has employed the community part10pato,y 

approach in water and sanitalion delivery In this pfOJed, thousands of economically 

disadvantaged people, took loans v.ti1ch v.ere used to dnll v.ells and buy community 

water tanks This proved cheaper than their former practice or buying water from pnvate 

vendors According to UNICEF (1994), In 1985, 1n India within 2 years of calam1t1es such 

as drought, erosion, a failed monsoon and food riots, safe water had reached 98% of 

hamlets, aquifer was rechatged, Irrigated land doubled and productMty increased By 

1990, gultle8'M)rm had been eradicated This \WS made possible by an Integrated

water management programme with strong a>mmunlty participation 

2.7 1 Women In Community Participation 

The role or oomen In water and sanitauon projects continues to increase, 1n 

recognition of their roles as agents of behavioural change and pnme benef1C1anes of

water and sanitation prof8CIS. They are primary beneficiaries because water provision 15 

a ¥.<>ITlan's respons1b1hty and she bears all the costs incurred 1n the course or water 

c:ollectlon ( Hoffman, 1991) 

Benefits or improved water supply to \\Omen, v.tiich v.ould make them active
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participants ,n water projects include savings ,n time and energy, W11ch can be olhefwise 

spent In produdlve activity such as self developmen� income generation and improved 

child care (UNICEF, 1994, UNICEF, 1995). Lindth (1980) noted that in Sudan, a young 

Nkobo girl spends a total of eight hours a day fetching water f0< her family Acco(ding to

De Rooy (1995), the girls and 'M>men In 15 m1ll1on households ,n West and Central 

Africa, living without access to readily available water v.oold gain 45 million hours/day, If

water supply services improved Other benefits Include a reduction 1n water related 

diseases as the,r contact v.,th polluted water reduces (Bulajich, 1992, UNICEF, 1995) 

The success of v.omen 1n areas v.nieh Yte<e traditionally regarded as basltons of

men have led to the water sector regarding 'M>men not just as mere targets of water

prqects, but active agents v,;th contributions to make to the sector They can contnbute 

to policy, mobilise labour, provide resources and d1ssem1nate and rmplement imovations 

leading to more efficient achievement of the urt1mate goal, W11ch is more and safer water 

result,ng in better health (Hoffman, 1992, BulaJ1ch, 1992). 

An example of the effectiveness of v.omen In water and sanitation projects Is the 

Muktxii v.omen of Zambia These 'Ml1Tl8n mustered energy and enthusiasm for a new 

initiative to supply safe and more convenient water for their fam1lles with 60 new bore

holes being suik and equipped v.,th mark 1 hand pumps lhrou9h the assistance of OPS 

IWld UNOP (Kinsley, 1991) 
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CHAPTER THREE 

METHODOLOGY 

3.1 Study design 

This study is  descriptive. ft serves to gather baseline data on Knowledge, Attitude 

and Practices of ,vomen in an urban slum towards water use, water sources, water 

and health; water quality through laboratory analysis of well waler samples; 

assessment of efficacy of solar disinfection and a field trial of the water treatment 

method,in the community. 

3.2 Ooscripllon o f  study area

The study area is Koloko • Alyekale In the Ibadan North East Local Government 

area (fig 7). The people are predominantly Yoruba. They practice subslsten e 

farming and belong to the lower educational and socio-economic class. They are 

mainly of the Christian and Muslim faith, with a few practicing traditional African 

religion. 

Kofoko-Alyekale is part of Agugu v,hich has a 

total population of 20, 938 people and occupies an area of 0.97km2
• The study area

Koloko -Aiyekale consists of 471 households with a mean population or seven people

per household although some houses have as many as 36 people per household. II is

divided into e zones namely Koloko, Alyekale zone A, Aiyekale zone 8, Alyekale zone

C, Aiyekale Zone o, Ogele, OropoJu ;;, i<l fd1gua 11 ,s an uroan slum with the houses-
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built ,n unplanned dusters �th hltle environmental infrastructure such as pipe 

bomewater. 

Koloko-Aiyekale originated in 1960 v.tien AlhaJa Mopelola bought the land, 11 was 

then called Oko-Mope (Mope's bush) after the <Mfler In December, 1966, the present 

Saale Chier Osuolale AkanJt bought land ,n Oke>-Mope and settled there Development 

began ,n 1971, v.t1Sn Chier AkaflJt and honotxable Fagbemi decided to make a road to

Oke>-Mope after v.tirch, they rel! the name Oko-Mope (Mopes's bush) was not befitting of 

the community The name was then changed to Aiyekale (The \'.Orld has come to stay) 

and rt was registered with the oounal In 19n 

The leadership structure or Alyekale, consists or the head of the community, the 

Saale, Chief Osuolale Akanji, v.t10 Is also the present president of the rustomary cxut, 

he settles disputes with the help of the representatives ,n each zone They are namely 

Bola lijani. Zone A. Tafa Akrntayo -Zone B, Mr lbitoye • Zone C, Mr Ogunbiyi -Zone D 

These representahves have a weekly meeting every Wednesday 

The people of Koloko-A/yekale have no predominant occupation and some of

them sell v..ood at Bod1Ja, are involved in petty trading, transporters, trad1t1onal healers
' 

civil servants, pepper millers Those Y.tlo farm practice subsistence farming and not 

ia.'ge scale farming. There are many societies 1n Alyekale but the prorrunent ones are 

a The Landlord society 'Ml<lse objedrve is development of Aiyekale

b. Egt>e Aiyekale trading society, a cooperative society v.t10se oqect,ve 1s to lend
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members money for trading and 

c. The Al-mujahidu fil Islamic society, a rehg,ous society, whose objective ls lo

win followers to lhe Muslim railh 

3.3 Data col lection 

Data was collected using 

1 Interviewer adm1n1stered ques11onna1res lo obtain baseltne ,nrormalton on

demographic charadensllcs, ,valer use patlem, waler lreatmenl, 

santlary features or wells, knO\vledge, attttude and pracllces or women 

and water related health nsl<s and personal hygiene. (AppendlX 1) 

2 Analysis or ,�ell ,valers for Iha Phys1co-chemlcal and baclenolog1cal 

quahtyand 

3. Laboratory and field assessment or the efficacy or solar d1s1nlec1ton

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

102 

-::.---·.:=�-=-:.:�-=���-:·:_.:. __ ;_· _____ .:.;'_;'..;. __ ._-_. __ . ___ t --; .... �----

0..01 eo,,o_y 

---· 

I 

Dllol eo,,-,..,oy Iii i,, C0<>1tr"' t,on
Muj« Aoo�. 
no, .... , ltnt 
Al'tft 

t I 

••• ,.&.•••••

CJ SIW\l/ Alto 

\l 

� 

• 

' 

...... 

,,,,..,: •( ....... 
,.,I • 

(.,. I 
J 

'"1/1 .
/ t,� 

�1 '.

• 

• 

-· ••• 

. ,,. �·, II 
UCN• 

.,.I' 'f'

•
} 

., ..... 

·­• ••

............ 
,rt••• 

• 

• 

• ... .. ..

• 
•1 

• 

} 
I 

l 

Fig 7 Map or Ibadan ahow!ng Study Are3 

I 

• 

• 

,:;; 
• 

., 

I 
-- .. 

• 

}.� 

;-· 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



103 

3.3 1 Sampling method 

All the eight (8) Zones in the sampling community were involved The 

respondents were selected by simple random sampling The PHC numbers 

were put in a box and selected All respondents chosen ,vere women, the 

most senior wife 1n each household was selected. Where the senior wire was 

absent, the next senior woman was selected as the respondent, 1r no woman 

was present, lhe next house was chosen 

3.3.2 Sampling slzo 

A minimum sample size or 320 respondents was determined for 

qoesUomaire admlnistraloo II is amved al using this rormula 

n : Z1 a(p)g 
d2 

where a= sample size confidence level at 95% 

n= sample size 

p=O 65 (Pfopor11on) 

q=O 35 (1-p) 

d= 0 05 (precision limit) 

Z=slalislics 1 96 

n = (1.9611 (O 5) (0 5) -320 

(0 05)1

A sample or 324 questtOMa,res ,vas dra\\'l'l rrom lhe eight zones 
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3.4.0 Matorials 

3.4.1 Well water samples 

A Total or 78 ground water samples were collected from shallow wells in the 

eight (8) zones of the community. The samples were collected 1n 1 lilre pfasllc 

bottles In the mornings and taken to the laboratory for immediate analysis Some 

of the waler samples from those ,vells ,vere used In the laboratory 

slandardizallon of the solar waler disinfection process 

3.4 2 Chemicals 

Chemicals used In the study include Kaolin for suspended solids; Sulphuric 

acid and Bromocresol 1nd1cator for alkalln1ly; Ethylene d1amine telracellc acid, 

buffer solution of ammonium chloride dissolved in ammonium hydrox,de with mg

EDTA, Sodium hydroxide and mureXJde indicator for calcium, Silver nitrate, 

potassium chromate as indicator for chloride; phenol d1sulphon1c acid, sodium 

hydroXJde, potassium nitrate for nittates; McConkey broth ,vas used for the 

coliform count. 01stdled ,veter was used In all reagent preparations The 

chemicals were or analytical grade 

3.4.3 Other materials 

Materials used for the standard1zat1on or solar water d1s1nrect1on process 

include: 

I. White cylindrical bowl with a surface area of 3187cm2
, a thickness or

3mm end a capaCJty or 7 httes. 
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ii Plastic roood bov.4 v.;u, a surface area of 3956o,,, \'.1th a thickness of 1.3mm, 

and a capacity of 7 litres

,ii 'Nhlte plastic bottle shaped container with a capacity of 1 15 litres \Wre used 

iv Transparent polythene bags, Polythene sheets of YA'l,te, blue, green broMl and 

black v.ere used In some experiments as specified. 

All temperat1X8 readings v.ere taken vAth a standard mercury thermometer and 

expressed as 0c

A solar radiation chamber was designed, and built Y-1th \\OOd, glass and a mim:r 

It is handy and potable hke a brier case, YA'lich could be opened and dosed The 

chamber had the roll0Y.1ng dimensions 61cm long x 40cm vAde. A mirror was 37cm Y-1de 

and 57cm long was flXed in the inner lld of the chamber, to renect the solar rays at 

vanous penods or the day. A pane of plain glass was placed on the bottom part and 

COUid be removed depending on the test The angle of hit of the top lid cx,ntaining the

mirror was adJustable, so that the sun's rays could be conlinuously trapped, regardless 

of the StXt's position (Fig 8) .  

3.5 Methods 

3.5 1 Administration Of Questionnaire 

The questionnaire consisted or 11 · quest,ons and Y.ere pnilested 1n Ogbere, a 

low income similar community In the same Ibadan North East Local Government 

Bef°'e the questJonnaires v.ere administered, 1 O research assistants '>Wfe recruited 
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with an educational backgrouod or at least O level Yt1l<e tra,ned end abihr,os cheooo 

All respondents woro chockod and ,ec1tr1CB11ons \\'ere mado v.tle<e necessary before 

the quoshonna1res were p<oducoo ror lhe study 
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Ag 1· Photograph of the 1obr radiation cruimber IJ I gned In th 11 ,tu&Jv
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3.5.2 Physlco-ChemlcaJ Methods Of ANlysls 

e.tl 

The pH of water was detemilned by probe method USU'lg a standatd cal10rated pH 

meter model Kent Ell 7055

The Total Solids 

The Total sollds, 'MllCh refer to lhe sun d homogenous suspended ns 

dissolved matter 1n the v.e/1 water san'4)les ....es dlCenTWled by grawnemc me:h0ds 

All empty porcelain di,ti v.e.s dned and v.c,gted rt.er CXl(){ing 10Qnl of� •1911 

v.es evaporated at 1os°c In the pre·� porcelain dlJh r, an oven The po,OIIWl 

Tocal ,olid 11¢ • (A;Bl 3 l,'9> 
mld•1� 

whlnA •we;.Jlf d IJlll*I � OYI 

8 .. ,�• '1• d <1*'I 

�� In N �110111"111.1171

� d pn . ..., � WIN:f\

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

109 

---

•• • • 
• 

• •• • 

o,r-_______________ __.

0.35 

034-------------,L,---� 

• 

0.25 

'0.2 • 

0 15 

0 t 

CMl---/----------------�

o�-----------------1

J:)0 

CG":��:::i el Ka:ti.-,
,oo 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



110 

Alkallnltv 

The alkahruty of water 1s a quantitative capaoty 10 neulnlhze a slfOng 8Cld lo 

its designated pH It was delermtned OCCX)(<fiOg to standard methods (APHA, 

1989) 50ml of sample was lllraled against O 02m H,SO., using mixed

Bromocresol greeo-melhyl red mic:alOf. The end p01nt of titration was SISJllfted 

by a change of colot.r from pale green lo pink. 

Calrulohon 

mg/CaCOJ -= Ax �t z: 50,000 
ml of sample 

Where A c ml of standard acid used

m = molMty of st.-md 10d 

Hardness 

The IOtal hardness or water Nmplel was dotemlined 11Cc.aa'ing to Int EDTA 

litnmelf'IC melhOd desaibod In Slanda!d method5 (APHA 1989) Elhylono 

Yitier1a«i1ed1DalOllJLonol 

an, L!> ti\tleh moEDT A 50ml of

t!rii�agai:r1$t EDTA. � E,o;h'oma ......... T rncator lho Gflll POif1 ol

WBta,i...., 'Vlim ti," a a»a CM"10 red to aut.
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