ASSESSMENT OF THE EFFICACY OF SOLAR RADIATION AS A
DISINFECTION METHOD FOR WELL WATER IN A SLUM IN
IBADAN

BY

BOLUWAN ENABOR
(B.Sc. Zoology)

A THESIS IN THE DEPARTMENT OF PREVENTIVE AND SOCIAL MEDICINE

SUBMITTED TO THE FACULTY OF CLINICAL SCIENCES AND DENTISTRY
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF

MASTER IN PUBLIC HEALTH (ENVIRONMENTAL HEALTH)
OF THE

UNIVERSITY OF iBADAN

MARCH , 1998

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



14
DEDICATION

TOLOVE...

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

sisters, tunde, my kids, Tope, Segun, my friends Bisi, funlayo, tessie,

buky, ife, Titi, Sam, and my two brothers and friends (flinstone* and
groucho?),

For all those times you stood by me
For all the truths you made me see
For al! the wrong your made right
For all the joy you brought to my life
For all the love you gave (0 me
For being my sireogth when | was weak

Lifing me up when 1 couldn’t reach

L"1i ﬂ‘dd y‘m

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



114
ABSTRACT

Lack of safe dnnking water is a serious problem in many urban centers in

Nigena. The limted water available for low income communilies is contaminated

with human wastes and /s responsibie for many water-bome diseases. This study Is

aimed at developing a cheap method of water disinfection using solar tadialion In

Koloko-Aiyekale communidies in Ibadan North East Local Govemment. These

communities are low income and live in unplanned, high-density. areas. They ale

also charactensed by narrow roads, open dirains and shallow wells, The study IS

deschptive and anaiytical in nature. A random sampling method was used to select
respondents for the study. All the housss in the-area were surveyed and the PHC
numbers used in random selection. Thus 324 households were selected and the

senior woman was Iinterviewed using a structured questionnaire. A guideline was

developed ard the iems of infonnation sought included demographic

charactenstics, source of waler, water {reatment piactices, knowledge, atlitude and

pradice of waler use- and related health nsks, personal hygiene and sanitary

featwres of wells. In eddition 78 water samples were analyzed to determine

phys'cal, chemical and bactenological qualty
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Solar radiation disinfection, was standardized in the laboratory using various
paramelers such as typs of container, cover, colour of container and cover, volume
of water, turbrdity and number of hours of expasure (0 sunfight. Furlhennore, a solar
radiation chamber was designed, fabricated and used to detenmine its efficacy in

disinfecting water in polylhene sachels.
The resulls showed that 96 (29.5%) interviewed had no formal education, 82

(25.3%) had pnmaty education 52 (16.1) had secondary education, 15(1.5%) had
lettiary education. Most of the woinen inlerviewed (91.1%) were married and

belonged lo the Musiim faith. The women had a mean. monthly income of ¥1,253

and 13 {3.7%) were unemployed. 43 {13.6%) of the women also had vocational

{raining in arlonng, harr dressing, cloth weaving’'and dyeing.  Shallow welt water

was their main source of water with 78 9% of the households using it in rainy season
and 92 4% in the diy season: They used the water for drinkung and other domestic
needs. About the sanitary features of the well 137 (42.3%) of the wells were unlined
or poorly lined with'many of ihem lacking parapet, apron, cover or a permanent
buicket. About 193 (61.4% ) had animal excreta around the wells, The deplhs of the
wells ranged from 0.178m 1o 37.93m and the waler depths ranged from 0.06m to
18 29m- Aboul the lreaiment of water, 46 (8 29%) of the respondents said they
chionnate their wells, 211 {38%) boil, 257 {46.3%) treat using other methods lke

alum freatment and salt addition. About 41 (7.4%) gave no treatment VWhen asked

L
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whether they will like to use solar radiation as a method of water disinfection, 292

(93%) indicated their willingness.
Regarding the quality of well waters the followsng mean values were recorded

dunng rainy season {mgfl). Total solids, 383,1; Suspended solids, 78.1, Toial

Alkalinity, 543 ; Tolal hardness, 86.3; Calcium, 28.7, Magnesium, 124 and

Chiondes, 70.1, the mean coliform coun! was 2685 MPN/100ml. The dry season

values recorded were {mgfl): Total solids, 443.6; Suspended solids, Not done; Total

Akalinity, 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 indicate that the well waters are polluled and needed effective
disinfection

Solar radiation expenmenis in‘the laboratory indicated that the disinfection
process is effective when S samples were taken in a plastic bowd. The degree of
disinfeclion is relatively higher when the colour of the container was while or black.
Blue, green and brown showed relatively lower disinfection efficiencies. Similarly

when the bowis-were covered with plaslic cover, white and black showed higher

efficiency than other colows. The optimal exposure time was fourd to be 7 to 8

hours
When ihe days were cloudy or rainy, the solar disinfection process was nol

significantly affecied as long as the samples had 5 hours of sunshine Dunng the
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solar radiation process the ambient lemperature varied between 23°C and 46.5°C,
and the water temperalure ranged between 25°C and 45°C.
It was shown that solar radiation had a definte effect on the colifonn reduction as
compared o lhe heat effec. This study on regrowth of colifonns after storage of
waler indjcated that wiien the water samples were property disinfected, there were
no regrowths afler storage. Incieasing turbidity beyond 40 mgh had a slightly
reducing effect on the disinfeckon effizency. There was a negalive coirelation
between the thickness of container and the efficacy of solar. disinfection The tnals
with selected community members also shawed that_solar disinfection process is
satisfaciory and viable

A solar radiation chamber was designed and fabncated using plywood, plan
glass and a mirror. This chamber was found to be efficierst in disinfecting small
quantities of water (S00ml) wiuch are commoniy sold n the market as “pure water’.
The disinfected sactiets did not show any regiowth even after storage for about a

day. These results ars signdicant i that the solar radiabon disinfection method is

economical as-people can edopl this lechnology with minimal skilis and little

expenditure.
Based on these resulls, csrtain redmmendations were made (o the

communilies and policy makers to encourage the use of solar radialion technology

as a water disinfection method p——

F
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2 'S Y ¥
Glossary and Definitions

The amount of Radiant Energy absorbed by a substance.

Absorbance:
Inversely and logatithmically relaled to Iransmittance.

Blochemical Oxygen Demand (BOD): Amount of dissolved oxygen In an
aqueous solution, that is consumed by microorganisms dunng

the breakdown of the present organic substances under
standardized conditions (S days, 20 °C)

Chromophores:  Chemical group or substance that gives colourto a compound

Colifonns: Group of Bactena refated lo Escherichia coli (one of the most
abundant components of the intestinal flora)

Deoxy-ribonucleic acid (DNA):. Substances found in the chromosomes
responsible for the transmission of genelic characienslics of a

hiving oiganism

Dissolved oxygen: Amount of oxygen found:-an. aqueous solution usually
expressed in milligrams per lilre (mgA)

Exposure Time: or Residence lime ds-the amount of time (minutes) that a
quantily of water s exposed to sunlight in a flow through

system

Gennmicidal Action: Inaclivation orkilling effect exerted by a chemical of physical
factor on-pathogens

Indicator Bacteria Group of bacteria used for assessing the qualily of a water

body
Intensity: Amount of Incident radiation expressed in W/cm?, Wim®
Irradiation: Exposure to a radialion source

Most Probable Number (MPN): Expression and Technique for estimating the
bactenal density of a sample.

Pathogens: Disease causing organisms usually bacleria. viruses and larger
parasites s
BN
/3N
*®
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PTWI: Provisional Tolerable Weekiy Intake

All kings of radiation from the sun that reaches the earth,
usually after being scallered and f{iltered through the
almosphere. Divided nto invisible (ultraviolel and infra red) and

visibe ranges

Solar Energy

Solar Iradiation.  Emission or exposure lo Solar Radiation

Used for conlaminants for which {here 1s some evidence of a

(P}
polential hazard where available information on health effects is
imited

TOI: Tolal Datly Intake

ADI: Average Daily Inlake
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CHAPTLER ONL
INTRODUCTION

1.1 Gonesral Introduction

Polable waler is a scarce commodity in developing couniries. According 10 an
editorial in Water [nlemational (1931) refeming to water and sanitation, one in (hree
people lack this basic requirement for health and dignity. In spite of projects like the
Water And Sanitalion Decade (1980-1990), which had the goal of providing universal
access o waler, al the end of the decade only an estimaled 60% of the world's
developing countries had access lo a waler supply adequate and safe by Intemational
slandards (WHQ, 1991).

One reason espoused by various authorities for the inability of the water decade
1o achieve i3 aim, was the use of expensive technology thal was not fully utilised.
Reasons for non-ulilisation include lack of trained personnel; funds or socio-cultural
unacceplabilily, resulting in-abandoned welis, broken down hand pumps and unused
communal wells, In 1980, 80% of the water and sanilation delivety for deveioping
counlries by the UNICEF was spent on high cost lechnology, (Salisbury 1978; UNDP
1950, UNICEF 1991).

In response 1o the lessons leamt during he decade (here was a shilt 1o an
appiopriale lechnology and communily based approach lor water and sanitalion

delivery. Appropriate technology refers to low-cost systems that can be buill with locslly

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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available materials and skills and also be maintained by the community (UNDP 1990;
Kalbermattan 1990; Wamer 1991; Chrismas, 1991).

Benefits of appropriate technology include reduction in cost Examples are
shallow drum lined wells for guineawonn eradication as shown in Nigeria, savings in
time and energy like the use of pousse-pousse in Burkina-Faso. (A wheelbamow used by
the women to cairy water) Other examples of low-cusl technology for water and
sanitalion are the popular Mark |l VLOM pumps, Gravily reticulated systems and nylon
fltlers for guineawonm eradication. Other direct end indirect benefits include
environmental protection and improved potential for economic and social development.
(UNDP, 1990; Ayolamuno et al. 1992; Bulajich, 1992).

Despite the shifi. to law cost lechnology and (he additional provision of safe and
adequate water o 302 milllon people in 1992, by 1994, 1.3 billion people in the
developing world lacked 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 popufation growth particularly in the urban
poputation, which 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 world is
the increased phenomenon of urban slums, characlerised by inadequacy of

infrastruciure necessary for the support of environmental heaith such as water and



b,
sanilation, housing, food and storage. According fo Nakajima (1996), the health of 600

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

The lack of access to an adequate supply of sale 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, dyseniery, infectious
hepalilis (Caldveeii, 1988, WHO 1995). Diaithoeal diseases remain one of the worid's
leading causes of morbiditly claiming 3 million deaths among children every year, with
diatrthoea ranking as second cause of under fve mortality rate in Central and West

Africa, with Nigeria not being ieft out (Dee Rooy, 1995),

Improvemenis in waler supply result in the reduced incidence and prevalence of
walerbome and associaled diseases, an example is the eradication of guineaworm in
Nepa!, brought about by en integraled waler management program embarked upon by
the Nepalese govemment (UNICEF, 1994).

The poor are moslly affecied by the non-access 1o pofable waler, with two thitds
of the world's poor belonging fo this category (Bulajich, 1992). The urban poor, resident
in slums are parlicutarly exposed lo waler related diseases because in the absence of
piped waler, lhey rely on polluted altemative water sources, such as shaliow wells,

streams and commercial vendors but {ack the finances and knomedge fo improve the

quality of this waters.

Ibadan in Nigeria is an example of a city fhal possesses urban slums, Such as
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Agbowo, Agugu and Odinjo. Although the enlire city of Ibadan lacks a sleady supply of

piped waler, the urban slum residents bear the brunt of the unavatlability 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 ocauired m these areas of
Ibadan (Egunjobi, unpublished). This is because while the residents of high income, low-
densily areas like Bodija and Jericho can afford to sink deep wells, tha urban sium
residents use polluted wells, sireams and water from commeroal vendors. Some of the
people of Agugu, one of the utban slums in Ibadan claim to use alum and sait, and also
chiorinalion as water lreatment methods for their well water. These methods do not,
however, improve the well water quality because although altsm darfies the water, the
bactenological quality is not affected. Chlorination is ineffecbve because the users
cannot afford to buy the chlonne, as it is ‘available n SOKg dnums only. Ancther 1Bason
for the ineffectiveness o chilonnation when used by the poor is that they lack the
knowiedge (o apply the dilonne in comea dases and also because they use the chionne
In :nadequate quantihes, in-order to make the chionne last longer. There is a need for a
low cost method-of waler treatment for (he altemative sourtes which uban shum
residents depend on, wich 18 simpie (0 use and can be Maintanad by the inlendad
users al bherr present socio-eanamic status, Some wotk Gamed oWt in developing
countnes revealed thal solar disinfechon mighl be a chaaper and efficem option in

bopal auntnes (Somvmer et al 1997)
7 2)
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12 Problem Statement

High-density areas in Ibadan such as Agugu, lack lrealed piped water and have (o rely

on altemative sources, which are not potable. Examples are polluted shallow wells and
streams. The residents lack both the knowledge and finances to improve the quality of
these water sources thereby predisposing them (o water related diseases.

1.3  Broad Objective of the Study
To assess the efficacy of Solar Radiation as a method of providing polable water for

resource poor communities in a high-density area of Ibadan, practices of the wamen in

the community conceming water sources.

1.3 1. Specific Objectives:
1. To oblan baseline irformalion on< demographic haradienstics of the

communities and the knowledge, altittde and practices (KAP) of the women

conceming water sources, use, sanitary features of the sourcas, health refated nsks

perceived, personal hygiene and informabon on methods of waler treatment

praciiced by them
2. To assess chemical and bactenological Quality of well waters used by the

community
3. To cairy ot investigation n the laboratory on optmizabon of soiar radiaton

techyvque using the coliform Indax, and
4 To transfer the laboratory findings on the solar diskfecton method to the selected
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communily and lesl its large scale efficacy and acceptability.

1.4. Significance of the Study
This sludy wil be a significant step towards providing a cheap means of water
disinfedion, which is effective and acceptable to the community, baaring in mind the
socio-economic status of the people and the cheap nature of the tecviology being used.
This study fs also one that employs the use of cigTent rends in the water and
sanitalion secior of women participation in projects. The dala obtaned wilt be usefu for
other communilies in simifar Situatvons
1.5. Umitations of the Study
The study was caitied out dunng the 1ainy saason, and thus the solar iadiation
was not as high as can be obtained dunng the dry saason, this might have mplicatarts
for the minimum exposure time nexessary for adequale disimfecton

There 13 also a need lo camy out fusther sfudies duning the dry seasan
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CHAPTER TWO

LITERATURE REVIEW
This chapler is a review of lileralure available in Nigeria, Africa and other parls of
ihe world. [l deals with waler distribution, waler importance, waler sanilalion and heallh,
waler poliution, drinking waler qualily, water trealment melhqds, solar disinrection
lechnique and community partlcipaliion In waler and saniialion delivery,

2.1 Waler Distribulion:

Waler permeates the earlh in lhree domains, almasphere, hydrosphere and lhe
lithosphere in e ihree slales, liquid, gaseous and solid. It moves lhrough Ihree phases,
aimospheric, su:face and sub-surface waler in'a cycle known as the hydrological or

waler cycle (Fig 1). The lotal volume of waler on Ihe easth is aboul 1 4 million Km’
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A
The oceans caver more than 70% of the earth sutface and contains 1,350,000

km ” of water, whitst 770,000,000 km’ is localised within the lithosphere in the form
of water and hydration and 28,000,000km? is held in the ice<aps and glaciers
(Chow, 1979; Anon, 1990). it is not all of the avaitable water resources that are
usable or wanted, According to Barrow (1987) only 137,000km’ is fresh water, the
type essential to life on land. Catley-Carson (1988) puts it more graphically “if half
gallon bottle held ai of the worid‘s water the amount of usable water will filf 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 waler.

22 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), surfoce water (oceans, [akes,
streams) or sub surface water (wells, springs) through distnbution by the water cytle.
Though accordirig to Chapman(1891), each of the principal types has distinct hydro-
dynamic properties, one waler type can change lo ancther. .g. rain can become suface
water, which in tum-.can become ground water, The contaminants each water type

comes ito contact with will determine its properties and also its use

221 Raln water

Rainwater has aways been used as a source of water in developing countnes

and has found increasing use in niral areas of the developed countnes as rainwater
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caldvnent systems (Mayo, 1991).
Rain waler is dissolved waler i.e. waler thal has been vaporized and condensed

leaving all volalile substances behind and therefore theoretically closer to chemical
purity than any other kind of waler. Various factors however affect the expedied chemical
purity of rainwater. An example is the quality of precipitation i.e. whal kind of gases it
has come into contact with dizing ils passage through the atmosphere. For example

where il passes through mists of sulphur and nitrogen it is precpitated as acid rain. This

IS unsuitable for use as drinking waler and other domestic purpases, because It causes

cotrosion and is unaesthetically unacceplable (o the consumer. Anather  factor  that

deternines the cliemical punty of rainwater is he catdunent sizface area. This s
because the collected rainwaler will contain all, the substances on the catchwment
suifaca. These substances include padiculate malier iom aulomotive gas emissions
and industnal manufacture and conoasion of galvanised roofs. Gumbs (1587), noted thal
rain waler In a cistems supplying single family dwellings, contain lead and calaum in
Mts that exceed the US-Public Health Standards.  Dissolution of sediments aiso
reduces the chemical punty of rainwaler for domestic psnsas as heavy metals due (o
ther particuiale nalure setile to the battom of the cistam and ecasmulales as sediments,
which are released into the water when disturbed

The biologlcal quality of rain waler has always been a8 SouTe of Concam IN its

use for domestc purpasas, because apat from mazo-arganisms which may be washed
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info it from the calichment area, man can also conlaminate olherwise pure rain
waler in his bid to use . Oluwande (1983), devised a lap for a rain water catchmenlt
system o eliminate the need for dipping conlainers into the cistemns. He stressed
ihat in order lo protect the microbiological quakty of rainwater, thalched roofs
should never be used as a calchment sutface for rain waler.

22.2 Surface Walers

Surface walers include rivers, lakes, creeks, sireams, pands and
impounding feservoirs which are used for purposes which indude transpotaxan of
goods and people, power generation e.g. The Kainji lake and dam mn Nigena. 2/3 of
all the water used for agncuiture is laken from surface waler (Joharssan, 1933).
Nalural or man-made lakes also seive as wvital soustes of domesic waler supply to
surrounding towns and cities.

The characleristics of swface waler include dissolved solids from the graund

waler overflows, surface run-off, lurbidity, organic matter as wefl 3s pathogerec

organisms because surface waler originates partly from either cutiows or CEETwaler

which would have flowed over the ground. The nalural saif-ceaning owchansins
can be overcoma, such (hal takes are eulroptucsled and nvers become sewers,

and cannot be used for domesiic purposes withoul extensive teatment (Mest.

1991, Zaid, 1891)
Ayoade (1994) reporled that none of the nvers in [badan metropolss s
potable by WHO slandards. Oluwande el al {1983) examined nver Ogun in the

southweslem region
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of Nigeria, which recaived brewery eflluents, and observed that & h1ad no dissolved
oxygen at some sampling points. He further noted that levels of some other paramelers
like coliform count and suspended solids showed that the river would require full scale

conventional treatment before it could be used for domestic purposas

223 Ground Water
Groundwater refers o all the water ocaspying the voids, pores or fissuras within

geological formations, which onginated from soma form of atmasphenc preapitation
either direclly by rainfall infiitration or indirectly from nvers, lakes or canals. Sand and
gravel, sand stone, limestone formations are the usual sowrces of graswater supply
though some may be drawn from impervious 100G such as granite when they have an
over burden of sand or gravel,

Groundvater can be hydrochemically classified as metecng when it comes froin rainfail
which has passed thvough the nomal hydrological ©yde, Conngte which 18 saline
groud weter from manne sedimernts end pvenile i6. groundweter winch armse from
INaam procaas wilhin the earth and has not been © the amulatng systam of the
hydrological Cydle

Graundwaler 1 2 vahuad fresh weter msnu anxd contnbutes aimost 2/J of the

fresh waler resarves of the warld (Chilton, 1892). [ s used for egnadusal, INdvidal
and damestc purpotes It acouts for aboul SO% of yvempck and ENgebion e and
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just under 40% of water supplies, whilst in rural areas, 98% of domeslic 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-funclioning of govemment pfovided piped water syslems

Advantages of groundwater include its relatively low capital cost of development,
which make it popular for community use in the rural, periurban and urban areas of
developing and developed viorids (Park, 1991, Chiiton, 1992).
This is due to the fact that unlike swface waters, groundwater has excellent natural
qualities vdiich means that it requires little or no treaiment before usa. The proximity of
ground water to where it wili be used also makes it chieap Lo develop. Another
advantage of ground water is that the source, when propery developed is likely to be

continuous in all seasons.

Groundwater has some disadvantages, whic might inctease the cost of
developing it for community -use. One of such disadvaniages is that it often requires
ptimping or some arrangement to lift the water. Another disadvanlage which might
increase cost of developmenl, is that ground water is often high in mineral content sucti
as magnesium and calcium salts, iron and manganese depending on the chemical
composition of the stratum through vdich the rock flows (Todd, 1980; Hofkes ,1981).
Hofkes (1981} further noted that though iron and manganese can be precipitaled by

aeration it is usually more cost-effective to develop anciher ground water source.
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Although groundwaler has good natural qualities due lo the altenuation processes thal
occur duning its passage through the earth, once poliuled, some groundwater types can

remain so for decades or hundreds of years due to the slow pace of its natural flushing

processes.

There are various types of groundwaler which range from water holes which, as
their name implies are holes dug in the ground with a stick lill water gathers in the hole lo
boreholes vhich are developed lo several hundred of melers deep with sophisticated
equipment Oiuwande (1983) idenlified four lypes of wateitioles thet demand fuil
convenlional lreatment before use. He identfied waler holes as lhe oldest means of
oblaining sub-swface waler, allhough Aggawarata (1993) reparied thal the oldes! form
of sub swvface water used by commumilies is (the quanals, which are underground
galleries connecling a sanes of wells, using a lechnique perfecied by hanians 2,000
years ago.

A spring is @ concenltraled discharge of ground waler appeanng &l the ground
swiace as a current of flowng water (Todd, 1980). It is distinct fiom seepage areas,
which are a slower movemant of groundwaler l0 the swiface. Splings can be classified
according lo their cause, rock slructure, lemperature, variability and disdhage
Examples are depression springs, thermals spnngs, which apart from their domeslic use
are also believed lo have medicinal progenties e.g9 the Ikogosi wasm sprngs.

Wells are holes in the ground thal inlessect the waler table as waler beanng
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'~ rocks flowing as aquifers  Park and Park (1991) classified wells as shallow or deep

depending on the location of the impervious strata from which the water (s obtained. A
shallow well refers to that in which water is obtained from the first impervious fayer winist
one which taps water lying beneath the impervious layer is kncwn as a deep well.
Shallow wells are generally less than 15m in depth (Hofikes, 1981). Shallow and deep
wells exhibit differences in bacteriological quality and yield, with deep welis being purer
and more constant in water supply

Hand dug wells are wells whid may be little more than an irregular hole in the
ground, intersedlinig the waler table (Todd, 1580). They are pione to paliution from ar
bome matenals, 1un-off from the surface, though their sanitary status may be improved
by inclusion of features such as lining, a cover, parapet, apron and drain.

Hawever the ability o do this is largely determined by the socio-eanamic status of the
well owner. A properly constiucted well can yield 2,500 to 7.500m” per day, although
most domestic dug wells yield lesa than S00m®/day (Todd, 1980).

Tube wells also known as diven wells consist of a series of pipes, usually made
up of galvanized iron, sunk or dnven into the ground by repeated impact on the water
beanng stratum, it 18 fitted with a strainec at the bottom and a hand puanp et the top.
They are suitable for sinall capacity water supplies, due o thetr sinall yields of 100-
250m /day (Todd, 1980). They are however limited to only unconsolidated ground due

to the possibility of damage of the dnvel paint by gravel or rocks.
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Borshoian gre dried wels with dapths of over 300M gnd small dameter of 15-

200m or 8 maxsTum ol G0ON. They s&rve laDe ayTymuribes dus o thew very high yiekl,
| but they heve the mitahion of beng exparane

Well mastenaCs end shabiigation are very smport@V bacasse f wells are nol
properly mairtaned, problems puch as wel scTeen clogging and conomion, corncrete
casing erseks and s fMoen wel depliha anse reafing in a reduchon of the ife apan of
punps and welis Mot and adphuc gods mght be used in dasoive the
paCpigies. whilsl it Norenon, physcdl agusbon and '8 comberwbon of
palyphospaes and hypoddaie may be used to dispBrse SO BeTdepasits

The maethod of wthdrawwg welsr from a well 15 .an smponat consdarahon as /
has 8 proven effed on weler Quality. Goeder {(1935) demanstated that wells that waere
lined with rope pumps had a 62% reduction in the geametnc mean of fecal colifae,
with or withoul a cover. Methods of withdrawel inchde the use of foed budiasts o which
@ rope |s lied, windlass method consistmg of 8 wnd\a whee! and @xd8 and Cotmuaus
flow device made up of belt, small buckets and pumps

Pumps are davices used to Ift water from 8 wall and can be dassihed acoordng
lo the mechanical pnnciples iIMvalived (Table ). Hand puTps are beng roduosd n
Nigetia in recant yesrs and are used for shallow wetls of smail dameter Mark .V are
VLOM pumps vhich have been contsmnuously improved for use  Ngana Wealsr
pumging technology developed paraliel to the sourtes of power available at the me An
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. e@mple of pawer sources is human power lhat is important in developing countnes

because the requirentents can be mat within the user group at a low cost.  Other power

sowrcas are animal power, wird, diesel and electnc engines
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Table 1. Types ofpumps commonly used by population

Type of Pump Usuat depth | Chatactenstics and Applicability
range
I RECIPROCATING low speed of operation; hand, wand or motor
(plunger) powcr.ed: efficiency low (rgnge 25 - 60%)
a. Suctioo (shallow well Upto7m capacity range: 10-50 L/min;
b Lift (deop well)
2 ROTARY r Jow specd of operatioa; hand, znimal, wind
(positive displacement) poweced;
a. Chan and bucket pump | Upto 10m capacity range: 5-30 1/min. discharge aonstant
under vanable heads
b. Helical rotor 2510t S0m hand, wind or motor powered good efficiency;
Usually suited 1o low capacity- high lift pumping.
submerged
3. AXIAL - FLOW 5to 10m. high capacity - low LR pumping, can pump
silted or sandy water
4. CENTRIFUGAL high speed of opesation - smooth, even
dischacge, efbciency (range 50-85%)
3. Siogle - stage requices skilled mamtenance; not suitable for
20t035m | pand operation. power: engine/ elecrric motor
as for smgle stage, motor aceessible, above
b. Multi-stage ground; aligunemt and lubrication of shaR
Shaft- dr iver; §g 050 m. | crtical; capacity range 25 -10,000 t/min
e Muhi-stage 0 120m | o formulti stage shaft driven; smootbes
Sutmersible opcration; mawurteesnce difficult; affectad by
| sandy water
5. AIRLIFT 1Sto SO0 m

high capacity at low lift; efficiency redueed with

increase m lift . Well casing straightness not
cmtscal,

Source; Hofkes (1981)
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230 importance of Water

Waler is an essential need of the human body. Almost all forms of life are
dependent on waler  The UNDP {1990) refers 1o it as the source of life. It is the principal
constituent of living things and the human body is made up of about 65% walter by
weight The human being ¢an su:vive for a longer period without food than it can without
water. Hofkes (1981} rioted that he human body needs about 3-10 litres of water per
day for normal physiological functioning. Waler forms the badkbone of the world's
economy, as it is ritical in all spheres of man’s adlivities. It is used for produclion as in
pawer generation, irrigation and flood plain farming, it is vital to transpoitation of goods
such crude as oiis and limber and it s also used for recrealion in waler sports and
holiday resorts, witich coninbute significanily to some economies. Waler is also used for
a wide range of domeslic purposes; laundry, drinking, food preparation and the
mainienance of personal and environmental hygiene. (De mare, 1977); Catiey-Catson,
1988; Nes!, 1951)

Walter is vilal fo development as it ptays a vital role in the pattem of human
settiemenl in ancient civilizations like Egypt and the Nile, Rome and the Mediterranean
Bamow (1987) observed Lhat groundwater is the key to development. It can also serve
esen index of ihe level ¢f development of a communily by using parameters such as per
capila water consumption. The water consumplion increases with the level of

development from 400lday to as high as 1.5001 in metropolitan areas (Nace, 1975;
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Chow, 1979).
Allhough half Ihe UNQO recommended amount of 200//day is enough lo meel
the needs of an individual and his household, in rural Nigeria, even lhis meager

amounl is nol available (Uma, 1988; Sridhar, 1985).

2.3.1. Water, Sanilation and Heallh

Inadequale waler supply and sanilalion are slill the world's leading cause
of human ilfness. Aboul 80% o Iropical diseases ere said lo be waler relaled e.g
cholera, lyphoid, diarrthoea, dyseniery and infeclious hepalilis, They can be
allributed lo poor or non exislent sanilalion, which leads lo waler contaminalion
by human wasles (Mcjunkin, 1983, Caldwell 1988).. Whisl some waler expetls
insist that the overall incidence of infan! and chiid morlalily can be reduced by
half Ihrough waler and sanilalion improvemenlt, others say lhere is difliculty in
measuring improvement empirically. There is, however a consensus lhal easy
access lo waler helps lo build a relalively heailhy and aeslhelically clean
populalion (Sebura, 1980; Chrislmas, 1991),
Sridhar and Omushakin (1985) canied out a sludy which showed tha! lhe
incidence of documenled disease in len major stales in Nigena is correfaled wilh

water supply and
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. sanilation. Availabilily of ample supplies of high qualily waler characlerizes a
communily’s hygiene slalus by prevenling lhe spread of waler-borne diseases
and improving the communilies’ living standards (Krasovsky, 1986). Sages over
lime have recognized lhe importance of waler in relalion lo heallh. Waler is
relaled lo disease in vanous ways. |l serves as a roule of lransmission e.g
cholera, a breeding sile of a slage of the life cycle of lhe infective agenl e.g
malaria; a harbour for the carrier of the infeclive agenlt e.g. Schislosomiasis; Ils
presence or absence in inadequale quanlilies can also cause disease e.g.
\rachoma.

Water associaled microbiological diseases are lransmilled through the
ingeslion of a sufficienl number of the causalive organisms in waler. They mighl
be as few as 10-100 as in Shigella, ‘or as many as 1-10 million in chotera
(Chandra, 1986)

Classical walerbome diseases include.

()  Amoebiasis or amoebic dysentery caused by lhe prolozoan, Enlamoebd

histolylica, which infects 500 million people annually in developing countries

(in) Cholera which is caused oy Vibrio cholerae infecling 300,000 people

annually in developing countries

(i) Gaslro enterilis which annually infecls 100 million people in developing

countries;

{ivy Giardiasis caused by Giardia lamblia which Infecls 250 million people

annually
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in developing countries (Table 2).

Hepaiitis, a viral infection which causes 14,000 deaths annually in developing

counines and

Typhoid caused by Salmonella typhe_, which afiecls 70 million people in

developing counlries annually (Warner, 1991, Series m, 1992)
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w

“Table 2 Discnses related to deficiencies in water supply and/or sanitatlon and their

medidn infective doses.

Gioup Diseases Pathogen
These are discases lransmilted] by waler | Cholero Yibno cholame
(Waler-dome diseases) in which watcy Typhoid Soh==|ly typiy
ocls culy a3 8 passve-vehicle for Ibe Uacilhsary Jyscmiary shigg'ty sp
isfeciive apent.  Alllhese diseascy (shigellosis)
als0 depxrd an poTE sanutalion lafectiang hepatilis Lepatiig A wrus

Lepin prrouss Leptogny w
Cuudiasis Ciarda lamblls
Gastoenienus Rots vinum
Agoeonss
Pathogone Exhanchia ol
() ST I
Dalantxdivm <l
Crptdneyrniuam g v
4 Y e'mns gt oreolilica
Drscases due 0 Jack of water, (Waler. | Bacilligy dysenary Sugs!ls
waahed disenses ) ADoe bic dy seniery m' hisiohixa
ik of adequete Quantityof weicrand | Esassoveres dirihoea
pox pIsona] hygiom cresie canvlitiarms | Amanau Axans by ranic
Gvowrshiv=fty (bey Sxeal The Wbp-n{l:nau..) Ihary tostiana
tulesting) tniections in his group alao Hook. wormD (Anclycoms)
dispossl Laxccan | \ypdun
Scahers dhin Scpaiy o)
uiceyy
Trecbxns
Yeny
Comguni ) vites

Key. L' Low (< 10), M=Medium (=10°), 11= tijth (>10°), TUncertan
Source (!lofkes, 1981, Feachem \WIIO 1995)
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Table 2. (Contd.) | "
| —_— -

Group Diseascs Pathogen\vector Infective Dose
Divecases cause) by nfeciive Schistosomnsts (Unnary and S haormatobuiam L
Apcnis spyem) by coolact wath or Recial) D medinennis L.
rgestion of wate (walo basad Oracunculiasiy (Guineaworm) Somriedcy sioyiie L
discages) Nuead worm !
¢ Disaic lanonmilled by nsecis Yellow fever nojuiio
I which {ive cloac la the | )emgue aml Uengue ey

welcr (woler4clalal wxlars) i loensorrogsc (evey ot

West Nde and il valicy fever coreaTtny

Encephli e m s

Baxyoliasw rsquite

Filanasty RO READ

Malas1a® Lo T

Chhxrdn‘u ¢ S

Sl sidnas Simuiram Oy

Toctme fly—

(Feal ol discases) Chaxorchenis o
Ouieases cause Hoy-mifective Drphy licboviasss nm t
89 tols mamtly Gnlacicy) by aating | Faxwodians iy =veica L
wezmkal fi1h end oihet food i'ara 2y 0 L

Key. L= Low (<10°);M*tedium (.10"), H= High (>10"); ? Uncertain
Source - (Holkes, 1981, Feachem 1983 \V140 1995)
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Interventions include breaking the faeco-oral transmission roule by improving waler

supply and sanitation. Masters et al {1990) in a study to access the impad! of improved
water sources on childhood diarhoea in Sn Lanka, observed that childran m househoids
which drew their drinking water from hand pump equipped walls suffer fewer diarhoea
episodes than children using unprotected waler. Whist children in households using
protected traditional welis suffer 35% fewer episodes than dhildren n families usung
unprolecled traditional souces Other inlerventions include hygrene eduation without

which lhe benefits of improved waler supply and sanitation will be limited {Gawatansa,

1991)
Water vector habitat diseases are also weter relaled they are disaases m

which @ staga of therr ife cycle depends on.waler or proxamty to it Examples are
Onchocerciasis, which infects 118 million people, ocaxs in 27 countnes in Africa
wih 1 of 3 cases in the world baing 8 Nigenan (WHO, 1987, FMOHHS 1995)
Another exampie 13 gumaaworm. wiich ts transmitted by ingestion of infected
cyciops: Nigena containa neerly 60% of all the reported guineawarm cases in the
worid: with Ondo- Anambtya. Imo and Kwara states being most affected (UNICEF,
1995)' Provision of deveioped weter supply, ewvavnantal sanitabon and use of
chamcais and ylon filler for QUBNASWO™ are paasibia intervetong. Other
exampies of waler relsted diseases ore waler contact diseases transmitted Dy

ariad with the palhogena n waler e 8ChistOsOmiasa Or bclhrnms
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r.intementions snclude reducing man-vector contact, environmental sanitalion and use

of chemicals.

Water hygienc diseases are those whose incidence and impacl can be
reduced by provision of ample quanlilies of water lo improve personal and domeshic
hygiene (Population repo:t, 1992). Examples are rachoma, linea and scabies

Non-classical waler disealses which are chemically relaled. “such es
methaemoglobinemia are on the rise due lo the production of new types of wastes by
new lechnology, increased use of agrochemicals and the dependence on waler
sources (including groundwater) which are vulnerable (o0 pollution (Zad. 1988,
Johansson, 1993) Inlerventions include more siringent tules about efficient reatment
and proteclion of waler sources
24  Waler Pollution

Water is said lo be poliuted when its Qualiy is degraded as a resull of man's
aclivities such thal it becomes, less sulabie for ils intended use (Kumar,1979
Chapman, 1992) The substancas that impair or degrade the waler quality ase refermed
lo as pollulants end\Ihey’ are orergn substances thal may be of organic, inorgamc,
radological, biglogical or physical ongin.  The deletencous eflects of poliulants ncude
harm lo human health, havdrance (o aqualc activilies and thy nabiily of the waler to
suppon agncuitizal. industnal ad olther econame activiiea Chapman (1992) observed
thal tlypes of poliution probiems and the periods ey &re encountered N @ oant:y. o

be related 10 1s level 0l e0C0-6CONOMUC develupEneny (Fig 2)
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Pollution
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Fig 2 Phases of Poliution
(Source: Chaprman 1082)
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Chapnian (1992) identified four phases of environmental poliution development

narnely.

Phase 1, which represents linear increase in low level poliution In relation to population
number. This is a pattem typical of agricultural societres.

Phase 2 represents an exponential pollution increase in reiation to Industrial production:
energy consumption and agncuttwal intensification. It s a paltem typical of newly
Industnalizing countries

Phase 3 in which ihete is a cortainment of pollution problema due to the iriplemertation
of control strategies. This is @ pattem typical of highly ndustnalized countnes

Phase 4 there is a reduchon of poliution problems mainly at the saustes, (o an
ecologically tolerable level that does not inledfere with water uses. Acording 1o
Chapinan (1992), phasa 4 ts the thus the ulbmate goal. He further stated that highly
industnalized countries encowuriered the fousr phases over 8 long panod of time Startng
al abaxd 1850 whie newly industnaized countnes expenencad most of the problems
bom e 16508 1o more recerd linse. Oevelopng axsdhas, which have pradumenardy
agrafusal aywuTas, have nol yel ¢Xperenced most of the weater poliubon pPrabiems
excop! those Aus 1o BPAC and fecal PAALON Futhanmore, i developing coubiva,
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before much contro) has been achieved over iraditional types of poilution problems:

Nigeria is an example of a developing country where changing technologes and
new agricultural practices due to population growth have contnbuted to water poliution
(Oganga, 1985). Pollutants can be released into the water bodies either from paint or
diffuse sources A point source of pollution is one that can be related 0 a single outlet,
while a diffuse source of pollution may result from several point soustas. Untraaled or
inadequalely treated sewage and industr:al effluents are mayor point scwta poliutants
Diffuse pollution sources may be atmospheric or non-atmosphenc with the atrasphere
being one of the most extensive sowtas of water poliution. dse to volatiization from
agnculture waste dispcsal regions, partcdes or solutes froom fuels and acd rain.
Examples of non-atmosphenc dfiuse souwrtes include sgradtsad nn-off, uban nin of,
waste disposal sites and wastes from nawigation, ha/dar and manna sedimants.

241 Groundwater pollution

Groundwster pollubon _is. the ernficially nduBd degradaton of nahsal
grasoweler Quality (Todd, 1980). Ifead (1960) however noted that natural ccosrs oD
such as the geoiogical nahse of the undergasnd aquifer can cause polition of
pounowaler, of whése saline weler nrudes ko fresh water aquifars. Astificially mcuCed
prandwater poAion coudd be due to MunaEal, NS or egnauitural ectmvibes of

A mmwummesmndmmu\nﬂ&m

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



and septic tanks which have been noted (0 be possible sourcas of pollution in ground
waler supplies, causing en increase in BOD, COD, nitrates, inorgarc chemicals and
pathogens and leading to disease outbreaks in many areas of S. Amenca, Afnca, and
India. (Lewis et al, 1980; Chapman 1992). In places where the water table 1s high In
Nigenia, ke Shasha community in Ibadan, fecal matier from pit toilets is seen as
contnbrAtory factor for high coliform coum in the spang (Sridhar, Unpublished).  The high
potential for grotnd water poliution in countnies like Nigena, where masi parts of the
counky lack conventional water bome seweraga can best be appyecated if considerad
in the hight of the fact that even in countnes with sewerags, large quantties of partially

treated sewage are released on lo the gound. In the United States for exampie, 2.5
billlon gations of partislly ireated sewege is released onio the groaund everyday fiom
homes alona (Todd, 1960)

Sewen thal ae not waler tight, parhaps due © POOr woricTarship M8y aiso
case akage of haavy melals into groundwater, though poltiuton from this souce may
be less than expecied becauss suspendad 30iids Cl0Q MY Sewdt OPW U

Sofid waste ‘dispoast on land s an vpartsy mursapal 80Ut of gound watsr
potiubon in developed countnes. In the USA for exasrpie anly 10% of the 10,000
landd™® are aawary. others being Moslly refuae Aumpe In NQaND a develoong WDy
unrroled bppng is e Mos! COTIMaN Method of 80kd waste gisposal Leacheate fowe
o Gty Ko s poktng WGy guusvwens  (Todd 1980
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Sndhar,1983; Chapman, 1992).
Industrial wastes and effluent disposal methods may serve as poliution pathways

to underlying aquifers by infroduong viruses, heavy metals, other chemicals such as
DDT and dyes which are toxic 0 man and aquatic life. Some of such methods include
the use of lagoon and oxidation porids, deep soakaways, abandoned welis, and deep
injection welis favoured by the oil industy. Other industnal waste disposal methods,
which have the potential of polluting groundwdler are the discharge of effluents onto
land, steam and sanitation sewers that raise heaith reiated conaems espeas|ly where
treated wasle water is chlorinated and recharged for potable use.

Tank and pipeline leakage is also a pathmay of groudwader poliwon, the
leaage may be due to comosion, jupture, sabotage or tuman eror. The fueds and

chamicals being stored move undepround tvyough pemaabie soils, until they reach the
waler table. Exampias are qude oil and liquid 1advecive wastes, An estimated 400m’

of gasaine was discovered faaling as deep as 0.75m on the walar table (Todd, 1880)
A signficant oil spill coasted in Nigena in 1980, spraading as far as 100kon along the
coast and 30 iniand along (ha dela, polksting the dryang weter (STAN, 1962)

Minrng acimties also Cause gaurOwater polhtion Exanples of thesa echwvibes
are acid vene drEINBQO, wher MINBTEiZed wallsr @ PUITPed ot 10 expand the mwned
regan, there is an METEPINg wth the gasrdwaw produang feroua suiphate or
agnrc 8ad i soksion Thia poldes the gordweaw by reducng the pH end
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increasing the ion and sulphate ground water cortent  Other mining activities that

1 poliute ground water is the leaching of old mine tailings.
Oil and gas produclion is often accompanied by substantial discharges of

wastewater called brine, which is disposed of using methods such as atandaned pits,
evapatation ponds and streams. These methods have the potential of poliuting aquifess
with brine, leading lo an incease in sodium, calcgum, ammonia, bomn, chiondes,
sulfates, trace metals and substantial amounts of total solids.

Agricultural souwrces of potlution indude imgauan, which although wdely
practiced in Nigeria, ils ernaronmental impact from (mgation retum flow 19 nct asaassed
(Ogedetigbe, 1980; Nest, 1991). The possible effect on the ground water (ncluda an
increase in ground weler salinty, due o inadeqete darage end diredt evapo-
tanspiration of imgetion resm-fiow from- soils whose salinty has been qoaased by
salls from fertilizers (Todd, 1980, Chapman 1992).

Animal wastes paulady from feediots, whare oumais are arvved for
purpases of beef end MiK pradnon M3y caTy fvou) storm unaffs  sigvficand
amounts of nitrates, saits, crparc lasds end bactens to surfece and sub-surfece wealer

Agrochamicsia also poiite ground weter. Ther impad became fully apperent in
nusineized castnes in the 19703 and s becsTwrg wcreasingly signficanl in
developry ansdas d® 10 he iNTeasad food demand of the &xpiasvely growng

popdatons Nirate based fartizan are 8 GV Contuaor 10 OTAD Weter
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pollution. This is because nitrogen in solution is not fully wtilized by plants or adsorded

by the soils. The use of pesticides or biocides closely follows the trend of fertilizer use m
Nigeria Examples of pesticides used in Nigeria mcude gamalin-20, paraquat-atrazine
and ghycophosphales (Sndhar, 1986). The persisience and ubiquitous natwe of these
chemicals has raised concem about the polertial for poliubon of susface and ground
water, by aenal transpoit, si#face run-off and acadental disdharge, whuch prompted the
US EPA 1o set limils for pesticides in dnnking waler. Osibano (1980) reported thet
chionne pestiades PC8s have been found in sedimants from IITA lake, Awba dam (Ut)

and the Agodi fish pond
Stock piles of solid matenals om construction sites, INdvicdual plars and ciher

industnes are potential groundwater polivtants when pracpitalion falls on these piles
causing a kaaching of heavy metals, salls-and other orpane and NUgNve conssituents.
Goudweler 13 winarable 10 aod Gepaation. e, the tansfer of acdic
aubslances from the aimosphess (0 vBgelaton, land or water asface The suscaptibitty
of gaundwater (0 the ransfer is due 0 the facl that the water potentially avaslable for
absradion is malnly hom rain wetar, which has sfirated vough the 30il to Undertyeg
eqefers (Chrapman, 1992) Aod depatiton Nas bean well o srerded N Noth Ameney
end Ewrupe  Nol nuch reseaith, has been ammed ot nt Nigars TG ther® have

been ndicakons of acd ran n e oil pck.cng-+egean of the Coxy
thange vogn wells wiach are ITproparty CNENCtad, Or N0 80MGG oa .
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being abandoned, means they can serve as avenues for ground water pollution because

of their highly penneable vertical connections.

Miscellaneous sources of groundwater poliution incluce uncontrolled liquid
discharge from improper control of storm run-off and wastewater. Boiler losses and
indiscriminale emptying of spent engine oil on the ground, also serve as sowtes of
grounawater pollution. Although no figures exist for Nigena, Todd (1980) estimates thal

millions of gallons of automobile waste oils are disdharged ofto the grownd annually.

242 Suiface Water Pollution
Saurces of suface water pollution are simular to those of ground water pollution,

and invanably end up as groundwater pollulants. They incude incustnal, agncaulbural
and domestic wastes. Major pathways of surfaca water pofiution include suface nan off
which cames pollutants inlo steams, nvers and akes. Rivess in ropical areas have hwgh

amounts of suspended solids and huanudity especally flood candiborts, whvch i3 subped

to saasonai vanaton
The use of sxface waters as recemng bodes for rd amal and damestc

wasies, which have undergone diffecent stages of reemmarnt s s Othay n2r pethvay of
suface water poltion. The level of poligion has overcome the nahural processes of self
purdication of hese wastes, such aa ssrabon N MOV WBYrs, sedenantsdon tn lakes
and nvers and bo-chemca FOBMAs whwoah Cane 6 adstatial edAcuon In the

mcrubiologcal level of these wastes
Tannumpmmmdnmmmmm lakes beng sited
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| and eAophicated, wiille rivers particularty thoss flowing Lhrough urban and industrial

b

.I consurnption and are unable t0 maintain aquatic lfe at natural fevels (Oluwande, 1983,

cerres have become open sewers. These waters are rendered unsutable for human

Zaid 1991),

25 Drinking Water Quaiity
Water quality refers to the concentralions, specifications, and physical values of

Inorganic and organic substances contained in water including its biota (Zokbakova,
1980, Chapman, 1932). The qualily of water is usually detertuned in reigson 0 118
Intended use. For mstance water intended for phannaceutical preparations must have
lower levels of ceitain mine:als than dnnking water (Solt, 1983).

The fist waterQualty standaras for dnnkinig were set n 1914 (Hammer 1966),

whilst WHO published the first inlemational standards of dnndung water n 1958 (Table

J)
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Drinking Water Standards and Public Health and Other Significance of

- Table 3.
Physico-chertical Parameters

'-'Paramctcr Guideline Public Health and other Signilicance

Vnluc
| ,"' Total Dissolved No healih No deleterious elleci, may confer protective healith
| Solids based value | benefil, certarn components, i.e. chlorides,

sulphates, magnesium, Calcium and carbonales

allect corrosion and encrustation in water
distribution systems, aflecls taste in extremely low
concentrations: flat insipid taste; abovel200mg/!

becoines increasingly unpalaiable
SNTU (not | Unaesthctically unacceptable, forms complexes

' Turbiduy
| health based) with hcavy metals, promotes microbial growth, and
protects microbes from disinfection. Implicated in
Trihalomeihane forniation
Colour | 15TCU Samec as above
pti 6.5.8 Many water ticalinent processes are correlaled with

pli e.g. chlorination, coagulation and flocculation
Growih of iron bacteria and hydrogen sulphide is

pH dcpendent |
Iligh-hardness. Scale deposition, scum formation, |

Low hardness: possible cortosion

Chloride 250mg/i High levelsimparts undesirable taste to water and
beverages depending on the associated cation

Total Hardness 500mg/I
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Table3 Contd.

li Parameter | Guideline Public Health and other Significance
Value | re— -
LSuII‘alc No health Contnibutes (o corrosion of metals especiaily in watess with fow
| | based alkalinity
| Lead [0.0lmgn cumulative poison causes lassitude, abdominal discomlort,
| anemia and behavioral chanees in children
Fluoride l.5mg/l high level-3keletal fluorosis, teeth mottling, low level. dental
canes
Aluminum | 0.2mg/l (not | Anesthetically pleasing sediments, discoloration ol water,
health bascd) | ncurological disorders like Alzhcimer's discascs and dialysis
| dementia.
Copper 2.0mg/l (p) unpleasant color and astsingent, stains laundry and plumbing
lixtures
Nitrate SOmg/! methaecmoglobinaemia, formation of nitrosamines which are
| Nitrite 3mg/l | suspected carcinogens
Manganese | 0.5 mg/l (p) | Undesirable tasie in beverage stains plumbing tixtures and
faundry. precipitates form incrustation, encourages bacterial
growth which gives taste, odor and turbidity problems to
distributed water
Arsenic | 00Ilmg/l (p) | Acute porsoming.involves Cent:al nervous system leading to
coma and possibly death. Chronic poisoning leads to general
muscle weakness, appetite loss, nausea, mucous membrane
il inflammation, skin cancers
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Guideline Vailue

IPublie Health and other

| Parameter
1 Significance
| Cadmium 0.003mg/! Partial inhibition of
Gasirointestinal tract absoeplion
of iron, renal effects like
proteinuria, glucosona and
: aminociduria
Chromium 0.05mg/l (p) ° ~ [ Hexavalent chromium causes
necrosis, nephnitis and death in
man
Cvanide 0.07me/| I*ossible death
Mercury (total) 0.001 mg/| Neurological snd renal
disurbances
Boron 03me/l Mild eastro intestinal irriration
Z:nc IJmy/1 (not health based) impart s undesirable astringent

laste to watcr , may confer
ureasy film on boiling

| Organic constituents
Carbon Tetrachlonide 2ug/! desiroys cell membranes, proven
carcinogenic Jn mice
Dichloromethane 20uc/| Possibly carcinogenic
Vinyl Chloride sug/l Causes angiosarcoma, possible
carcinogen
1.2 dichlorocihene S0ug/i possible uenotoxic activity
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Tadle 3 Contd. _
Parnnteler Guideline Public Hcalth and other Significance
Value
| Benzene 1 0ug/i Carcinogenic-leukemia
T ~ | 700uy/! May allect taste at levels below guideline
values, smpairment of CNS and irritation
o of mucous membranes
| Xviene S00mgy] . | i'issuces uelcuinvic 0G0r and taste
Styrenc 20ug/| Emparts sweel odor 10 walcr, possible
carcinogen
PAH (benzofa] pyrenc) 0.ug/l Closely associated witl.suspended solids,
some ¢.g. benzofa) pyrene proven
carcrnogenic
Acrylamide 0.5up/ Neurofoxic, genotoxic carcinogen
Nitroloaceticacid 200uy/| Produces tumors aller long exoosure
Pesticides
Aldrin and Dieldrin 0.0Jug/ I Health effecis on central nervous system
I and liver
Carbofuran Sug/l Chemica?! manifestations similar to
= organoohosphoius intoxicalion
| Chlordane 0.2ug/l Possible carcinogen
DDT 2ug/| Imoairs reoroduction
2,4 -dichlorophenoxyacetic | JOug/! Limiied data available to include on its
acid carcinogenity
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The aim of drinking waler qualily standards is:

To ensure thal waler intended for human consumplion is free of
organisms and from concenlralions of chemical subsltances thal may be
hazardous lo human health {(WHO, 1971).
D To ensure thatl waler is aesthelically acceplable lo consumers
C. To serve as an indicalor of the reliabilily of waler supply systems, making
lhem economically useful.
Orinking waler qualily slandards can be grouped according. (o physical, chemical
and microbial qualty
2.5.1 Microblal Qualily
Sale guarding the microbial qualily of dnnking waler is believed by experts
to be the mosl imporlanl objeclive, even ahead of t{s physical and chemical
qualily, because waler represenis an obvious mode of lransmission of enleric
diseases (Btand, 1980, Skinner, 1971). According lo lhe WHO (1971), lhe

greales! danger associated with dnnking waler ¢s conlaminalion by sewage,

human or animal excrela.

Microbial qualily is determined using vanous melhods of bactenal
examinalion- Percy Frankland in London, slarted Lhe firsl rouline examination of

waler using gelaline plale counts. i 1657 118 enunciated lhe concepl of using

organisms usually
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abundan! in humen and animal exoement, as evidence of contanvnalion and the

possibie prasence of other potentially dangerous mucro-orgarnsms (WHO, 19884)
Thase organisms &8 kKNOwWN a8 NGCBIOr Orpanams.

The use of indicator organisms for determination of the microbial quallty of
waler saves the time, laboxs and expense involved in attempling lo tesl for all
pathogans (hal 8 water sampla mighl poasibly conlain. For an orgatiem lo be

ideal for usa as an indicator, | Mmusl 1neet 1he Toliowing criteria

a) The melhods o isolation, identif.calion and enumeralion should be simple

and unambiguous
b) It should bae resistant lo cNorme and have a higher susvival rale in waler

than pethogens

c)  They should be more neulal than all pathogens in the emeanment

The significance that can be allached (o the piesence or absence of a partcular

fecal Indicalor vanes with ‘eech organism end wilth (he degree (0 which (hat

organism can be spadilically assooaled with faeces. (WHO 1984)
Houston-;ecognized the 3 main groups o! indicator used loday | e Lhe

coliforms,{fecal slreplococa and gas forming clostndia The Cobform or total

coiiforin group include all the aerobic and facultalive aNAGDINC, GIAm Negabve,

non-spare forming rod shaped beclena that lerment laciose n 24 haurs al 3S°C

~ (EPA, 1978) e.g: Eschenchia cali, Citrobacter,
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Citrobacler, enterobacter and klebsielfa.

The coliforin group includes a sub-group known as fecal coliforms, which ferment

lactose in 24+2 hours al 4530.2°C'with the production of gas in a muitiple fube

" procedure (EPA, 1978)

Ecol is specilically of fecal origin, and ils absence can generally infer that

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

The ease of detection and enlumeration of coliforms, have made them widely
used tn assessment of drinking waier Quality, however some doubts have been
raised as la the:r suitability as widicalor organisms. These include
a) Their profiferation in nulrient enriched walers that might not be due lo fecal

contamination. e.g walers ennched by effluvents from a paper mill (Dutska,

1979, WHO 1984)
by  Their use as an indicator for health hazards of which they cannot be ltrue

delerminanls. e.g in. swimming associaled diseases like skin and naso-

phatyngeal infection-(James, 1979)

c) The greater rasislanca to disinfection of some cysls ¥ke Grargia lambiia end

S —

amoebae, raises doubis on the inference that the absence of coliforms from
recently disinlecled waler means that pathogens are absent (WHO, 1984)
d) The valdiy of 100mi coliform counts has also been quened where cofiforms

are homogeneously dispersed. Gale | 19QR) vitas tha pubivz haalth 2:2n:5Cance of
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this lapse especially in diseases where a single pathogen like rotavirus has been

known ta infect 27% of adults.
Dutska (1979) repoits that the temperature at which coliform are incubated is

inhibitory to the growth of enterobacleriscidae and thus wonders if the
enumeration of cultures is representalive of the natural water samples.
The awareness of the limitations of coliform groups stimulated research in the use of

other organisms as indicators

Fecal streptococa are thase nomiaily present in the faeces of man and animals
e.g Sfaecalis, S.faecdum, Sdurlis and Savium, as well as strains with properties
intezmediate between them (WHO, 1984). The advantages of fecal stieptococd over
coliforms include their non-nultiplication in water and their higher survival rates which
means that they can be used to indicate poliution distant from the sowrce. Fecal
sireplocood also show a degres of host specficity permilting charedienzetion of the
poliution sourte. The high ratio of fecal coliforms to fecal streptocood may be useful
locating the origin of fecal pollution in heavily contaminated raw weter

Fecal streptococa have the limitation of baing less abundant than E col in faeces
and may graow on vegetation and insects. Their persistance in water with moderate salt
aeantietions also limits their use as indicator for drinking water

Closirdia are spora forming organisms, which are charactenzed by their ability o
recioog sulfites to sulphates and their lormaton of soorea. Examples are C. perfringers
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(WHO, 1984). They have some advantages over the coliform group due ta their ability

to survive longer and greater resistance o disinfection than the coliform group: The

presence of C. perfringes in a natural water and the absencs of colifonms suggests that
the contamination took place a fongtime ago. Their presence in disinfected water
indicates ihat 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 Lised for routine

examinations.

Pseudomonas eeryqinos3 is a gram negative non spore  fonning, rod-shaped
bactenum that grows at 42°C, it is axidase and calalase positive, reduces nitrates,
nilrites, ammonia and oxidizes glucose (WHO, 1984) it ocass in lower rumbers than
colifoms n the faeces of man. P. aserugnosa s of value n preparation of
pharmaocsulicals, baby foods, and rehydration mudues, ather than for routing
examination of ckiriking waler

The desire for an ndicalor systein whvch unequivacally dendtgs the pramence of
fecal matter and potential health hazards has stinilated research along bactenoiogical
and tbrachemcal lines: One sich orpanisims is Bfidohacie: a Mayor coxmpanert of human
&nd animal species. Bifidobacier has the edvantage of being Bnaautac and unabie fo
inultiply in natizal water. Thay may prowde a speafic assay by which lower @vmal and
human feca! poliution May be separaied Outska (1979) Coprosianol (S*-Choiestan 3™
a')iamWadaMlMlaMhasmemmqm stebile
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~ and non-athogenic. It can be detected even in the presence of other lipid fike

Ilhl' compounds in the water, Unlike biological indicators Coprostanol 1s not affected by
* disinfectants or toxic waste discharge, and is therefore ideal for use in chiorinated
efluents and industrial wastes to :ndicate fecal contamination or heaith hazands due to
non-inactivated vinises Coprostanol has limitations that include the laborious procedure
required for each sample and the lack of knowledge about the relabonship between
pathogens, indicators and Coprostanol.
Microbiological standards for nxal and small community water supglies can be
{ess stringent than those for urban areas, because of the non attainability of (adan
standards in small communities, where waler sources are wells, borehales and springs
nol piped waler. There is therefore a grealer likelhood of contamination duting
transportstion or slorage (WHO, 1971, WHO 1984, Morpan, 1983) The WHO (1975)
recommended standaid for such water supplies 1s an MPN count of <1/100mi for (otal
coliforms and 2.5/100ml for Ecoli The WHO (1935) recomrerdds thet due to the
widespread faecal contamination in developing countries, the nabtonal surveiliance
8gancy should se! mediuni-term largels for the progessive imgovemen of water

Supples
252 PhysicoChemical quailty

The tem phiysico-cherncal Quality i3 used N refereree 0 the charactensbcs of
water which may affect s ecceptabifity due (o aesthetic considedions such as colour
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and taste; produce toxicity reactions, unexpeded physiological responses of {axative

effect. and odjectionable effects during normal use such as curdy precipitates (Chanlett,
1979)

Taste ad Odour
Tasle and odour depend on the stimuiation of the human receptor cells, which

are iocated in the tasle-buds for taste and nasal cavity for odour. (Emsiie-Smith, 1988,
WHO 1984) Tasle and odow are complimentary, e.g when tasting water, both the
offactory and gustatory nerves ara activa. In all taste tests it is actually flavour that is
being measwred. Flavour refers to the combination of taste, odour, temperature and feel.
The close associalion between taste and odour may. be illustrated by the iack of flavour
of many food substances, when the sense of small is lost dunng a head cold (Emslie-

Smith, 1988; APHA. 1936)
Taste and odowr problems aadunt for the largest single class of consusmer complajnts

in dnnking water supplies, due to the weter sourte, the treatment method, distntutian
system or a combination of ail Yvee (WHO, 1584) Taste in drinking water 1S measured
by laste lesis such as the iveshald lest or taste 1B8ung tests While odour lests are
camed out for, 6dowr i drinkung walter (Table 4) (See standar@ methods, for delails)

The sense of smell is more sensikve than the best 8nalytaal method. for xampie the
Quidelne for Cyanide in dnnking water wouid be 1/100th of the Presam Imit i based on

the odaur threshold of 0 001mgA (WHO, 1984)
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and laste; produce toxicity reactions, unaxpeded physiological responses of laxative

effect, and objectionable effects during normal use such as axdy precipitates (Chanlett,
1979).

Taste ad Odour
Taste and odour depend on the stimulation of the human receptor celis, which

are localed in the taste-buds for taste and riasal cavily for odowr. (Emsilie-Smith, 1988,
WHO, 1984). Taste and odour are complimentary, e.g when tasting water, both the
olfactory and gustatory neives are active. in all taste tests it is actually flavour that is
being measured. Flavour refers to the combination of taste, odour, tempetature and feel.
The close association between taste and odowr may be illustated by the lack of flavour
of many food substances, when the sense of smell is lost during 3 head coid (Emslie-

Smith, 1988; APHA, 1996)
Taste and odour problems eccount for the largest single class of consumer complaints

in dnnkung waler supplies, due to the water source, the reatment method, distnbution
system or a combinalion of-ali three (WHO, 1S84). Tasle in dnnking water is measwred
by taste tests such asthe Neshnid lest or taste rating (ests While odowr lests are
@med out for odour in dinking water. (Tabie 4) (See SIndard methods for details)

The sense of smell (s more sensitive than the best anara method. for exaTpie the
Qrideline for cyanide In drinking water would be 1/100th of the present imit if based on

the odowr hveshald of 0001mgh (WHO, 1884)
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Factors that affect taste and odotr include.

i Tempeiature

The growth rate of micro-organisms, some of which produce bad (asting
metaboliles is positively corvelated with temperaliye. The odowr of subslance is also
temperalure influenced because of the relationship between odowr and vapowr pressure,

therefore cdour measurements usually specrfy temperature.

il. pH influences the taste and odouwr of a substance significantly, especially when ri:

conkrols the equilibrium concentration of he neutral and iocnzed forms of a substance in

solution. The average threstiold increases from 0.075m9N to 450 mg/ as pH NCBAases

from 5.0to 90 (WHO 1984).

li.  Residual Chlorine
A balance Is sought such that he leve! of resichsal chonne (s high enough

for microbial safety without leaving an obreclionable tasie in drvang walter
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Table 4 Tastc threshoid for major calions

ELEMENTS

TASTE THRESHOLD mg/!

Calcium

100

Magnesium

30

Sodiuin i

100

| Potassium

300

{ tron 1l

C< 11 vintteu wiler

Iron 111

Zinc

0.12 in drststled water

4.3 in distilled water

Source: (WHO1984)

6.8 in mineralized water
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Heallh implications of taste and odour ia waler is related to the fact thal

consumers seek alternalive sources thal have mare acceplable tastes to them. even

though the allernatives may not be of as high a microbial quality as the rejected waler

Short tenn changes in taste and odour of water may be indicalive of changes ! the raw

waler qualily, deficiencies in the l:realmem process.  These changes may also be

indicative of chemical corrosion and biological growlh in the distnbution system. All of

| which may have negative health implicalions {WHO, 1984} Orgamisms responsible for

taste and odour in waler include aclinomycetes, algae. iron baciena, and free living

worms

Tolal Dissolved Solids

Total Dissolved solids compnse organtc matter and tnorganic salts which may

ofnginate from sources such as sewage. ellluent discharge. urban run-off or from

natural bicarbonates, chlondes, 'sulphate, nilrales, scditym, potassium, calcium and

magnesium The major detenrinani of the TDS level in waler is the geochemical

charactenstics of the 'ground it comes i contacl with. e g granile and siliceous sarxis,

and well leached-soils have TDS tess than 360mg/A. TDS levels are mainly deleftmned

by gravimelric methods. According to WHO (1984) Ihe palatabiily of dninking waler

8ccordng o ils TDS level has been rated by Bruvoild with levels less than SOOmgN

being rated as excellent and levels greater (" 1700mgN unacceplable (Table 6)

Total Dissotvad solids is related lo other waler quaily paramelers kke hardnass
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vhich occurs if the high TDS conlent is due lo the presence of carbonales: A low total
dissolved solids level also affects the taste of water and might be perceved by the
consumer as flat and thus unacceptable. Furihermore TDS leve!s due to chloride,

causes corrosion, whitst thal due lo carbonate and calcium salts might result In

encrustation.

Turbidity

Turbidity is an expression of cerlain light scaltering and light absarbing properties
of the waler sample caused by the presence of clay, sili, suspended matler, cottoidal
paricles plankton and other micro:-organisms (WHO, ‘1984) Examples of migo-
organisms thal cause turbidily are the summer blcoms of the blue-green algae in
surface waler and algal detritus fortned by ironbacteria. Turbidity can be measured by
various melhods, lwo of which are currenlly used, lurbidimelry and nephelometry. The
nephelometric method is more current and measures the intensity of light scallered at
9" 1o the path of sncident light. Turbidity of waler affects olher waler Quality paramelers
such as colour, when it{is.imparied by colloidal parlicies Therefore when measuring
color, lhe colour is_that'from which lurbidity has been removed The taste and odour of
raw and lrealed water vasies with high levels o turbidity Turbidity also negatively
affects the microbiological qually of water by promaling micicbial prolferation and
protecling bacleria and viruses from disinfectng agents. Turbidity also afgcts the

‘Chemical qualily of dnnking water thvough the formation of complexes batween (he
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turbidity causing humic matier and heavy metals. The absorption of organic molecules

like herbicides onto a clay-humic acid surface also affects waler qualily

Colour

Colour in dnnking water is caused by the presence of colowed organic
subslances, usually humic, whicrla originate from the decay of vegelation tn suriace
waler. Iron and manganese also give waler a red and blue colour respeciively by the
action of baclena, which oxidize them Io their ferric and manganic oxides respectively
The soiubilisation of copper from copper pipes may also give a blue tinge to waler
Colour can be measured by visua! comparison of tpe sample with plainum coball
slandards where one unil of colow s (hal produced by Img/l platinum of

chioraplatinate ion (EPA, 1983). The WHO (1984) recorrvmends limit of 15TCU for

drinking waler
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RATINGS

Table 6 Consumer ratings according 1o total dissolved solid

levels of drinking water

TOTAL DISSOLVED SOLID LEVEL (m

Excclicnt

|

. <300

Gool

Poor

Unaseccplable

Source (WIIO 1984)
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Classification

Tabic 7 Classification of hardness in equivalent of calcivm

Carbonate concenteation

Quantity (mg/)

Soll

0.60

Mediuns hard

60-120

Hard

£20-180

Very hard

> 180

Source (\WVI10:1984)
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The pH of a solution is the nagative common loganthm of the hydrogen ion

activty, aH’, and  is measwed elecrochemically using 3 glass elecvode. Most raw
waler sources have a pH range of 6.5-8.5 (WHO, 1984). pH is temperature depandent,
and a decrease of about 0 45 coaurs with @ temperalure INcrease 2S°. though this can
be modified by the buffenng effect of bicarbonales. Water treatment procasses such
as chlorination lowers the pH, whitesoftening with excass fime/soda raises the pH
Dissoived Oxygen

The level of Dissclved oxygen in water is used as_an ndication of pallution and
polability, it thus forms a key test in water poflution control activhes and waste
treaiment piocess control.  Dissolved axygen-is (easuad using either the Winkler
method, its modification or the iodometnc method, depending on the exsacy desired,
convenienca, and interference present (APHA, 1996). The racoTsrermier guideline
value for dnnking water 18 8 level not dbelow BmgN (WHO, 1984). Lower levels indicate
microbial contaminationor conosion. (! is howaver passible for lage emausts of iron
Cotrosion 1o oaas without the oxypen ievel falling peceplbiy

Hardness

Herdness of a waler is the raditional measure of the Apaoty of water to read
with 80ap. Hard waler 1tws requies a axnsidrable amouy of 503 0 P ICH Iather
The pnnapal ions causing hardness are calaum and Magnesaun, and when the anvon
I3 carbonate 1t is referred 10 as (emporay, becmsse this type of haxinaas can be
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removed by boiling, unfike when the anions are sulfates, chiorides and nitrates. Natural
sources of hardness inciude sewage and nn-ofl fron soils parcularly limestore
formations, while main indusknal souces are mining, the buildng Industy where
calciun oxide i3 uwsed and the use of nagnesium in lextile tanning and paper
Industries, Grovridwaler is often harder than swsface water and M3y have levels wp (o
saveral thousarid mg/! because of its high solubiiang potantial, parbcutarly for rocks
that conltain gypsum, calcite and dolomre. Hardness may be estinaled by kuwnethe
detenmination of individual concentrations of the components of hardness, thes terms
beirg expressed in temms of an equivalent quantity of calaum cadorate (Tabie 7).
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Alkalinity
Alkalinity is an index of the buffenng capacity of water, produced by anions of
weak acids, usually hydioxides, bicarbonates and carbonates, It is measured by

tirimetric methods, wiiere an increase in alkalinly causaes a loss of colour, which is

directly propoitional to the aikalinty of the sample. Alkalinily of a water sample s
usually close fo its hasdness value.

Chloride
Chloride occuis n nature in the fonn of sodum, potassium and calaium chioride

salts from he oceans. It ocass in ground water as a result of saline intruston, brine n
ol well operalions, sewage discharge, imgation drainage, comamiriation flom refusa
leachate and in lemperate countries, from the use of salts to de~ce roads.  Chlonda in
dnnking waler 1s maasured by titrating an'acidfied sample with merausic nitrate in the
presence of mxxed diphenyl meraunic carbazone blue indicator with the foarmation of the
blue solid, mercury diphenyl carbazone complex as end point (EPA. 1963) Although
the taste threstioid of chionde in dnnking water depands on the assoaated cation, it 1s
usually in the range of 200-300mg of chlonda/ire. The WHO (1984) mcommeands a
guidaline vaiue of 250mgA. A higher vaiua than 1000mgA n water is an ndication of

poliubon-
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253 Toxic Chemicals

Chemical contaminants of diinking water supplies ocour alorig with contaminants
of other inorganic and organic constituents. Therefore since guideline values for these
chemicals are calculated separately, withoud consideraton of possible synergistic
eflects, on the occasion when contaminants with similar toxicological eflect ocar at
levels near their respective guideline values, appropnate action should be taken with

the assumption that the toxic effects of these compounds are additive.

Nitiates and Nitntes
Nitrates and NiFiles are considered (0geiher beausa conver sion fiom one form

to the other ocass in the envirorvnent and the health effects of nitrates are genesally

as a consequence of Its ready comversion (o nitntes n the body. Nittale levels in
poliuted water are usually higher than nitnte levels. Nitrates are foaned as by prodicts
of incomplete axidation of organic nitogen by bactena present in soil, Soutaes of

nilrate pollution are feedlols, domestic eflluents, industnal efiuents, refuse dump

leachales, and excessive fertilizer use and land disposal of sluoge. The WHO (1984)
guideiine for nitrates i dnnking water are typically below SOmg of rutrate-N per like,
levels excaeding these are indicalive of paliution. Nitne levels can be reduced dunng

water (reslmani by the axid g effects of Nonne
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Lead

Lead is a natural constituent of the earth crust at an average concentration
of about 16m/kg. It exists in the environmenl almost enlirely in the inorganic form,
aithough smali amounts of organ:c lead ocour from the use of leaded gasoline and
from natural alkylalion processes that produce methyl lead compounds. Lead is
used for a wide range of purposés such as the manufaciure of molor ballenes,
alkyl lead compounds for gasoline, solder pigment, cable shealhing, roofing and
piping malerials, which are all polenta! pothuays of ponuina Of winking waler.
Lead levels in drinking waler are reiatively low. because conventional waler
Ireatment procedures remove a significant amounl of lead, leveis may be higher
where lead plumbing of lead slorage lanks are -used. Low pH and sofiness
increases lead content of water by promoting coifosion. The maximum intake of
lead from food, air and water is 3mg@/week (0.05mg/kg of body weightl) for adulls
(WHO, 1984).

Iron

Iron is the most abundant element by weight in the earth crusl, X ocowrs in
water in its femc and femous slales, particularly in well aerated conditions Rock
and mineral dissoiution, ecid mine drainage, land fill leachales, sewege or ron
related indusuies are causes of high iron levels in groundwater, lakes and

reservolis, particularly where reduang condiions are present (Okun, 1983)
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Ammonia

Ammania refers to the nononized (NHy) and ionized (NH.) forms.  Its
ooasrence in tha environment is from melabolic, agnculiural, industnal processes and

from distnfection with chloramine. No guideline value is fixed for ammonia in dnnking
waler, due (o the fact that il is not of immediale public health s:gnificance

Arsenic
Arsenic is another inorganic constituent of Grinking water that rs widely distnbuted

throughout the earth. The soutes of intoducdon into. dnnking waler include
dissolution of minerals and ores, industnal effluents and atmosphenc deposition.
Concentrations in groundwaler may be elevated as a result of erosion from natsal

sources. A provisional guideline value o 0.01mgA is established with a vwew o

feducing its concentration i dnnking water,

Asbestos
Asbestos is mtroduced .into water by the dissolubon of asbestos containing

minerals and ores as well as from ndustnal efMuents, atmosptenc poiuton and
asbesios cement-p:pas in the distnbution system (WHO, 1995). The amount of
asbestos exfoliated from water pipes depends on the aggressivenesy of lhe weler
Supply. There is no health based guidelne value far asbestos in dnniung weler

Barium
Bariiim occurs as various COTPaUNds N the earth s Oust, and 1t is uSed N 8 wade
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variely of industiial applications. Its presence in waler ts from natutal sources: The
guideline value is 0.7mg/l (WHQ, 1995).

Boron
Boron is released into water from industrial and domestic efluents from ils use in

detergents and industrial processes, Elemental boron Is also used in composite

skuclival matenais. Boron is present in dnnking water at concentrations below 1mgA
Though higher levels have been found which are attnbutable to natural ooaumencs of
boron. A 0.3mg/l (rounded figure) guiteline value based ona 10% TDI from dnnking

water has beenestablished by the WHO (WHQ, 1935)

Cadmium
Cadmium i's a melal used in the steel Nty and in plastcs. Its compounds are

widely used in batlenes. Environmental. souces of cadnium include wastewater

discharge, feitizers and aw soutes. Dnnking waler contamination ocuss from

Impuilies in the zinc used # galvanized pipes, soldars and some metal fittngs Lavels
N dnnkdng water ere usually less han 1ugh. A gudeline value of 0003mg) is
established with an aflocation of 10% of the PTW to drvung weter
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Chromium

Chromium oocurs widely in the earth crust in +2 lo +6 valences. Tolal chromium
concentrations in drinking water are usually equal b or less than Sugh, aithough
concentrations as high as 20ug/l have beenrepoited. A provisional guidefine value of

005 mg/ has been retained from consideralions that it is uniikely to give nse to

significant risks to heaith (WHQ, 1995).

Copper
Copper piumbing can greally increasa concentrations of copper n dnnking water

from its usual low level of a few migdgrams per litre to several milligrams per litra,
usually foliowing a penod of stagnation in pipes.. The presence of coppeés in a waler
supply system may interfere with the intended Gomestic use of the water, due to an
increase n the corrosion of galvanized i1 and steet AthNGs, which causes staining of
laundty and sanitary wares et concentrations above 1 mg. Al levals higher than 5§ moh,
8 colour and an undesirable taste is imparied (o the water

Aluminum
Aluminum is-a widespread and abundanl alemenl compnsing some 8% of the

edith's surface. A frequent reason for the Preasnc of asmerum In dnking waler is
deficiency n contol and Operabon of the lreatment process. When present in
ancentrations above 0 2 Mg/ deposils of aluminum hydraxde floc ocosr causing an
NTease in the discolarabion of weler l6ading lo CTmuIMer complants
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Fluoride

Fluoride accounts for about 0.3 g/kg of the earth’s crusl.  Sources of

l]l_ exposure include the use of inorganic fluorine compounds in the produciion of
" fluoride, the release of fluoride during the manufaciure and use of phosphale
based fertilizers. Exposure from drinking water depends greally on natural
circumstances. _Raw waler leveis are normally below 1.5 mg/ though ground

_ waler may contain aboul 10 mg in areas rich in minerals containing fluorides. A

guideline value of 1.5 mgA exisls for fluorides (VWHO, 1995)

Mercury

Mercury usually ocours in the inorganic form. in-surface and ground water al

concentrations less than 0.5 mgA. The guideline value for {olal mercury is 0.001

mg/! (rounded figure}

Organic contaminants

Organic contaminants ) d dnnking waler inciude chlonnaled aikanes,

chiorinaled ethenes, aromalic hydrocarbons and chkannaled benzenes

Chlorinated Alkanes
Carbon' Telrachlonde s used prncpally in (he production of
chiocofluorocarbon refngeranis. Sources of envionmenlal exposwe include

release inlo air ang water during manufaciunng and use. Conceatraliors in

@inking water are usually less than 5 vgh. A guideline value of 0.2 ug was

denved hased on a TOI of 0.714 ug/kg ol body
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weight (WHO, 1995).
1, 1- dichloroethane is used as a chemical intermediate and solvent, imited data
show thal it can acar n concentrations up to 10 ugh in drinking water. Accarding to the

WHO (1935), its ocasrence in ground water may mcrease due 10 its widespread use
and disposal in ground water. No guideime valua has been propased, because of the

limited dalabase on its toxicity and cascinogenicity.

Chlorinated Ethenes

Vinyl Chioride is used pnmanly for the produchon of polywwyl chionde. Soutes
of envionmental expasure include the constat presen® N air, which it Westem
Europe is estimated to range from 0.1 ta 0.5 ug/m’ (WHO 1985). Vinyl chiaride can be
fomed in water from tnchioroethens and-tetrachioroethene. It has been fand in

drinking water at leveis up 10 3 few mcrograms per live, and on ar==:on, hgher lgveis

ocar in ground waler.

Aromatic hydeocarbons
Benzene is-used pnnopally in the pradxcdon of other arganic chamcals.

Routes of envirvnents) exsuse include petol and vehaular emissions |t may be
roouced into waler by indsthal effuents and atmosphanc palftion. Concantrabons

" Gvking waler are gdf@fllly less than 5 UGN A Qusdeiine valus of 10 ugh, for a 10°

&xrpas cover nisk 19 therefore retased (WO, 1935)
Styrene 13 ahother aramatic hydrocardon, used prvranly for the production of
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plastics and resins. it is found in frace amounts in swiface water, drinking water and

food Levels in air can be up to a few hurdred micrograms/day in industrial areas. A

guideline value of 20ug/, with 10% of TD) allocated to dnnking water has been

established by the WHO (1995).

Polyaromatic Hydrocarbons

Polyaromatic hydiocarbons (PAH) from a vanely of contamination and pyrolysis
sources have been identified in the enviroimient as minor soutes. of dnnking water
contamination. A guideline value for benza[a]pyrene In danking water of 0.7ugh has
been established. According to the WHO (1935) there is insuficent data available for
the derivation of values for other PAH

Chlorinated benzenes
Monochlorobenzene (MCB), is released to the envwarvment from volatisation

associgled with its use as solvent in pesticide fonrrdaton, a deqreasing aged and
from other industnal applications. Although the lowest reported taste and odowr
threshold for MCB in wealer is 10-20ug/, guidéline values of 300ugA are basad on an

allocation of 10% of the TDI to drinkang water
Oi(2-ethythexyl) adipate (DEHA)

. DEMHA is used mainly as a piasticzer for synthetic resins Ike polyviny! ONoride

(PVC) DEHA have been infrequently ideriffied in dwwing wetsr at levels of a few
Moogamsiive. The guidsine vake is Bug) lite (runded figure) based on an
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allocation of 1% of the TDI to drinking waler.
| Di {2-ethyhexyl) phlalate is another organic contaminant used primanly as a
plasticizer. It ocours on the sutface of groundwaler, and concentrations of hundreds of
micrograms/lilre have been reported in polluted sources. [t o8curs 1n drinking waler i
concenirations of a few miaOQran_is per liire. A guideline value of 8ug/lilre {rounded
~ figure) with an allocation of 1% of the TDI lo drinking waler has been established.
- Organic chesnicals
Nilrilotriacetic acid (NTA) is used primanly in laundry delergents as a
replacement for phosphales and to treat boiler waler, so as to prevent scale
accumulation. A guideline value of 200ug/! has beeneslablished (WHQO, 1995)
| Edetic acid ((Ethylene diamine tetracelic acid; EDTA) and ils salls are used in
many induslrial processes, as food additives in domestic products, as drugs in
chelation therapy, all of which aliow subslantial release into the agqualic envircnment
Levels in natural water of @.9mg/ have been recorded though levels less than 0.1mgA

are more usual. A guideline value of 200ug/l has been established {(WHO, 1995)

Acrylamide in the foom of residual acylamikle Monomer OTCUAY N poly
Bq)ylamide coaguiants used in the lrealment of drinking water  Other sowrces of

®Poswre from waler include ils use as grouting agents in the construction of dnnking

water reservoirs 8nd wells. A guideline value of 0.0 has been established

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



67

iocides

Biocides in drinking waler are increésing becoming a problem, due 10 degradalion
of these compounds.

Guideline values have however nol laken inlo consideration loxicilies allached 1o
the degraded producls due 1o Jack of dala.

Aldrin and Dieldrin

They are chlorinaled peslicides used agains! soil dwelling pests, for wood

\I protection. Dieldnn is also used agains! insecls of public heaillh significance. The
Ilil compounds have similar loxicology and mode of action, wilh Aldnn being
T converled lo Die/drin under moist environmeniatl-conditions. Dieldrin is highly
persistent with low mobxlily in soif and almospheric losses Il is occasionally found
N drinking water through agncultural run-off inlo sutface walers and evenlual
percolation inlo ground waler. A guideline value of 0 Q3ug/litre has been
eslablished based on en allocation of 1% of the AD! lo drinking waler. (WHO,
1995).

Bonlazone ts a broad-speclium herbicides used for a variely of crops,
though 1t pholodegrades in soil and waler, ¢t has a high soil mobitity and moderale
peérsisience in the environment

il has been found in ground waler, and has a high affinity for the waler

mPonent, A guideiine value of 30ugh based on 1% allocalion of the ADI to

Ng waler was eslablished (WHO, 1935)
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Although DDT has been banned or prohibiled n some countries, il st
| enjbys exlensive usage. Il is a persistent insecticide, soluble under most
environmenlal candilions. A guideline value o 2ugA has been established for DDT
and its metabolites, Allhough this exceeds the water solubility of DDT, which is
1ug/l, some DDT may be absorbed into the small amounts of partculata  matter
present in drinking waler, so thal even Ihe guideline value of 2ugh can be readhed

under certain corxtilions.

26  Waler Trealment for Small Community Water Supply Systems

Small Communily water supply systems refer to’ lechnologies used in water

dislribution inciuding treaimenl methods thal”ae inlegrated with commmaaty
involvement. Homer {1986) points out thal it is nol a scaled down version of wbdan
installations, but one in which ihe peculiaities o! the comununty n terms of
organization, managemeni,~skiil. economics and soaal prachices are taken o
consideralion. This iS necessary in order to choose the lechwology eppropnale o
waler provision.inlhe selected communtty.

Waler lrealment is the process of convestmg raw waler frun Sutars

sub-surface sources Inlo a dinking water suilabie for domeslic uses (Hofkes,

881), Allhough euthonlles egree tha! the aim of walar bealman s tha mmoval of
genic organisms and loxic substences, they note thal water treatment shoud

t make drinking wator pure or slerile in the enatytical sense. n tius regard sohs

 80melimes

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



69
added (o improve the taste. (Hofkes, 1981; Solt, 1984; Oluwande, 1983, APHA, 1996)

The vatious methads by which waler is rendered potable are referred lo as unt
operations and they are namely Aeralion, Coagqulalion and Fiooailation Sedimentation,
Filtration, and different means of Disinfection, which make use of physical, biological

and chemical procasses o achieve {heir objectives.

There are other purification methods, which though not unit operations are used for

= .

small community water supplies,
Storage
This is a punfication method used N many low ScoC-eaMIc AMMWtes.
Waler can be made safe o dnnk if slored for 2 d3ays during wiuch the hanmful
organisms die and sink to the botlom. DD (1987) advocales the thvee pots method,
IJ whereby two pols are used for fetching waler on allemate days and one for stonng
| which allows the househiold lo have water which has been stared for at least 2 days
before contamination. Pots should be covered to prevent contamination, limil
. evaporation and prevent algal growih Earthenwere pols should not be wsed because
they enxourage bacterial growth
- Balling
Boilirig is a safe and eflechive way of pathogen exXdmdon f caned oyt pOpedy
9.4- Making sure that water boils for recomynended panod of five miruies However

ecem studies revea! that most moo-arpaIyre are killed far below the botling (8P eters
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ODIS, 1997).

6.1 Aeration

o - | . ‘

Aeratlton is the lreatment process, whereby waler s brought inlo inlimale conlacl
.wilh air in order to increase |heir oxygen content Lo facilitate precipilation.and resulls in
the removal of iron and manganese in their fernc and manganese forms, and organic
compounds such as methane and hydrogen sulphide. Aeration decreases lthe carbon
dioxide conlen! of water and !hus: reduces the solubilizing tendencies of water, which
cause corrosion and leaching of plumbing malerials into water. Groundwaler high in
i70n and manganese benefit from aeralion

= 262 Coagulation and Flocculalion

Coagulation and llocculdtion'ss the process by which finely divided suspended

and colloidal maltter in the walter is made ‘o aggregale and form flocs with the aim of
rmvm substancesthat cause lurbidity and CoIof in waler. Coagulants are often salts

0! mullivalenl elements, the most common ol which are aluminum and lerric salls e g
luminum ‘sulphate {alum) and ferric chloride. Coagulation encourages sedimentation

reducing the load i filters, thereby reducing cosls ivough the exlension of (he iife

the filtar
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263 Sedimentation
Sedimentation, also known as clarification refers to the unil process where
particles heavier than the liquid they are in, are removed by gravitaliona! setlling- Apart
from the obvious significance of clarification, sedimentation also affects the chemical
quality of waler, through the setlling of complexes fonmed between heavy melals and
flocs.
I& 26.4 Filtration
Filtralion is the process whareby waler is puanped and made attrachve by passing

. il through a porous matenal or medium. Hofkes, 1981, Oluwande, 1983). When sand 13

used as a medum, filtralion has an effect on the physical and micrabiological quality of

" the water, the extent of which depends onthe nsihod of filration employed. i.e. slow or

rapid sand filtralion. Trealed waler comes inlo he filler with about 2 JTU and leaves
with a (utbidity of 0.2 JTU. Bactenal removal is 358-99% or more. (WHO, 1995). Rapid
8and fillered water, needs- (o _be chlonnaled due lo the fillrabon rale. which 1S an
amounl fifty times that of the slow sand filler, and allows little lime for biodegradation
Slow sand filters. .are more suilable for small communities in the developing
souniries due. lo factors such as reduction of cosis ansing from the elkmination of
the need for chemical purchase and lhe efiminalion of mechanical devices to

‘8ncourage cosgulalion and flocculalion Costs are also reduced for the reasons

felated (o the cleaning Inlervals, whuch s thiity imes that of rapid filters Though
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the fillers require exlensive bed areas and have a throughput rate of one thirtieth of

that of rapid filters, slow sand filters are more ideal for developing countnes

(Chaniett, 1979).

26.5 Disinfection
Disinfection is a major unit operation n waler procassing. Its objeclive 1s lo
oblain miciobiologically clean water processing wich contains no pathogenic
organisms ard is free from biological foyms that may be hammful to hunan health or
aesihetically objectionable (Koolapep, 1980). Whiie other unit opetations affect
more than one aspect of waler qualily, disinfection affects the biologrcal Quality only.
The efficacy of disinfection is inflkienced by factors such as the nature and number of
organisms in the raw water, the type and concentration of disinfectant, waler
temperalure, contact lime, nalure of water to be disinfected and pH. Disinfection can
either be physical or chemical,
I‘ Chemical disinfectants empiloy the use of chemicals knowrt as
disinfectants as the.disinfecting agents. Some exampies incude chlonne, ozones,
polassium pennangande and chlonne diaxide, whose populanty vanes with factors

related 10 ‘acceplabilty due lo lasle, odow and cost These factors would also

delennie it9 suitabifity br small community use

Hofkes (1981) notes that for a chemical to be suitable for use as a dis:nfectant, it shouid

salisfy the following paramelers
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Be quick and effective in killing pathogens present in water.

Be readily soluble in the water concentrations required for disinfection

ft should leave a residual

It should impant no taste, odour or colour to the disinfecied waler.

It should be easy to detect and measure in water

vi). [t should be readily available at moderate cost

i

Chlonne was first used for water disinfeclion earty i the 20th centuiy, it 18 by far the
most widely used chemical disinfeciant for teasons, which include its low cost, and
- efhicacy against enteric diseases, that are water related (Hofkes, 1981; DD, 1987. Rel,
1992). Chtorine can be used in vanous forms for water ireatment (Table 8).

The following reactions take place when chlonne is added to water-
(1) Clz+HO0 o HOCI+Cl+H’

(2) Ca(OClp +H:0 & Ca™ +20C)+H" 0
The first equation represents chlonna, whilst the second represents what ccars

when Ce(OCl) ; is used. The hypochiorous acid and the hypochionte ions are refermed

to as free available diorine, it is more powerful than combined chlonne which refers (o
monochloramines, dichiamines, and nitogen telracNonde formed wihen valer

Gonlaining organic nitrogen and ammonia is chionriated (Chanlett, 1979)
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Table 8 Chloitnc compounds
=r_ %
Type Formula Formula | Available | Containers | Feeding
Chlorine
Calcium Ca(OCl)= 4H:0 | Powder . | 60-70 Cansor | 1-3%
 hyoochlorite Drums | Solution
Bleaching | Ca02Ca0CI:3H: | Powder |25-35 Drums 1-2%
powder 0 Solution
(chlorinated
lime)
Sodium NaOCl Solution | 10-15 | Glassor t-3%
| hypochlosite | __| plastic Solution
Chlonne Cl; Liquefied |99 l Steel Gas or
283 Cylinders | solution
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OPRIATE TECHNOLOGY IFOR WATER TREATMENT

Technology for small and rural water supplies is limited to that which the
munity‘s resources in terms of financial and manpower can operale and marntan

9. chlorine gas is nol suilable for small communily supplies due to high skill

‘equirement.

Pot Chilorination

~ This refers lo he disinfection of well waler by plaang a vessel conlaining a
mixiure of chionne powder and sand in the well {(Hofkes, 1981) 1.:5kg of chionne will
provide salisfactory disinfection for one week Pol chionnation might be either single or

double pol where the single pot is found {0 give 100 high a chionne content to the

‘waler, The double pol is effeclive for 2 weeks,.in a well with a 4500t capaaly drawn al

afale of 400-4501/day.

Chionne may also be introduced.into the well by means of a Jery can placed an the
parapel and allowing it to dnp. from an exiended oullet lube inlo the water. CNorine
tablels and bleach solulien may also be used lo disinfect small quaniities of well water
DD (1987), recommends 3 drops of 1% solution (o 0 951 of water with a slandng yime of

20-30 minutes (Hotkes, 1981, DD, 1987). Trade names include Hadex, Hxdochazene

end Halozone.

lodine Is anothar chemical disinfectant that DD (1987) lauded as excellent but
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I
her experls believe il possesses limilalions, whid1 oulweigh ils advanlages.

(Oluwande 1983; Hotkes 1981). Some of ils limitalions are the high doses

| nece;ssay lo achieve salisfaclory disinfection and its ineffecliveness in colored or

lurbid waler, though Diarmhoeal diseases (1987) noles (hal the dosage should be

F ’. doubled if water is poliuled. Other hmilalions inciude ils medicanal aflertasle end

~ls volalility thal limils ils use lo emergencies. lodine is available in Iablel form as

"~ lelraglycic polassium lriiodite. Il is highly effective againsl amoebic cysls, some
viruses and bacleria (Oluwande, 1983).

Polassium permanganale is ariother chemical disinfectant thal is a powerful
oxidzing agenl and 1s effecive againsl Vibrio dhiolerae bul nol for other
pathogens. Il slains conlainers limiling ils acceplabilily in the communily

A method of physical disinfection which is gainmg ingreasing use is UV
desinfection, which makes use of (he ullraviolet band of the eledromagnetic
speqrum, silualed » the wave lenglh range of 10 B400nm, belween X-rays and
vistble light. (Fig 3).~The UV band brings about germicidal aclion in waler by
(nactivating pathogens (l¥ough damage done lo ihe pynmidine, thymine, and

Cylosine and uracil ONA bases of the misobes. (Anghem, 1984).

A basic disinfection untt réQuires an iradialing chamber, and 3
rachalion sowrce of belween 240.270nm in wavelenghl  (Fig 4) The radiation
S0rce s usually a low-presswre meérary quarlz lamp, which emils radialion when

imuialed by an elednc currenl. Alihaus camed oul one of several sludies in

rmany belween 1962 and
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1983 on a UV unit with 2 irradiating chambers, each wilh a 36 UV lamp as ils radiation
sourca. The raw water from river Rufv wilh an initial bactenal count between 10>-10°

per ml and colifonn count of 5x10%-5x10’ per 100m! was reduced to zero on both

counts after UV disinfection.
UV disinfedion has limitations that include the fact that it does not leave a

residual to combal recontamination and the possibility of regrowth dof -inaclivaled
microbes. Anghem (1984) however reports thal regrowth is not possible because
conditlons which enable badleria caity oul repair processes do ol ocas In nalura

excepl where waler is improperly inradiated, in which case regyowh by as much as a

hundred present is possible (Anghem, 1984; Baldi, 1980j.
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Fig 3 Electromagnetic Spedrum
(Sowrea; Acra, 1990)
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6.5.1  Solar Waler Disinfeclion

Salar Water Disinfection or SODIS popularised by Prol. Aflim Acra of the
American Universily of Beirut {Lebanon) is a lachnique in which small quanlities of
drinking water is disinfected by exposure to Solar Rad:ialion. (Acra el al ,1990,

! Wegelin et al, 1994). Acra and his team noted that the most efieciive speciral band s

- the uitraviole! oplimum of 357nm.

The fechnique makes use of the either the batch process , in which discrele unils
of waler are exposed in vanous containers ( e.g plastic bags, boltles) or continuous
flow systems {e.g. solar reactors) in which an atlempl i1s-made io maintain a unifonn
flow of water and solar intensity at all points of the system (Acra et al, 1930)

Several studies have been carried out in-various parls of the wor L based on ARim
Accra's work.  These studies were camed out in Columbia, Peru and Nigeria in the
eighties and more recently in Columbia, Jordan, Thailand and Cosia Rica. The studies
had the objeclive of invesligating tho effect on the disinfeclion process of faciors such
as minimum number of howrs of exposure, type shape, size and color of container,
lurbidity, type “of pathogen end density, water lemperalwe, waler volume and

cloudiness. - invesligalions were also camied out on the possibility of regrowith in

Irradiated waler,

Acre (1980) observed that with a 95 minule exposure to suniight (belween 0S00

hours and 1400 hours) in Beirul, @ 99.9% reduClion of the faecal coliforms was
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aciveved with 300 minutes being required for 93 9% inactivation of the total bactena.

~ The minimum exposure lime appean (o vary with jocaban for masons ralated to solar
nlensity whch n um vanes with latucse, geographeal location. seasan, ciod
coverage, atmosphenc poliution, solar attitude end elevaon above sea level (Ao,
1990). Odeysm (1980) noled thal 8 mewTum of 5 houry expasise was requered for
adoquale solar disifectran of weter in Nigana. Suries camed owt.in Colsmtia
percen) age rad.tun of the mico orgarssm l0ad (Tabie 9)
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B

Ieactivation rates of faccal colifonns and Vibnio cholgrac (where indicaied)
andiest condilions, container: quartz lest tube (Volunx 30ml)

Table 9
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Denls 17 Casta Rica and Thailsnd

:.- ol available (Sowrc. Somumer, 1997)
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~ According 1o Wegelin et al (1984), a S hour expasure of water fo mid latitude suTymer
sunshine that coirespands o a dose of 555 wWim’ will result in a 3 log reduction of E.
¢oli
Suilability of the malerials, for the SODIS fechnique is a function of the type and
thickness of the malerial, the angie of incidence and the speafic wavelength band of
radialion as these factors will determine the mammum transmvitance of solar radiatian.
[l Clear glass, polystyrene and polythens transmit UV rad:ation fairiy well. With ordinary
glass of the soda lime silica type iransmitting more than 90% of the incident radiahon in
the UV-A with certain provis«.Ordinary glass is opaque to radiatan in the UV-8 band
and attains highest transmission level at 340rkn.and above. Quarz has higher
fransmission propesties than Pyrex (Acra, 1980, Odeyerm, 1380 Aga, 1884, Aca,
1890). Transparent plastic malenals such as Lucte and plexi glass are good
. transmitlers, end more efficentdue to the v low transmission losses »10% (Aca, 1990,
Sommer, 19397). Investigations on the effect of colowr revealed that the mast effective
Colowr is the white; black, light green and light blus, whitst Arafa and Cobs(1980)

observed a decreasing germicidal effect in the order of white, bive green and brown

Presantly. SANDEC designed agnd is testing a S litre plastic bag with the upper part
banspareni and the lower part black to allow absorpton, Tanaymitancs gnd

‘CONiairvnent of heal (SODIS, 1937)
Reganding container shaps, aithaugh Colis (1580} cbserved thal container shape
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has fittle effect on the disinfection process, itis one of the variables that detennine the
amoun{ of solar radiation tapped, with round or cylindrical being most! efficient (Mathur
and Khandpal, 1980, Acra, 1984).

| Wtist investigating the effect of water volume o {he disinfection process, Cotis
(1980) obseived that S00ml samples had a higher disinfection rate than 100ml
samples, but those results cannot be generalized due to the smaller than usual
volumes invoived. Authorities caution that the reatment method should be appfied on
small quantities of drinking water only. This is because of the rapid dearease in UV-A
niensity with increasing water depth and twbidities due to attermaation from its
reflection and absorption. (Acia, 1990, Samvners, 1997)).

Sludies camed out lo investigale the effect of turbidity on the disinfediion
process, revealed that water within'a turbidty range of 1-10 NTU did not show any
clear trend of variation. Highly turbd waiters and those wath high bectenal iocad wera
not satisfactonly disinfecied by solar radiation (Odeyerm, 1980; Baidi 1980, Kootapep,

1980) SODIS (1997) advocates siorage of waler for 3-S howu's before expasise (o

reduce the turbidity of he raw water.
invastigations on the effect of the micrabiologecal content of the raw weter on the
disinfection process, reveaied that moed Cullumas have a longer inactivation ime, as
8hown by results of expanmants by Aoa (1970 ) which (nvolved wing pure Ecoll
QiMire end sewage contaminaled by colfonns and O BT as a sowrce of weater
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(Wegelin, 1994). Relatedly E.coli strains are slightly more resistant to solar

disinfection than other bactena such as P.aengnosa, S flexnen, S typhi.

S.enteritidis, while Str. faecalis was slightly more resistant to solar disinfecion when

compared with £.coli and other colifosms. High bactenat loads also shaowed a lower

sensilivity to solar sadiation, when comparad with thase of low or moderate density
(Wegelin, 1994). Solar disinfection is effective with other pathogens such as Vidno

ﬂlr

chaleras, although the rate of inactivation wili be coirelaled with- whether they exist in

their vegelalive or spore foims. With lested viruses bacterial spores and amoebic
Cysts requiring 3 4 times, 9 times, and 15 times higher dosas respectively to achieve
the same effeci (Odeyermu, 1980, Somner, 1997, Wegaiin, 1934)

The role of temperature n the sclar disinfection procass was for some years
under debate with some authomtes believing ternpecature plays no significant role m the
$0jar waler disinfeclion process, sincs the iempetature nsa in the irradiated water is only

. abou 5°C (Odeyem, 1980 Ace, 1980). This appears b be true only within & certain
i l8Tperaure rangs, according o Samvmen (1997), 3 vanation i lemperatur between

12°Cand 40°C does nat lead to significant bactenal nactivation  Above this upper |imit,

flom about 428°C or 50°C, the pasteuzation effect of temperatse could oo with
bacterial inactivation rales inceasing (Baldi 1960, Kaotapep, 1980 Samvren 1996)

Vanous devices have been deveioped 10 make use of the Syrarmstic effect of
\@mpeahre and solar radiation in weler disinfecbon A solar stili or radwatson
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Is one of such designs with the objective of concentrating the sun's rays by the

use of reflecting stufaces like minrors, and raising lemperature using alum¥vsm, black

cotour etc. Kootapep (1980) camed ok a sludy o evaluale some modeis of solar

fadialion chambers, viz a nse in temperature model and a LIV disinfection mode). He

noted that the model which combdined temperature and the LJV componerd. was more

efficient at disinfection (at temperatures above 60°C) than the LV disindectaon mode

Continuous flow sysiems such as SODIS and SOPAS (solar pastaswzabon)

r reaciors were assessed in Cosla Rica in 1935, the SODIS plant conssts of a 1 8m long

k relention container, with the upper side made up of a-solar glass panel seaied with

‘." silicone o a copper basin (Manno, 1985) (Fig..5). It'uses both the themmal and the

* 1adialion eflec) for pathogen inactivalion. The unit.cotisists of Iaw walter enk, from which

a continuous flow 18 maintained by vaives, it then passes thagh 3 heal exchanger

" where {he temperalire is buill up-lo 50°C. before passing Mo the salar plant for UV

] disinfection. It then goes badk (o the heat exchanger where il is coaled down befe
§0ing to the tank for-potabie water (Fig.6). The SOPAS reactar however makes e of
only temperalires of at least 70°C for inactvation of the Mav-oyarisTs Paras-sage

* reduction. of fgecsl cofforms end Vi cholerse concentabons Lsng the SODIS end

SOPAS vanes with flow rate and temperstre. [n the SODIS plart, gven cleas skes,

! colfomis were almost completely naclivated in the soter colectars tvough out
experiments at a flow rele of 54-56 Uh. No inactivabon occuTed in the eradaten
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reaction at lower flow rates, suggesting that an increase i flow rate opiimezes the
operations (Sommers, 1997). Tha results obtained fiom the SOPAS plant show that #t is
difficilt to maintain the 70°C minimum lemperatre tvoughaud the entre expenvment,

leading to possible incomplele inactivation cf faecal colforms even at maamsn flow
rates of 75\Mhr.
I The reaclors were used 10 assess lhe umpact of doudiness ‘on disirfecbon
I procass. Resulls revealed that more clouds mean less sunshine and s a deorase N
temperalire, with percentage colifonm reductions which indicate that these was aboul
iVee limes more energy available for heating and iadiaion on a day with a clear sky
than on a completely overcast day, thus reduong the. efficency of SODIS and SOPAS
plants, ( Somvners ,1997).  No regrowth o faecal coliiams ocauTed within 24 haws at
norma temperature (30°C) either afier nactvabon n the bakch process or in the
continuous flow proocass (Sommers; 1397)

The advantages of solar disinfection include its Nro-employmeare of chemicals, and

hus the nonfommation .of 1desirable proANs such as THMs. associated with
chionnation of waler. It also cames no nsk of overdose (Anghem 1584). The mineral

Composition of the weter 8.¢. the NAHCO; remains unaflfected (Aca, 1984) It also has

the advaniage of using a free natural energy source, and BQINNG few high lachnaiagy
with the implication of affordability for use by tha mullions of peopie sbil lacking

N developing courtnes (Sammars, 1997).
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2.6.5.2 Halosol Water Disinfection

This is a method developed at the Asnerican University in Beirut (1979-1982),
through which waler is treated with large doses of Sodium hypochlonte or iodine
solutions and subsequenily exposed o solar iradiation. It was intended ©© be an
efficacious disinfection method for small volumes of heavily polluted water with the
resultant removal of excess halogen by solar radiation. Dunng expenments. camed out
using this method on the baich procsss, 51 of halogenated waler containing chlonne or
iodine residuals were exposed (o sunlight n contarers made of colowrless or blue tinted
glass or plastic, showed efficient halogen removal. Accofding (o Acra (1990), the Tw and
Tw values for dechlioiination where T is the exposure.fime were 11 and 72 minutes (32
and 215 minutes for deiodination), respeciively.. He further obseived that in conirast, the
decay reaction occumng wider normal room ilumination was slower, and that complete
dkness (or the use of daik brown conlainers) retarded i Commenting on the

significance of this method, Acra (1990) noted thal viruses, spores, ova and protozoa

e less efficiently destroyed by halogens (chionne, iodine and some dof their derivalives)
than waterbome  pathogenic bactena, Whilst sunlight has proven to have similar
: bactericidal propeities but unclear effect on viruses, ova, prolozoa and spores Me
kather comments that the combined effects of the two forms of disinfection (halosol

Process) could destoy highly resistant migoaganisins and thew latent Stages. He

ed this view on the known geimicidat effects of soler radiation and free chlonne
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26.52 Halosol Water Disinfection
. This is a method developed at the Amencan University in Beirut (1979-1982),

through which water 3 treated with large doses of Sodium hypochionte or iodine
soiutions and subsequently exposed o solar iradiation. It was intended o be an
efficacious disinfection method for small volunes of heavily poliuted water-with the
resultant removal of excess halogen by solar radiation. Dunng expenments.camed out
using this method on the batch proesss, 51 of haiogenated water containing chlonne or
iodine residuals weie exposed b sunlight in containers made of colourless or blue tinted
glass or plastic, showed efficient halogen removal. Accorting (o Acra (1990), the Ty arnd
Too values for dechiorination where T is the exposure. lime were 11 and 72 minutes (32
and 215 minudes for deiodination), respeciivaly.. He further observed that in contrast, the
decay reaction occumng under nomrnal room riumination was siower, and that complele
daskness (or the use of dak brown conlainets) retarded it. Commenting on the
significarice of this method, Acra (1990) noted that viruses, sporas, ova and protozoa
are less efficiently desiroyed by halogens (chionng, iodine and some of lheir denvatives)

than waterbome  pathogenic baclena, Whilst sunlight has proven to have similar
bactericidal properties but unclear eflect on viruses, ova, protozoa and spares He

futher comments that the combined effecis of the two forms of disinfection (halosof
| focess) could destroy highly resistant micoorganisms and their latent stages. He

this view on the known gemucidal effects of soiar rad:ation and free chiorine
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1. Community Participation

Conwmurity Organization for health and welfare services refers to the social
process, which involves the mieasurement of comymunity reeds in terms of available
community resources, and from these measurements; the development, extension,
modification and organization of seivices for an adequate salisfaction of the-continued
needs of the people (Fion, 1930).

Different appraaches have been employed o organize and mobilize communities

In a bid to deliver health or development refaled services like water supply and sanitation

(o communities. An example is the top-down approach in which priorilies or needs are
decided by the ‘expeits’' and passed down {o lhe selected community. This approach
often involves professional dominance as the needs have usually been defined thvough
resaarch findings. Another approach invoives indoctnnation, in which the tarpeled
community is told what to do, when to doitaixd howlo do it

The self help approach is one n which the targeled community prowvides the
labour for the intended project such as the construction of a pit tatrine. Althaugh this
approach due 10 its high level of community nvolvement has at imes been mistaken for

e awnunity particpation, it is stil far from ideal. Ttus is because the pecple often

have not been asked for their views or feit needs before the relevant organization or

Qovenment body embarks on the projec! and involves them in labour supply (Olaseha,

We notes).
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From past expenience all the above mentioned fonns of community organization

or mobilization have proven to be ineffective approaches in defivery of water and

sanitation, due to thair unvesponsiveness to local situations, befiefs and practices,

and because they are non-seif sustaining. There are numerous examples of

abandoned wells, unused communal pips wells and broken down hand pumps due (o
feasons, which vary from qultural unacceptabilty to non avarablily of man power,
(UNDP, 1990; Salisbury, 1978)

According o United Nations Conference on Environmen! and Development
{1994), servicas and tedhvologies need to be talored to the demand and condition of the
targeted environment in order to make (hem eflicient, viable and susiainabie. Thss is
particularly important in penwtban areas where people sellle before any formal
davelopment lakes place, often exceeding the assimilative capacity of the enviraryment.
For these areas a demand onented response (o waler & sanilation delivery would be
more effective than one in which the authonties decide the needs Past expenence
in the water supply and sanitation sector has indicated Ihat for 8 waler and sanilation
Project to be effective, it is necrssary to develop a sense of owtiership in the users,
Iowards the delivery infrastiucture. This is so (hat they perdeive themselves not just as
beneficianies but as owners and operalars of the scheme. It also became increasingly
evident |hat in order lo achieve this, tha approach employed should move bayond
Persuasion or indocyination (0 One in which tha commusnities lake the leading role An
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I-‘
- enabling envirorvnent mus! also be provided to allow the people make informed

~ dacisions about proposed techuiologies. (De Rooy, 1986, Heed, 1988, Hubbiey;1990;

UNDP, 1990). An approach thal incorporales all these IS known as community
participation.

Comniunily participation can be defined as he active mvoiverment of the local
population in the decision making conceming developmenl projeds. or in their
implementation (White, 1981} Cerlain feaiuies dislinguish community partiapation from

community invotvement

» In community paiticipation the people are involved in decision making even from the
first stage of conceptualizaton, through later slages of project planning,
implementation, mainienance and evalualion (White, 1981, Head, 1988)

The communily is involved as an orgamized entity and not rest a few individuals as fs
the case wih cymwnunily involvement White (1981) agrees with the view that true
community parlicipation is achieved onfy when the comrunity is in fidi control of the
procass bt cautions that in 1the delivery of water and sanitation, this should be
considered. a special form of paitiopation. This 18 because of the dfficlily in

operaling Lhe ideal concept df comrwnily participation by a governmental sectoral

agency like lhe Watsr Corporation.
In order 1o ceale a sense of awnarship, which is vilal to a Uue panticipatory

80P1oach in water and sanitation projects, it 1s necEssary (0 underSiand tharoughty the
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communily, in lerms of iis physical end social environment. These incude

valer sources, local resouvces, local religious beliefs, praclicas and taboas,
c:;mmunlca!ion network, leadership stiuctire, cammanity fell needs and other
features which may affect the success of the waler projec. This can be done
through a community diagnosis {Olaseha, Leclure noles)

l IL1s also necessary, in an allempt {0 creale a sense of ownership (0 establish
1 .8 communily water commiltee. The comnittee 1s made up of a representative
) -safnple of the comynunily such as lraditional leaders, representalives of vanous
I socielies (markel, religious, socal, co-operalives), membess of wliage heaith
* commiltees and women chasen by the conrnunity. This committee will serve as a 2

| way chainel between the project apordinalos and Lthe users i1 order o Make

. decision making, evatuation, implementabon and the resofution of any probiems that

~ Mmay arise in the course of the projact. It is also necessary lo invoive the cTymusly

"~ in selaction of installation-sites of water painls, provision of locally abtmrgbie

construction matenials such as sand, gravel, stone and labour supply g dinitfing

end tes! pumping,
Apari from the benefils of sustenability and unproved effectivenass

echlaved by the communily pericipaloly approael\ he sense of ownershp s
deeled wiil provide a means !0 eslabiish a vilage level proyec! mainienarcs syshem
‘axample is as occurs in the VLOMhand pumps, whese local artisans are part of

¥ee ller maintenance System made up of villege ievel, sub regional and rea
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The resuitant effect is a greater sense of responsibility amongst users and a substantial

reduclion in the maintenance costs (De Rooy, (1999)

Community pariicipation can also provide a basis for modest cost recavery, which
isa key problem (o the sustainability of water suppiy and sanitation systems. According
to De Rooy (1935) the challenge (o the saclor is movement {owards communities paytng
the full cost of operation and maintenance of services provided for-them. Strong
mobilization and educslion is needed for this to be achieved.

Educstion is an infegral part of community participation in the delivery of waler supply
and sanitation because the success of a projec depends on iis adoption usage end
maintenanca by the people with accompanying hygiene practices. Morgan (1992) grves
he exampie of UNICEF who in coordination with the Nepal government provided many
impiove water supplies aver the last- twenty years without significant heaith benefits,
because of the non inclusion of-a sanilation educaiion componeni in the deiivery of
these servicas. Education is necessary because often bamers exist (o changing even
clearly high nsk behaviour De Rooy (1995) gives the example of a review of sanitation
In Cexitral and West Afnca which revealed that although the Quality of water was known
lo be bad, onty half of the one thousand women surveyed ook any form of precautions
Boiling was resisted because of the aaompanying change in taste and difficully in re-
Cooling the waler in the hol regions. These bamers o behavioural change can only be

femoved if the knowledge, altitude and pradicas of the (arget population are understood
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According lo expents, for behavioural modfficalion to ocaur, a participalory appoach
must involve a partnership belween the different agents cancemed, the population and

the use of a systematic association of the relevani melhod of health and hygiene

|
H

education in the waler project (UNCED, 1934; De Rooy, 1995)
Honduras i3 an example of a city that has employed the community pariiapatory

appraach n water and sanitalion delivery. In this projed, thousands of economiCally
disadvantaged people, look loans which were used lo dnil wells-and buy community
waler tanks. This proved cheaper than their former praciice of buying water from pnvate
vendors. According to UNICEF (1934), In 1985, in India within 2 years of calamities such
as droughl, erosion, a falled monsoon and foad ticls, safe water had reached 98% of
hamiels, aquifer was recharged, itrigated tand doubled and productivily increased. By
1930, quineawoim had been eradicated - This was made possible by an inlegrated

waler management programme with strong comvnun:ty participalion

271 Women in Communily Paicipalion

The role of women in water and sarilation projecis cortinues o increase, In
recognition o their-ioles as agents of behavioural change and prime beneficianes of

waler and sanitation proyeds. They are primary beneficiaries bacause waler provision is
@ woman's responsibility and she bears all the costs incurred in the coursa of waler

collection (Hoffman, 1991)
Benefils of improved water supply o women, which would make them adlive
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panicipants in water projyeas include savings in time and energy, whitch can be otherwise
spent in productive activily such as self development, income generation and improved

~ chid care (UNICEF,1994, UNICEF,1995). Lindth (1980) noted that in Sudan, a young

“ Nkobo git! spends a total of eight hours a day fetching water for her family. According to
De Rooy {1935), the girls and women in 15 million househalds in West and Central
Afnca, living without eccess to readily available water would gain 45 million hours/day, if
water supply seivices improved. Other berefits include a reduction n water related
diseases as their contact with poliuted water reduces (Bulajich, 1992, UNICEF, 1995)

The succass of women in areas which weve {raditionally regarded as bastrons of
men have led to the water seclor regarding women not just as mere largets of water
projects, but active agents with contributions {o make lo the sector. They can contnbute
to palicy, mobilise iabour, provide resources and disseminate and ¥nplement inmovations

leading to more efficient achieverrient of (e ultimate goal, which is more and safer water

resulting in better health {Hoffman, 1992, Bulaych, 1992).
An example of the effectiveriess of wonien in water and sanitalion projects is the

Muluni women of Zambia. These women musiered energy and enthusiasm for a new
Initiative to supply safe and mote convenient water for their families with 60 new bore

holes baing surk and equipped with mark 1 hand pumps Uyough the assistance of OPS

and UNDP (Knsley, 1991)
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CHAPTER THREE

METHODOLOGY
3.1 Studydesign
This study is descriptive. It serves to gather baseline data on Knowledge, Atlitude
and Practices of women in an urban slum towards waler use, waler sources, waler
and health; water quality through laboratory analysis of well water samples;

assessment of efficacy of solar disinfection and a field Isial of the waler lreaimenl

methodsin the communtty.

3.2 Descriptlon of study area

The sludy area is Koloko - Alyekale in thelbadan North Eas! Local Govemment
area (fig 7). The people are predominantly Yoruba. They praclice subsislen:e
farming and belong to (he lower educalional and socio-economic class, They are

mainly of the Chrislian and Muslim faith, with a few practicing (raditional African

religion.
Koloko-Aiyekale is part of Aqugu which has a

lotal population of 20, 938 people and occupies an area of 0.97km> The study area
Koloko -Ajyekale consists of 471 households with a mean population of seven people
perhousehold although some houses have as many as 36 people per household. it is
divided into 8 zones namely Koloko, Alyeka'e zone A, Aiyekale zone B, Aiyekale Zone

.G, Aiyekate Zone D, Ogele, Orepgju arvi fdigva, 1tis an urban sium with the houses-

v

i i
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buit in unplaned clusters wih little emirvnental infrastructure such as pipe

bomewater.
Koloko-Aiyekale originated in 1960 when Athaja Mopeliola boupht the and, it was

then called Oko-Mope (Mope's bush) afler the owsier. In December, 1966, the present
Baale Chief Osuolale Akanjt bought fand in Oko-Mope and seltied there. Development
began in 1971, when Chief Akanji and honourable Fagbemi decided lo make a 1oad to
Oko-Mops after which, they felt the name Oko-Mope (Mopes's bush) was not befitting of

the community. The nanie was then changed o Aiyekale {The world has come lo stay)

and it was registered with the counail in 1977
The leadership structwre of Aiyekale, consists of the head of the community, the

Baale, Chief Osuolale Akanji, wi is also the present president of the customary court,
he settles disputes with ihe help of the representatives in each zone. They &e namely
Bola Tijani - Zone A, Tafa Akintayo--Zone B, Mr Ibitoye - Zone G, Mr Ogunbiyi -Zore D
These representalives have a weekly meetng every Wednesday

The pecple of Koloko-Aiyekale tave no predominant ocaupation and some of
them seil wood at Bodia, are invoived in pelty trading, transporters, traditional healers.
Civil servants, pepper millers. Those who faim practice subsistence farming and nat
i&/ge scale farming There are manty sociefies in Aiyekale but the prominent ones are
a. The Lardlord sociely whase objedive is developmeni of Aiyekale
b. Egbe Asyekale trading sociely, a C00Perative society whose objective is lo lend
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The Al-mujahidu fil Islamic sod'ety, a religious sociely, whose objective Is {o
in followers to the Muslim faith.

.3 Data collection

Data was collected using:

1. Interviewer administered questionnaires lo oblain baseline information on
;)amograptic -characlen'slics; waler use paltem, wale; trealment,
Lsam’la«y featwres of wells, knawledge, allitude and. practices of women
and water related health nsks and personal hygiene. (Appendix 1)

2 Analysis d well waters for the Physicochemical and baclenological

qualityand

3. Laboralory and field assessment_of the efficacy of solar disinfection.
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331 Sampling method

All the eght (8) Zones in the sampling communily were invoived. The
respondents were selected by simple random sampling. The PHC numbers
were pul in @ box and selected. All respondenls chosen were women, the
mosl senior wife in each household was selecled. Where the senior wile was
absent, the next senior woman was selected as the respondent, if no woman

was present, ithe next house was chosen.

3.3.2 Sampling size

A minmum sample size of 320 respondenis. was delermined for

questionnaire adminisiraion. K is arrived at using this lormua :
n = Z%a{p)q
d

where a= sample Ssize confidence ievel al 95%
n= sample size

p=0.65 (propotion)

q=0,35(1-p)

d=0.05 {precision lim¢)
2=slalistics 1,96

n=_ (1.96)°(05){05) =320

(0.05)

A sample of 324 queslionnaires was drawn irom the eighl zones
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3.4.0 Materials
| 341 Waell waler samples

A Total of 78 ground water samples were collected from shallow wells in the
eight (B) zones of the community. The samples were collected in t lilre plastic
botlles in the momings and {aken lo Ihe laboralory for immediate analysis. Some

of the waler samples from lhose wells were used I he laboratory
standard:zation of the solar water disinfection process

342 Chemicals
Chemicals used in (he study include: Kaolin for suspended solids; Sulphuric

_acid and Bromocresol indicator for alkalinily, Elhylene diamine (elracelic acid,
buffer solution of ammonium chloride dissolved in ammonium hydroxide with mg
EDTA, Sodium hydroxide and murexide indicator for calcium, Silver nilrate,
potassium chromale as indicalor for chlornide; phenol disulphonic ac:d, sodium

hydroxide, potassium nilrate for nilsates, McConkey brolh was used for the

coliform counl. Dislilled weter was used in all reagent preparalions, The

chemicals were-of analylical grade.
3.4.3 Other materials
Materials used for the slandardization of solar waler disinfection process

iNclude:

L White cylindrical bowl with a surface area of 3187cm? a (hickness of

3mm and a capacily of 7 lilres
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Plasiic round bowd wath a suface area of 3956cm, with a thickness of 1.3mm,
and a capacity of 7 litres
w,  White plastic bottle shaped container with a capacily of 1.15 litres were used.

iv.  Transparent polytherie bags, Polythene shieets of winte, biue, green brown and

black were used in some experiments as specfied.
All temperalre readings were taken with a standad mertwry thermameter and

expressed as °C

A solar radialion chamber was designed, and buill with wood, glass anda mror.
it is handy and potable like a brief case, which could be opened and closed. The
dhamder had ha following dimensions 61cin long x 40cm wide. A mitror was 37cm wde
end S7cm long was fixed in the mner lid of the chamber, lo reflect the solar rays at
vanous penods of the day. A pane of plain glass was placed on the botlom past and

could be removed depending on the lest The angle of Ll of the lop lid conteining the

mitror was adustabie, so that the sun’s rays could be conlinuously trapped, regardless

of the six\'s position (Fig 8)
3.5 Methods

351 Administration Of Questionnaire
The questionnaire consisled of 71 questions and wera pretested in Ogbere, a

low income similar community in the same Ibadan North East Local Government

Belore the questionnaires were administered, 10 research assislants were recuited
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educalional background of at least O level were trained and abriities checked.

spondenis were checked and rectifications were made where Necessary before

queslionnaires were produced for the siudy
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Fig 8: Photograph of the solas radiation cChamber di'signed in this study
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3.5.2 Physico-Chemical Methods Of Analysis

The pH of water was delemined by probe method, Using 8 standasO cafibrated pH
meter, model Kent EIL 7065

The Totai Sofids

The Tolal soiids, which refer 10 the sum of homxmos, suspended and
dissotved matter n the well watar sampies was Aymirwd by gravimarc medods
An empty porcelain dish was dried and weighed after coaling - 100mi of weter sarpie
was evaparated at 105°C in the preweighed parceiam dish in an oven. The patcelain
dish was weighed after evaporation, cooling and desiccation

Calculation

Total sokd mg/L = (A-D) x 1,000
mi of sample

whero A s wegit of BaTRie + Gish
B = weight of e

Suspended Solids.
The suspended solids content in well water samples was determned

Feaggpiasrercafy in he pranermnon of standerd suspended sOlds sutable
Pouos of pue ki kaokters men @D suspended in distiled water and read af
47Swn Calibration curve is shown n fig 9 and a facior, (1) = 50 was obtaned from

I Qurve whah was Used n calouating the mg per ire equiviskent
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I designated pH. It was determined according to standard melhods (APHA,

%9). SOmi of sample was (saled egans! 0.02m HSO. using mixed

Calculation:;

mg/CaCOs = AxM x 50,000
mi of sampie

Where A = mi of slandard acd used
m = moianty of standard aad

* Hardness

The lotal hardness of waler sampios was delermeneo accordng (o the EDTA
Y w method desqbed in Slandrd methods (APHA 1988). Ethyiens
damine letracetic acid and its sodium salts form a chelated soluble compiex
" whan added o 8 sohion of certain metal lons, thus allowing the quantity of the

particular metals to be measured In order 10 determine lotal hardness of the
8 buffer soltion of ammonum chiorde dissoived N ammonum
and 10 winch MQEDYA has been added S0mi of the sample was
agies! EDTA ussg Erodvome Biach T a8 ndcasr The end powry of

was sigrified by 8 coias Charge Fom pale 160 10 e
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