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11 ABSTRACT

A sample, low cost, family scale water treatment plant for rural

use, constructed from a 210 litre drum using local materials,

tested for bacteria removal. The plant

sedimentation, intermittent slow sand filtration,
of the

storage cycle. Bacteria reduction

achieved, with mean treated water total

is
incorporates
24 hour
order of 104
plate counts of 294/ml

18

and total coliform counts of 1.63/100ml. The mean treated water

turbidity 1s 0.27 NTU. The slow sand

discussed and an annotated bibliography

filtration procecss

1ncluded.
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1. INTRODUCTION: PROJECT OBJECTIVES

The provision

of domestic water for rural families 1s a problem

which 1s beinyg addressed with increasing urgency throughout the

third world.
Water Supply
dollars have
are beginning
ciose, that
World Water,

many rural d

In the course of the present International Drinking
and Sanitation Decade (1981 - 1990) millicns of
been spent on basic services. Disquietening voices
to be heard, now that the decade 18 drawing to a
little headway 1s being made (Abidjan Conference,
November 1986). There remains little prospect that

wellers will enjoy the benefit of a treated water

supply. The purpose of this project was therefore to develop a

low cost, app

The objective

following cra

ropriate method of treating water on a family scale.

& of the project were to design a plant to meet the

teria:~

* To provide drinking and cooking water '50 litre per day)
for one family,

. Simple operation,

= Minimal maintenance requirements,

" Constructed from loc, lly available materials,
. Minimum Jlocal skills required to construct,
. The plant must be acceptable to users,
" The treated water must be acceptable to users,
* The bacteriological quality must be substantially improved,
without the use of chemicals,
1
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. The cost must be as low as possible.

The final design comprises a 210 litre galvanized iron drum cut
and fitted as i1ndicated i1n Fig. 5.1. The design meets all the
criteria set out above. The treatment method includes
sedimentation and an adaptation of conventional slow sand
filtration (8SF). The plant operates on a batch loading principle
with intermittent flow., Because conventional slow sand filtration
produces an anfer:or quality effluent 1f 1t 1s not operated
continuously, and because the design operates at a daily
equ:ivalent rate of 10% of counventional S8SI, the term intermittent

slow sand failtration (18SF) 1s used to describe the process.

This report includes a discussion of health related aspects of
rural water and water quality guidelines. The theory of the
processes of sedimentation and slow sand filtration, including
the physical and biological action, 1s discussed, after which the
design of the plant 1s explained 1n detail. A nine month
monitoring programme is described, including tests performed on
the plant and the methodologies used., Finally, results are
reviewed and conclusions drawn indicating areas where further

research 1s required,
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LITERATURE SURVEY

Using the WATERLIT service of the CSIR, a literature survey
was conducted which produced 206 references relevant to
water supplies 1n developing countries, with special
attention given to treatment and slow sand filtration. From
these some 45 articles and publications were acquired for
examination. The contents of these and other references are

summarized in the annctated bibliography.

The literature refers to small filter plants (Alagarsamy &
Ghandirajan, 1981) but no reference to research conducted
into the effectivenese of small scale slow sand filtration

was found.
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WATER

RURAL

Introduction

Rural water usage 1n the third world is a topic of immense
importance with implications beyond the borders of the
rural communities 1involved. Water gquality and gquantity
affect every aspect of rural life - how people use their
time, social and cultural aspects, health, agriculture,
animal husbandry, wealth generation, and general quality of
life. These factors have direct 1influence on national
economics because drought has the effect in many third world
countries of 1ncreasing their dept and creating dependance

on international aid.

The social costs of water to rural communities can be very
high because of the haulage time and energy required, as
well as the cost of lost productivity as a consequence of
water related disease. The impact of rural water on health
needs to be clearly defined in order to combat water related
diseases 1n the field. Water consumption varies from
community to community and depends on availability, haulage
distance and lozal custom. The quality of water available to
communities also varies greatly depending on the source.
Very few natural sources remain uncontaminated when used as

regular water collection points.
The socia! costs of rural water

The cost of water in rural areas needs to be determined if
an effective assessment 18 to be made of cost benefits of
any proposed change to an existing supply. Few studies have
been made of this very important aspect. Water collected by
rural people 1s seldom paid for in cash but to assume that

it has no cost would be incorrect. A study of the social

4
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cost of rural water in Nigeria (Akintola, Areola, & !
Faniran, 1980) reveals the price paid, mostiy by women, for
domestic water.The study was conducted in Oyo State which
has a mean annual precipitation of 1000 - 1250mm. The
average minimum and maximum daily consumption per capita

were 21 1 and 26 1 respectively. 75% of households reported

T

that their main source of water dried up during the dry
season when 92% resort to digging in river beds to obtain
water. The following tables which are taken to be
representative of semi-arid conditions indicate the daily

effort which 1s expended i1n fetching water.

b

Table 3.1 Sources of water supply at different seasons
of the year

2
- I Bl o o - ‘
i i Hc <eholds using sources (%)
f \
! Sources f All year | Dry season i Rainy season
%_'" [UNE—— 2'_‘*"‘ o B e % T F
| Wel) t -- [ 6.6 [ 14.4 !
| Spring 1 24.7 ! 3:7 1 822 '
| Pond f 2.8 b 3.9 t 78.1
| Dugout ; 0.3 | 91.9 ] 0.3
. | :
Table 3.2 Use of water obtained from different sources
e o — Al b T )
; r Households (%)
' I
[ Use J well l Streambed l Spring | Pond
[ Washing 9.7 ( 85.3 { 5.3 0.0
' Cooking 1.9 9,3 87.5 1.6
| Drinking l 5.6 8.3 { 18.1 713
| Livestock | 0.0 0.0 _l 742 §7.5
5
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cost of rural water in Nigeria (Akintola, Areola, &
Faniran, 1980) reveals th= price paid, mostly by women, for
domestic water.The study was conducted in Oyo State which
has a mean annual precipitation of 1000 - 1250mm. The
average minimum and maximum daily consumption per capita
were 21 1 and 26 1 respectively. 75% of households reported
that their main source of water dried up during the dry
season when 92% resort to digging in river beds to obtain
water. The following tables which are taken to be
representative of semi-arid conditions indicate the daily

effort which is expended in fetching water.

Table 3.1 Sources of water supply at different seasons
of the year
Households using sources (%)

Sources All year L, Dry season l Rainy season
well v ( 6.6 ( 14.4

Spring 24.7 ] 3.7 82.2

Pond 2.8 3.7 { 78.1

Dugout 0.3 891.9 0.3

stream bed t

Table 3.2 Use of water ob*ained from different sources
Households (%)
Use Well l St reambed Lﬁspring Pond
Washing % | 85,3 %33 0.0
Cooking 1.9 9.3 87.5 1.6
Drinking 5.6 53 18.1 713
Livestock 0.0 ) 0.0 7.2 57.5
) Sy S
5

T~ e - R



— 'W\—-—-——V——Wﬂwﬂ—* & amis
20 i" ! ; ’ ;
#
. . .y &
"‘ t
A3 ¥ # ‘ /
o
@ .
N & "r' 4
5 . i .
Table 3.3 Labour force involved in fetching water
[ Family % Households in which Average no.of
lL member I member participate | trips per day
| Youngest wife 98.4 525
I Second wife 70,6 4.40
| First wife | 74 4.83
| First child f{ 45.9 2.89
| Second child | 135 3.10
Third chald ‘ 2.2 1.86
S R — B ——— -
Table 3.4 Distances to main sources of water supply
f e i —— " e ———
| Distance (km) fl Households (%)
b . - e e ]
Less than 1.5 f Tl
1.5 = 3 1 92.0
3} - § f 0.9
Table 3.5 Time spent 1n fetching water
- = S
& Households (%)
!
Hours per trip K Dry season l' Rainy season
e e —
! Less than 1 f 9.9 ! 35.:6 !
) = 2 | 62.2 1 61.0 ]
‘ 2 -3 [ 26.5 | 3.4 |
| More than 3 ! 1.6 ! -
! Mean 1.98 hr i 0.86 hr ‘{

Some 1indication of the social costs of rural water in South
Africa are given in a study of household water consumption
in the Inadi ward, KwaZulu (Alcock, 1986). The mean daily
per capita consumption was 15,6 1 with an average per capita
consumption of drinking water of 2,3 1 . A daily average of

three trips was said to be common.
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In addition t
water, a large

water related

per year were

of water relat
be measured in
h-i\'t' Iwn-n spe

the community.

The quantity

availabilaity
distance betw
gources may
boreholes and
Akintola et a

preferred by

Water usage an
community to
Quality, Volum
drinking water

the total cons

cited above, w

o the energy and time spent 1in collecting
anount of time is spent incapacitated due to
diseases. Referring to the Nigerian study

here the water borne parasite Guinea Worm 1is

common, 59% of the population had suffered at one time or

ancther. Of those who had suffered, an average of 126 days

unproductive as a result. (Health related

factors of rural water are discussed 1in greater detail

later in this paper.)

The sociral costs of water should be assessed in terms of the

time and energy expended 1n fetching water and the effects

ed disease on community health. This cost may
terms of the time lost which could otherwise
nt 1n active and productive participation in

The social costs of water in Southern Africa

need to be researched in greater depth.

Rural water consumption

of water consumed by rural people who depend

on natural sources for their supply, 1s limited by the

of water at the source and by the cartage
een the source and the user's home. Water
include springs, streams, shallow wells,
river bed abstraction. Both Alcock (1986) and
1 (1980) indicate that different sources are

different users and that water 1s reused for

different purposes within the household.

d the pecception of water guality varies from
comnunity (Guideline for Drinking Water
e 1, WHO, 1984). Alcock (1986) quotes a daily
consunption of 2,3 1 which constitutes 15% of

umption (KwaZulu, Natal). Other uses of water

7
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ince lude cooking, personal hygiene and clothes washing. The
average total daily per capita consumption was 15,6 1. This
survey indicates the very low consumption rates of rural

communities when water has to be carried to the home.
Determining design rates of consumption 1s complicated by
the fact that any alterat.on of the existing supply status

will change the consumption patterns.

J.C. De Korte, in an unpublished paper dated November 1987,

quotes the following nsumption figures (in litre per

apita per day (| i from a WHO report of 1970:-

Table . ¢ Rural water consumption (WHO, 1970)
: ]
Ty f supply ( inptaon | i Range l1/¢/d |
. \
. i {
131 ’ ' ' ! \

. i wa : it
i ’ H 7 5 « 10 (
- ] ' H 12 10 - 15 !
- ! 1 p 15 = 28 [
3 : |
~ ) " , : |
communal s : 1P 1 pe ]
250 n N 20 - 30 |
H {
Yard nt . ' 1
Cap 1N ya 1 4 20 - 80 [
. \
3 ) d
House nnect f |
single tag i l 30 - 60 |
multiple taj 9 150 ' 720 - 250 !
: \ \
H
L 't -0 \

= i premepe—" W 75 s e ~ e - " . i A, e
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Alcock (1986)
unpublished, mai

with water colle«

Table 3.7

F—

| L.ocation

I —

| Lebowa

i Lesotho
KwazZulu

Transkei

Ciske

[ TP S

Health and rural

quotes consumption figures from
nly official, sources for rural areas
ted from source (see table 3.7).

Litres

20
18 - 24
11
10
9

water

Daily per capita water consumption.

According

T

—

-~

~

to the publication - Rural Water Supply in China,

IDRC (1981) - "Of all diseases affecting rural populations,
those that are water related are the most important." The
effect of the availabalaty of water of sufficient quantity

and suitable quality on the health of communities is not
restricted to water borne and water washed diseases,
malnutrition can also result from the effects of drought on
agriculture and animal husbandry. It 18 therefore clear that
virtually every factor of rural life 1s dependent upon
water and that no community will be able to maintain even
the most basic level of health 1f 1t does not have water in
sufficient quantity and of adequate quality.

The effects of water on rural health can be divided into the

———

Veen

following

(1980),

cateqories,

accord

Windle-Taylor

ing to
(1980),

Sibony

and the

Organisation's

"

Guidelines

For

Drinking

(1984): -~

Nutritional : drought

.- {(l()d
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shortages

(1981), Van der 3
World Health
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Water borne diseases : water 1s a passive vehicle for faecal
pollution and a source of pathogenic bacteria, viruses
and protozoa.

Water washed diseases : insufficient supply of water is

available to maintain personal hygiene.

Water based : 1nfecting agents are ingested or enter the

body by penetrating the skin and mucous membranes.
Water related insect vectors : when diseases are spread by

insects which breed 1n water e.g. malaria and yellow

fever.

Inorganics : when trace elements present in too small or
too great concentrations give rise to endemic
deficiencies or poisoning. The sources may be natural

or the result of manmade pollution.

Diseases or symptoms associated with the above categories

are as follows:-
Nutritional : Malnutrition

Water borne disecases : Viruses e.g. infectious hepatitis,
Bacteria e.g. cholera, typhoid and paratyphoid fevers,
bacillary dysentery, gastro-enteritis, leptospirosis.
Protozoa e.g. amoebic dysentery

Water washed diseases @ scabies, skin sepsis, yaws, leprosy,
lice and typhus, trachome, conjunctivitis, bacillary

dysentery etc,

Water based diseases : bilharzia, leptospirosis,

schistosomiasis, guinea worn.

Water-related diseases : yellow fever, malaria, sleeping

sickness, dengue etc.

10
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Water borne diseases : water 1s a passive vehicle for faecal

pellution and a source of pathogenic bacteria, viruses

and protozoa.

Water washed diseases : 1insufficient supply of water is

available to maintain personal hygiene.

Water based : 1nfecting agents are ingested or enter the

body by penetrating the skin and mucous membranes.

Water related insect vectors : when diseases are spread by

insects which breed in water e.g. malaria and yellow

fever.

Inorganics : when trace elements present in too small or

too great concentrations give rise to endemic
deficiencies or poisoning. The sources may be natural

or the result of manmade pollution.

Diseases or symptoms associated with the above categories

are as follows:-
Nutritional : Malnutrition

Water borne diseases : Viruses e.g. infectious hepatitis,

Bacteria e.y. cholera, typhoid and paratyphoid fevers,
bacillary dysentery, gastro-enteritis, leptospirosis.

Protozoa e.qg. amoebic dysentery

ater washed diseases : scabies, skin sepsis, yaws, leprosy,

lice and typhus, t achome, conjunctivitis, bacillary

dysentery etc.

Water based diseases : bilharzia, leptospirosis,

schistosomiasis, guinea woim.

Water-related diseaves : yellow fever, malaria, sleeping

sickness, dengue etc.
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Chemical elements @ below are some of the effects of the
more important elements, based on tables extracted from
the World Health Organization Guidelines for Drinking
Water Quality., (See appendix C.) :
!
.
Chloride : high concentrations give unpleasant taste
and affects the secretion of gastric juices and {
’
digestion.
Sulfates : magnesiurn sulphate and sodium sulphate '
:
cause diarrhoea. The concentrations of these sulfates
must therefore be }"I’i' low.
Iron in high concentration causes discoloration and “~
taste problens,
”~
!
.
Copper accumulation i1n the body due to high i
t
concentration i1n water 18 toxaic, z
)
lodine 1& necessary for the production of thyroxine in )
L)
the thyroid gland. Lack of i1odine in drinking water is
: ;|
the main cause of goitres., A minimum of 10mg/l is i \
recommended 1n drinking water. »
Fluoride 1s important in the formation of teeth and )

bones. Endemic tooth decay occurs where concentrations
are less than 0.5ng 1. However, where concentrations
are greater than 1.%mg/1, mottling of teeth may be
observed. At 3.0 - 6,0mg/]1 skeletal fluorosis may occur
and when 10mg/lis exceeded crippling fluorosis may

ensuec.

Nitrite and nitrate : Usually of organic origin,
indicate source pollution. Nitrite is harmful to

health; in high concentrations it combines with
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