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In tro duc tion

Prob lem

Wa ter sup ply and san i ta tion top the de vel op ment agenda in
Asian cit ies. Over one bil lion peo ple lack ac cess to safe
wa ter world wide, and nearly two bil lion of them lack safe
san i ta tion. More than three mil lion peo ple die ev ery year
from wa ter-related dis ease, mostly in Asia.

Good qual ity, eas ily avail able and safe wa ter sup ply and 
san i ta tion make a great dif fer ence to our life qual ity. The
trend to wards ur ban iza tion in Asia is pos ing ever-increas -
ing prob lems with re spect to wa ter sup ply and san i ta tion.
The rate of pop u la tion growth in the ur ban ar eas far ex -
ceeds that of the ru ral ar eas in most Asian coun tries. In
sev eral Asian cit ies, a large part of this ur ban pop u la tion,
from about a third to a half of the to tal ur ban pop u la tion,
lives in slums, der e lict ar eas of towns and cit ies, and
sprawl ing peri-urban fringe ar eas. Lack of clean wa ter and
proper san i ta tion are among the most se ri ous health prob -
lems in these spon ta ne ous and low-income set tle ments.
While the di rect ef fects of poor wa ter sup ply and in ad e -
quate san i ta tion are dis ease, the in di rect ef fects in clude lost 
earn ings and lost ed u ca tional op por tu nity for young peo -
ple.

This re port at tempts to com pile cur rent knowl edge on
how to ad dress wa ter sup ply and san i ta tion prob lems with
re spect to ap pro pri ate stan dards, in vest ment costs, op er a -
tion and main te nance. The re port is in tended for those re -
spon si ble for plan ning, con struct ing and op er at ing sys tems
of wa ter sup ply and san i ta tion in low-income hous ing ar -
eas. The aim is to pro vide them a tool to choose an ap pro -
pri ate sys tem.

Pop u la tion growth, rapid ur ban iza tion and in dus tri al iza -
tion pre sented a new di men sion to the wa ter sup ply and
san i ta tion prob lem in the Asian cit ies from the mid-20th
cen tury. Aware ness grew that a large sec tion of the pop u la -
tion has long been de nied easy ac cess to po ta ble wa ter and
proper san i ta tion. Women and chil dren in these cit ies spend 
con sid er able time and en ergy in col lect ing the min i mum re -
quired quan ti ties of wa ter from sources at large dis tances
from home. Some times women spend as much as four to
eight hours a day to fetch and carry wa ter. It is also com -
mon that some in hab it ants of these ar eas buy drink ing wa -
ter, of ten of bad qual ity, from com mer cial com pa nies sell -
ing wa ter from tanker lor ries. Gen erally the price per cu bic
metre is sev eral times higher than for tap wa ter dis trib uted
through the mu nic i pal wa ter grid. A study by Wa ter Aid,
UK, showed that while in the USA the cost of wa ter is
about £0.4 – 0.8 per cu bic metre, in Ja karta, In do ne sia,
peo ple pay tra di tional wa ter sell ers up to £5.2 per cu bic
me ter; and in Lima, Peru, peo ple out side the city’s wa ter
sup ply grid pay 20 times as much as those con nected. The
san i ta tion prob lem is even worse. In san i tary dis posal of hu -
man fae ces leads to con tam i na tion of ground wa ter and
other sources of wa ter. Be sides, flies feed ing on the ex creta 
lay more eggs, which leads to fly breed ing and spread of
in fec tion. Many dis eases such as chol era, dys en tery, gas -
troen ter i tis and worm in fec tions are trans mit ted from one

per son to an other through the con tam i na tion of food, wa ter 
and ground by ex creta.

Ma hatma Gan dhi said, “San i ta tion is more im por tant
than in de pend ence.” Truly, pro vi sion of wa ter sup ply and
san i ta tion in these low-income ar eas is prob a bly one of the
great est chal lenges for ur ban plan ners, en gi neers and man -
ag ers. This ought to be an in te gral part of the socio-econo -
mic de vel op ment pro cess.

Wa ter has al ways been vi tal to hu man health, safety and
socio-economic de vel op ment. The qual ity of an cient and
mod ern civ i li za tions is not only mea sured by the gran deur
of the mon u ments they pro duced. A civ i li za tion, es pe cially
in the pres ent time, is judged more by the qual ity of life it
of fers to its com mon peo ple. Wa ter re sources man age ment
played a cru cial role in the de vel op ment of some of the ear -
li est civ i li za tions in the val leys of Eu phra tes and Tigris,
Nile, Indus and Yel low River. San i ta tion was of a high or -
der in Mohenjo-Daro and Harappan civ i li za tions, with un -
der ground sew ers ex tend ing about the towns.

Wa ter sup ply and san i ta tion was one of the main con sid -
er ations in an cient town plan ning in In dia (Shukla 1995),
and lo ca tion of wa ter bod ies was im por tant in se lect ing
sites for set tle ment plan ning. A study of the works on town
plan ning of the south ern and north ern schools of In dia (700 
AD) re veals that an cient town plan ning was based on sev -
eral prin ci ples: the first was re lated to ex am i na tion of on-
site and off-site fac tors be fore se lect ing a site for a set tle -
ment, and the sec ond was re lated to soil test ing, such as
tests for depth of the wa ter ta ble.

De spite this high level of aware ness in the past, the pre -
s ent sit u a tion of wa ter sup ply and san i ta tion is ex tremely
poor in many de vel op ing coun tries and re mains a ma jor
ob sta cle to de vel op ment. This is am ply ev i dent from the
fol low ing.

A WHO study in 1983 showed:

• Less than 1/3 of the peo ple in devel op ing coun tries have
access to san i ta tion.

• Urban areas are gen er ally better off than the rural in
terms of san i ta tion.

• Only 59% of the urban pop u la tion in devel op ing coun -
tries has ade quate san i ta tion.

• Only 12% of the rural pop u la tion in devel op ing coun tries 
has ade quate san i ta tion.

A study by WHO in 1994 on In dian slums showed the fol -
low ing un met needs in Delhi:

• Gap in drink ing water sup ply 27%

• Gap in com mu nity toi lets 67%

• Gap in com mu nity baths 91%

• Inad e quacy in san i ta tion 78%

This means that greater at ten tion, better plan ning, better
op er a tion, main te nance and man age ment for wa ter sup ply
and san i ta tion are ur gently needed to im prove life qual ity
in these set tle ments.

Method

This re port was writ ten as a desk study. It is based on the
au thor’s ex pe ri ence as an ur ban plan ner, re searcher work -
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ing at grass roots level with low-income com mu ni ties, and
as a uni ver sity lec turer. Re cent lit er a ture was re viewed and
in ter views were con ducted with ex perts.

Or gani sa tion of the Re port

The re port has three chap ters. Chap ters 1 and 2 deal with
the na ture of the prob lem, out line the ba sic pa ram e ters, ma -
jor is sues and tech ni cal as pects. Chap ter 3 pres ents prac ti -
cal rec om men da tions on wa ter sup ply and san i ta tion for
low-income com mu ni ties in Asian cit ies.

Gen eral Con sid er ations

Ba sic Pa ram e ters

It is easy to be over whelmed by the sheer mag ni tude of the
wa ter sup ply and san i ta tion prob lem of Asian cit ies. The
sav ing grace is that there are some suc cesses in solv ing the
prob lem. The un der ly ing fac tor in all these so lu tions is the
idea of em pow er ment.

It is in creas ingly re al ized that those who are most af -
fected by poor wa ter sup plies and in san i tary con di tions
should be given the in cen tive to ini ti ate, carry out and
main tain pro jects. Ed u cating gains im por tance. The prob -
lem can be ef fec tively tack led once peo ple are made aware
of how they them selves can take steps to im prove their wa -
ter sup plies and san i ta tion, and more im por tantly, how an
im prove ment to these can make a dif fer ence to their lives.
It is also vi tal to in volve lo cal com mu ni ties in find ing their
own so lu tions.

Ex pe ri ence shows that typ i cal top-down ap proaches,
where gov ern ments or in ter na tional agen cies im pose so lu -
tions with out lo cal agree ment and com mit ment, have failed 
time and again. A great deal of money is of ten poured into
cap i tal schemes, but in suf fi cient at ten tion is given on the
equally im por tant as pects of fol low-up and main te nance,
train ing, and ed u ca tion of tar get groups. It is im por tant to
real ise that even if a tech ni cally sound so lu tion for wa ter
sup ply is pro vided to a com mu nity, “Wa ter is only as clean
as the cupped hand of the per son who drinks it” (Krishna
1985). This ac knowl edges the two sides to the prob lem of
wa ter sup ply and san i ta tion. On the one hand are the pipes,
pumps, treat ment sta tions, and la trines, which may be re -
ferred to as the hard ware, while on the other hand lies the
equally im por tant as pect of health and hy giene ed u ca tion,
re ferred to as the soft ware (Wehrle 1985). The typ i cal at ti -
tude of the Asian coun tries has by and large been to in vest
in hard ware, fail ing to re cog nise the im por tance of the soft -
ware.

In this re port an at tempt is made to pres ent both these
as pects.
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Wa ter Dis tri bu tion So lu tions

The es sen tials of wa ter sup ply, which com prise the hard -
ware side, are shown in the fol low ing di a gram (Fig. 2).

Quan tity and Qual ity of Wa ter Re quired

The ab so lute min i mum amount of wa ter needed to main tain 
the wa ter bal ance in an adult hu man is be tween three to six
litres a day. Wa ter is also re quired for wash ing, cook ing,
bath ing, etc. The amount of wa ter re quired also de pends
upon hab its, so cial sta tus, cus toms and cli ma tic con di tions.
Re search shows that there are vis i ble ben e fits to health
when peo ple have ac cess to 20 litres of clean wa ter a day
for drink ing, ba sic per sonal hy giene and food prep a ra tion.
The min i mum re quire ment is 50 litres per per son each day
in clud ing bath ing and laun dry. Un for tu nately in as many as 
55 coun tries the av er age daily con sump tion is far be low
this. In stark con trast the av er age daily con sump tion in the
USA is 500 litres a day and in the UK it is 200 litres. A
break down of do mes tic wa ter con sump tion in In dia is
shown in Ta ble 1.

Ta ble 1 Do mes tic Wa ter Con sump tion

Pur pose Wa ter con sump tion (lit/ca pita/day)

Drinking   5

Cooking   5

Per sonal clean ing  10

Cleaning of house & uten sils  10

Laun dry  30

Flushing wa ter clos ets  45

Bathing  70

Oth ers  25

To tal 200

Source: IS 1172, 1983

To day ac cess to clean wa ter and san i ta tion is re cog nised as
one of the most ba sic hu man needs. Since the mid-1980s
var i ous in ter na tional con ven tions have re it er ated the im -
por tance of wa ter as a hu man right. The UN de clared the
1980s as the Wa ter De cade with the man date to en sure that
ev ery one had ac cess to at least 20 litres of safe wa ter a day. 
To meet the right to clean wa ter, the fol low ing must be ad -
dressed:

• How much water should peo ple have a right to?

• How should access to clean water be defined in terms of
dis tance from home?

• What respon si bil i ties should indi vid u als have in secur ing 
safe water sup plies?

It is also im por tant to note that while wa ter for drink ing
and cook ing should be drink ing qual ity, re cy cled ‘grey’
wa ter can be used for clean ing and other pur poses, con sid -
er ing the acute wa ter short age in many Asian cit ies.

Ap pro pri ate Stan dards and 
Tech nol ogy Choice

Choosing ap pro pri ate stan dards and tech nol ogy, on a case-
spe cific ba sis, is a de ci sion-making pro cess that should in -
volve all the ac tors. In the tra di tional sup ply-driven ap -
proach, the choice was made by pro fes sion als. The shift to -
wards de mand-responsive ap proaches means a greater role
for the us ers who pay for the fa cil i ties. For a long time the
con ven tional high cost stan dards for wa ter sup ply were
con sid ered the best so lu tions, but these were of ten un af -
ford able. For in stance, the ap proach dur ing the 1970s and
1980s for wa ter sup ply and san i ta tion was largely cen trally
planned and sup ply-driven. Ex pe ri ence shows that these
pro jects were not suc cess ful. The typ i cal prob lems of these
ap proaches in cluded that many sys tems ceased to func tion
over time due to lack of main te nance, and the tech nol ogy
adopted could not be sus tained.

The World Bank and bi lat eral do nors are adopt ing a de -
mand-responsive ap proach. It is re cog nised that con sult ing
the stake holders is nec es sary for sustainability of a pro ject.
A bal ance is re quired be tween three vari ables: the value of
wa ter to the con sumer, the user ser vice charge, and the im -
ple men ta tion cost. The ob jec tives of wa ter sup ply pro jects
are be ing re de fined to wards lower im ple men ta tion costs
and pro vi sion of ser vices which are sus tain able. The im -
por tant ques tions now are el i gi bil ity, choice of tech nol ogy,
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cost shar ing, and in volve ment of com mu nity for op er a tion
and main te nance. The tech nol ogy cho sen should give the
com mu nity the high est ser vice level that it is will ing to pay 
for, will ben e fit from, and has the in sti tu tional ca pac ity to
sus tain. In gen eral, tech nol o gies of fer ing higher ser vice
lev els place a higher re source de mand on the ben e fit ing
com mu nity. This im plies more cap i tal cost, more op er a tion
and main te nance costs and de mand for tech ni cal skills and
ma te ri als. For this rea son, “It is clear that most of the pop u -
la tion in need of im proved sup plies will have to be pro -
vided ini tially with low-cost so lu tions, for fi nan cial rea sons 
alone” (Arlosoroff 1987). A com mu nity may ini tially opt
for tube wells equipped with hand pumps, which are cheap
and easy to main tain and re pair, even at the lo cal level.
These wells may be up graded incrementally to a po ten tially 
higher ser vice level by first re plac ing the hand pumps with
mo tor ized pumps, and then add ing a piped dis tri bu tion sys -
tem and standpipes. The step-by-step im prove ment would
come as and when the com mu nity real ises the im por tance
of im proved ser vices and is will ing to bear the cost.

Sources of Wa ter

The main source of po ta ble wa ter in na ture is rain fall, but it 
is not of ten used as a di rect source of wa ter ex cept on is -
lands, where rain wa ter is col lected, led into cis terns and
used as the only fresh wa ter sup ply. Rain wa ter runs off into 
streams or lakes in case of heavy pre cip i ta tion, form ing
sur face wa ter, or it per co lates into the ground through its
po rous strata un til it reaches an im per vi ous layer where it
col lects form ing ground wa ter. Thus all sources of wa ter
can be broadly cate gor ised into sur face wa ter and ground -
wa ter. Sur face wa ter sources are the fol low ing:

• Streams

• Lakes

• Ponds

• Rivers

• Impounded res er voirs

• Stored rain water and cis terns

Ground wa ter sources are the fol low ing:

• Springs

• Infil tra tion gal ler ies

• Porous pipe gal ler ies

• Wells

The qual ity of wa ter var ies a great deal from one source to
the other. Sur face wa ter might be cloudy due to the pres -
ence of sus pended im pu ri ties; it might also con tain bac te ria 
and wastes from house holds and in dus try. Ground wa ter on
the other hand might con tain a higher con cen tra tion of dis -
solved chem i cals. Usually the qual ity of ground wa ter is
better than sur face wa ter as the soil fil ters out bac te ria and
non-soluble im pu ri ties. Lo cal health au thor i ties and in ter -
na tional health or gani sa tions such as WHO have es tab -
lished wa ter qual ity stan dards that set the con cen tra tion
lev els of dif fer ent chem i cal com pounds and bac te ria, and
the phys i cal and chem i cal prop er ties that can be safely al -
lowed in treated wa ter.

Ta ble 2 gives the stan dards rec om mended by the In dian
Man ual on Wa ter Sup ply and Treat ment for safe wa ter.

Ta ble 2 Char ac ter is tics of Safe Wa ter

Phys i cal

Tem per a ture 10º C – 15.5ºC

Odour No odour

Col our 10 – 20 in plat i num co balt scale

Tur bid ity 5 – 10 ppm (parts per mil lion)

Taste No ob jec tion able taste

Chem i cal

To tal sol ids Up to 500 ppm

Hard ness 75 – 115 ppm

Chlorides Less than 250 ppm

Iron & man ga nese Up to 0.3 ppm

pH value 6.5 – 8

Lead 0.1 ppm

Ar senic 0.05 ppm

Sul phate Up to 250 ppm

Dis solved ox y gen 5 – 6 ppm

BOD Nil

Bi o log i cal

E. coli Bac te ria Not more than 1 col ony in 100 ml of sam ple

Ex trac tion of Wa ter

Wa ter is ex tracted for use from sur face wa ter sources or
ground wa ter sources.

Sur face Wa ter
Streams: These are cre ated in moun tain ous re gions by run-
off. The qual ity of wa ter is nor mally good. Streams gen er -
ally flow in val leys and are of ten used as a source of wa ter
for set tle ments on the hills nearby.

Lakes: These are nat u ral bas ins with im per vi ous beds.
When the bas ins fill, lakes are formed. The wa ter quan tity
de pends on fac tors such as the ba sin ca pac ity, catch ment
area, an nual rain fall and ground po ros ity.

Rivers: From an cient times, set tle ments de vel oped along
riv er banks. While they still re main a pri mary source from
which wa ter is ex tracted, dis charge of wastes into rivers is
a ma jor cause of con cern.

Im pounded res er voirs: Some rivers are pe ren nial, while in
oth ers the vol ume of wa ter fluc tu ates a great deal dur ing
the rainy and dry sea sons. To ca ter to the dry pe ri ods, an
im pounded res er voir in the form of a dam or weir is con -
structed across the river, at a place where the res er voir ba -
sin is cup shaped to en sure the great est depth of wa ter and
to sub merge as lit tle land as pos si ble.

Stored Wa ter: Rain wa ter har vest ing is an age-old sys tem of 
stor ing wa ter. Rain wa ter is col lected from roofs, court -
yards, etc. in wa ter tight tanks.

Ground wa ter

Springs: Some times ground wa ter re sur faces as springs.
These can sup ply a small quan tity of wa ter and sup ple ment 
other wa ter sources. A group of springs to gether is of ten
used for wa ter sup ply in small towns.
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In fil tra tion Gal lery: The nat u ral flow of ground wa ter is in -
ter cepted by dig ging a trench or by con struct ing a tun nel
with weep-holes per pen dic u lar to the di rec tion of flow. For
max i mum yield, these gal ler ies are placed at the full depth
of the aqui fer with a lon gi tu di nal slope end ing in a sump
well. In fil tra tion gal ler ies are sur rounded on sides and top
with gravel or peb ble stone to in crease their in take ca pac -
ity.

Po rous Pipe Gal leries: Ground wa ter over a large area is
cheaply col lected by lay ing po rous pipes both in the lon gi -
tu di nal and cross di rec tion of flow of ground wa ter. A slope 
is given to the pipes end ing in a sump well from which wa -
ter is drawn. The po rous pipes are also sur rounded by
gravel or peb ble stone to in crease their in take ca pac ity.

Wells: Shal low wells are con structed in soft ground, sand
or gravel. The di am e ter is gen er ally 1 – 4 metres, and the
depth may be up to 20 metres de pend ing on the wa ter ta ble. 
These are used for small dis charge of about 4 – 5 litres per
sec ond in small towns and ru ral ar eas. Tube-wells have a
greater yield, up to 200 litres per sec ond. The depth of
tube-wells var ies from 50 – 500 metres.

Con vey ance of Wa ter

Wa ter from the source is con veyed to the treat ment plant by 
one of the fol low ing meth ods:

• Open chan nels

• Aque ducts

• Pipes

Open chan nels are cheap; they are ex ca vated on the sur face 
of the ground and are lined with con crete or ma sonry to
mini mise seep age.

Ad van tage Dis ad van tage

Cheap Used only to carry wa ter un der grav ity.

Use of lo cal ma te ri als Loss due to evap o ra tion.
Un suit able in high den sity ar eas due to 
pos si bil ity of con tam i na tion.

Aq ue ducts are closed con duits used to carry wa ter un der
grav ity.

Ad van tage Dis ad van tage

Cheap No scope of in cre men tal ad di tion as 
in pipe lines

Use of lo cal ma te ri als Af fects nat u ral drain age

No cor ro sion, lon ger life Used only to carry wa ter un der grav ity

Pipe lines are cir cu lar con duits used for con vey ance of wa -
ter un der grav ity or un der pres sure. Pipes are made of dif -
fer ent ma te ri als. Ta ble 3 shows the se lec tion cri te ria for
pipes of dif fer ent ma te ri als.

Ta ble 3 Se lec tion Cri te ria of Pipes of Dif fer ent Ma te rials

Sl. Pipe
No.ma te rial Prop erties Re marks

1 Cast iron High strength, good Used where soil type and
re sis tance to cor ro sion. wa ter are of ag gres sive 

na ture, use ful as pres sure 
mains.

2 Steel Light weight, cor ro sion Use ful for high di am e ter
re sis tant, eas ily (0.9–3 m) and high wa ter
af fected by acidic pres sure head (70 m +).
or al ka line wa ter. Suit able in un du lat ing and 

land sub si dence prone ar eas.

3 Pre-stressed Re sists more pres sure Use ful where pres sure head
con crete than or di nary is 50–200 m and steel is

RCC pipes. un eco nom i cal. 

4 Con crete Re sists mod er ate Use ful up to pres sure head
pipes (RCC) pres sure. Less fric tional of 30 m.

loss. Low main te nance
and long life, heavy 
and dif fi cult to re pair. 

5 As bes tos Light weight, good Use ful in low-pressure ar eas.
ce ment re sis tance to acidic 

and al ka line wa ter. 
Brit tle, short life.

6 PVC/plas tic Flex i ble, easy to join, Use ful in low-income ar eas,
re sis tant to cor ro sion, hilly ar eas, un du lat ing 
light weight, low cost, ter rains.
PVC is re sis tant to 
ac ids, al ka lis, salts 
and chem i cals.

Treat ment

The main ob jec tives of wa ter treat ment are as fol lows:

• To remove odour and objec tion able col our.

• To remove dis solved gases, dis solved and sus pended
inor ganic impu ri ties and harm ful min er als.

• To remove sus pended and dis solved organic impu ri ties.

• To remove harm ful bac te ria.

• To make water safe and attrac tive for drink ing.

The treat ment plant is gen er ally lo cated as near the town as 
pos si ble. If the town is very large and wa ter is drawn from
sev eral sources, the town is di vided into zones and each
zone has its treat ment plant. When a town is lo cated on the
banks of a river, the treat ment plant is lo cated near the
source to min i mize the length of ris ing mains and also to
avoid pump ing in muddy wa ter which causes pipe wear.
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Treat ment is done to pu rify wa ter from the fol low ing im pu -
ri ties:

• Phys i cal impu ri ties.

• Chem i cal impu ri ties.

• Bac te ri o log i cal impu ri ties.

The lay out of a typ i cal treat ment plant is as fol lows:

1 In take work

2 Aer a tor

3 Plain sed i men ta tion

4 Sed i men ta tion with co ag u la tion

5 Fil tra tion

6 Dis in fec tion

7 Stor age

8 Pumping plant

9 Dis tri bu tion sys tem.

In take works: Wa ter is drawn here from source and
screened to elim i nate float ing mat ter.

Aer a tors: Wa ter is ex posed to at mo spheric air to elim i nate
gases such as car bon di ox ide, hy dro gen sul phide, and min -
er als such as iron. It also im proves the taste and re moves
odours.

Plain sed i men ta tion tank: Re moves im pu ri ties like silt and
clay.

Sed i men ta tion with co ag u la tion: Re moves fine sus pended
par ti cles and some bac te ria.

Fil tra tion: Re moves very fine par ti cles and col loi dal mat -
ter, which have es caped the pre vi ous stages.

Dis in fec tion: Kills bac te ria through chem i cal treat ment.

Stor age: Stores pure wa ter.

Pumping plant: Pumps pure wa ter to over head res er voirs.

Dis tri bu tion sys tem: Dis trib utes pure wa ter to con sum ers
by pipes.

The de gree and na ture of treat ment de pends on the source
of wa ter and na ture of im pu ri ties.

Dis tri bu tion

This is the last stage of a wa ter sup ply scheme. A good dis -
tri bu tion sys tem sat is fies the fol low ing:

• The capac ity of the sys tem is ade quate to meet the peak
flow.

• Water qual ity does not dete ri o rate in dis tri bu tion pipes.

• There is suf fi cient water head at the con sumer’s tap.

• Main te nance of the sys tem is easy and cheap.

• Ele va tion of the res er voir allows min i mum resid ual pres -
sure.

• There is pro vi sion for fire fight ing.

• Dur ing repairs or break down to a pipe line, water sup ply
is routed through alter na tive pipe lines.

• Dis tri bu tion pipes are at least one metre away from or
above sewer lines.

• Leak age in dis tri bu tion sys tem is min i mal.

Sys tems of Dis tri bu tion
The sys tems of dis tri bu tion are as fol lows:

• Grav ity sys tem – reli able and eco nom i cal.

• Direct pump ing sys tem – costly, sup ply stops if power
fails, fluc tu a tion in water pres sure.

• Com bined (grav ity + pump ing) sys tem – pump ing at
con ve nient sched ule is pos si ble, uni form pres sure can be
main tained; water qual ity improves due to long hold ing
in res er voirs (sed i men ta tion).

Lay out of Dis tri bu tion Sys tems

• Dead-end or tree sys tem.

• Grid iron sys tem.

• Ring or cir cu lar sys tem.

• Radial sys tem.

Dead-end sys tem: Works well in old towns and cit ies hav -
ing no def i nite pat tern for roads. It is a rel a tively cheap sys -
tem. De ter mi na tion of dis charges and pres sures is also
eas ier since it has fewer valves. The dis ad van tage is that
wa ter can be come stag nant in the pipes, due to many dead
ends.

Grid iron sys tem: Works well in planned towns and cit ies
hav ing a rect an gu lar lay out. The sys tem elim i nates dead
ends and thus achieves better wa ter cir cu la tion. Also, if one 
seg ment of the sys tem breaks down, wa ter can still be
avail able from an other di rec tion.

Ring or cir cu lar sys tem: The sup ply main is laid all along
the pe riph eral roads with sub-mains branch ing out from the 
mains. The ad van tage of this sys tem is that any point can
be served from at least two di rec tions.

Ra dial sys tem: Works well in large towns. The area to be
served is di vided into sev eral zones. Wa ter is pumped to
the dis tri bu tion res er voir kept cen trally in each zone. Sup -
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Fig. 6 Gridiron system



ply pipes are laid in a ra dial pat tern, end ing to wards the pe -
riph ery of each zone. The sys tem has sev eral ad van tages.
Zoning of the area to be served can be based on cri te ria
such as pop u la tion den sity, to pog ra phy and socio-economic 
char ac ter is tics. Each zone with an av er age el e va tion dif fer -
ence of 15 – 25 metres is ca tered by a sep a rate sys tem. The 
lay out en sures that the dif fer ence in pres sure does not ex -
ceed 3 – 5 metres within a zone.

Cost for In vest ment

Though wa ter is a gift of na ture, it is a scarce re source. 
To bring safe wa ter to peo ple re quires huge in vest ments,
which some one has to pay for. Some the o rists be lieve that
like other scarce re sources, wa ter can be man aged sus tain -
ably only through a mar ket pric ing sys tem, to en sure the
most ef fi cient use of wa ter and dis cour age wast age. Al -
though in many coun tries there is a flat-rate an nual charge
for wa ter, wa ter me ter ing, whereby house holds pay for
what they use, gives a fi nan cial in cen tive to con serve wa -
ter.

Cap i tal costs of com mu nity wa ter sup ply pro jects de -
pend on the level of ser vice pro vided and on the lo cal con -
di tions. The rel a tive cost of dif fer ent ground wa ter based
tech nol o gies var ies greatly: US$ 10 – 30 per ca pita for
wells equipped with hand pumps, US$ 30 – 60 per ca pita
for mo tor ized pumps with standpipes, and US$ 60 – 110
per ca pita for in di vid ual taps on the plot. In global terms
this im plied an es ti mated cost of US$ 75 – 100,000 mil lion
to meet wa ter sup ply needs by 2001, de pend ing on the
choice of tech nol ogy (Arlosoroff 1987).

Cur rent think ing is there fore shift ing from a sup ply-
ori ented ap proach to a de mand-oriented one, to what peo -
ple want and are pre pared to pay for, and not what oth ers
think they should have. This re de fines the “ba sic hu man
right to wa ter” to “wa ter at an af ford able price.” An other
school of thought has ar gued that this could be fa tal for the
poor est: those who are un able to pay do not get safe wa ter.
This raises the im por tant ques tion of “some for all” or “all
for some.” Though the pri mary re spon si bil ity of en sur ing
wa ter sup ply lies with the state, re al is ti cally it is be yond the 
means of most Asian gov ern ments. Due to huge debt bur -
dens, re sources are not avail able to in vest in safe guard ing
peo ple’s right to safe wa ter. With out gov ern ment funds or
in ter na tional aid, wa ter pro vi sion will in creas ingly have to
come from com mer cial com pa nies within the pri vate sec -

tor. But the pri vate sec tor ex pects re turns from their in vest -
ments, which could well mean that the poor est would not
be able to pay for wa ter sup ply. It is a fact that solv ing wa -
ter sup ply and san i ta tion prob lems de pends more on po lit i -
cal will than tech no log i cal so lu tions. Af ter the UN de clared 
the In ter na tional Wa ter Sup ply and San i ta tion De cade in
1981, about US$ 10 bil lion per year was in vested in this
sec tor. US$ 50 bil lion per year were needed to make ad e -
quate prog ress by 2001. How ever, though a lot of money is 
spent on cap i tal schemes all over the world, in suf fi cient at -
ten tion is paid to the nec es sary fol low up.

Use and Main te nance

Suc cess or fail ure of a sys tem pri mar ily de pends on
whether the sys tem is sus tain able, and for sustainability the 
main te nance must be done by the com mu nity that uses it.
This can only come when the com mu nity par tic i pates at all
stages of the pro ject. It may seem that piped wa ter to in di -
vid ual house holds or com mu nity stand-posts and piped
sew er age are the best so lu tions, but they have very low
suc cess rates in low-income ar eas. Such schemes are ex -
pen sive, and wa ter short age also makes them un re al is tic.
Even if the sys tems are in stalled with the help of grants, the 
fix tures and fit tings which the house hold has to buy are
mostly be yond their pay ing ca pac i ties. This leads to the
com mon phe nom e non of dry taps, or an ex pen sive sew er -
age sys tem with few con nec tions. When the com mu nity is
not a party in the de ci sion-making and im ple men ta tion pro -
cess, the sys tems break down and lie un at tended, of ten due
to lack of ac count abil ity and main te nance. A sew er age sys -
tem for in stance re quires a lot of wa ter for ef fi cient run -
ning. About 100 litres per ca pita per day (lpcd) is con sid -
ered the min i mum re quire ment. This can be a prob lem in
low-income ar eas with wa ter scar city and in ter mit tent wa -
ter sup ply.

Re gard less of the tech nol ogy cho sen, peo ple will take
part in op er a tion and main te nance only when they “value”
the sys tem. It must there fore pro vide an ap pre cia ble im -
prove ment over ex ist ing sources and prac tices, of fer
greater con ve nience and better wa ter qual ity; it should be
well de signed (such as pro vided with enough hand-pumps)
to re duce queu ing and haul ing time, and above all should
have com mu nity in puts in needs as sess ment, tech nol ogy
choice, de sign, and ex e cu tion.

En vi ron men tal Im pact

Ev ery liv ing thing on earth de pends on wa ter. Any thing
that ad versely af fects the qual ity of wa ter threat ens the en -
tire eco sys tem, but we choose to ig nore this fact.

Since the In dus trial Rev o lu tion man has been steadily
dump ing wastes into nat u ral wa ter courses, pol lut ing the
lakes, streams, rivers and seas. In dus trial, ag ri cul tural and
hu man wastes pol lute the rivers and streams and jeop ar dise 
the hab i tat of an i mals and plants. This also takes away the
live li hood of peo ple de pend ent on the aquatic plants and
an i mals. But pol lu tion does not only af fect sur face wa ter,
ground wa ter is also at risk. There are in stances in sev eral
Asian cit ies where traces of ar senic above the ac cept able
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Fig. 7
Ring or cir cu -
lar system

Fig. 8
Ra dial system



limit are found in ground wa ter. This can cause per ma nent
harm to the peo ple us ing wa ter from these sources.

Pol lu tion is not the only con cern. Di ver sion of river
courses and over-extraction of wa ter can have dev as tat ing
re sults. The Narmada Dam in In dia has raised many such
is sues. When wa ter is di verted for gain ful uti li sa tion up -
stream, down stream ar eas that sup port wetlands suf fer a
loss of bio-diversity and be come less ef fec tive in fil ter ing
pol lu tion.

Wa ter should not be taken for granted; 97% of the
planet’s wa ter is in the oceans. Only 3% is in the form of
ei ther ground or sur face wa ter. Many of these fresh wa ter
sup plies are be ing de pleted at rapid rates, as the rate of ex -
trac tion is higher than the rate of re charge. In south ern Del -
a ware, USA, this has led to salt wa ter in tru sion, where fresh 
ground wa ter is be ing con tam i nated by salt wa ter. It is our
re spon si bil ity to con serve the use of wa ter and mini mise its 
waste.

Wa ter Con sump tion and 
Wa ter Sup ply Op tions

There are sev eral op tions avail able for com mu nity wa ter
sup ply. It has to be de cided which is the best for a com mu -
nity on a case to case ba sis. These choices could be sum -
ma rized ac cord ing to the level of wa ter con sump tion: low,
me dium and high.

Wa ter con sump tion by a com mu nity is di rectly pro por -
tional to its socio-economic stan dard, par tic u larly its level
of ed u ca tion, and to the de vel op ment of the coun try in gen -
eral. It is un wise to copy stan dards of wa ter con sump tion
from de vel oped coun tries. The av er age daily wa ter con -
sump tion can be as low as 10 – 40 litres per ca pita per day
in some low-income set tle ments of de vel op ing coun tries to
as high as 950 litres per ca pita per day in some of the af flu -
ent ar eas of the USA.

Low con sump tion (10 – 40 lpcd)
Many low-income set tle ments of Asian cit ies are de prived
of any for mal wa ter sup ply sys tem. Peo ple tra di tion ally
col lected rain wa ter, or fetched wa ter from dis tant wa ter
bod ies or springs. The wa ter qual ity is of ten poor. There is
lit tle cost for op er a tion and main te nance, only pur chase and 
up keep of col lect ing ves sels/buck ets. In di rect cost in terms
of time spent is very high. More over wide spread dis ease
re sults from con sump tion of un pro tected wa ter, re sult ing in 
money spent on treat ment.

Com mu nity hand pumps are the prime wa ter sup ply
source in other cases. These hand pumps draw ground wa ter 
and the qual ity is good. The amount spent on op er a tion and 
main te nance is low; most re pairs to hand pumps can be
car ried out by semi-trained lo cal per sons.

Standpipes are an other op tion for low-income set tle -
ments. If the source is ground wa ter, the qual ity is usu ally
good and does not re quire treat ment. How ever, standpipes
also draw from sur face wa ter sources and such wa ter may
re quire treat ment. Wa ter dis tri bu tion is ei ther by grav ity or
us ing pumps run on some fuel. Cap i tal cost and op er a tion
and main te nance costs are high. Trained per son nel are re -
quired to run the sys tem and to carry out re pairs.

Me dium con sump tion (50 – 100 lpcd)
In this cat e gory the op tion is the yard tap. The source of
wa ter can be ground wa ter, sur face wa ter or springs. Wa ter
drawn from ground or from springs is usu ally of good
qual ity; wa ter drawn from sur face sources may re quire
treat ment. Dis tri bu tion ei ther uses grav ity flow or pumps
run on fuel. Cap i tal cost and op er a tion and main te nance
costs are high. Trained per son nel are re quired to carry out
re pairs.

High con sump tion (100 – 150 lpcd)
This cat e gory in cludes in di vid ual house con nec tions.
Source of wa ter is ground wa ter, sur face wa ter or springs.
Cap i tal cost and op er a tion and main te nance costs are high.
This could be the most de sired wa ter sup ply so lu tion, but it 
re quires mo bi li sa tion of high re sources.

San i ta tion So lu tions

Scope
Hav ing seen the most im por tant as pects and pa ram e ters for
wa ter sup ply so lu tions, the same is now done for san i ta -
tion.

To gether with safe wa ter, ad e quate san i ta tion is now
viewed as a fun da men tal hu man right. Ad e quate san i ta tion
is crit i cal in con trol ling dis eases and im prov ing the qual ity
of life in com mu ni ties. How ever, it is very dif fi cult to de -
fine and quan tify what con sti tutes ad e quate san i ta tion. Like 
the ba sic wa ter re quire ment, ad e quacy de pends on socio-
cul tural fac tors, tra di tions, and prac tices, and needs to be
judged with re spect to peo ple’s pri or i ties. At the ba sic
level, ad e quate san i ta tion should en sure safe dis posal of
hu man waste and pro vide ad e quate wa ter for per sonal
clean ing, to pre vent food con tam i na tion and health haz -
ards. Also, an in te gral part of any san i ta tion programme
should in clude health ed u ca tion and hy giene pro mo tion.

San i ta tion prac tices broadly fall un der two cat e go ries:
“flush and dis charge” and “drop and store.” The for mer is
largely seen as su pe rior, but in many Asian cit ies faced
with acute short age of funds and scar city of wa ter, the flush 
and dis charge sys tem seems un re al is tic and un af ford able.
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Fig. 9 Fae cal-Oral Trans mis sion of Dis eases



Health as pects
Poor san i ta tion leads to dis eases and even death, es pe cially
in low-income high-density set tle ments; and in eco nomic
terms, it im pov er ishes the whole com mu nity. Ex creta dis -
posal is listed by WHO as an im por tant part of en vi ron -
men tal san i ta tion to gether with pro vi sion of ad e quate and
safe drink ing wa ter. Hu man ex creta con tain dis ease caus ing 
patho gens. In san i tary dis posal of hu man ex creta leads to
con tam i na tion of ground wa ter and other sources of wa ter
sup ply, pro motes breed ing of flies and they in turn spread
in fec tion. Con tam i na tion is also through hands, clothes,
uten sils, and the fields where crops and veg e ta bles are
grown. Peo ple are ex posed to patho gens and par a sites di -
rectly or through food as shown in Fig. 8.

Quan tity of Sew age Pro duced in a Com mu nity

Where the wa ter sup ply ends be gins wastewater. As soon
as the wa ter is used, it be comes wastewater con tain ing hu -
man ex creta and other kinds of im pu ri ties, and it is ob jec -
tion able from health point of view. There are three main
types of sew age: do mes tic, in dus trial and storm sew age.
The first two are to gether known as san i tary sew age. In this 
re port we are mainly con cen trat ing on the do mes tic sew age 
of com mu ni ties, which by def i ni tion com prises wastes
from uri nals and la trines, plus sul lage, which is the liq uid
waste from kitch ens and bath rooms.

The o retically, the net quan tity of sew age pro duced is
equal to the ac counted quan tity of wa ter sup plied from the
wa ter works, plus ad di tions due to fac tors like un ac counted
wa ter use from al ter na tive sources, and ad di tions due to in -
fil tra tion of ground wa ter through faulty joints of sewer
pipes, mi nus wa ter loss in the sup ply sys tem. Usually the
net value of sew age pro duced var ies be tween 70 – 130% of 
the ac counted wa ter sup plied from wa ter works. In In dia
this value is taken as equal to 80%.

Studies also point out that the quan tity of hu man fae ces
pro duced var ies from one place to the other as shown be -
low:

• Asia 200 – 400 gms per per son, per day.

• Europe & Amer ica 100 – 150 gms per per son, per day.

Ap pro pri ate Stan dards

The ba sic cri te ria for a sat is fac tory ex creta dis posal sys tem
that will be so cially ac cept able and ef fec tive in use are the
fol low ing:

• There should be no con tact by humans with waste mate -
ri als within the sys tem.

• There should be no access to the waste for insects and
ani mals.

• It should not gen er ate foul odour or insect nui sance.

• It should not con tam i nate ground wa ter that may pol lute
wells and springs.

• It should not con tam i nate sur face water.

• It should not con tam i nate sur face soil.

• The sys tem should be sim ple to con struct and easy to
main tain.

In many Asian cit ies in stal la tions of ten fall short of these
ob jec tives. Re source con straint is one ma jor rea son for this, 
but equally im por tant is a gen eral lack of un der stand ing by
the com mu nity of the health haz ards.

For se lect ing the ap pro pri ate stan dards, the com mu nity
should be shown all the avail able op tions, and with proper
coun sel ing, they should be left to choose the best so lu tion
for them selves. The pre vail ing ap proaches to san i ta tion ser -
vices can be cat e go rized into three groups – con ven tional,
in for mal, and low-cost. A strengths-weaknesses- opportu ni -
ties-threats (SWOT) anal y sis of these ap proaches, which
can help a com mu nity to se lect ap pro pri ate stan dards, is
given in Ta ble 4. The so lu tion could be a mix of char ac ter -
is tics in cor po rat ing in vary ing de grees the strengths, weak -
nesses, op por tu ni ties and threats of these ap proaches.

Fi nancing and Cost Re cov ery

Past ex pe ri ence in Asian cit ies in di cate that tra di tion ally
san i ta tion pro jects were planned on a grand scale with the
as sump tion that ev ery one would ben e fit from them, but the 
re sults were a di sas ter. The eco nom i cally better off and
those with po lit i cal back ing bene fited the most; the poor est
fell out side most of these pro jects. Studies also in di cate that 
pro jects some times led to a drop in liv ing stan dards. Many
pro jects spe cially tar geted for the poor were left with out
the re sources to main tain in stal la tions.

Case stud ies in di cate that many poor com mu ni ties are
un able to solve their san i ta tion prob lems due to:

• Psy cho log i cal bar rier – It is a com mon notion that pro -
vi sion of infra struc ture for san i ta tion is the sole respon si -
bil ity of the gov ern ment.
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Ta ble 4 SWOT Anal y sis of Dif fer ent San i ta tion Ap proaches

Ap proach Strengths Weak nesses Op por tu nities Threats

Con ven tional Tech nically sound, High cost, not de mand- Re gional over view, Too ex pen sive for house -
San i ta tion city wide cov er age, responsive, poor cost con sid er ation of holds, high cost in stal la -

low health haz ards. re cov ery, dif fi cult op er a tion eco log i cal and nat u ral tions al low few individ-  
and main te nance, lack of con straints, in te gra tion ual con nec tions, waste 
in cen tive and com pe ti tion. with longterm mas ter plans. of scarce re sources.

In for mal Adapted to pri or i ties, Tech nically poor, piece - Wide cov er age of Iso lated so lu tions, 
San i ta tion de mand re spon sive, meal so lu tions, lim ited low-income groups. no in te gra tion with 

af ford able, self-managed im pact on en vi ron ment, mu nic i pal sys tems.
and self-maintained. high health haz ards.

Low-cost Mod er ate cost, lim ited Iso lated so lu tions, Mo bi li sa tion of com mu nity Sup ply-driven ap proach, 
San i ta tion peo ple’s par tic i pa tion, poor est left out, groups and com mu nity re - lacks ‘own er ship’ of 

better uti li za tion of mod er ate health haz ards. sources, in cre men tal im prove - projects, poor cost 
avail able re sources. ment, grad ual in te gra tion re cov ery.

into mu nic i pal net work.



• Tech no log i cal bar rier – Com mu nities think they do not
have the tech ni cal exper tise to con struct a sew er age sys -
tem.

• Socio log i cal bar rier – Com mu nities are not well orga -
nized to take col lec tive action.

• Eco nomic bar rier – Com mu nities can not afford a con -
ven tional sew er age sys tem.

Com mu nities gen er ally view im proved san i ta tion as a
“pub lic” good, and be lieve that in vest ment costs for san i ta -
tion pro jects should be paid by the gov ern ment from taxes.
The prob lem in the Asian coun tries is fur ther com pounded
by the huge debts of their gov ern ments. Huge sums of
money were loaned to these coun tries by in ter na tional
banks and aid agen cies for new san i ta tion pro jects, in the
hope that the pro jects would pay for them selves. This as -
sump tion was both op ti mis tic and un re al is tic. In vest ment in 
con ven tional sew er age is about US$ 1,500 per house hold,
and it gen er ally proves to be un af ford able for poor com mu -
ni ties in Asian cit ies. How ever, global ex pe ri ence in di cates
that a de mand-responsive ap proach, at tempt ing to ad dress
the needs of all stake holders, can re duce the cost sig nif i -
cantly. One of the best ex am ples of this is the Orangi Pi lot
Pro ject in Karachi, Pa ki stan. Cost re duc tions through sim -
pli fied de sign and con struc tion, and elim i na tion of mid dle -
men, meant that a house hold with a 100 square yard plot
could have a toi let con nected to an un der ground sewer line
at a cost of US$ 33.

In vest ment in Asian cit ies at pres ent has to come from
more than one source – the in di vid ual or house hold and an
ex ter nal source/s such as gov ern ment or do nor agency. Co -
or di nating these sources of fi nance is chal leng ing. The ex -
ter nal funds are re quired to sub si dise ac cess to san i ta tion
ser vices for so cial, pub lic health and en vi ron men tal rea -
sons. San i ta tion fa cil i ties are of ten linked to a cen tral ser -
vice; and the ex ter nal funds would fi nance the trunk fa cil i -
ties to the plot. The house hold in vest ment would in clude
toi lets, fix tures and con nec tions to the trunk fa cil ity.

Sub sidies to house holds are also nec es sary from the per -
spec tive of en vi ron men tal and pub lic health, of ten out -
weigh ing the in di vid ual’s pri or i ties and per cep tions. Thus
even if in di vid u als feel that their com po nent of cost for
san i ta tion is too high, sub si dies can re duce these costs to an 
ac cept able level. This ap proach is en dorsed by those who
ar gue that ba sic san i ta tion is a pre req ui site for de cent liv ing 
and that the poor est should not be de nied ac cess to it.

Op er a tion and Main te nance

The suc cess of a san i ta tion pro ject de pends on its sus tain -
ability. Many pro jects which were tech ni cally sound failed
through lack of main te nance. No body in the com mu nity
felt ac count able for the up keep and main te nance of such
cen trally planned pro jects. Peo ple of ten re jected the pro -
jects for the sim ple rea son that they were cul tur ally not ac -
cept able, so cially not jus ti fi able and eco nom i cally not vi a -
ble. The sup ply-driven ap proach of ten over looked these
im por tant as pects. The pres sure to im ple ment pro jects on
sched ule, par tic u larly when do nor agen cies were in volved,
was the pri mary rea son for these fail ures.

The as sump tion that peo ple would change their hab its
over night and re sort to us ing an “ad vanced” san i ta tion sys -
tem is also un re al is tic. Con sid er able time and ef fort is nec -
es sary to con vince the com mu nity of the ad van tages of im -
proved san i ta tion – through ed u ca tion, dem on stra tion pro -
jects and coun sel ling. The com mu nity will use and main -
tain a pro ject only when it ac cepts its value.

The out come of low-cost san i ta tion strat e gies has been
gen er ally pos i tive. In these pro jects, tech ni cal so lu tions
have been evolved which meet the needs and the abil ity to
pay of low-income house holds. They have also shown
better use of pub lic re sources by tar get ing in vest ments to
peo ple’s ac tual de mands. User com mu ni ties have been in -
volved in plan ning and im ple men ta tion of san i ta tion im -
prove ments and the sub se quent op er a tion and main te nance. 
How ever, ap ply ing the con cept of user par tic i pa tion to gov -
ern ment di rected pro jects is not easy. Com mu nity mo bi li za -
tion is a dif fi cult and time con sum ing task, re quir ing spe -
cial skills. Thus peo ple’s in volve ment is of ten lim ited to
just a few meet ings. As a re sult, the com mu ni ties never
take “own er ship” of the pro ject, and the pro jects cease to
func tion due to lack of proper op er a tion and main te nance.
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Fig. 10 Peo ple’s oarticipation in op er a tion and man age ment.
Mea suring sludge depth

Fig. 11 Peo ple’s par tic i pa tion in op er a tion and man age ment.
De sludging



Even if it is un der stood that good op er a tion and main te -
nance is es sen tial for the long-term sustainability of a san i -
ta tion pro ject, it is dif fi cult to iden tify the best method.
Studies have shown that it may not be pos si ble to get
house hold ers to ac cept the re spon si bil ity, es pe cially where
sew ers are shared by all house holds in a block. Al ter na tive
mod els are be ing de vel oped for such cases; for in stance, in
parts of ru ral Brazil, a com mu nity chooses a rep re sen ta tive
from among them selves, who is as signed the re spon si bil ity
for op er a tion and main te nance of the sew ers and treat ment
plants (lo cal ox i da tion pond). The tasks might also be con -
tracted out to lo cal firms by the states, as in parts of Recife
in north east Brazil. These lo cal firms work in small teams
of tech ni cal per son nel and la bour ers, and the res i dents re -
port any prob lems to them.

The best so lu tion for op er a tion and main te nance of san i -
ta tion pro jects could very well be case spe cific, and a uni -
form model may prove to be un nec es sary.

En vi ron men tal Im pact

It has al ready been pointed out that hu man ex creta are a
pos si ble source of in fec tion. The in fec tion route is gen er -
ally through the soil or ground wa ter, sur face wa ter, and in -
sects like flies. Since a vast ma jor ity of the pop u la tion in
Asian cit ies lack ad e quate san i ta tion, open def e ca tion in
fields, bushes, and even on roadsides is com mon and cre -
ates an in san i tary lo cal en vi ron ment. Pub lic toi lets, when
pro vided, have their own nui sance value as they of ten are
foul-smelling, and in fested by in sects, re sult ing in the com -
mu ni ties re turn ing to their old prac tice. Even when san i ta -
tion so lu tions are ac cept able to the com mu nity, great care is 
nec es sary in sit ing the pos si ble sources of pol lu tion, like pit 
la trines and soak-pits of sep tic tanks.

The soil on the sur face of ground gets pol luted from
con tact with fae ces, but in fec tion trav els much fur ther
when picked up by an i mals, flies and in sects, or when sur -
face wa ter car ries it. The spread of con tam i nants, ei ther
bac te rial or chem i cal, in a pit la trine which has pen e trated
the ground wa ter, usu ally trav els in a lat eral di rec tion trans -
ported by ground wa ter in the di rec tion of its flow. The ver -
ti cal pen e tra tion is usu ally not more than 3 metres. Thus ar -
bi trarily lo cated toi lets can heavily pol lute sources of wa ter 
sup ply. Studies point out that bac te ria can travel up to 3
metres and chem i cal sub stances can travel up to 30 metres
from the point of en try to the ground wa ter.

Many Asian cit ies are also sub ject to se vere en vi ron -
men tal deg ra da tion due to in dis crim i nate sew age dis charge
into wa ter bod ies, pol lut ing the wa ter and its aquatic life.
Peo ple are ex posed to in fec tion when us ing these wa ter
bod ies for bath ing, laun dry, drink ing or eat ing fish and
veg e ta bles grown there. Seep age from sew ers, sep tic tanks, 
and pit la trines pol lutes the ground wa ter, and peo ple are
ex posed when us ing such ground wa ter sources for do mes -
tic pur poses.

San i ta tion Tech nol ogy

Ex creta dis posal sys tems can be clas si fied as fol lows:

• On-plot

• Off-plot

• Com mu nity

• Eco log i cal.

The es sen tial char ac ter is tics of these tech nol o gies are now
dis cussed in brief.

On-plot
The safe dis posal of ex creta takes place on or near the
hous ing plot. Pit la trines and sep tic tanks fall un der this
cat e gory. Dif fer ent types of pit la trines in clude dry pit and
pour-flush-twin-pit.

Pit la trines: In its sim plest form these con sist of a hole in
the ground about 1.5 metres deep, cov ered with logs or a
con crete slab with an open ing. The walls of the pit are
lined and a roof is of ten pro vided to the la trine for pri vacy.
At the ru di men tary stage of de sign these used to be foul
smell ing and were in fested with flies and cock roaches.
Later de signs sug gested a seat cover, which could be

closed when the pit was not in use. These are not used in
con junc tion with flush toi lets and very lit tle liq uid is al -
lowed into the pit. Ex creta and anal cleans ing ma te ri als get
de pos ited in the pit. The liq uid seeps into the sur round ing
ground while the ex creta un dergo de com po si tion into hu -
mus-like sol ids, liq uids and gases. Due to its long re ten tion
pe riod, the patho gens in hu man ex creta die. Usually the
pit-life var ies be tween 3 – 10 years. When one pit gets
filled up, it is cov ered with an earth cover of 0.5 metre, and 
an other pit is dug. These are par tic u larly used in ar eas with
a low wa ter ta ble and where pop u la tion den sity is low, es -
pe cially in ru ral and peri-urban ar eas.

Pour-flush, twin-pit la trines: The life span of pit la trines is
se verely low ered if wa ter en ters the pit. Con sidering the
prac tice of us ing wa ter for anal cleans ing in many Asian
cit ies, the pour-flush, twin-pit type la trine may be more
suit able. It gen er ally has the la trine and the pit in dif fer ent
lo ca tions con nected by a sewer pipe. It con sists of a squat -
ting pan, a trap with a wa ter seal (usu ally 20 mm) to pre -
vent smells and to check the nui sance of flies and mos qui -
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Fig 12
Ven ti lated im proved
pit latrin



toes, and two leach ing pits. The liq uid and gas eous con -
tents of ex creta are al lowed to leach in the ground through
the holes in the pit lin ing, while the sol ids are re tained. One 
pit is used at a time, and when it fills up, ex creta are led
into the sec ond pit. The con tents of the filled pit are emp -
tied af ter a lay off of about one and a half years dur ing
which time the patho gens are in ac ti vated and the or ganic
mat ter is de com posed. The two pits are used al ter nately in
this man ner.

Sep tic tank & Aqua-privy: This sys tem was first de vel oped
in Zam bia (then North ern Rho de sia) in the 1960s. Fol low -
ing its suc cess there, it was then tested in Aus tra lia and Ni -
ge ria in the mid 1960s, USA in the mid 1970s, and parts of
Latin Amer ica and South Af rica in the 1980s. In this sys -
tem ex creta are trans ported through sewer pipes from wa ter 
clos ets and are re tained and par tially treated in the sep tic
tank. These tanks hold a large vol ume and are ca pa ble of
ac cept ing sul lage, though in many Asian cit ies sul lage is

di rectly led into storm wa ter drains. Where wa ter is scarce,
the aqua privy is an al ter na tive. A small sep tic tank is
placed un der the la trine. An aqua-privy al lows ex creta to
fall di rectly from a squat ting plate into a sep tic tank, with -
out pass ing through a wa ter seal. The sol ids in a sep tic tank 
set tle down due to grav ity and un dergo an aer o bic de com -
po si tion pro duc ing wa ter, gas, sludge and scum, and a par -

tially treated ef flu ent is dis charged into a soak-pit. The sec -
ond stage of treat ment of ef flu ent is its bi o log i cal break -
down and takes place in the soak-pit.

These sys tems are not low-cost so lu tions and may not
be af ford able to poor com mu ni ties.

Off-plot
Ex creta are col lected from in di vid ual houses and car ried
away from the plot to be dis posed of. Sew er age sys tem is
the most im por tant op tion in this cat e gory; this sys tem is
also re ferred to as the wa ter-carriage sys tem. Sew er age sys -
tem can be the con ven tional sew er age sys tem and shal low
sew er age sys tem.

Con ven tional sew er age sys tem: This sys tem re quires a
large vol ume of wa ter for trans port ing sew age, which in -
cludes ex creta and sul lage. Since it is mainly a car riage
sys tem, it should lead the ex creta to a sew age treat ment fa -
cil ity. Af ter suit able treat ment, the ef flu ent is safe to be dis -
posed of into wa ter bod ies or to an ox i da tion pond (if
cheap land is avail able). Some stud ies on Asian cit ies have
in di cated that a sew er age sys tem is cost ef fec tive only
when the pop u la tion den sity is more than 350 per sons per
hect are. In vest ment in con ven tional sew er age is in the
range of US$ 1,500 per house hold and it gen er ally proves
to be un af ford able for poor com mu ni ties in Asian cit ies.

Shal low sew er age sys tem: This sys tem was de vel oped to

find a cheaper al ter na tive to the con ven tional sew er age sys -
tem. It has now been tried by sev eral in ter na tional aid
agen cies, in clud ing the World Bank. The shal low sew ers
were es pe cially de signed for high-density, low-rise, low-
in come ar eas, such as slums and squat ter set tle ments. This
sys tem can ac cept both sul lage and sew age and has most of 
the ad van tages of the con ven tional sew er age sys tem. It ba -
si cally com prises a net work of nar row di am e ter pipes laid
at flat gra di ent, lo cated in ar eas where there is no heavy
traf fic load. The de sign is based on “high fre quency us age” 
con cept, and so it does not re quire large vol umes of flush
wa ter for op er a tion.

Com mu nity
Keeping in view the huge in vest ment costs re quired for
pro vid ing in di vid ual la trines, gov ern ments adopt ing the
sup ply-driven con cept were in fa vour of pro vid ing com mu -
nity la trines to low-income com mu ni ties in the Asian cit ies. 
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Fig. 13 Aqua-privy

Fig. 14 Sep a ra tion of sol ids in a septitank

Fig. 15 Shal low sewer system



In In dia for in stance, un der the slum im prove ment and
slum up-grading pro jects, the stan dards in di cated one toi -
let seat for 20 – 50 per sons, or 4 – 10 house holds re spec -
tively. In prac tice how ever, this was sel dom met. The com -
mu nity la trines had other in trin sic prob lems as well. They
lacked the “own er ship” of the com mu ni ties. As a re sult, the 
op er a tion and main te nance of such la trines was ex tremely
poor. Most of these com mu nity la trines were aban doned in
no time, with peo ple re turn ing to open def e ca tion.

Pay and use toi lets: To over come the prob lem of op er a tion
and main te nance of com mu nity toi lets, the pay and use
type com mu nity toi lets were con ceived. They have been
quite suc cess ful in In dia and China. The “Sulabh” toi lets in 
In dia have gained con sid er able pop u lar ity not only in
low-income com mu ni ties but also in var i ous pub lic places
like bus and rail way sta tions. In this sys tem, pri vate per -
sons are as signed the re spon si bil ity of op er a tion and main -
te nance of these toi lets. They in turn charge the us ers a
small amount of money. The money col lected is used to
pay for the care taker and the sweep ers and to purchase
clean ing supplies.

Eco log i cal
Eco log i cal san i ta tion, also known as ecosan, was de vel -
oped on the prin ci ple of re cy cling. It keeps the eco-cycle in 
the san i ta tion pro cess closed. It is a low-energy pro cess us -
ing nat u ral pro cesses.

A con ven tional san i ta tion pro cess dis poses of the nu tri -
ents thus break ing the nat u ral cy cle. Ac cord ing to the
ecosan prin ci ple, ex creta is not viewed as a waste prod uct.
It re cy cles sani tised hu man urine and fae ces by re turn ing
them to soil. The con cept is bor rowed from old tra di tions
and prac tices, and in China for in stance, eco log i cal san i ta -
tion has been used for thou sands of years.

This prin ci ple should not be viewed as an in fe rior low-
cost san i ta tion ap proach, and it could be ap plied across a
range of socio-economic con di tions (Esrey et al. 1998). In
this sys tem it is es sen tial to sani tise hu man ex creta be fore it 
can be re cov ered and re used. Urine is largely ster ile and
has most of the fer til izer value of hu man ex creta. The
ecosan con cept dwells upon three ways to re cover the re -
sources in urine: di ver sion (urine is di verted away from
fae ces), sep a ra tion (urine and fae ces are col lected to gether
and later sep a rated), and com bined (urine and fae ces are
col lected to gether and pro cessed). Since hu man fae ces is
re spon si ble for the spread of dis eases, it is im por tant to
san i tize it, ei ther by de hy dra tion (when fae ces is not mixed
with urine or wa ter) or by de com po si tion.

It is im por tant to weigh the pros and cons of the sys tem
and its ac cept abil ity by a com mu nity, since the sys tem re -
quires some han dling of the prod ucts at the house hold
level. An other cause of con cern is whether these toi lets
would func tion prop erly where wa ter clean ing af ter def e ca -
tion is a tra di tional prac tice. Adding ad di tional wa ter might 
dis rupt de hy dra tion.

Rec om men da tions

Gen eral Guide lines

The fol low ing guide lines are de signed to of fer a broad per -
spec tive to wa ter sup ply and san i ta tion pro jects:

• Con sult with and encour age com mu nity par tic i pa tion,
espe cially by women, to for mu late objec tives and iden -
tify key health and hygiene issues related to water sup ply 
and san i ta tion.

• For mu late clear objec tives based on peo ple’s pri or i ties
and demands.

• Phase the pro ject accord ing to the needs, address ing
imme di ate needs first and grad u ally attain ing min i mum
stan dards with respect to water sup ply and san i ta tion.

• Coor di nate and mon i tor pro jects so that pri or i ties are
met, gaps are avoided and nec es sary adjust ments are
done.

• Involve com mu nity rep re sen ta tives and a gen der-
bal anced cross-section of the com mu nity in all aspects of 
deci sion-making, design, lay out, imple men ta tion, and
oper a tion and main te nance of pro jects.

• Con sider local con di tions: cus toms and prac tices, avail -
able mate ri als and resources – while plan ning and imple -
ment ing pro jects.

• Be sen si tive to the needs of the dif fer ent social groups:
eth nic groups, castes and reli gion, at house hold and com -
mu nity lev els.

• Plan for imme di ate bet ter ment of liv ing con di tions with a 
long-term incre men tal per spec tive.

Needs As sess ment Based on Sustainability – 
A Key Is sue

The 1980s pro moted the con cept of “sustainability.” To
make wa ter sup ply and san i ta tion sus tain able for low-
in come com mu ni ties, a better ap pre ci a tion of the com plex
in ter re la tion ships be tween en vi ron men tal, so cial and eco -
nomic is sues is vi tal. Wa ter sup ply and san i ta tion pro jects
ought to re flect these in ter re la tion ships with a view to pro -
vide sus tain able and not piece-meal so lu tions.

Be fore un der tak ing any pro ject, a multidisciplinary team 
should be con sti tuted with rep re sen ta tives of all stake -
holders, in clud ing the pro ject pro mot ers and funders, gov -
ern ment and in ter na tional aid agen cies (where ap pli ca ble),
lo cal ex ten sion work ers, mem bers of the com mu nity and
the end us ers. The team should com mis sion or con duct a
base line KAP (knowl edge, at ti tudes and prac tices) study to
as sess the ex ist ing wa ter and san i ta tion sit u a tion in a com -
mu nity. A ques tion naire sur vey should be con ducted tak ing 
a rep re sen ta tive sam ple of the com mu nity. The sur vey
should also in clude re spon dents from the lo cal gov ern ment
and health au thor i ties. The re port should in clude the fol -
low ing in for ma tion.

Gen eral

• What is the size of pop u la tion affected by poor water
sup ply and san i ta tion?
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• What water and san i ta tion related dis eases do the com -
mu nity face? (Time-series data for last 3 – 5 years desir -
able).

• What is the sta tus of com mu nity organi sa tions and who
are the com mu nity rep re sen ta tives?

• Is the com mu nity gain fully employed? (Details of
employ ment/unem ploy ment).

• What is the age-sex ratio of the com mu nity?

• What is the lit er acy level of the com mu nity?

Wa ter sup ply

• What is the cur rent source of water?

• How much water per capita, per day, is cur rently avail -
able?

• What are the hours of water sup ply? (In case it is pro -
vided).

• Is the amount of water avail able ade quate?

• Where and at what dis tance are the water col lec tion
points?

• How reli able is the pres ent source of water sup ply and
how long would it last?

• What kinds of stor age con tain ers do peo ple use?

• Is the water source con tam i nated, or does it run a risk of
con tam i na tion?

• What kind of water treat ment is nec es sary?

• Are there con ve nient alter na tive sources of water sup ply
avail able?

• What are the key hygiene issues related to water sup ply?

• How aware is the com mu nity of hygiene issues?

• How much is the com mu nity pre pared to invest for qual -
ity water sup ply?

San i ta tion

• What are the cur rent def e ca tion prac tices?

• What kinds of facil i ties for def e ca tion exist in the com -
mu nity?

• If some facil i ties exist, are they suf fi cient in num ber?
Are they cor rectly used and main tained? Are they adapt -
able to local needs and cus toms?

• What are the major draw backs of the exist ing facil i ties?

• Does the cur rent def e ca tion prac tice threaten the users,
the envi ron ment, or sources of water?

• What are the main dis eases faced by the com mu nity due
to insan i tary con di tions? (Time-series data for last 3 – 5
years desir able).

• What is the level of aware ness of the com mu nity with
regard to san i ta tion?

• Are the peo ple ready to adopt better san i ta tion prac tices?

• How much are the peo ple will ing to invest for better san -
i ta tion and better health?

• What are the beliefs, cus toms, and prac tices of the com -
mu nity with respect to excreta dis posal?

• What is the den sity of the com mu nity?

• What is the nature of soil and depth of water table?

• What is the slope of the ter rain?

• What are the locally avail able mate ri als suit able for con -
struct ing toi lets?

• Do peo ple have access to per sonal cleans ing facil i ties?
(Soap, paper, etc.).

Eq uity and De mand Re spon sive Pro gramming

Needs as sess ment in wa ter sup ply and san i ta tion should be
backed up by a de mand re spon sive programme based on
fun da men tal con sid er ations of eq uity and dis tri bu tion of
ben e fits.

In stead of choos ing tar get groups, pro jects should fo cus
on the fol low ing:

• Eli gi bil ity. Set the eli gi bil ity cri te ria for com mu ni ties to
get ser vices, such as through appli ca tions and pay ments.
Infor ma tion about these rules should get wide cir cu la -
tion, through media cov er age, hand outs, etc.

• Tech nol ogy choice. Offer a range of tech nol ogy and ser -
vice lev els to com mu ni ties with clear infor ma tion on
their costs and recur ring finan cial or man age ment impli -
ca tions for the com mu nity. The com mu nity then selects
an appro pri ate tech nol ogy accord ing to its pay ing capac -
ity.

• Cost shar ing. The com mu nity can pay in cash, kind,
labour or a mix of these, to cover a por tion of the invest -
ment cost. The com mu nity could for instance pay a small 
amount, about 5 – 20% and the rest could be sub si dised.
Or the gov ern ment could set a ceil ing on sub sidy, above
which the com mu nity has to pay. Thus the com mu nity
makes a finan cial choice for the level of ser vices and
tech nol ogy they want.

• Oper a tion and main te nance. For sustainability, the com -
mu nity should be made respon si ble for oper a tion and
main te nance, and it in turn could under take the oper a tion 
and main te nance itself or appoint pri vate par ties.

Tech nol ogy Choice

A com mu nity should be en cour aged to eval u ate the dif fer -
ent tech nol ogy op tions, to make an ap pro pri ate choice for
them selves. It is ev i dent from Fig ure 3 that a more so phis ti -
cated sys tem re quires more re sources, and most com mu ni -
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Fig. 16 Pre ferred Wa ter Sup ply Op tions for a Com mu nity



ties may start from the bot tom of the line and incrementally 
up grade their sys tems.

The dif fer ent op tions of wa ter sup ply for a com mu nity
should be pre sented with their ad van tages, dis ad van tages
and im pli ca tions (Ta ble 5). The com mu nity can then se lect
the op tion best suited to their de mand.

A sim i lar meth od ol ogy should be adopted for se lec tion
of an ap pro pri ate san i ta tion sys tem for a com mu nity. The
var i ous san i ta tion op tions with their ad van tages, dis ad van -
tages and other im pli ca tions should be pre sented to the
com mu nity. With good tech ni cal ad vice, the com mu nity
should be en cour aged to se lect the best op tion for it self.

Ta ble 6 be low com pares the dif fer ent san i ta tion sys tems.

While the com mu nity is en cour aged to take de ci sions
for ifself, the role of the gov ern ment and aid agen cies
should be that of fa cil i ta tors. They should not only pres ent
all the var i ous op tions avail able but also give tech ni cal
guid ance to the com mu nity. In terms of choice of an ap pro -
pri ate san i ta tion sys tem, the fol low ing tech ni cal fac tors
should be borne in mind:

• For areas with fis sured rock like lime stone, a water tight
excreta dis posal sys tem is appro pri ate. The sep tic tank or 
aqua privy are suit able. These should at least be 30
metres down hill from a water sup ply source. If this is not 
pos si ble, the efflu ent from the sep tic tank should be con -
veyed through leak-proof pipes to a point of sec ond ary
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Ta ble 5 Op tions for Com mu nity Wa ter Sup ply

Quan tity Op er a tion & 
Sl Type of ser vice Source Qual ity lpcd En ergy Main te nance Cost Re marks

0 Tra di tional Sur face wa ter Poor  10 – 40 Man ual Gen eral Low Starting point of
source Groundwa ter Poor up keep Col lec tion time im prove ment.
(un pro tected) Spring Vari able very high

Rain wa ter Vari able

1 Im proved Ground wa ter Vari able  10 – 40 Man ual Gen eral Very low Im prove ment 
tra di tional Sur face wa ter Poor up keep O&M and re quired if source
(par tially Spring Vari able Cap i tal is con tam i nated.
pro tected) Rain wa ter Good Col lec tion 

if pro tected time high

2 Hand pumps Ground wa ter Good  10 – 40 Man ual Trained re pairer, Low O&M Ac cess to safe 
few spare parts and Cap i tal wa ter, good for 

Col lec tion ru ral ar eas.
time high

3 Standpipes Ground wa ter Good  10 – 40 Grav ity Trained op er a tor, Mod er ate O&M Good ac cess 
Sur face wa ter Needs treat ment Elec tric fuel, chem i cals, and Cap i tal to safe wa ter.
Spring Good Die sel spare parts Col lec tion 

Wind So lar time high

4 Yard taps Ground wa ter Good  50 – 100 Grav ity Trained op er a tor, High O&M Very good
Sur face wa ter Needs treat ment Elec tric fuel, chem i cals, and Cap i tal ac cess to 
Springs Good Die sel spare parts po ta ble wa ter,

 In sti tu tional 
backup re quired.

5 House Ground wa ter Good 100 – 150 Grav ity Trained op er a tor, High O&M Most de sir able 
con nec tion Sur face wa ter Needs treat ment Elec tric fuel, chem i cals, and Cap i tal High re sources.

Springs Good Die sel spare parts, waste- re quired
water dis posal

Source: Adapted from World Bank

Ta ble 6 Op tions for Com mu nity San i ta tion

Low High Nui sance 
San i ta tion pop u la tion pop u la tion O&M Flushing Health (odour, 
sys tem den sity den sity Cost Tech nol ogy skills wa ter haz ards in sects) Re marks

Pit la trine Suit able Not suit able Low Low Low Nil Me dium Me dium Tem po rary so lu tion,
main te nance prob lem.

Bored hole Suit able Not suit able Low Low Low Nil Me dium Me dium Tem po rary so lu tion,
 main te nance prob lem.

Ven ti lated Suit able Not suit able Low Low Low Nil Low Low Tem po rary so lu tion, 
pit main te nance prob lem.

Com post Suit able Not suit able Low Low Low Nil Me dium Me dium User aware ness re quired.

Pour flush Suit able Not suit able Me dium Me dium Low Me dium Low Low Ef fec tive soak pit es sen tial.

Vault & Suit able Suit able High Me dium Me dium Mod er ately Low – Low – Ef fi cient man age ment 
vac uum high me dium me dium es sen tial.
tanker

Sep tic tank Suit able Not suit able High High Me dium High Low Low Ef fec tive soak pit es sen tial.

Aqua-privy Suit able Suit able Me dium High Me dium Me dium Low Low Ef fec tive soak pit es sen tial.

Pay & use Not Suit able Suit able High High High High Low Low Pri vate part ner ship
 es sen tial.

Sew er age Not suit able Suit able Very high Very high Very high Very high Nil Nil Most de sir able, but high
sys tem re source re quire ment.



treat ment, and finally to a point of dis posal that is well
clear of sources of water sup ply.

• The pit latrine is suit able in areas that do not have fis -
sured rock for ma tion. It is rec om mended that if the pit
latrine is located down hill, it should be at least 8 metres
away from a water sup ply source; and if located uphill
from the source of water sup ply, it should be at least 30
metres away.

• On flat lands, the dis posal sys tem should be at least 30
metres away from the water source.

• The dis posal sys tem should always be above the flood
level.

In vest ment and Cost Re cov ery

From the high es ti mated costs for im prov ing wa ter sup ply
and san i ta tion, it is ev i dent that funds must be used more
ef fec tively and that us ers must start pay ing for ser vices.
Re ha bil i ta tion of de fec tive sys tems, re duc tion in wast age
and un ac counted for wa ter (UFW), re cy cling, im proved
op er a tion and main te nance are of ten more ef fec tive than
new ser vices. Wide spread pro mo tion of the con cept that
wa ter is not a free good is also es sen tial.

In vest ment in new works and in fra struc ture should be
com ple mented by a match ing in vest ment in train ing and
ed u ca tion. In other words, there should be eq ui ta ble dis tri -
bu tion of re sources for the hard ware and the soft ware com -
po nents of wa ter sup ply and san i ta tion.

The United Na tion’s 20/20 model is worth not ing,
where gov ern ments in vest 20% of their bud get in ba sic ser -
vices in clud ing wa ter sup ply and san i ta tion, and this is
matched by 20% of in ter na tional de vel op ment funds. Par -
tic i pa tion of the lo cal com mu ni ties in the de ci sion-making
pro cess is nec es sary to en sure best uti li sa tion of the funds.

The pri vate sec tor can also be in volved in in vest ing in
this sec tor. Since they will look for re turns, the gov ern -
ment’s role will be to pro tect the poor est sec tions through
sub si dised wa ter and san i ta tion con nec tions/schemes. Aid
agen cies could pro vide tech ni cal know-how and forge part -
ner ships to pro vide the re sources to help lo cal com mu ni ties 
find ap pro pri ate, sus tain able ways of meet ing their needs.

Con trol of Wast age

In the Asian cit ies that op er ate un der tre men dous re source
con straints, it is not enough to do only a sys tem atic needs
as sess ment and anal y sis, fol lowed by ap pro pri ate tech nol -
ogy choice and ex e cu tion of pro jects. There should also be
a feed back and mon i tor ing of pro jects. A lot of good work
is lost if the feed back and mon i tor ing is weak. For in stance, 
wa ter wast age in some Asian cit ies is some times as high as
50%. By con trast the Helsingborg Wa ter Sup ply Au thor ity
in Swe den keeps wast age to 6%. Wast age can be con trolled 
by the fol low ing ways:

• Water Metering. This has shown good results round the
world. How ever, meter ing an entire apart ment build ing
and divid ing the cost of water among the apart ments
does not always give good results (Tel-Aviv, 1955).
Metering indi vid ual apart ments showed much better
results in the UK. Indi vid ual meter ing gives better con -

trol to the user and pro vides incen tives to detect faults
and leak ages.

• House hold Ret ro fitting. Con sidering the tre men dous
water short age in Asian cit ies, there must be efforts to
con serve water. This can be done in the fol low ing areas.
Toi let flush: A toi let flush accounts for the larg est vol -
ume of domes tic water con sump tion. Installing a mod ern 
flush tak ing about 6 litres in place of the con ven tional
flush can result in con sid er able sav ing. A dual-action
flush ing cis tern (using 3 or 6 litres per flush) can save
even more water. These mod ern fix tures have resulted in
sav ings of up to 40% of domes tic water con sump tion.
Show er heads: Intro duc tion of flow-controlled shower -
heads using 8 – 10 litres/min ute can save con sid er able
water. In Israel these are reported to show a sav ing of 7 – 
8%.

• Check ing Unac counted for water (UFW) – Unac counted
for water is the result of leak age, inad e quately metered
sup plies, absence of user ser vice charges, pil fer age, etc.
Investing in leak detec tion and timely repairs can sub -
stan tially reduce the UFW com po nent.

De veloping Ap pro pri ate In di ca tors

It is im por tant to de velop ap pro pri ate in di ca tors for wa ter
sup ply and san i ta tion programmes, backed up by pe ri odic
mon i tor ing and feed back. The in di ca tors could be as fol -
lows:

Wa ter sup ply In di ca tors

• A min i mum of 20 litres of pota ble water per per son per
day.

• Min i mum rate of flow of water at each col lec tion point
of 0.125 litres per sec ond.

• At least one water point per 250 per sons (WHO).

• Max i mum walk ing dis tance between dwell ing and water
col lec tion point not over 200 metres (WHO).

• One hand pump serves at most 150 per sons or 30 house -
holds.

• Each house hold has at least two water-collecting ves sels
and at least one stor age ves sel with a capac ity of not less
than 20 litres. Ves sels should have cov ers or lids.

• A ves sel with a long han dle used to draw water, and
hands do not touch the stored water.

• In com mu nity baths there are sep a rate cubi cles for men
and women, and the hours of water sup ply are con ve -
nient to the users. The com mu nity, espe cially the women, 
should be con sulted for their pref er ences.

• Washing areas for uten sils and clothes are in hygienic
con di tion.

• Water is treated with a resid ual dis in fec tant such as chlo -
rine if the source is not well pro tected and to avoid risks
of post-collection con tam i na tion. Sev eral point of use
(POU) tech niques are avail able, peo ple should be made
aware of these.

• Water has no objec tion able taste and odour.

• For untreated sup plies no more than 10 fae cal coliforms
per 100 ml at the point of deliv ery.
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• Total dis solved sol ids in water no more than 1,000 mg
per litre.

• In acute short age con di tions, ade quate quan tity of inter -
me di ate qual ity should be pre ferred over inad e quate
quan tity of pota ble qual ity. The water should then be
treated with resid ual dis in fec tants at home.

San i ta tion In di ca tors

• A toi let seat serves a max i mum of 20 – 30 per sons or 
4 – 6 house holds.

• Seg re ga tion of male and female users is pos si ble in com -
mu nity toi lets.

• Toi lets are located not more than 50 metres from dwell -
ing units.

• Toi let design encour ages their use by peo ple, espe cially
chil dren and females; for instance with light point, hand
wash ing facil ity, pri vacy for per sonal clean ing for
females, and with no nui sance of odour and insects.

• Toi lets and soak-pits are located at least 30 metres away
from ground wa ter sources and are at least 1.5 metres
above the water table.

• Efflu ent does not flow towards sur face water sources.

• Use, clean ing, and main te nance of toi lets are proper and
reg u lar. Tar get group is involved in decid ing about shar -
ing of respon si bil ity for clean ing and main te nance.

• Proper hand wash ing with soap is prac ticed after def e ca -
tion.

• Peo ple asso ci ate a sense of own er ship with the toi lets.
They should be involved in deci sion-making, design and
con struc tion of toi lets. Toi lets should not be too big and
are close to where peo ple live to encour age reg u lar
clean ing.

The main prob lem of wa ter sup ply and san i ta tion in Asian
cit ies is not a lack of avail able tech nol ogy. Rather, it is the
fact that stake holders are largely un aware of the al ter na -
tives avail able and how dif fi cult it is to as sess the suit abil -
ity of one tech nol ogy over the other in their given sit u a tion. 
The ma jor chal lenge is to se lect an ap pro pri ate tech nol ogy,
con sid er ing the multi-faceted is sues in clud ing tech ni cal
fea si bil ity, affordability, cus toms and prac tices, pref er ences 
and in sti tu tional sup port avail able. What is nec es sary is a
bot tom-up ap proach, pre sent ing no sin gle and ab so lute so -
lu tion, but of fer ing a com par a tive anal y sis of var i ous op -
tions, and en cour ag ing the com mu ni ties to adopt the one
best suited to their needs.
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Pro moting safe la trines in Ban gla desh

A pi o neer ing so cial mo bi liz ing programme was started
in Ban gla desh by its Pub lic Health De part ment and
UNICEF in 1990 to pro mote better hy giene prac tices
based on peo ple’s needs, cul ture and prac tices. The main 
fea tures of the programme in cluded:

• Mobi li za tion of senior gov ern ment offi cials, pol i ti -
cians, NGOs, media and the com mu nity.

• Enu mer a tion of how the entire soci ety was at risk
from water-borne dis eases due to patho gen over load.

The programme was well re ceived. A vil lage-based or -
ga ni za tion of four mil lion peo ple, Ansars, trained its of -
fi cers in san i ta tion. The Is lamic clergy al lowed UNICEF
of fi cers to ad dress mass re li gious gath er ings and dis trib -
ute leaf lets on san i ta tion. Since 1994 a Na tional San i ta -
tion Week was or ga nized to work to wards a goal of
pro vid ing a san i tary la trine to each house hold by the turn 
of the cen tury. San i ta tion pro mo tion ma te rial high lighted 
women’s pref er ences and cul tural val ues. Com mu nity
meet ings were or ga nized in court yards at tended by 25 –
30 house holds at a time. They re solved to adopt a par tic -
i pa tory plan ning ap proach. A strat egy of in cen tives was
also worked out in which groups of ten fam i lies had to
show they had in stalled la trines to re ceive the ben e fits of 
a tube well.

The re sults were very en cour ag ing. Be tween 1990 to
1994.

• Rural fam i lies with san i tary latrine rose from 10% to
35%.

• Over all use of san i tary latrines rose from 4% to 24%.

• Hand wash ing after def e ca tion rose from 5% to 27%.

• Com mer cial latrine pro duc ers rose from 700 to 2500.

Emerging Models on Wa ter Sup ply and 
San i ta tion in Asia

China: Wa ter sup ply, san i ta tion and hy giene ed u ca tion
are cur rently viewed as a 3 in 1 pack age. A ‘push–pull’
strat egy is worked out.

Push in cludes ad vo cacy meet ings with of fi cials to
for mu late reg u la tions, chalk out R&D ar eas on af ford -
able tech nol ogy and pro mo tion of inter-sectoral link ages 
(ed u ca tion, women, pov erty and en vi ron ment).

Pull in cludes so cial mo bi li za tion, com mu ni ca tion and 
so cial mar ket ing, dem on stra tion (through mass me dia) of 
af ford able and cul tur ally ac cept able la trines. Pri mary
schools are tar geted as en try points for pro mot ing com -
mu nity be hav ioural change and par tic i pa tion.

In dia: To mo ti vate ru ral and peri-urban com mu ni ties to
con struct toi lets with out sub sidy, Ru ral San i ta tion Marts
(RSM) are es tab lished as com mer cial en ter prises with a
so cial ob jec tive. This in cludes a pro duc tion cen tre and
credit mech a nism, sup ported by in for ma tion, ed u ca tion
and com mu ni ca tion. The ob jec tive is to pro mote zero
sub si dies, stim u late de mand gen er a tion, and cre ate
aware ness for san i ta tion and hy giene. RSM are cost ef -
fec tive, eco nom i cally vi a ble, self-sustaining and have
em ploy ment gen er a tion po ten tial. It is cur rently be ing
felt that these should be in te gral parts of all fu ture san i ta -
tion schemes.
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