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PREFACE
Following my arrival at Loughborough University of Technology in
. September 1979, my initial discussion with Mr John Pickford indicated
our common sceptical views concerning the high levels of domestic water
supply adopted for urban areas in the developing countries. In a subsequent meeting with my research supervisors, Mr Pickford and Or Morag
Bell, it was agreed that research is needed into the possibilities of
modifying these unrealistic standards in view of the limited resources
available. The intention was that the study should involve field work
in selected urban areas in the developing countries. Initially an
approach was made to my scholarship awarding authority, The Commonwealth
Scholarship Commission in the United Kingdom. Unfortunately funds are
not available for field work abroad. As a result over a period of
eighteen months a wide range of International Agencies were approached
for financial support. These included the International Development
Research Centre, Ford Foundation, United Nations Environment Programme,
the Commonwealth Foundation, Commonwealth Fund for Technical Cooperation
and the World Bank. No funds were available. It was therefore agreed
that a desk study based primarily on the literature available could make
a valuable contribution to this important area. The thesis reflects this
approach.
It is an author's privilege to register his debts in his preface.
I do so now. I would like to express my sincere gratitude to Mr Pickford
who from the very beginning imparted guidance to the work with the remarkable energies and critical skills for which he has always been known.
I am truly indebted to Or Bell for her patient and skilful guidance,
intellectual stimulation and constant encouragement throughout the course
of this research. I am thankful to Professor G C Brock, Head of the
.Department of Civil Engineering and to Professor L L Jones, my Director
of Research for their kind interest in my work.
I should like to thank the Ministry of Education and Social Welfare,
Government of India for selecting and recommending me for the Co~non
wealth Scholarship and the Commonwealth Scholarship Commission in the
United Kingdom for awarding the scholarship. I am grateful to the Calcutta
Metropolitan Development Authority for granting me the study leave.
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In connection with the thesis I had to correspond with a great
number of engineers, scientists and administrators in both developing
and developed countries. I gratefully acknowledge their help and
cooperation. I have been very fortunate to receive good wishes from
many experts in the field who have helped me with valuable suggestions
and literature. In particular, I am thankful to Dr R G Feachem and
Professor D J Bradley, both from the London School of Hygiene and
, Tropical Medicine for the special interest they have shown in my work.
In the course of my work the following persons have been very
helpful: Mr E E Geldreich, United States Environmental Protection
Agency; Mr B A Moore, Mathematics Department; ~lr P J Barker, Economics
Department; Mr L Mustoe, Engineering Mathematics Department; Mr L
Hutton, Civil Engineering Department; Miss C Broughton and Mrs H
Jennings, Loughborough University Library; Professor D D Mara, Leeds
University; Mr W K Hoogendoorn, International Reference Centre for
Community Water Supply and Sanitation. r~y thanks are due to all of
them.
I am thankful to the staff of the Severn Trent Water Authority,
Water Research Centre and Building Research Station for their cooperation.
I am grateful to all my colleagues, friends and staff of the Civil
Engineering Department for their encouragement.
Thanks are al so expressed to Mrs J Smith for her dexterous typing.
To my brother, Dr S K Bhattacharyya I record my gratitude for his
assistance in many ways and finally to my wife for her underst~lnding and
support throughout.
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SUMMARY
Urban water supply schemes in developing countries are often based
on high Western standards of quantity and quality. Since developing
countries have limited resources this results in fewer schemes and lower
population coverage.
The worst sufferers are the millions of urban
poor and rural dwellers. This thesis investigates the possibility of
adopting lower levels of service for urban areas in terms of both quantity and quality in order to serve more people with the same resources.
An idealized model represents domestic water use as a function of
twenty-three economic, physical, social, technological, geographical,
cultural and religious factors. Consequently the demand for domestic
water should be determined locally instead of directly adopting any
borrowed standard. A procedure is outlined for determining it. A
study of domestic water use by a family in Britain leading an Asian way
of life indicates a per capita use of 72 litres per day.
An extensive review of literature on water and health suggests that
the supplied quantity of water should be sufficient to meet all the basic
domestic needs including laundering in order to prevent people going to
polluted sources. Health benefits appear to be significant with house
connections. Water supply is not the only necessary input for improving
health. Otner important inputs include safe excreta disposal, health
education and proper nutrition. While water quality is important for
classical water-borne diseases, water quantity appears to be more important
for diseases like shigellosis and infections of skin and eyes.
Developing countries should adopt flexible water quality goals based
on an appraisal of the prevailing disease patterns and bacteriological
quality of water should receive the priority. Outbreaks of diseases due
to poor chemical quality are rare. The dangers of nitrate seem overstated.
The presence of certain trace elements in drinking water' can partially
satisfy the body's daily needs of mineral nutrients.
Domestic metering, conservation oriented pricing and community participation are considered in detail and are suggested as suitable means of
avoiding wastage, limiting high per capita consumption and conserving
water.
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CHAPTER 1
I NTRODUCTI ON
As of 1980 over thirteen hundred million people in the developing
world (excluding China) were without clean water (see Table 1.1).
With rapid population growth in the developing countries the problem
is likely to be more acute in the future. The estimated number of
people to be served by 1990, if the International Drinking Water Supply
and Sani tati on Decade I s target, "Clean water for all by 1990", is to be
fulfilled, will exceed over eighteen hundred million people (see Table
1.2). The conditions as regards sanitation are more appalling. The cost
of providing water supplies to these people is enormous whatever estimate
is adopted.
TA8LE 1.1:

NUM8ER OF PEOPLE IN THE DEVELOPING WORLD (EXCLUDING CHINA)
WITHOUT CLEAN WATER AND SANITATION IN 1980 (BASED ON GOVERNMENT FIGURES SUPPLIED TO WORLD HEALTH ORGANIZATION)

Urban/Rura 1

Population
(mi 11 ions)

Population
(millions)
without clean water

Urban
Rural

703
1612

177 (25%)
1143 (71 %)

331 (47%)
1399 (87%)

TOTAL:

2315

1320 (57%)

1730 (75%)

Source:

Population
(millions)
without adequate
sanitation

World Water (1981)

Although rural water supply has probably attracted more attention
in recent years this thesis deals with urban domestic water supply as it
deserves more consideration for the following reasons. First, while the
majority of the population in developing countries live in rural areas,
the rate of increase in urban population is far greater than the national
rate of increase. Second, the population density in urban areas is much
higher than in most rural areas. As a result of this and due to the
differences in the institutional and physical facilities there is a greater
risk of diseases especially large epidemics of water-borne diseases.
Third, the choice of alternative sources of water.is more limited in
urban areas than in rural areas. Finally, resources saved due to any
economy in urban water supply schemes through the adoption of reasonable
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TABLE 1.2:

NUMBER OF PEOPLE IN DEVELOPING COUNTRIES. (IN tHLLlONS) TO
BE REACHED WITH CLEAN WATER AND SANITATION BY 1990 IF THE
DECADE'S 100 PERCENT TARGETS ARE TO BE ACHIEVED. (WHO FIGURES BASED ON DATA SUPPLIED BY GOVERNMENTS)
Water

Sanitation

UN Region
Asia and the
Pacific
(ESCAP: West to
Iran)
Latin Ameri ca
(ECLA: incl.
Carribean)
Africa
(ECA: inc1 udes
N Africa)
West Asia
(ECWA: Arab World
exc1 Africa)
Europe
(ECE: eg Cyprus.
Portugal)
WORLD TOTALS:
Source:

Urban

Rural

203

925

1128

108

110

104

Rural

Total

355

1136

1491

218

212

120

332

310

414

130

342

472

16

22

38

20

25

45

14

21

35

30

30

60

445

1388

1833

747

1653

2400

Total

Urban

World Water (1981)

standards of service can be allocated for schemes in urban fringes and
rura 1 areas.
In investigating water supply systems it is necessary to recognise
the two major interest groups involved - on the one hand the agencies
responsible for planning and supplying facilities and on the other hand
the recipients of the system. As regards the urban water authorities in
developing countries there is a tendency to adopt standards derived from
developed countries. The planned quantity per person sometimes conforms
to the extravagant North American practice and where some lower level is
set this is usually based on rule of thumb for which the only justification
is that it has been used before. Sometimes demand is simply extrapolated
from historical data. Coming to the question of water quality international standards are becoming increasingly stringent as experts research
into new substances which may contribute to ill-health if traces are
present in drinking water. International Standards for example those
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specified by the World Health Organization (1971) are frequently adopted
in toto by the authorities in developing countries. Yet it is obviously
absurd to bother about trace substances as well as strictly adhering to
the international microbiological standards when hundreds of thousands
of infants die every year because of sanitary deficiencies. When one
looks at the recipients' side it is apparent that where, as in most
developing countries, financial and other resources are limited, the
delivery of a large quantity of high quality water to a fortunate few
results in the majority's needs being frustrated. Moreover, there are
instances where the application of inappropriate and sophisticated
technology commensurate with the high standards of service has led to
high costs and poor maintenance.
The worst sufferers for such courses
of action are the millions of urban poor and rural dwellers. The thesis
is designed to emphasize that any efforts to substantially increase the
population having reasonable access to safe drinking water must reconsider this strategy,
The study is based on the literature that exists at present. The
literature is very disperse, it is very varied and it deals with a lot
of different topics. Individual studies have been carried out in a
variety of different scales in different countries with different aims
and results. A wide variety of studies both in developed and developing
countries have been conducted which focus on the recipient side and consider such important issues as the relationship between water quantity or
water quality and health. This thesis brings together the various studies,
reviews them and evaluates them. An effort has been made to draw out the
critical points from the literature and, in the light of these, to question the high standards which are being adopted in practice by the developing countries. By questioning it may become possible to serve a greater
proportion of the population or to benefit the recipients of water supply
schemes more widely with the same amount of resources than would otherwise
be possible.
There are seven substantive chapters. Chapter 2 introduces the
conceptual framework by examining the various factors that affect domestic water consumption. Twenty-three economic, physical, social, technological, geographical, cultural and religious factors which influence water
quantity are identified and their impact is reviewed. Evidence from the
literature demonstrates the importance of the above factors and in the
light of that it is suggested that the automatic application of any
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borrowed standards of wa ter quantity per person is -basi ca lly i nappropriate. The use of rule of thumb or the simple extrapolation of historical data is not very rational either. It is therefore emphasized
that any reasonable forecast "of residential water demand should consider the influence of these factors at the local level.
Chapter 3 deals with the relationship between water and health.
This is particularly important in view of the fact that the majority
of the infectious diseases that cause morbidity arid mortality in populations of the developing countries are water-related diseases
(Wa 1sh and Warren, 1979). In addition, improvements in health with
their associated social and economic benefits are primarily what the
planners and economists hope to achieve through investment in domestic
water supply. The relationship between water and health is defined and
the importance of water quantity and water quality in minimizing the
disease risks is investigated. The weaknesses of the available studies
on water and health in providing firm guidelines as regards the minimum
satisfactory quantity and quality of domestic water supply are highlighted
in order that future studies can be designed on a more rational basis.
The next chapter (4) leads on to the various aspects of water
quality. The origin of the various impurities in water and their effect
on health are obviously important and are therefore discussed in detail.
It is shown"that physical parameters primarily influence the acceptability
of water by the users for various domestic chores. A review of disease
outbreaks due to chemical and biological contaminants in drinking water
emphasizes the overwhelming significance of the bacteriological quality
of water. Based on the evidence from the literature it is apparent that
some relaxation in international standards in certain cases is feasible
without causing threats to life and that a flexible approach in applying
water quality standards may therefore be desirable' if the number of people
receiving water supply in the developing countries is to be increased.
Chapter 5 sets out to define the term 'minimum 'satisfactory quantity'
and to provide global information on the supply and use of water for domestic purposes. The latter was considered necessary to focus on the inconsistencies that exist in the provision of a basic commodity like water. It is
found that wide variations not only exist between countries, but also
within a single country. The coexistence of very high as well as very low
per person water supply figures in the developing countries reinforces the
point that there is a lack of rationality in making provision for domestic
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water supply. The results of a mail questionnaire survey designed to
collect information on detailed domestic water use patterns are discussed. Their failure to provide much information is shown and the
overall paucity of adequate knowledge in this important area emphasized. This lack of information hints at the practice of following rule
of thumb in the design of water supply or adhering to the high per
capita supply figures applicable to developed countries. A collation
of data from various field studies on actual domestic water use provides
an opportunity to examine how the supplied water is used in practice for
different components of household water use.
Much more information in this area is required from the developing
countries to provide a sound basis for determining the minimum satisfactory quantity of domestic water supply under different conditions.
By using a case study it is outlined how such information can be collec:
ted in a simple way.
The next two chapters deal with an important area of monitoring
domestic water demand by structural and economic means. Chapter 6 reviews
the available literature to show that metering of domestic water supplies
could be an effective way of ensuring an"efficient use of water at the
household level. Past experience suggests that metering serves as an
effective tool in reducing wastage and high-volume water use. It is
argued that.a large-scale reduction in water use following metering and
the introduction of a unit commodity charge is not only a useful way of
checking the excessive increase in domestic water demand and thus deferring
the system expansion, but may also create, in suitable circumstanc'es, surplus capacity for immediate extension of the supply to the unserved population. Chapter 7 shows an economic means of demand reduction which can
be accomplished by the utility action through a sound pricing policy.
, It is indicated that the introduction of a unit rate or an increasing
block rate as against a flat rate or declining block (ate places increased
cost on the use of additional increments of water, and therefore encourages
economy in water use. The economy will, it is suggested, be tangible as
long as the prices are not too low to render the demand for domestic water
supply to be price inelastic.
Insufficient consultation with the communities to be served and a
lack of appraisal of their needs, priorities and capacities to pay are
often reported ,as responsible for many faHures or for not achieving the
desired benefits from water supply schemes. Chapter 8 investigates the
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possibilities of effective community participation in various phases
of water supply schemes. It is argued that the designers can benefit
immensely from knowledge of peoples' perceptions of \~ater quantity and
quality in their decisions on the levels of service to be provided.
The success of a residential water conservation programme is primarily
dependent on the response of the community. In this regard it is clear
that wastage from communal water points can only be prevented if there
is community support. A health education programme designed to improve
hygiene can achieve a lot in ensuring the proper use of available water
for hygienic purposes to secure better health. Past evidence indicates
that if manouevred cai·efully peoples' cooperation can be enlisted providing the engineers, planners and administrators are amenable to suggestions from the community.
Finally, Chapter 9 highlights the main findings of the various
aspects of this work and outlines the policy recommendations and implications for future research.
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CHAPTER 2
FACTORS INFLUENCING DOMESTIC WATER USE
One of the first questions faced by water planners and engineers
responsible for planning municipal water systems, concerns the level
of service. In the residential sector this means the amount of
water that is to be provided daily per person or household. Technically speaking, this is the pivotting point on which the entire
design stands. At the same time specifying the required level of
service is a difficult task which involves numerous determinants.
The problem is complicated because water is a valuable natural
resource which is getting increasingly scarce, and wise and efficient management of this resource is essential. Standard textbooks (Babbit et a1, 1962; Fair et a1, 19 66 ) on water supply have
noted several factors which may affect municipal water use. These
include the size of the community, its location, the standards of
living, distribution system pressure, water quality, water pricing,
the existence of sewers, the percentage of services metered, the
climate, and the system's management. In practical terms these are
only a few of the many variables which have some influence on water
use. Figure 2.1 shows an idealized model of domestic water use.
It includes twenty-three variables grouped under six broad headings
of economic, physical, social, technological, geographical and fac'tors relating to the cultural tradition and religion. An intimate
knowledge of the effect of individual factors in the model and their
relative contribution to the variations in the household water use
patterns may assist decisions regarding the present and future level
of service and managerial matters such as water pricing, water conservation, allocation of resources etc. In the subsequent paragraphs
an endeavour is made to build up this knowledge by analysing all the
factors appearing in the model one by one.
2.1

ECONOtHC FACTORS
2.1.1 PRICE OF WATER
Economic logic of the theory of consumer behaviour suggests that
price is one of the important factors that influence the consumption'
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of any good (Crowson and Richards, 1975). Theoretically as the
price of a good increases, the quantity demanded decreases and
vice versa. In a market economy the consumers of a commodity responds to price as he has a 1imited income as well as 1imited assets.
In recent years the old concept, "water is free" has gradua lly
been wiped out and the bodies responsible for supplying water have
started to view "water" as an economic good. The consumers are
being gradually oriented to this school of thought. If water is
regarded as an economic good the price of water that is to be paid
per unit volume is likely to influence its consumption. This role
of price can be readily recognized in a metered supply where the
consumer's payment is directly related to the volume of water used.
But the consumer's responsiveness to price, if any, is limited in
flat rate areas, because the consumer cannot directly visualize
the benefit of using less water and once a fixed rate is paid,
there is no particular incentive for him to economize on the use of
water. In cases where water is purchased from vendors consumption
is closely linked with the price. It is reasonable to assume that
consumption of water will decrease with incr~ase i~ its price and
the demand pattern will, in general, follow a curve as. shown in
Figure 2.2 below.

<:

=>
......
Q)

u
.~

so..

DE/lAND CURVE

FIGURE 2.2

The relationship between price and demand can be expressed in
terms of elasticity. Elasticity is a measure of the effect of price
on demand and may be defined· as:
E
P

= lIQ.P

LIP. Q
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where:

Ep is the price elasticity usually expressed in percentage
Q corresponds to the demand at price P
6Q is the change in quantity demanded when price changes
by 6P

Metcalf (1926) studied the variation in per capita consumption
(that included industrial and commercial consumptions in addition to
the domestic) corresponding to variations in water rates for 30
cities in the USA. Table 2.1 summarises his fin9ings in respect
of price responsiveness of water consumption.
TABLE 2.1:

RELATIONSHIP BETWEEN WATER RATES AND CONSUMPTION

Increase in rates in percent
20
40
60
80
100

Decrease in per capita consumption
in percent
13
22
29
35
40

Source: Metca1f (1926)
Fourt (.1958) util ized the data collected by the American water
Works Association from local undertakings in USA with 100% metering
to analyse the effect of price per cubic foot of water and other
factors on per capita residential use of water. For 18 medium and
34 large cities the estimated price e1asticities were -0.385 1 and
-0.387 respectively confirming the decrease in consumption with the
increase in price.
Analysing 36 water service systems in USA, Renshaw (1958) obtained
a price elasticity of -0.45 for domestic water use. On the basis of
the data from a number of water supply systems in Kansas (USA) Gott1ieb
(1963) derived cross-sectional price e1asticities which fell from -1.24
in 1952 to -0.68 in 1957. Lawn sprinkling appeared to be the most price
responsive use in these small cities. Gardner and Schick (1964) made a
cross-sectfona1 analysis of water use data from 43 municipalities in
1.

Price elasticity of -0.385 means that 1 percent increase in price
will cause .385 percent decrease in consumption.
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Northern Utah, USA. Per capita consumption of water was negatively
correlated with the average price of water. They obtained a price
elasticity of -0.77 significant at less than .1 percent level.
Although conservation of water was more in outdoor uses even within
the house water appeared to be consciously conserved in such activities as bathroom use, washing clothes and cleaning dishes. Conley
(1967) used the data collected in 1955 by the American Water Works
Association to analyse the effect of price on residental water demand
in 24 communities in Southern California and concluded that there was
a price elasticity of -0.35. This comprised electricity of -0.24 and
-0.7 for inside and outside uses respectively. Howe and Linaweaver
(1967) carried out separate analyses for internal and external residential uses of water in 39 selected study areas over the United
States. In the case of internal or domestic demand, the price elasticity for metered areas with public sewers was -0.23 indicating
little decrease in demand with increase in price. On the other hand
the higher elasticity values, -0.7 for dry western areas and -1.6 for
the humid eastern areas for external or sprinkling demand implied
significantly greater response to price compared to the domestic
demand. This obviously meant that people would try to economize more
on water consumption for sprinkling if .t~ere I'!ere an increase in price
of water and the degree of economy would depend on the climatic conditions. Turnovsky (1969) analysed the data from a sample of nineteen
towns in Massachusetts for the years 1962 and 1965. The price elasticities tended to be centred around -0.3 in the case of domestic
water demand.
The author's conclusion was that the household demand for water
significantly depended on price. According to Bogue (1963) cost of
water is one of the principal features that affect residential water
use and an increase in water rates will reduce consumption in metered
areas. Study by White et al (1972) in East Africa suggests no association between cost per litre and the total or per capita volume withdrawn in the case of households carrying water from outside sources.
But weak negative correlations between cost per litre and water use
were found'in the case of households Hith supplies piped into their
houses. The correlation coefficients were -.422 and -.309 for total
household use and per capita use respectively. Wong (1972) undertook
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a time-series analysis of water consumption data spread over a
period from 1951 to 1961 for Chicago and 59 suburbs to find out
the effect of price and other variables. For Chicago City the
price elasticity was -0.018 and for the suburbs it was -0.283.
Part of the reason for such low elasticity value for Chicago City
was the extremely low flat rate charges for water.
He also did
a cross-sectional analysis (1961) of 103 municipal water supply
systems which were stratified into four community groups depending
on the size of population. The price elasticity ranged between
-0.26 for the lowest community size with a population less than
5000 to -0.53 for the largest community size with a population of
25,000 and over.
Young (1973) carried out a time-series analysis of water consumption data from Tuscon, Arizona (USA) for the period 1946-1971.
Until 1964 the price elasticity was -0.62 and it was -0.41 afterwards.
There were two apparent reasons for demand being less elastic in the
latter period. Firstly 'during the end of the earlier period lower
levels of consumption were already reached; so a decline in price
elasticity for an essential commodity like water was obvious.
Secondly the shift period coincided with the period of rapid inflati on of the ,genera 1 pri ce 1eve 1 and the consunie'rs perhaps were 1ess
concerned with rising water costs. Alternatively with the rise in
income levels water costs assumed a small proportion of expenditure
on all accounts and water consumption became less responsive to price.
Hanke (1970a)found that the introduction of commodity charges by meters
in place of flat-rate charges in the city of Boulder, Colorado brought
about a marked reduction in the domestic and sprinkling consumption
of water by households. In a cross-sectional analysis of water use
and other related data from 14 Mississippi cities Hollman and Primeaux
(1973) obtained a price elasticity of -0.45 for total household consumption without any differentiation between indoor and outdoor uses
of water.
In the City of Raleigh, North Carolina, Danielson (1977) noted
that the sprinkling (Summer) demand of water had'a higher price
elasticity than in-house (Winter) demand. The statistically significant (at 0 percent level) price elasticities tor sprinkling use ranged
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from -1.273 to -4.322 over individual zones with a value of -1.380
based on the entire sample. For in-house demand the price elasticities (significant at 10 percent level) ranged between -0.413 and
-0. 683 for indi vi dual zones with a va 1ue of -0.305 for the en ti re
sample. He concluded that the households in the City of Raleigh
reduced their purchases of water for residential use due to price
increases and this response varied by area of the city and by season.
Bannaga (1977) noticed that in Elobeid, Sudan water pricing exhibited a wide and persistent variation between different areas in the
town and this variation was primarily linked with the accessibility
to water. The water was available at a cheaper rate where it was
more accessible. The partial correlation coefficient -0.1951 (significant at 0.3 percent level) indicated a negative correlation
between water consumption and cost of water. For determining the
price elasticity of domestic water demand in Penang Island, Malaysia,
Katzman (1977) provided two separate analyses grouping the individual customers in two ways - by neighbourhood (i.e. rich or very poor
urban and very poor rural) and by rate class (i.e. high, medium or
low levels of use). Grouping by neighbourhood in essence pooled
individuals with similar incomes. The price elasticity ranged between -0.07 and -0.22 depending on the neighbourhood. Grouping by
rate class pooled individuals facing the same marginal rate increase.
In this case price elasticity ranged between -0.09 and -0.87. The
price elasticity was at its maximum amongst the urban people with low
uses although the percentage change in price was at its second lowest
level. So the low users in urban areas appeared to have economized
on water consumption most after the price increase.
2.1.2 HOUSEHOLD INCOME
In economic theory there is a cause and effect relationship between consumer's income and the level of consumption of most products
(Crowson and Richards, 1975). Generally, if there is no change in
price, the higher the income of an individual the more of a commodity
he is likely to purchase and vice versa. Empirical evidence suggests
that this relationship is not untrue for water. The income of a household is an indication of its economic ability to pay for the services
it enjoys. Families with high incomes can live in improved housing
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conditions and adopt certain water use habits which they can continue.
Besides multiple number of taps, or water closet~, they can make
extensive use of water-intensive appliances like baths, dishwashers,
washing machines, which are likely to increase water consumption.
On the other hand people belonging to low income category cannot
attain the same level of water use because they cannot afford the
same degree of water using facilities and pay for increased consumptions. The relationship between the income of a household or family
and, consumption of water can be expressed
in terms of elasticity
.
which gives a measure of the effect of income on demand and may be
defi ned as:
'

E
i

lIQ. 1

= liT:1J

where: E.1

is the income elasticity, usually expressed in percentage
Q
corresponds to the demand when the' income is 1
lIQ is the change in quantity demanded when income changes by 1I1

For-1S'·commuriitfes-in-nl ihdis, USA';-ta'rson-and'-f-ludson- ·(-195,1-)- ._' . '-'
obtained a positive correlation between per capita residential use of
water and the estimated average annual effective buying income per
family as shown in Figure 2.3.
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Larson & Hudson (1951)
RESIDEiHIAL USE AND FAMILY

INCO~lE

Utilizing 1955 data collected by the America'n Water Works Association Fourt (1958) showed that the income elasticities for 18 medium
and 34 large cities were 0.344 1 and 0.277 respectively. Headley (1963)

------------------------'--_.
1.

Income elasticity of .344 means 1 percent increase in income is
associated with .344 percent increase in consumption.
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carried out both cross-sectional analysis (for the years 1950 and
1959) and time-series ana1ysis.(over the years 1950-59) for 14 cities
in the San-Francisco-Oak1and Metropolitan Area to establish a relationship between family income and residential water use. The former
analysis yielded high income e1asticities 1.49 in 1950 and 1.24 in
1959. In specific terms for each hundred dollar (US) increases in
median family income the increase in per capita daily consumption
of water were 2.16 US gallons in 1950 and 1.27 US gallons in 1959.
Time series data gave much lower values of elasticity between 0.16
and 0.4 except 0.0014 for Emeryvi11e City but none of these were
statistically significant. Gott1ieb (1963) dealt with data from a
score of waterworks in the state of Kansas, USA. Various estimates
of income e1asticities ranged between 0.28 and 0.58. In Kankakee,
Illinois, the residential consumption of water was found to increase
with income. The coefficient of correlation between family income
and household water use in the maximum month·was 0.324. (Dunn and
Larson, 1963). The analysis of data from 43 municipalities in Northern Utah, USA gave a very weak negative relationship between per
capita income (a median value for each municipality) and per capita
daily consumption of water. There were two reasons for this.
First, the communities studied had less diverse median incomes.
Second, the ·use of media~va1ue obscured the variations in individual
household incomes within a community. (Gardner and Schick, 1964) .
. Howe· and Linaweaver (1967) made separate analyses of internal and
external use of domestic water in 39 selected study areas over the
United States. They used property value as a surrogate for income
to examine the effect of income on consumption. Various estimates
of income e1asticities ranged between 0.314 and 0.378 for indoor
(domestic) use and between 0.429 and 1.45 for external (Summer sprinkling) use.
Time-series analysis (1951 to 1961) carried out by Wong (1972)
for Chicago City and 59 suburbs produced income e1asticities of 0.195
and 0.258 respectively. His cross-sectional analysis for 1961 of 103
municipal water supply systems grouped according to the community size
gave income e1asticities ranging between 0.48 and .1.03 (highly significant). Lee's (1969) study at Ka1yani, New Delhi and Calcutta bustees
duly recognized the influence of income on household water use.
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In Kalyani the possession of a variety of plumbing fixtures was an
index of higher. levels of income. The percentage of households
using water for gardening and using hoses for the purpose increased
with increase in monthly income. All households with income above
Rs 700/= did use water for gardening. In New Delhi also garden watering was more concentrated amongst high income groups. The partial
correlation coefficient of 0.25 suggests a positive correlation between family income and per capita consumption of water. In Kalyani
and New Delhi as well as in Calcutta bus tees Lee noticed that use
of a dhobi l for clothes washing had a direct bearing on income.
It is obvious that use of this service meant a reduction in water
consumption for clothes washing within a household. This had a
negative effect on total water consumption and consequently part of
the increased consumption due to high income was offset by the use of
a dhobi.
.
2
Hollman and Primeaux (1973) used the market value of homes as
a surrogate for income in their water consumption study for 14 Mississippi cities. The market value (income)e1asticity was found to be 0.24.
Katzman (1977) computed the income e1asticities of demand for urban
as well as rural residents belonging to different income groups3 in
the Penang Island, Malaysia. In the very poor to poor income range
elasticities were effectively zero. In the poor to middle income
range e1asticities were approximately 0.24 - 0.30. In the medium
to rich income range e1asticities ranged from 0.32 to 0.39 which
are comparable to American experience. Danie1son (1977) used the
appraised value 4 of house and lot as a surrogate for income to
investigate its effect on residential water consumption in the City
of Ra1eigh, North Carolina. The income e1asticities based on the
entire sample were 0.352 for winter (in-house) demand and 0.363 for
1.

2.
3.

4.

Dhobi is the local name of washermen who collect clothes from house
to house for washing them outside in exchange for money. Usua 11y, he
makes use of natural sources of water like ponds, tanks, canals,
streams etc.
A market valuation was determined for each residence by the interviewer who had considerable experience in appraising the market value
of houses.
Very poor - less than 600 US $ per family per year: Poor - 600-2000
US $: Middle - 2000-3200 US $; Rich - above 3200 US $.
There was a general appraisal of the value of real properties in the
city in 1968 for tax purposes which remained unchanged until reva1uatio
in 1976. The authors used these appraised values for analysis.
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sprinkling demand. Bannaga (1977) in his study at E10beid, Sudan
found that in areas with piped water connections there was a significant association between the household income and expenditure on
water. The correlation coefficient between the two was 0.5809, significant at 0.1 percent level. But in areas served with stand pipes,
income seemed to have no effect on expenditure for water because in
these areas due to the low income level 'the amount of water purchased approached a minimum quantity level below which life might
become difficult. A positive relationship was observed between
seasonal per capita consumption of domestic water and per capita
monthly income of users in Gandhinagar, Nagpur (India) where all
the houses had 24 hour metered supply. The coefficient of correlation between the two varied between 0.595 and 0.789 depending
on the seasons of the year and for the whole year it was 0.715
(Gupta and Bhave, 1970).
2.1.3 PROPERTY VALUE
A positive relationship between the value of the property and
consumption of water may be expected because high value properties,
in general, have large covered areas with a multiple number of bathrooms and water using fixtures, that enhance the probability of using
more water" inside the premises. Most often they also contain large
open areas for gardens and lawns that demand a high consumption of
water for outdoor purposes and thus a potentially higher sprinkling
. demand.
A gradual increase in per person consumption (maximum month)
from 44 US gallons per day to 76 US gallons per day corresponded to
the increase in the assessed value of property from under $5000 to
$20,000 in Kankaee, Illinois, USA. This increase in consumption was
mainly due to the difference in bathing facilities (bath or shower),
car washing, sprinkling and possession of water related equipment
like automatic washing machines, dishwashers, food waste disposer,
etc. by the high value properties. The maximum month consumption
varied as 40 US gallons per capita per day plus 0"0015 times the
assessed valuation in dollars (Dunn and Larson, 1963). In a comparison of per capita residential water use in five towns in Detroit
Metropolitan Area, USA, Bogue (1963) showed that the average daily
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per capita use increased from 75 gallons to 136 gallons as average
home value increased from $11,000 to $28,000. For 43 water systems
in North Dakota, USA, Gardner and Schick (1964) obtained a very
weak positive relationship between per capita water use and per
capita value of homes. Analysis of data by Linaweaver et al (1967)
from 31 residential areas with public sewers in USA also gave a
positive relationship between average domestic use and the average
market value for homes with a correlation coefficient of 0.76. The
average domestic use in US gallons per day per dwelling unit was
157 plus 3.46 times the average market value in $1000 per dwelling
unit. In Malvern, UK the annual consumption per property had a
direct correlation with net annual value (NAV) of the property.
Upward movements of £10 in NAV was generally accompanied by increments in consumption varying from 1000 to 3000 gallons with a somewhat sharper increase of consumption at £101-£110 (Jenking, 1969).
The average household consumption per day within groups of similar
rateable values followed a reasonable linear trend for households
studied by Thackray et al (1978) in Malvern (UK). The overall dispersion was, however, very great and the individual relationship between
rateable value and consumption was very small. Average rateable value
as an indication of group average consumption explained 63% of the
variation, 'but rateable value as an indication of individual household
consumption explained only 3% of the variation.
2.1.4

STANDARD OF LIVING

Standard.of living reflects the life style of a family in terms
of the degree of material comfort available to a household. In economic terms, it is an index of the wealth of a family and therefore
serves as a measure of the extent to which a household makes use of
consumer goods obtained through a cash economy. With admitted exceptions the standard of living largely depends on income. High income
families usually enjoy a better standard of living by way of living
in large houses with multiple number of rooms, kitchen and toilets.
They can also make use of modern water using appliances like automatic washing machines and dishwashers. Garden watering, car washing
or employing servants are more common in families with high living
standards. All these amenities are surely conducive to the higher water
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use. L09ically water use by any household will increase with its
standard of living. It is difficult to evaluate the standard of
living in absolute terms owing to the difficulty of making a precise economic assessment of all the factors that determine it.
However, it may be possible to make a subjective assessment for
classifying the standards as very high, high, moderate and poor in
relation to the overall economic status of a community. In view
of the limitations inherent in the determination of the standard
of living it is advisable to consider this factor only when the other
economic factors - property value and household income - mentioned
before cannot be determined with a reasonable confidence.
According to Lee (1969) the standard of living had a positive
influence on the levels of consumption and the nature of water use
by a household in New Delhi and Kalyani as well as in the bustees
of Calcutta. In the opinion of Bogue (1963), the higher the standard
of living the higher is the water demand and the greater is the
variation in demand. Males(1975) postulated that the standard of
living as indicated by income, property value or plot size was an
important determinant of household water demand in the UK. If GNP
per capita is considered as an index of standard of living, it is
found that the richer countries with a higher GNP per capita have
. higher proportions of their population served by water supply in
comparison to the poorer countries with a lower GNP per capita.
However this relationship is not constant (see Figure 2.4). Moreover, the per capita use of water in countries with higher economic
status is generally high. Bannaga (1977) in his study at Elobeid,
Sudan, used the assessed valuation of the owned house and cars,
employment of domestic servants, the ownership of tools and equipment
as a measure of the standard of living. A strong positive correlation
(r = 0.8355 at 0.1 percent significance level) appeared to exist
between standard of living and per capita water use. In the multiple
regression analysiS this variable had a positive partial coefficient
of 0.3973, significant at 0.1 percent level.
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FIGURE 2.4:

CO~1UNITY

WATER SUPPLY IN RELATION TO ECONOMIC .LEVEL, 1970
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2.2 PHYSICAL FACTORS
2.2.1

TYPE OF DWELLING

Dwellings may be of different types and there may be a wide
variation in the number and size of rooms and in the number and
variety of plumbing and sanitary fixtures. Conventionally government or local authority owned dwellings contain a common set of
fixture assigned to a particular category. But private dwellings
are usually less homogeneous in design and may contain diverse
provisions of fixtures. Moreover, some designs incorporate a
garden or lawn attached to the dwelling, for example, a single
storied bungalow while others, say, apartment houses have a
negligible garden area. It is very likely that consumption of
water will vary depending on the type of dwelling.
From the water use data of 41 areas in the USA studied by Linaweaver et a1 (1967) it is apparent that the average mean annual
residential water use per dwelling unit in other types of residential areas was 233 percent more than that in apartment areas.
This difference was attributable partly to the low population density for dwelling units in apartment areas and partly to the small
lawn areas of apartment houses that reduced considerably the sprinkling requirement per dwelling unit in these areas. In the view of
l'larsh (1971) and Snell (1972) domestic water consumption depends on
the type of dwelling. At Fy1de, UK, privately owned dwellings used
35 percent more water than council properties (Jenking, 1973).
The difference in average consumption between the two groups was
33 litres per person per day. This difference was in part attributed to the higher number of additional water fittings in privately
owned buildings. It was again found that in high rise flats a consumption of 216 litres per flat per day was 37 percent below the
average of 342 litres for the whole sample of Fy1de dwellings.
This appeared to be a direct consequence of the absence of external
use of water for garden watering and car washing. In one of the
blocks where there was separate arrangements for car washing, the
additional average consumption for this was 61 litres per flat per
day. This study also revealed that consumption in a dwelling increases with its size represented by the number of bedrooms. The con-
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sumption was found to increase gradually from one bedroom to three
bedroom houses, but in four bedroom houses the increase in consumption was dramatic. At Malvern consumption in privately owned
dwellings was 52 percent more than their counterparts in council
dwellings which had 58 percent less fittings than the privately
owned dwellings (Jenking, 1969). Similarly Thackray et al (1978)
obtained a difference in per person consumption of water depending
on the type and tenure of houses in both Malvern and Mansfield,
as shown below.
CONSUMPTION IN LITRES PER PERSON PER DAY
TYPE OF HOUSE
Detached
Bunga low
Flat/Maisonette
Semi-detached
Terraced

MALVERN

MANSFIELD

117.0
104.8
99.0
86.5
72.0

114.5
115.0
109.1
93.2
89.4

106.7.
99.5
95.7
71.6

105.11
89.8
93.6
89.1

TENURE
Owner occupied
Pri vate rented
Other rented
Loca 1 authority

Further analysis of Malvern and Fylde data by Turton and Smith
(1976) reaffirmed that private dwellings with more additional fittings
tended to use more water than council dwellings.
2.2.2

LOT SIZE/GARDEN AREA

The total area of the plot of land on which a dwelling unit is
situated and the part of it devoted to the development of lawn and
garden appears to have a major impact on the household water use.
Not only the requirement of water for garden and lawn watering increases with their size, but very often large plots contain big houses
with large floor areas and multiple number of bathrooms and other
facilities which raise the possibility of increased use of water for
indoor purposes as well.
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Linaweaver et a1 (1967) demonstrated that a water demand for
sprinkling was directly proportional to the irrigable area attached
to a dwelling. They suggested that when water was not paid for by
volume the expected average daily sprinkling use in a residential
area would depend on (i) the number of homes, (ii) their average
irrigable area, (iii) the daily evapotranspiration rate. In the
study by Gardner and Schick (1964) in Northern Utah per capita
lot area was found to be highly significant variable influencing
the per capita consumption of water per day ..
One per cent
increase in the per capita lot area was associated with a 0.15
percent increase in the per capita consumption. In his study Lee
(1969) found that garden watering was a common feature in Ka1yani
but it was less common in New Delhi owing to the predominance of
apartment buildings over single family houses. The use of a hose
for garden watering was partly responsible for the highest per capita
consumption in the uppermost economy class in those two cities.
Bannaga (1977) found that trees and garden watering were positively
correlated (r = 0.7861) with per capita consumption of water. It
was the most significant (partial correlation coefficient = 0.4489 at
0.1 percent significant level) among the variables that constituted
the multip1e.•corre1ation model for the total sample of residences
studied. Per capita consumption was more in the households with
gardens than in the households without them.
2.2.3 HOUSING DENSITY
The housing density or in other words the number of houses per
unit area may sometimes explain the variations in consumption in
dwellings situated in two areas. Traditionally the wealthier people
try to avoid congestion and prefer to live in big houses in low densityareas. Characteristically these houses in low density areas have
adjoining lawns or gardens and even swimming pools in extreme cases.
So it is quite likely that the consumption of water in these houses
will be high. However, if the total number of users is much higher
in a high density area than in a low density area of comparable size
the aggregate consumption of all households in the low density area
may be lower.

24

White et al (1972) considered housing density as a social factor giving a measure of material wealth and influencing residential
water use. Their findings suggested an inverse relationship between housing density and per capita use of water: the lower the
density of buildings. the higher the use. For instance. the percentage of households with a per capita use over 250 litres per day
was thirty-nine in the low density areas. ten in the medium density
areas and zero in the high density areas. This applied to total use
for households with gardens only. It was not significant for total
use of the group of households without gardens. In this latter case
more generous withdrawals by wealthier and better equipped buildings
caused an increase in use. However. this was offset by the larger
numbers of occupants in the less wealthy buildings. High per capita
use was also found in the high density site in Dar es Salaam but
that does not invalidate the assumption because it was noticed that
many people who did not have their own house connections preferred
using the neighbour's tap to getting water from a standpipe and
thus creating a distortion in the per capita use of the neighbour.
Analysis of data on residential water use in 1975 for the 104 of
the 440 zones to which water was supplied by the East Bay Municipal
Utility District in the San Francisco Bay Area (USA). showed an
inverse relationship between dwelling unity density and the residential water use (Maddaus and Feuerstein, 1979). The relationship was
true for both inside and outside water uses as shown in Figures 2.5
and 2.6.
2.2.4 AGE OF PROPERTY
The influence of the age of properties on household water consumption is a mixed one. Firstly. the old properties tend to have
fewer fixtures which have a negative effect. On the other hand
due to ageing the changes of leakage in the plumbing system are
greater and therefore raise the invisible consumption. Secondly,
not only the new properties are equipped with modern sanitary and
plumbing fittings but they also tend to have a lot more additional
fixtures that provide better amenities and induce more consumption.
Thi'rdly, with the rise in land costs very few urban properties nowadays can afford an attached lawn or garden. Moreover, under more
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and more stringent economic conditions apartment houses with little
or no garden facilities are being favoured in place of single
dwelling units. Both these are indicative of less consumption of
water by families for outdoor uses, namely, garden or lawn watering.
In any community which has a heterogeneous mixture of old and new
properties the positive and negative effects may cancel each other
or one may override the other giving a net increase or decrease in
total consumption of the community.
In the study by Howe and Linaweaver (1967) a weak negative
relationship was found between the age of dwelling and the domestic
(in-house) water demand per dwelling unit per day (average annual).
According to Bogue (1963) in rapi'dly developing communities where
new homes are being constructed and owners are planting new lawns
consumption of water is more than old, more stable communities.
At Fylde (UK) Jenking (1973) found that occupiers of modern dwellings
used 26% more water than their counterparts in old properties. On
average per head consumption of water in 1919-1939 properties was 11%
higher than in pre-1914 properties and the average consumption per head
in post-1945 properties was 26% higher than in pre-1914 properties.
This increase in consumption in newer properties was partly attributable to more additional fittings in those relative to the older
properties. On the contrary at r~a1vern pre-1914 properties had highest
per person consumption (Jenking, 1969). The only explanation for this
was that the older houses were bigger than the newer ones. The average
per capita water consumption figures in houses of different ages as
obtained by Thackray et al (1978) in their domestic water use study at
Malvern and Mansfield are given below.

AGE OF HOUSE
1919
1919-1944
1945-1960
1961-1970
1970

CONSUMPTION, LITRES PER PERSON PER DAY
MALVERN
MANSFIELD
107.6
92.8
84.5
102.1
109.4

79.0
91. 9

93.5
107.0
109.3

Increase in ownership of new water using appliances appeared to
be one of the causes for the increased consumption in newer properties.
In Calcutta, some of the old buildings in congested areas of the city
had only one or two taps for use by a large number of occupants that
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obviously resulted in a low per person consumption of water l •
2.3

SOCIAL FACTORS
2.3.1

FAMILY SIZE

The number of members in a family has a direct bearing 6n the
total household consumption of water. Any increase or decrease in
family size is likely to cause an increase or decrease in the con~
sumption of water by the household. But there is an economy of
scale in water use with increase in family size which reduces the
rate of increase in the total consumption. This economy comes from
some common uses like food preparation, general washings and cleaing, garden watering, car washing, or similar activities where there
is a sharing of consumption. Thus though the total consumption
increases with increase in family size the per person consumption
decreases. Nevertheless the importance of this factor is often overlooked in the design of water supply systems with the consequence
overestimation of household consumption.
Howe and Linaweaver (1967) observed that the population density
in terms of the number of persons per dwell ing" . un.it-strongly affected
the daily (annual average) domestic (indoor) demand of water in flat-rate and septic tank areas, and it appeared to be the only significant
determinant in the latter areas.
The study does not provide any data
,
. regarding the economy of scale nor does it explain why the effect of
this factor has been different in different areas. Probably the
variation in family size in the sample population in metered areas
with sewers was so small that it had no measurable influence on variation in household water use. Household size was found to be the most
important factor influencing both total (in-house plus outside purposes)
and winter (in-house purposes only, during winter outside use of water
has been assumed to be zero) residential demand of water (Oanielson,
1977). Based upon the entire sample covering eight zones in the city
of Raleigh, USA, the coefficients of household size in the regression
models (double-log) were positive. The values were 0.740 and 0.689 for
total and winter demands respectively indicating the increase in water
demands with the increase in household use. The coefficients also
imply the economies of scale. For example, in respect of total demand

.

1.

Personal experience of the author.
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an increase in size from three to four (33 percent) is associated with
an increase in water use of 24 (= 33 x 0.74) percent or over 50 US
gallons per household per day. In his study at Malvern, Jenking (1969)
found that the per capita consumption was the same in houses with only
one or two residents. Beyond two per capita consumption abated, on
average, by 11% for each additional resident. His other study at
Fylde (1973) revealed that consumptions per dwelling per day increased with the number of residents in the proportion of 1.0, 2.2, 2.7,
3.1,3.7 and 4.2 commencing with one resident properties. So there
was a clear economy in per person water use when the number of residents was more than two. Relatively higher use of water in properties
with two residents in comparison to one-resident properties was explained
by the lack of facilities (bathroom and additional fittings) in some of
the one-resident dwellings. The size of household appeared to be
a significant factor affecUng household consumption of water in
unmetered bustee areas of Calcutta as well a,s in metered areas of
Kalyani and New Delhi (Lee, 1969). Per capita consumption was
negatively correlated (partial correlation coefficients were
-0.6567, -0.7678 and -0.4939 for Calcutta, New Delhi and Kalyani
respectively) with the size of household. It was interesting to
note that in bustees more of the consumption occurred at the source
than in the house as the size of household increased. Further
ana lys is of Fyl de and r~a 1vern da ta by Turton and Smith (1969)
reestablished the economy in household water use with increase in its
size. They found that the basic water use associated with basic
facilities such as a bathroom, W.C. and kitchen sink increased
unevenly as the size of household increased from one t9 five and
there was also a non-uniform decrease in per capita use. Bennett
and Linstedt (1975) concluded that per capita daily use of water
was found to be greater for smaller families than larger families.
Figures 2.7 and 2.8, represent quite clearly the economy in the per
capita use of water associated with the increase in household size as
observed by White et al (1972) in East Africa. Out of thirty four sites
only three were exceptions. No such clear association between the two
was obta·ined in two medium density sites in Nairobi and in one 10\~
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FIGURE 2.8

SIZE OF HOUSEHOLD AND MEAN PER CAPITA DAILY USE
FOR HOUSEHOLDS WITH PIPED CONNECTIONS
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density site at Dar es Salaam for which there was no apparent
reason. The number of persons per residence was found to be the
most important regressor variable influencing the quantity of
water demanded by residences (dependent variable) in 14 Mississippi.
cities in USA. A 10 percent increase in the number of people in
a household was associated with a 6.4 percent increase in water
use by the household (Ho11man and Primeuax, 1973). A study by
Feachem et a1 (1978) in Lesotho provides further evidence Of a
decrease in per capita consumption with an increase in household
size (Figure 2.9) owing to the economies in water usage, particularly for clothes washing. Household size was also found to be
negatively correlated (r = -0.2628 significant at 0.1 percent
level) wi:th per capita consumption in E10beid, Sudan and the variable, household size with a partial correlation coefficient of
-0.2778 at 0.1 percent significance level appeared to be one of
the very important regressor va ri ab 1es constituti ng the multi ple
regression model showing the relationship between the per capita
water consumption and the various factors influencing it (Bannaga
1977). Persons per household was found to be the most powerful
.
.a.", .
among the control variables affecting the average monthly consumption of water per family in the Penang Is1and, .. Ma.laysia. Nearly
forty percent of the variance in household water consumption could
be explained by the family size alone (Katzman, 1977).
Economies of scale with respect to household size appeared
strongly in the study by Morgan (1973) of the residential water
demand in Santa Barbara County, California. The 'people elasticity'
varied from 0.25 to 0.57 depending on the"season and the form of
equation. The values clearly indicate that as the household size
increases, water use per person decreases.
2.3.2

COMPOSITION OF FAMILY MEMBERS

This is a relevant factor insofar as the requirement of water
by individuals vary from one age group to the other. Children
usually requi re less water than teenagers. Adults tend to use more
water than teenagers with exceptions. Old people aged over 65
generally make less use of water for personal purposes as compared
to other adults. It may therefore be useful not only to consider
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the total population in a household but also their age distribution.
In the Kankakee study households without children had 66% more
average maximum month per person use of water than the households
·with children. Variations in water consumption were also noticed
among different age groups but they did not yield definite relationships (Dunn and Larson, 1963). White et al (1972) observed that in
households carrying water from outside sources the highest per capita
use was found among single working men, the next highest among married
working couples and the amounts graded off according to the number
of children. Small uses were recorded for elderly retired couples
or widows without a family or regular occupation. For households
which had piped water the presence of elderly people was not a factor
in the reduction of water consumption but children played a role.
With each additional child total use by a household increased by a
small increment but.the per capita use decreased favourably. Per
capita use was negatively correlated with the number of children. In
the study by Bannaga (1977) the number of children expressed as a percentage of the household was negatively (r ~ -0.1824) correlated with
per capita consumption. Marsh (1971) felt that in a household with
children water consumption is a dynamic event requiring repeated
measurements as the children grow up. Bennett and Linstedt (1975)
found the average daily use of water by adults was 19.5% higher than
the teenagers and the teenagers used 20.6% more water than the children.
Katzman (1977) also found that the adults consume significantly more
water than children. He suggested that long-run changes in age composition should be taken into account in demand projections.
2.3.3

LEVEL OF EDUCATION

The education of an individual largely influences his hygienic
sense. The higher the level of education the more likely is the comprehension of sanitary benefits of using water for personal and general
cleanliness. The advice of washing hands before eating or after excreting will perhaps receive a better response from educated than uneducated people. Customarily, housewives have the primary responsibility
for developing the hygienic habits of their children and maintaining
the overall household cleanliness. So, their education is more important especially in the developing countries. In some cases lack of
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education may cause unusually low consumption of water which increases
the risk of water-related diseases. Logically there should be a
positive relationship between the level of education and water use.
Dunn and Larson (1963) found a positive correlation (coefficient
of correlation = 0.236) between educational level of .the principal
wage-earner and the maximum month household water use per day.
The average (group) consumption was 18.2% more for those having
college education than those who finished their education at the
school level. In East Africa the education index was positively
correlated with both total (r = 0.130) and per capita (r = 0.459)
use of water when all households having piped connections were considered. In comparison to other social factors including occupation
and housing density, the education index was more important in explaining the variability in water demand. On the other hand this index
had little effect on per capita water use in. the case of households
carrying water. The correlation coefficients were 0.226 and 0.019
for total and per capita use respectively. In general, a family with
a child in sixth form or the university did not seem any better disposed to carry more water than one with no memp~rs beyond the elementary grades (White et al, 1972). On the contrary Bannaga (1977)
found that ~he highest level of education per person in a household
was more closely related to the level of water consumption per person
for people carrying water (r = 0.6239 at 0.001 significant level) than
those having house connections (r = 0.2491 at 0.001 significance level).
He comments that basic education which exposes the person to health and
social teaching is closely linked with per capita use. This relationship is not expected to be as strong in places where the difference
in educational level is between average education and advanced level
as between basic education and literacy.
2.3.4

OCCUPATION

Occupation largely influences the outlook about style of living
and the quality of living environment.
Households belonging to different occupational groups may differ in the possession of water using
appliances and may have different water using habits. These differences
are likely to influence the consumption of water. Furthermore, a perceptible change in the occupational status may sometimes induce a desire
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to have new amenities that may alter the existing water use patterns
of a family. Of course, such a change will only be noticeable if the
water-use survey is conducted over a long period of time perhaps three
-or more consecutive years. However, consideration of this factor
even in short-term surveys may provide a useful clue explaining variations in water use amongst households with similar demographic features
but different occupations.
In a study of water demands in single-dwelling units in Kankakee,
Illinois, the maximum-month household water use was correlated best
(simple correlation coefficient r = 0.332) with the occupation of the
principal wage earner as compared with other socioeconomic variables
viz. famiiy inc.ome, education and property value (Dunn and Larson,
piped water supply
1963). In East African sites for households having
,
a correlation was found between occupation and per capita water use,
but it was not statistically significant (White et a1, 1972). Thackray
et a1 (1978) in their study at f1a1vern and Mansfie1d divided the sample
population in different social groups according to their occupation.
It was found that the consumption was maximum in the upper-most class
of professionals and graded off gradually to the minimum in the lowest
class of unskilled manuals. The per capita consumption in different
occupational groups is as follows:

SOCIAL GROUP
A
B

Cl
C2
D
E

(professional)
(managerial)
(clerical)
(skilled manual)
(unskilled)
(unclassified)

PER CAPITA CONSUMPTION IN LITRES/DAY
MALVERN
MANSFIELD
149.7
113.8
104.6
80.5
74.4
104.5

126.0
116.6
100.4
97.7
92.8
75.7

2.3.5 AN !I·1AL WA TERI NG
Water for animals is an important consideration in societies
which regard them as an essential part of household life. The influence
of animal watering on household water consumption is considerably more
in rural and farming communities than in urban agg1omerations. In the
latter areas maintaining animals other than pets by a family is rare
nowadays. If the reconnaissance survey indicates a preponderance of
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livestock in the life of a community which has a strong feeling about
the welfare of the livestock it is essential to make a useful provision of water for the animals. It will also minimize the risk of
infections from domestic animals.
Carruthers (1973) cites a rural water supply project in Chepa1ungu
in Kenya that required a separate scheme for livestock water since the
original scheme failed to assess the importance of the livestock in
the life of the community and their water requirement. The welfare of
those rural people was so intimately bound up with their.1ivestock that
they could hardly think of any water supply by the Government for human
uses only. In Class 3C and Class 4 areas of E10beid town in Sudan, the
per capita consumption of water per day was strongly correlated
(r = 0.3789 at 0.1% significant level) with animal watering. In these
lower classes who were mainly dependent on public standposts per capita
water use in households with animals was more than in households without
them (Bannaga, 1977).
2.4

TECHNOLOGICAL FACTORS
2.4.1

mlNERSHIP OF WATER-USING APPLIANCES

Once water is piped into a house water consumption will vary depending on the number and type of water using appliances possessed by a
household. More appliances mean increased facilities that will induce
more consumption. There is a vicious circle between the number of fixtures, convenienceand water consumption. The more the variation in the
ownership of app1 iances in a community the more conspicuous is the
effect. In addition, the ownership of a car may make a contribution
to the household consumption of water if the car is washed on the premises. A survey of ownership of water-using appliances by households is
therefore useful and in many cases it may provide a satisfactory explanation for variation in consumption of water amongst households with otherwise similar characteristics.
Lee (1969) found that the ownership of a hose for 9arden watering
was largely responsible for high consumptions in the upper income class.
In their study Gardner and Schick (1964) differentiated between homes
with a complete plumbing unit l and those without them for assessing the
1.

A complete plumbing unit was defined as a toilet, bathtub, washbasin and kitchen sink.
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effect of availability of plumbing facilities on water consumption.
They found a positive relationship (standard partial coefficient
= 0.1704 at 5 percent significance level) between per capita daily
consumption of water and percent of homes with a complete plumbing'
unit. Small geographical area with less variations in ownership of
plumbing facilities was the main reason for the absence of a strong
relationship. In the view of Marsh (1971) a change in household
water consumption is always associated with a change in number and
type of plumbing fixtures so a fresh assessment of consumption is
necessary when any change occurs. According to White et a1 (1972)
the number of water-using fixtures in a household is a useful index
of water withdrawal. They obtained a positive relationship between
the number of taps and water heaters and total (household) or per
capita use for households with piped connections. The higher correlation coefficients for water.heaters (0.389 and 0.444) than those for
taps (0.288 and 0.299) suggested more reliability of the former in
their association with both total and per capita use. It was noted
that the inclusion of a water heater in the plumbing system was accompanied by an .. increase in water use and the upper extreme occurred in
households with more than one heater. The study by Jenking (1973) at
Fy1de revealed that 2 or 3 additional fittings1 caused an average 18%
increase in ~er capita consumption, 4 or 5 fittings 66% and 6 or 7
fittings 169%. Car washing on premises was responsible for 28%
increase in per head consumption in related dwellings. The addition
of a water-cooled air conditioning unit may cause a dramatic increase
in water consumption. With identical family size and water using
appliances, an air-conditioned home used 500 percent more water than
non-air-conditioned homes (Bogue, 1963). The regression analysis
carried out by Turton and Smith (1976) using the water-use data of
Malvern and Fy1de indicated that owning an outside tap over and above
the basic fittings (comprising a bathroom, WC and kitchen sink) promoted an additional 36-76 1itres water consumption per household per da'y.
Comparable figures for other appliances were 36-74 litres for hosepipes,
117-201 litres for sprinklers, 27 litres for washing machines (at Malvern only), 99-345 1 itres for dishwashers and 35-47 1 i tres for motor
1.

Any fitting in excess of standard fittings comprising a bath, a
washbowl, a WC and a kitchen sink was considered an additional
fitting. An additional fitting, therefore! meant ?athroom ~hower,
outside tap, hosepipe, lawn sprinkler, washlng machlne and dlShwashing machine.
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cars. Although the above statistics are a clear indication of an
increase in water use associated with an addition in appliances, the
authors think that the figures.are exceeding1y high and fail to
indicate increases in absolute terms. The most probable explanation
for this is that the households owning additional appliances have a
tendency to use more water even for basic purposes than the households
with basic facilities only. Bannaga (1977) obtained a positive
correlation (r = 0.4626) between car washing and per capita water
consumption in 1st and 2nd class areas having a piped supply with
house connections and in class 3A areas having water piped to the
compounds.
o

2.4.2 TECHNOLOGY OF PLUMBING AND SANITARY FIXTURES
Water consumption varies with variations in the technology of
plumbing and sanitary fixtures. A shower is generally associated with
less consumption than a bath .. Automatic washing machines consume more
water than a single or twin-tub washing machine. Dual flush cisterns
use less water than the conventional single flush cisterns. Research
is continuously being carried out by the industries and research establishments for modifications in the design of toilets, shower heads and
taps which primarily aim at conserving water. Newer generations of
automatic washing machines and dishwashing machines are expected to
require less and less quantities of water per wash.
A saving of water about 15 litres per person per day is likely
when a bath is replaced by a conventional shower and it may go up to
18 litres when .. an atomiser shower is used (Rump, 1978). The savings
will be much more in the communities where bathing is practised everyday. Preliminary investigations carried out at the Building Research
Establishment, UK reveal that it is possible to wash hands with 0.14
litres of water when a spray nozzle passing 0.3 litres/minute at 3.5
bar (= 50.75 pounds per square inch) is fitted to awash basin and
supplied into water direct from the main. This is about 18 percent
of the water required by conventional spray taps and 6 percent of water
required by pillar taps. Use of th.ese atomised spray taps may not
however be practicable in the domestic sector in the foreseeable
future for various reasons. In the UK ordinary flushing cisterns for
water closets use 9 1 itres of water per flush. It is estimated that
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savings of water about 9.5 lpd, and 14.6 lpd are possible if the
ordinary cisterns are changed to dual flush or user-controlled flush
conversions respectively. Low-flush water closets in replacement of
standard water closets may even save water from.18.3 to 25.6 lpd
(Rump, 1978). A change from a standard to dual flush cistern resulted in about 26 percent savings in water consumption for flushing
without any lowering of the hygienic and amenity standards (Sobolev
and L1oyd, 1964).
New devices for waste water flow reduction in conventional water
flushed toilets are under continuous :experimentation and evaluation
in the United States. Some of them have been developed successfully
giving a reduction in daily per person water use for flushing varying
from 4 to 30 percent. New designs of showers limiting flow to 1.53.D US gpm are being introduced to achieve an appreciable reduction
in the bathing component of household water use. A drastic reduction
to 0.5 gpm is now possible for 'Air Assisted Low-Flow Shower System'
but at a higher cost. Similar improvements are also being carried out
in faucet designs to reduce consumption for washing (EPA, 1980). In
a test program carried out by Cohen and Wallman (1974) in eight homes
toilet insert devices which converted conventional toilets to dual cycle
operation yielded average 18% to 26% reductions in toilet flushing
requirements. The results with the flow limiting shower heads with a
flow rate of 13.3 lpm was not very encouraging owing to personal bathing
habits of the program participants, but that did not necessarily
invalidate their potential. Shallow trap water closets tested in the
program were responsible for an average 25.6% reduction in water closet
consumption by way of flush volume reduction. Research is being
carried out in other countries, too, for developing WCs which use much
less water. There are Swedis;h and Australian cistern and pan combinations that require 2.5 and 4 litres of water per flush. But pans in
both designs have a water seal depth less than 50 mm which is not
permissible by British Standards. With certain modifications that
will satisfy UK regulations some Swedish pans flush satisfactorily
with 5 .1 itres of water (Rump, 1978). Use of a spri ng loaded faucet
"Fordilla" in 3 communities in Asuncion, Paraguay was found to be very
successful in reducing wastage and over use of water (Borjesson and
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Bobeda, 1964). Automatic washing machines consume about 28% more
water than non-automatic machines (Rump,. 1978). Owing to such wide
difference in consumption a reasonable ,forecast of change in ownership of these machines is likely to be helpful for determining future
water demands (Sharp, 1967, Thackray et a1, 1978). Possible improvements in the design of washing machines that will consume less and
less water will have a far reaching effect.
2.4.3

~lETERING

Metering has probably two important effects on domestic water
use. Firstly, when meters are installed a reduction in consumption is
likely to result from more careful usage because the users become
conscious about the price of water and try to curtail and control
wasteful consumption. They also pay more attention to prompt repairing
of leakages. There are doubts that such consciousness fades away with
time. If this argument is accepted, metering is still advantageous
for reducing consumption because in the intervening period between
the first consciousness about a completely new and different method of
purchasing water and the subsequent date when the~ffect of the psychological impact of metering loses ground some caution mechanism plays
in the minds of the users. This automatically confro1s the wasteful
or extravagant consumption of water. Secondly, increases in the price
of water to users after installation of the meters can lead to a
further reduction in demand for water. Metering has its greatest impact
on outdoor uses of' water for lawn and garden watering and the effect
seems to be the minimum in thercase of dwellings where use is already
restricted by the lack of accessibility to water. The role of metering
in influencing the water use may not be the same everywhere and to a
great extent will depend on whether the water supply is metered since
its inception in a community or metering is introduced in an existing
flat-rate system at a later stage.
In Oenmark metering resulted in a 50% reduction in the per head
consumption of water. In Israel where a law was proclaimed in 1955
requiring the measurement of every consumer's supply, phase installation of meters showed a reduction in consumption to the extent of
30-40% in metered areas compared to the unmetered areas (IWSA, 1961).
In the United Kingdom the first important study of the effect of metering
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on domestic water consumption in a previously flat-rate area ~Ias
carried out by Jenking (1973) at Fy1de though domestic metering in
the UK dates as far back as 1871 at l1a1vern. In a sample of 368
dwellings at Fy1de an overall reduction of 7.2% in consumption of
water was achieved after installation of meters. S~nce metering was
introduced with the condition that the charge to be paid under the
metering system would not exceed the figure calculated on the basis
of rateable value, the heavy users were not under any financ.ia1
penalty for high consumption even after metering. To get rid of
this snag data for certain households were eliminated before making
a revised analysis with the remaining 291 properties for obtaining
a true effect of metering. This improved the overall reduction figure
from 7.2 to 10.9% with a variation from 5.8 to 18.5%. The reductions
were concentrated in properties with net annual values below £200 or
above £400. The savings were most or. greatest amongst households with
basic facilities or with the principal luxury appliances, sprinklers
and dishwashers.
Introduction of metering in Honiara British Solomon Islands
resulted in a 32 percent reduction in consumption. Taking into consideration the population increase and presumably only a marginal drop'
in the Government Sector where users did not directly pay for the water
they used the reduction in domestic and commercial sectors was virtually
50 percent (Berry, 1972). In their cross-sectional analysis of residential water use in 10 metered areas and 7 flat-rate areas Linaweaver
et a1 (1967) found very little difference in domestic (indoor) use of
water between the two areas. They concluded that the consumers apparently used the water for indoor uses in a reasonably efficient manner.
But the difference was great in outdoor use for sprinkling. It was more
than double in flat-rate areas than in metered areas. White et a1
(1972) cite an example of two. East-African estates having similar houses
and singleCtap connections but with metering in only one. In both the
per capita use was at the same level. They infer that at that level
of wealth or income water demand appears to depend primarily on the
standard of living and type of installed equipment instead of price
of water or consciousness about cash outlay provided wholesale waste
is prevented by a self-closing valve or by a system of vigilance.
Thackray et al (1978) recorded a reduction of water consumpti:on
around 8% after installation of meters with a further reduction of 1~%
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after about l~ months, but the effect then diminished rapidly and
by the end of the study period there was no discernible difference
between metered and unmetered consumption .oThe i r observation suggests
tha t there .i s some tenta ti ve evi dence for an i niti a 1 and short 1i ved
(about 3 months) metering effect which is lost in the course of time.
Conversely, the results of the time-series analysis, which is the most
valid procedure of determining the effect of meteringJ of wateruse data from Boulder, Colorado do not support this contention (Hanke
and Boland, 1971). This study compared seven year's (1962-196B)
water use data after metering (metered rate period) with the water
use data of seven years (1955-1961) before metering (flat-rate period)
and substantiated a permanent reduction in water use due to metering .
. Average domestic use (indoor) fell by 36 percent and sprinkling use
(outdoor) corrected for weather conditions, dropped more than 50 per
cent. This reduction in consumption was persistent and no significant return to the original consumption was perceived. In North-east
Thailand water consumption in houses having metered connections
ranged between 24.4 and 65.2 lpd whereas consumption in houses having
unmetered flat-rate supply ranged between 21.0 a'nd 15B.9 lpd (Frankel
and Shouvanavirakul, 1973).
2.4.4 -ACCESSIBILITY
Accessibility and water use are interrelated. Increased accessibility offers greater convenience for obtaining water and encourages
more use of water. In rural areas where water is not piped and has to
be collected from natural sources, the distance between the source and
the user's home determines the accessibility in terms of energy and time
spent in fetching the water. Where supply of water is through individual
house connections the number of outlets in any household gives a measure
of accessibility. In the case of a piped supply in urban or rural areas
through public standposts the number of users per standpost and the respective distances of individual houses from the points of supply define
the accessibility. The World Health Organisation defines it in terms
of 'reasonable access'.
In rural areas reasonable access would imply
that a housewife or members of the household do not have to spend a
disproportionate part of the day in fetching the family's water needs.
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In an urban area a house located not farther than 200 metres away
from a public fountain or standpost may be considered as having
reasonable access to that water supply. These definitions seem to
be very sketchy. Because in the former case it has not been mentioned what disproportionate time really means and.in the latter case
the number of persons using a single source has not been incorporated
in the definition, though it is important in assessing the accessibility.
When alternate sources exist the user's choice of a source is largely
influenced by its accessibility.
In many old buildings in Calcutta there is only one tap connection. This puts a severe restriction on the acces~ibility. The author
had an experience of living in one such building where a single tap
used to serve six families with thirty-two members. To avoid disputes
the total supply hours were divided equally, but not equitably, among
the six families. This arrangement prompted. the installation of six
barrels on the courtyard for holding individual family's share of water
during the allotted time. Such a situation inevitably resulted in a
per head consumption of water not exceeding 50 litres per day. If
there were multiple taps that would increase the accessibility and hence
the consumption of water. In studying the water use patterns in
Kalyani, New Delhi and Bustee areas in Calcutta, tee (1969) has drawn
a general conclusion that the level of consumption of water by any
individual or household is affected by the accessibility to water
which conditions the demand. Analysing this factor in the context
of levels of water use in the East African sites, White et al (1972)
report:
In aggregate and in specific sites there is a tendency for
the larger uses to occur in households between one-half and
three-quarters of a mile from the water source. The relationship to distance seems to be curvilinear and to reflect two
factors ap work. Up to some critical distance - in most sites
it appears to be about one mile ~ there is a tendency to use
the same range of water per capita, but beyond that point tendency is to reduce the range whatever is a minimum for the
area... A somewhat similar effect is found in urban areas, where
the walk to a public standpipe rarely exceeds 1500 feet. Water
use tends to be higher very near the source, slightly lower in
a range of 150 to 300 feet, and then at a higher but uniform
level at distances up to the critical limit of one mile. The
explanation for this phenomenon seems to be that women living
within one hundred feet of a source go more frequently, whereas
those at the intermediate distance are more likely to take washing
chores to the source than those living either nearer or fUrther.
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Feachem (1973) did not find any correlation between the round
trip travel time which ranged from 4 to 23 minutes from dwelling to
source and per capita consumption. The reason is,attributed to the
proximity of all Tomebakini dwellings to the sources of water resu1:
ting in short travel times. He however noticed that the relative
distance of the households from the Punate and Tobaka (the two major
rfvers used as sources of water) largely influenced the choice of
source. Generally, a preference was for the nearer source. Lee
(1969) also found that the accessibility guided the choice of bustee
dwellers between pump (hand tubewe11) or standpipe as a source. Use
of pump was largely dictated by the lack of accessibility to a standpipe. Feachem et a1 (1978) did not find any general association between accessibility in terms of distance carried and volume of water
used in Lesotho, presumably because of neither long, nor very short,
water collection journeys. They, however, noticed that a small number
of households with a water collection journey of over 30 minutes (a 30minute round trip was required for a source about a kilometre away) had
a slightly less per capita consumption mainly due to reduction in the
number of water collection journeys. Bannaga's (1977) findings point
to a positive correlation (partial correlation co~ni'cient was 0.2188
at 0.1% significance level) between accessibi1tty and water consumption
for the total sample of residences studied. He used the number of outlets in the case of population having individua1'house connections and
the distance carried in the cases where water had to be carried f~om
outside public taps as an index of accessibility. He concluded that
an increase in per capita consumption was always associated with an
increase in accessibility either by increasing the number of outlets
or reducing the distance carried, but in a decreased rate of increase.
2.4.5

SUPPLY CONDITIONS

The conditions of water supply affect water consumption in a
variety of ways. Water supply through public standposts and through
house connections makes a significant difference in water consumption.
In any community the total water consumption inevitably shoots up
when a changeover in supply is made from public standposts to individual house connections. Since normal water fixtures are not fitted
with pressure reducing valves pressure of water in the supply main becomes
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a critical factor. High pressure causes high consumption due to
increased flow through the fixtures. It also gives rise to a high
level of wastage when there is any misuse for instance. leaving the
taps running or not attending to worn out washers. In addition. if
the pressure is high leakage through faulty joints is also high
because the rate of flow from a leak is directly proportional to
the square root of the pressure. Water consumption al so depends on
whether the supply is intermittent or continuous. While an intermittent supply is generally aimed at reduced level of consumption.
this kind of supply is sometimes blamed for unwanted wastage of
water. In many instances water stored in tanks or vessels before the
supply is cut off is run down to waste when the supply is resumed.
The quality of water supplied has an important bearing on the quantity
of use. If the quality is poor this often discourages greater use of
water.
A number of investigations have mentioned low per person consumption of water (15-30 litres per day) associated with public standposts (Oieterich and Henderson. 1963; Lee. 1966; White et al. 1972;
Carruthers.1973). The replies received to the questionnaires sent
by the author to different water authorities in developing countries mostly"
show higher uses (see Table 5.14). The AWWA manual (1975) states that
pressure is one of the principal factors in the design of flOl1 demand
of household fixtures. For example. a shower delivering 4 US gallons
per minute at 36 lbs/in 2 supply pressure will deliver 2.96 US gallons
per minute when pressure is reduced to 20 lbs/in 2 . According to Bogue
(1963) pressure and quality comprise two of the principal factors that
affect water use. High pressure results in increased use; low pressure
in decreased use and poor quality water results in a reduction in use.
,

In North-east Thailand water use by families having house connections
was generally higher than by families bucket-carrying from village
fountains. Water consumption at public fountains ranged from 9.6 to
36.B lpd. water consumption at house connections ranged from 24.4 to
158.9. Also. the hours of availability of water through the distribution system had an effect on water demand. When the availability of
water was restricted to only 3-4 hrs/day people used less water. but
providing water for more than 8 hrs/day appeared to have little effect
on consumption (Frankel and Shouvanaviraku1, 1973). A study by Feachem

45

et a1 (1978) in Lesotho indicates how people perceive the suitability
of water quality from different sources for various domestic purposes.
Springs are perceived as the c1eanest among the unimproved sources
and water from the springs are used for cooking, drinking or food
washing where quality is important. Water from other unimproved
sources, viz. waterho1es, small dams and streams is perceived to be
of inferior quality and is used for clothes washing, garden watering,
animal watering etc. They however did not study the impact of water
quality on the level of consumption.
2.4.6

SEWERED OR UNSEWERED AREAS

The facilities available for the disposal of liquid wastes
generated by a household have an impact on its water use. In sewered
areas domestic water consumption happens to be more than in unsewered
areas primarily for two reasons. First, sufficient water must be
available for flushing away the wastes. Second, the easy facility
for disposal of liquid wastes invites greater use of water. In case
of unsewered areas where people have to depend on soakage pits or surface drains for ultimate or penultimate disposal of wastes, they
appear to become worried about their own disposal system being
unnecessarily overloaded or the surface drains which are often in a
bad state of maintenance getting flooded and thus creating a nuisance
for themselves. As a result they seem to try avoiding extravagant
use of wa ter.
In 1963 Bogue pointed out that the use of water would increase
when sewers were installed in an area previously without them. Linaweaver et a1 (1967) found that the mean annual domestic use of water
was 9.4 to 29.3 percent higher in sewered areas than in septic tank
areas even though the septic tank areas studied had higher-valued
homes. In the study carried out by Cohen and Wa11man (1974) the average total water consumption for the sewered homes was 253 1pd as compared with 167 1pd for those connected to septic tanks. They concluded that the type of waste disposal used appeared to be a significant
,
factor responsible for variation in water use among the homes surveyed
by them.
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2.5 GEOGRAPHICAL FACTORS
2.5.1

CLIMATE

Since the beginning of recorded history climate has been postulated as influencing the character, food habits. and life style of
people. Generally two elements of climate - temperature and rainfall have a considerable influence on the level of domestic water consumption.
2.5.1.1

TEMPERATURE

The effect of temperature on absolute minimum physiological
need for water is primarily reflected by the difference in the amount
of water consumed for drinking in tropical and temperate climates.
The loss of water in respiration and perspiration normally increases
with an increase in temperature for the same level of physical activity. Variation in temperature is also likely to cause a difference
People in hot and humid climates need to bathe
in bathing habits.
at least once a day to maintain the same standard of personal hygiene
as those in cold or temperate climates bathing once or twice a week.
Garden watering also increases in hot weather &i'e- to the greater rate
of evapotranspi ration.
Gardner and Schick (1964) found a positive correlation between
temperature and water use for irrigating lawns and gardens attached
to dwellings. An increase in temperature by 10F increased the per
capita consumption of water per day by 2.23 US gallons. Males (1967)
mentions that climatic conditions (which include temperature and rainfall) are amongst the determinants that govern water use in the United
Kingdom. Snell (1972) holds the same view applicable for all types of
buildings. Marsh (1971) pointed to increased clothes washing during
summer months when children play outside for long periods which causes
more soiling of their clothes.
Danielson (1977) has shown that a 10 percent increase in temperature is associated with a 3 percent or six US gallons per household
per day increase in total residential demand and with a 51 percent or
over fourteen US gallons increase in sprinkl ing demand of water.
Lee (1969) observed a distinct pattern of taking one bath more during
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hot days in Summer than in Winter in both Kalyani and New Delhi thus
causing a rise in the bathing component of water. consumption. White
et al (1972) discussed the effect of temperature on body fluid losses
which determine the physiological minima for survival. To illustrate
the conjunctive effect of water and human activity on water requirement they have presented a Figure 2.10 (from the United States Army)
which shows that water requirement is a minimum for all temperatures
when people rest in shade. Hard work in the sun for eight hours daily
may double the water requirement when temperature rises from lBoC to
30oC. They have concluded that the minimum for survival in a tropical
area may be in the range of 1.B litres to 3.0 litres daily as against
1.B litres in a temperate
climate.
During hot periods lawn sprinkling is practised in the Sudan
which causes a significant increase in water consumption for garden
watering for households with lawns and gardens. During days of very
high temperature, water scarcity in the Calcutta City appears as a
news in the Calcutta dailies simply because during these days the use
of water for drinking and other purposes ri ses sharply and in most cases
supply falls short of expectation l .
2.5.1.2

RAINFALL

Like temperature, rainfall affects the residential water demand.
In areas of high intensity of rainfall, rainwater serves as a substitute for a municipal supply of water for garden and lawn watering.
In some places, rainwater collected from roof catchments and stored in
barrels or tanks is used as a source of water for all domestic purposes.
In such situations the higher is the rainfall, the less is the demand
on community water supply. One should not overlook the point that in
the tropics and subtropics rainfall distribution is not uniform
throughout the year but most of the rains occur during a few-months
of the year thus yielding a seasonal effect, whereas in temperate
climates rainfall tends to be more evenly distributed throughout the
year, with many exceptions. So, in a particular area whether rain
occurs seasonally or throughout the year may influence the decision
as to how rainwater can be used as a supplement or alternative to the
municipal supply.
1.

Personal observation of the author
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Howe and Linaweaver (1967) have demonstrated that sprinkling
demand for watering irrigable areas attached to dwellings depend on
the difference between potential evapotranspiration and precipitation.
So the higher the rainfall the less is the sprinkling demand. In the
context of future water demands in the United Kingdom, Sharp (1967)
comments that high demands for water for garden use and recreation
will chiefly occur in a wann dry summer and so will coincide with
critical conditions for the water resources. White et al (1972) did
not examine the effect of increase or decrease in rainfall on household water demand, but they generally pointed to 25 percent higher
per capita use of water for households drawing water from rain barrels
with roof catchments than those not tapping this course. Analysing
the effect of rainfall (inches/year) on yearly water consumption over
the years 1946-1971, Morgan (1973) demonstrated a 4000 US gallons/year
decrease in consumption per active service l for each additional inch
of rain in .the 1946-1964 period. But the effect was negligible afterwards. The domestic use of rainwater by Tombeakini in the New Guinea
Highlands has been reported by Feachem (1973). Increased usage
occurred dul'ing December when the frequency of high rainfall (>10 mm)
days was more. Danielson (1977) obtained a negative elasticity value
(-0.206) for rainfall. One inch (25 percent) decrea~e in average
rainfall per period of sprinkling season (Summer) increased water
demand for sprinkling by 5 percent or slightly over 1 US gallon per
household per day. Widespread use of rainwater for domestic purposes
including drinking has been reported in small communities of Northeast Thailand (Frankel and Shouvanavirakul, 1973). During the rainy
season (June to September) the availability of rain water caused a
drop in treated water consumption by 21 to 38%. As an example, in
Chaturaphak Phiman the average water use of 56 lpd during the dry season (January to April) dropped to 41.9 lpd during the wet season.
Apart from cost free and easy availability of rain water, the other
reasons behind this reduction in consumption seemed to be less frequent
bathing, absence of garden watering, the prolonged stay of villagers in
the rice fields and reduced requirement of water for livestock. On the
basis of municipal water data as of 1954 from 162 communities in the
United States Porges (1957) reported that domestic water use was higher
1.

Active account serviced by the utility. Water production each year
was divided by the number of active services to find out water consumption per active .service.
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in states having less than 15 inches annual precipitation than in
states with. annual rainfall ranging from 15 to 25 inches. The
figures were 92 and 55 US gpd resp~ctively.
2.5.2 TOPOGRAPHY
Normally people in .mountainous terrains use less water for
domestic purposes than those living in the plains. In the first
place, it seems that in high altitudes low temperature favours less
use of water. Secondly, unless there is a provision for water supply
close to the houses the energy expenditure as well as the time'spent
by a person is more in the hilly areas than in the plains to fetch
water from sources located at equal distances. High expenditure of
energy or long collection time has a deterring effect on the greater
consumption of water and the water collected appears to be used more
efficiently.
White et al (1972) considered terrain as one of the factors affecting the quantity of water used by individual households. Their
East African data for households without piped water showed that the
mean daily per capita use of water in non-hilly areas (6.0 to 20.8
lires) was about 1.5 times more than in hilly areas (4.4 to 13.1
litres).
2.6 FACTORS RELATING TO CULTURAL TRADITION AND RELIGION
2.6.1 TRADITION OF WATER USE AND HYGIENE HABITS
The hygiene habits primarily bathing and personal cleanliness, are
intimately linked with the culture and tradition of a society and have
an important contribution to the residential water use. Different
communities have diverse water use habits related to health and sanitary practices. Within a single community these may even vary from
one person to another depending on an individual's perception of these
habits. Climate often plays a significant role in the development of
habits. Other influencing factors may be the education or training in
respect of personal as well as community hygiene, income and the opportunities available for practising, the habits. Abundant water supply
may help in adopting certain water uses that may not be possible when
water is in short supply. That the people in rural areas consume much
less water than their counterparts in urban areas is mainly attributed
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to the difference in water use habits.
Generally washing hands after excreting urine or faeces is conceived as a social and hygienic duty in developed countries. Conversely, very few people in the developing countries appreciate its
importance and it may require a massive health education programme
with a concomitant improvement in the quantities of water supply for
educating the people to adopt as well as to maintain this habit.
The same thing applies to washing hands before handling any food.
Bathing in a bath is a tradition in Western culture requiring a large
volume of water. A bath needs 72 litres per use in contrast to
bathing under a shower that requires 30 to 35 litres per use
(Thackray et a1, 1978). The volume of required water is even less
than 20 litres per bath using the combination of a mug and bucket
of water1. Within a single society difference in individuals' water
use habits has been apparent from a study carried out in the city of
Boulder, Colorado. While a figure of less than 5 US gallons per
shower appeared four times in the data sheets, a teenage girl averaged 50 US gallons per shower (Bennett and Linstedt, 1975). In this
s tU.dy ba th use was generally 20 US ga 11 ons per use, whereas the shower
use was 30 US gallons per use. These figures are notably contradictory to the UK figures already mentioned. Most people in the United
Kingdom tak~ one or two baths per week, the national average being
1.6 baths per week. On the other hand people in Calcutta, Ka1yani
and New Delhi take at least one bath per day and in the two latter
areas people take two baths per day during the Summer (Lee, 1969).
The average bathing frequency in the United States is two to three
baths per week (Witt et a1, 1978; Bennett and Linstedt, 1975).
Bennett and Linstedt (1975) showed that the frequency of bathing was
hi9hest, 0.76 bath/day amongst the teenagers (13-20 yrs) and lowest,
0.16 bath/day amongst the children (1-13 yrs). The tradition of washing
utensils under running taps practised widely in the developing countries
consumes more water than dishwashing in a plugged sink which is a n·orma1
procedure in developed countries.
Gardening is a cultural heritage in the United Kingdom and many
Western communities, but very limited numbers of urban dwellers in the
developing countries enjoy the luxury of maintaining a garden or lawn.
So garden watering may not constitute an indispensib1e part of a public
1.

Personal experience of the author - 18 to 20 litres
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water supply in a developing country except under special circumstances. A gradual increase in the packaged and pre-cooked food
in the advanced countries requires correspondingly less use of
water in the kitchen for cooking. A similar cha~ge in food habits
in some cities of less developed countries is likely to affect
the cooking component of future domestic water use. Discussing
water use habits of the Enga Feachem (1973) states that bathing
all or parts of the body is very occasional among the Enga and that
river bathing only on hot days is practised very rarely by adults of
either sex. Bes.ides, their water use for washing plates etc was
negligible.
The Amboseli Masai of Southern Kenya also do·not
wash their bodies and their water use is mainly concerned with the
cooking of maize meal when milk runs short (Shaffer et al, 1978).
In addition to identifying a difference in water use habits amongst
the different ethnic group's in East Africa, Hhite et al (1972) reported that wherever it had been possible to compare urban and rural
water use habits for the same ethnic group, urban dwellers used 14
to 40 percent more water than the rural dwellers.
2.6.2

RELIGION

Through the ages religion has had a pervading influence on many
facets of human life and individual water use is no exception. Certain religious practices involves an additional use of water. For
instance, in the Hindu religion one should bathe before offering anything to God in a ritual fashion. It is obligatory for the Brahmins
(in the Hindu society the Brahmins belong to the highest caste) to
perform their three daily rites in the morning, noon and evening.
These are utterances of the GAYATRI MANTRA with accompaniments like
ablutions, gestures etc. Bathing (at least once) and the washing of
limbs and face are essential before performing the rites. Likewise
in the Islamic religion every f1uslim should pray to ALLAH five times
a day and should wash his face and hands before praying. Religious
beliefs. are comparatively more firmly rooted in the developing countries than in the developed countries. Therefore, they have to be
taken into consideration before designing any water supply or sanitat i on. project.
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Unfortunately the impact of re1.igion on domestic water use has
not been considered .in any water use survey in the past. In the
experience of the author in Calcutta and similarly in many parts of
West Bengal (IndiaJ·it is a matter of routine to extend the supply
hours duri ng I Durga Puja I (the bi ggest fes ti va 1 of the Bengal is)
and other religious festivals to facilitate people using more water
for personal and ritual purposes. In the Christian religion there
is no restriction on the use of any material for anal cleansing after
defaecation and the use of toilet paper is the most accepted practice. Dn the contrary in the Hindu religion as well as in the Islamic religion it is obligatory to use water for anal cleansing from
the purity point of view. So water should be made available for
anal cleansing in these religious communities.
2.7

SURVEY METHODOLOGY AND·.DATA ANALYSIS
2.7.1

FIELD SURVEY

So far the factors that are likely to influence the domestic water
use have been discussed. To determine which of the factors are relevant to the environmental setting of a particular country or more
specifically, of a particular region or zone within the country, there
is a potential need to carry out a field survey locally. This will
essentially consist of two parts.
2.7.1.1

QUESTIONNAIRE SURVEY

With the help of a pre-designed set of questions (see Appendix I)
relating to various factors influencing the domestic water use the interviewers will carry out house-to-house survey of the selected population
groups. It is important that the interviewers shall be able to explain
to the participants the purpose of the survey and at the same time they
shall satisfy them in respect of any relevant query. It is desirable
that this effort is supplemented by a general introductory letter in
local languages that will cover all aspects of the survey and make an
appeal for sincere c09peration of the participants. Much of the time
and labour can be saved if a preliminary survey of the area is carried
out before the design of the questionnaire to avoid inclusion of some
factors which are either inapplicable for the sample population or for
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which it may be difficult to get correct information. For example,
if 1he survey concerns an area where the dwell ings are of practi cally
the same .age, or there is a uniform pattern of hous ing with 1ittle
..
variation in plumbing and sanitary fixtures, or the topography is
flat only, it is advisable to omit these factors from the questionnaire. This will help in two ways. First, it will save unnecessary
time and energy during the survey. Second, it will minimize the volume
of data to be handled for statistical analysis afterwards.
2.7.1.2

MEASUREMENT OF ACTUAL WATER CONSUMPTION

This part of the survey aims to provide information on per capita
consumption by isolating the individual components of water usage in
a household and is, therefore, crucial. Much effort is needed especially to collect precise records on the different components of usage.
Selected households are to be fitted with meters for recording the
daily total consumption. of water by individu·a1 households. In order
to establish a more detailed pattern of usage and to isolate the
individual components of water consumption a 'diary technique' is to
be introduced in which the participating households will be required
to keep a detailed daily record of their usage. The diary would contain printed data sheets, designed in such a manner as to involve the
minimum time and little individual judgement of the households. If
the consumption for any particular usage is known and the householder
records the number of uses in a day, then it will be possible to know
the total consumption for that particular usage for that day.
Using these techniques information will be sought on the following
main components of water usage:
i)

e-

Indoor uses:
a)
b)
c)
d)
e)
f)

Bathing/showering
Clothes washing
Washing of utensils
Toil et· flushing
House cleaning
Miscellaneous (includes water use for personal hygiene, cooking,
drinking, food preparation etc as well as wastage).
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ii)

Outdoor Uses (where applicable):
a)
b)
c)

Garden watering
Car washing
Animal watering

To obtain a more comprehensive picture it will be necessary to
test some households which are dependent on carried. water. They should
come from those households which were int,luded in the questionnaire
survey. In the case of these households the job may be more complicated and labour intensive due to the simultaneous use of different
sources by the households where an element of choice of sources exists.
If, however, preferences of users in selecting a particular source for
all uses or for a particular usage are carefully noted that may aid
the process of selection of sources for future water supply schemes.
Data on the water-use of these households are likely to throw light
on the minimum requirements especially if there is a scarcity of water
or a competition for obtaining water from a particular source (this
may arise where a few sparsely located standpipes serve a large number
of households).
At the beginning of this part of the field survey it is primarily
necessary to inform the participating households the objective of taking
detailed records of the consumptions; to explain to them the value of
the information so collected and the risk of misrecording; and finally,
to seek their active cooperation. Involving unwilling households in
this part of the survey is likely to do serious damage by yielding
unreliable records. Hence, one has to be more cautious in selecting
these households.
One point should be made clear here that there is no evidence, at
least on published accounts, from developing countries that people,
other than government employees,are directly taking part in keeping similar records though some evidence is available from developed countries.
Obviously it is hard to comment on the success or failure of the proposed
technique until it is tried in any of the developing countries. Seemingly,
this is the ,only feasible way of collecting data and it is felt that
people's cooperation can be achieved by persuading them carefully.
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2.7.2

SELECTION OF SAMPLE

/

Studying the whole popu1ation.of. a study area is usually impractical in view of the cost, in time and money;invo1ved an~ other con. siderations. Only part of it can be examined and thisl'part is called
the sample. Deciding on the size of the sample i.e~he number of
households to be included in the survey is a difficult task and
there is always a risk of introducing a bias in tie selection procedure. It may be wise to call on the services~f a professional
statistician in the process. The following pa?ameters are likely
to guide the size of the sample:
1.

Resources (time, manpower and money) available for the field
survey.

2.

Heterogeneity of the pOPu1atio/nin relation to the parameters
to be looked into.

3.

Willingness of the households/to effectively participate in the
survey. Here, a great caution is to be exercised so that unwilling households do not c?eate a bias towards a specific
section of population. p~per representation of different sections (say socio-econom;,{ groups) of the population is essential
and the households sel~ted must be representative of the total
population to draw me(ningfu1 conclusions.

4.

Resources and

2.7.3

DATA

faci1~ies available for analysis of survey data.

I

AN~LYSIS:

MATHEMATICAL MODEL

For analYSing/the data collected in the field what is first
needed is to hypothesize a suitable mathematical model, to fit data
/
to the model and to analyse them to find out the validity of the model.
Multiple regreision analysis (see Appendix 11) is an appropriate technique to exp16re the relationship between the 'independent' or 'regressor'
variables (il.e. the various factors viz price of water, household income,
/
property va1 ue, etc) and the 'dependent' or ' response' va ri ab 1e (i. e.
the per ca~ita consumption of water for each household). The other
object oithis analysis will be to examine the interdependence of

I
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2.7.2 SELECTION OF SAMPLE
Studying the whole population of a study area is usually
impractical in view of the cost in time and money involved and
other considerations. Only part of it can be examined and this
part is called the sample .. Deciding on the size of the sample,
i.e. the number of households to be included in the survey, is
a difficult task and there is always a risk of introducing a bias
in the selection procedure. It may be wise to call on the services of a professional statistician in the process. The following
parameters are likely to guide the size of the sample:
1.
2.
3.

4.

Resources (time, manpower and money) available for the field
survey.
Heterogeneity of the population in relation to the parameters
to be looked into.
Willingness of the households to effectively participate in
the survey. Here, a great caution is to be exercised so that
unwilling households do not create a bias towards a specific
section of population. Proper representation of different
sections (say socio-economic groups) of the population is
essential and the households selected must be representative
of the total population to draw meaningful conclusions.
Resources and facilities availabie for analysis of survey data.

A brief note on sample size and sampling plan seems to be in
order. A suitable method for analysing the data of a survey of the
present nature is multiple regression analysis. In the case of a
multiple regression model sample size depends not so much on the
number of regressor variables in the model as on the desired
accuracy. For fitting a multiple regression model with m regressor
variables, the number of observations has to be greater than m.
Of course, in order to estimate the error mean square and precision
level of the prediction formula, we should add more observations.
Normally, the desirable number of observations is considered to be
greater than or equal to m + 10 (course material, LUT). The actual
sample size in practice will be dictated by the available resources.
A multiple regression model based on 23 regressor variables as
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indicated in Figure 2.1 may possibly be ideally suited to a
particular situation. The eliminati'on of unnecessary or inconsequential variables can always be achieved by the standard
techhiques like step-wise regression method.
Sampling plan - A feasible method for sample selection for
carrying out the domestic water use survey in an area is described
below:
The population consisting of all the households in a well-defined
area is divided into a number of strata based on socio-economic
characteristics viz. Economically Weaker Section (EWS), Lower Income
Group (UG), Middle Income Group (t1IG) and Higher Income Group (HIG).
For the sake of convenience or simplicity, proportional sampling can
be adhered to in the different strata.
Let Ni be the number of household units in the ith stratum and
ni be the number of sample units from the ith stratum, i = 1,2, ... 1,
if there are 1 strata in the population.
Let N = EN.1 = population size
n = En.1 = size of stratified size sample
n.
p.= l'f:"1
1
1
Then in proportional sampling, ni = KNi where K is a constant
of proportionality. Thus

Hence, ni = (-N) Ni' i = 1,2, ..... , 1.
In order to select ni sample units from the ith stratum, a
cluster sampling method may be employed for operational convenience,
assuming each stratum to represent a number of wards. A fe~1 of the wards,
where the dominant income group belongs to the statum in question may
be selected at random such that the total number of sample units in
the wards selected is substantially larger than ni . Let the number
of wards so selected from the ith stratum be t i · Then if nik represents the number of sample units to be selected at random from the kth
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wa rd. k

l. 2. . . . . .• t • then
i
n.
n ik = (i) Ni k' k = l. 2. .. .... ti
1
=

where nik = sample size chosen from the kth ward obtained from
the ith stratum; ni = desired sample size for the ith stratum;
Nik = size of the kth ward chosen from the ith stratum. k = l. 2 •...• t i •
ti
Ni = I Nik = number of sample units for, all the ti Vlards chosen
k=l
from the ith stratum.
In all calculations nearest integers will be accepted. Now to find
out the sample units from a selected ward a simple random sampling
without replacement method may be employed.
The second part of the survey dealing with the elicitation of
more deta i 1ed i nformati on cons is ts of measuri ng the actual consumpti on
of water for the main components of water usage by some selected
househol ds wi th the help of wa ter meters and us i ng the 'di ary tech,~
ni que' . Obvi ous l.l'. water meters may be fitted to those households
in the selected sample which have house connections. For those
without house connect ions • consumption pa tterns wi 11 be determi ned:'
by direct observation and 'diary technique'. Once the number of
meters to be fitted is decided from the consideration of available
resources. a sub-sample for which meters will be used can be selected by following the same technique. treating the already selected
sample as the population.
Finally. there may be some practical difficulties in sampling.
In a study of this nature. it is quite likely that a proportion of
households' in the original sample will either refuse or will otherl'Iise be unable to take part in the study. When a selected household is unable to take part the required sample size can be maintained
by replacing it by a household'with identical control characteristics.
2.7.3

DATA ANALYSIS:

11ATHEMATICAL MODEL

For analysing the data collected in the field what is first
needed is to hypothesize a suitable mathematical model. to fit data
to the model and to analyse them to find out the validity of the model.
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1, 2,
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t., then

n ik = (i)

Ni k' k

=

wa rd, k

=

1

1

1, 2, ..... , t.1

where nik = sample size chosen from the kth ward obtained from
the ith stratum; ni = desired sample size for the ith stratum;
Nik = size of the kth ward chosen from the ith stratum, k = 1, 2, ... , ti'
t.1
N. = I Nik = number of sample units for all the ti wards chosen
1
k= 1
from the ith stratum.
In all calculations nearest integers will be accepted. Now to find
out the sample units from a selected l'lard a simple random sampling
without replacement method may be employed.
The second part of the survey dealing I~ith the elicitation of
more detailed information consists of measuring the actual consumption
of water for the main components of water usage by some selected
households with the help of water meters and using the 'diary technique'. Obviously, water meters may be fitted to those households
in the selected sample which have house connections. For those
without house connections, consumption patterns will be determined
by direct observation and 'diary technique'. Once the number of
meters to be fitted is decided from the consideration of available
resources, a sub-sample for which meters' will be used can be selected by following the same technique, treating the already selected
sample as 'the population.
Finally, there may be some practical difficulties in sampling.
In a study of this nature, it is quite likely that a proportion of
households in the original sample will either refuse or will otherl'Iise be unable to take part in the study. Vlhen a selected household is unable to take part the required sample size can be maintained
by replacing itby a household with identical control characteristics.
2.7.3

DATA ANALYSIS:

t1ATHEMATlCAL t·IODEL

For analysing the data collected in the field what is first
needed is to hypothesize a suitable mathematical model, to fit data
to the model and to analyse them to find out the validity of the model.
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As already statedmu1tip1e regression analysis (see Appendix 11)
is an appropriate technique to explore the relationship between
the 'independent' or 'regressor' variables (i.e. the various
factors viz pr-ice of water, household income, property value
etc) and the 'dependent' or 'response' variable (i.e. the per
capi ta consumption of water for each househo1 d,). The other object
of this analysis will be to examine the interdependence of variables,
the possibilities ranging from independence to co1inearity.
Having finally fitted an equation using the data collected
in the field the model can then be used to estimate the future
values of the response variable based on the values of the
regressor variables.
A flow diagram indicating the different steps in carrying out
the domestic water use survey including data analysis is presented
in Figure 2.11.
2.8

EVALUATION AND SUMMARY
Standard textbooks include but a few of the many variables which
have some influence on residential water demand. In the past a number
of empirical studies have been carried out by individual researchers
in the field to advance our knowledge and understanding of the characteristics of the demand for potable water. The bulk of these studies
.
were in the United States and chiefly concentrated on economic parameters such as price of water and income of the user.
The first pioneering work in the USA which analysed the sensitivity of water use to price was done by Metca1f as far back as 1926.
Since then economic factors have dominated the American research.
In addition several studies have investigated the effect on water
use of one or more non-economic parameters that include the size of
household, climate, metering, lot and garden area, education, age
of members of household, age of dwelling, inventory of water using
appliances, occupation, sewered or unsewered area etc. r~ost studies
have addressed either aggregate municipal use or residential sector
use. Segregation of residential use from other uses like commercial,
industrial and public uses has produced difficulties in the absence
of individual house metering in many systems. In such cases the residential water consumption data were at best good 'guestimates'. In
the United.Kingdom a gradual but major reappraisal of the approach
to residential water demand forecasting came after
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the historical reorganization of the water industry in England and
Wales in April 1974. Since then a number of water authorities
(viz. Severn-Trent-Water Authority, Anglian Water Authority, South
West Water Authority) have embarked on the surveys of domestic
water use. Prior to this the subject interested mainly individual
workers (Sharp, 1967; Marsh, 1971; Jenking, 1969, Jenking, 1973)
who made some contribution to the understanding of the components
of domestic water demand and the nature of their variability. By
contrast there have been only a few studies in the less developed
countries (White et a1, 1972; Lee, 1969; Gupta and Bhave, 1970;
Franke1 and Shouvanavirakul, 1973; Feachem,1973; Katzman, 1977;
Feachem et a1, 1978; Bannaga, 1979) mostly in the rural settlements
and carried out by outsiders. This would perhaps suggest a low
awareness among the water utilities operating in these countries of
the usefulness of pursuing a research in this area.
In general, most of the available studies have been cross-sectional in nature, although several have employed time-series or pooled
cross-sectional and time-series data. The nature of the study is
important, especially in determining the effect of a variable like
price. Only under bold assumptions can studies based upon crosssectional data be used to provide precise information on the influence
of price changes, since these data, by definition, lack a dynamic
element. Projections that are based on these data must recognize that
the effect of a variation in prices between communities at one point
in time may not reflect the true influence of price changes on consumption of water over time. The matter is further complicated by the nonuniform pricing policies practised in different undertakings. Some
have flat-rate charges, others have block-rate charges and some charge
on the basis of metered consumption. Uniformity is also lacking in
the prices of water. Large utilities usually charge less than the
small utilities per unit of consumption. Private supplies charge
more than public supplies (Siedel and Baumann, 1957). This has affected individual studies trying to evaluate the effect of price in varying degrees.
In the majority of the US studies the data source for the per capita
water consumption has been at the municipal or waterworks level, the
normal procedure being the total gallonage supplied divided by the popu-
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lation served. 1.n one study (Ho we and Linaweayer, 1967) data have
been generated from the readings of master meters fitted to serve
individual study areas in the same way as above. Only a few US
studies (Dunn and Larson. 1963; Morgan. 1973; Danielson, 1977)
have collected data at the individual household level. On the other
hand. in the UK all the water consumption figures are taken from
individual meter readings at the household level and per capita
figures have been determined on the basis of the household size.
For less developed countries the usual procedures have been to
obtain consumption figures by observation of individual household
meters for families having house connections. For those carrying
water from outside the consumption has been estimated on the basis
of the volume of vessels employed for carrying water. Where household meters did not exist dependence was made on figures available
at the municipal or waterworks level.
The consumption figures
collected at other than household level are nothing more than mean
values and variations between households are obscured. This comment
is equally applicable for other relevant data. For precise evaluation
of the influence of various variables on household water consumption
one must obtain individual household and not the average household
data.
In a number of studies statistical analyses of data have been
carried out employing a multiple regression model. The reason why the
value of the coefficient of determination (R2) has not been very close
to 1 has often been attributed to the incompleteness of the hypothesized models. For example, Bannaga (1979) who obtained a value of R2
as high as 0.85 stated: tIthe smaU part of the variation which remains
undermined by the independent variables employed may be due to differences in income, religion, and of course lJater pressure.

Other diff-

erences in attitudes or personalities ... may also have their effects".

Looking "at the individual studies it seems that the approaches so
far made have been on a piece-meal basis when the influence of some predesignated factors subject to local requirements has been investigated.
The issue of the domestic water use has not been conceived in its complete
entity up until now. The economic variables, price and income, have
received priorities principally in order to find out how the customers
respond "and adjust to changes in water price or in their income.
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Thts informati:on was probably vhal to the water i.ndustdes for
seeking ways and means of improving their financial position.
The domestic water use model (see Figure~.l)aS proposed here
takes into account all relevant factors that are likely to influence
the residential water use. The model is comprehensive and precludes
any local bias. So it can be employed under all conditions. Any
study carried out on the basis of the model is expected to provide
all kinds of information related to domestic water demand and to
explain much of the variations in per capita water consumption hitherto remaining unexplained. Obtaining a value of R2 very close to 1
is a strong probability in view of the complete nature of the model.
Nothing morespecific can be said without a trial.
Whereas the useful findings of the studies reviewed have already
been pointed out while explaining the·effect of individual parameters
of the model in the previous sections the following discussion summarizes the important observations.
a)

All the studies, when viewed collectively, validate the assumptions on which the model was built. The various variables constituting the model have the same kind of positive or negative
influences as were thought to have on household water consumption.
The only variable whose effect has not yet been evaluated concerns
religion. Any future study based on the proposed model will get
rid of this weakness.

b)

Based on the available studies several parameters appear to have
a greater influence than others. These include family size,
price of water, income, accessibility, technology of plumbing
fixtures, lot size, education, water use habits, metering and
climate. No comment is possible now in respect of the effect
of religion. However, the relative importance of the twentythree parameters appearing in the model is expected to vary from
one area to another area, depending on the available conditions.
The studies reviewed here had their own limitations and according
to the authors the results apply only to the study areas in
question. None of. the authors has made any pretence of generality.
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c)

On the basis of the results of the past stud\es (~ee Table '2.2)
it may be said that the residential (or municipal) water use
is relatively price-inelastic, the elasticity values tend to be
around -0.4 or -0.5. The negative signs clearly show the responsiveness of the customer to the price increase. The elasticity
is lower where the price level is low and there is a greater
sensitivity when the price level is higher. Price elasticity
is much higher well into the elastic range (> -1.0) for outdoor
uses than indoor uses.

d)

The consensus of the studies is that the income elasticity, which
measures the sensitivity of water use to changes in the income of
the user, is positive. The income elasticity appears to be in
the neighbourhood of 0.3 to 0.4 and has in a few instances risen
above 1.0 (see Table 2.2). In low income areas of the less developed countries (LOCs), especially in the areas served ,by public
standpipes, the income seems to have little effect on water
purchase because in sucb communities owing to a low level of
income the amount of water purchased approaches a minimum quantity necessary for subsistence.

e)

The implications of the findings mentioned in (c) and (d) are far
reaching. Forecasting models for the effective planning and development' of water resources must incorporate the influence of
pricing policies if efficient investment decisions are forthcoming
in the LOCs.

f)

A number of studies have shown the overwhelming importance of
family size. While it determines the total use of water by any
household it is noteworthy that the total consumption increases
with increase in the family size, but at a decreasing rate. In
other words the per capita consumption decreases with increase in
family size thereby implying an economy of scale. Projection of
future water demands based on per capita use without adjusting for
family size will, therefore, lead to an overestimation of water
dema nds because of the economi es of scale associ a ted with it.

g)

Lot size or garden area will have a great influence in arid and
semi-arid areas and where sprinkling use constitutes a large prop-
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TABLE 2.2:

PRICE AND INCOME ELASTICITIES OF DEMAND FOR MUNICIPAL
WATER REPORTED IN SELECTED PAST STUDIES

INVESTIGATOR

Siedel and
Baumann
Fourt

Renshaw

Headley

.
Gottlieb

Dunn & La rson

Turnovsky

EL:SKfII..~ITY

11~I..UMt

ELASTICITY

30 Ameri can cit- -0.4 to -0.65
'ies. Crosssect i ona 1
1951 15 Illinois
communities (USA)
Cross-sectional
1957 American cities
-0.12 to -1.0
Cross-sectional
1958 American cities
Cross-sectional
18 medium cities
-0.385
34 large cities
-0.387
1958 36 Wa ter servi ce
-0.45
systems in the
USA
Cross-sectiona 1

Larson and
Hudson, Jr.

Conely

TYPE OF ANALYSIS

1926

Metcalf

Gardner &
Schick

YEAR

1963 14 cities in SanFrancisco Oakland
Metropolitan Area
USA
Cross-sectional
Time-series
1963 43 Water supply
systems in the
s ta te of Kansas
USA.
Cross -sectiona 1
1963 Kankakee, 111 i,~
noi s,' USA
Cross-sectional
1964 43 Northern Utah
municipal water
systems (USA)
Cross -secti ona 1
1967 24 Southern
Cal ifornian
communities (USA)
Cross-sectional
1969 19 Massachussetts
towns (USA)
Cross-sectional

0.70

0.344
0.277

1.24 to 1.49
0.16 to 0.40

-0.68 to -1.2' 0.28 to 0.58
0.324

-0.77
-0.24 (Indoor)
-0.70 (Outdoor)

-0.049 to -0.4 0
1
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TABLE 2.2:

continued

INVESTIGATOR

YEAR' TYPE OF ANALYSIS

PRICE
ELASTICITY

INCOME
ELASTICITY

,

I

Howe &
Linaweaver

1967

39 Study areas in
the USA
Cross-sectional

-0.23 (Indoor)
-0.7 to -1.6
( Outdoor)

Wong

1972

Chicago City, USA
Time-series
59 Suburban communi ties around
Chicago
Time series
103 Municipal
water systems in
Illinois, USA
Cross-sectional

-O.OlB

0.195

-0.283

0.258

-0.26 to -0.53

0.48 to 1.03

Tucson, Ari zona
(USA)
Time-seri es

-0.41 to -0.62

Young

1973

Ho11man and
Primeaux

1973

14 Mississippi
cities (USA)
Cross-sectional

Katzman

1977

Penang Island
(Malaysia)
Cross-sectional
Time-seri es

Danie1son

1977

Ra1eigh, North
Carolina (USA)
Pooled crosssectional and
time series

-0.45

0.314 to 0.378
(Indoor)
0.429 to 1.45
(Outdoor)

0.24

0.0 to 0.39
-0.01 to -0.87
-1.38 (Outdoor)
-0.305(Indoor)

0.363 ( Outdoor)
0.352 (Indoor )
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ortion of the residential water use. In the LOCs the sprinkl ing
use is likely to be limited in the affluent classes mainly; so,
as a whole its effect may not be critical. On the other hand the
higher price elasticity for sprinkling uses may provide the
water utilities a useful leverage for generating additional finance.
h)

Available evidence suggests that water use increases with accessibility. For those who have house connections accessibility is
governed by the number of outlets. The greater the number of outlets the higher is the accessibility and the more is the water
use. In rural situations, those depending on carried water tend
to use less water if the distance to be carried exceeds probably
a critical limit of 1.6 km. In urban areas, where the walk to a
public standpost rarely exceeds 300 metres, water use tends to
be higher by households living close (~ 3Om) to the source,
slightly lower in the range of 30m to 60m and then at a higher
but uniform level up to the critical limit of 1.6 km.

i)

The technology of plumbing and sanitary fixtures has a great
potential for reducing water consumptions for households having
piped connections. The savings in water use will, depend on the
number, type and age of the existing fixtures. Modifications of
the existing fixtures can save a lot of water and a still higher
savings can be achieved by replacement of the old appliances
Similarly, much wastage can be
with modern and improved models.
avoided by installing flow-controlled taps at the public standposts and maintaining them in order.

j) Water use habits vary considerably. They depend on social customs
and traditional practices. These are local influences and usually
they are very sensitive. An in-depth study of local water use
habits may provide valuable information and is warranted in the
LOCs.
k)

Some studies which have investigated the influence of education
do suggest a positive relationship between education and water
use for households having piped connections. Higher education
normally encourages a greater use of water. Apparently there are
two important reasons for this. First, educated people are likely
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to have an improved knowl edge of hygiene and cl eanl iness and are
likely to use more water for maintai.ning them. Second, there is
an inter-relationship between education, occupation and income.
1) Metering has been proved to be an effective means of controlling
wastage and of inducing a sense of conservation. Although metering has its greatest impact on the sprinkling demand of water,
its effect on in-house water use is not negligible. Metering
makes people using water more sensibly and undertaking early
repairing of leakages. It is not true that the effect of metering is a short lived psychological one, such an impression
originates mainly from short-term studies. On the contrary,
there is strong evidence that water users do not return to their
old use patterns after meters are installed and that metering
results in a permanent and significant improvement in water use
efficiency.
m)

Past studies indicate that climate is an important factor.
People drink more water in hot climates than in temperate climates. Also, there is a linkage between climate and bathing
frequency. In hot and humid climates people bathe more frequently
than in cold climates. Higher temperature requires more use of
water for sprinkling. Rainfall has its largest impact on the water
use for gardening or lawn sprinkling. Experience, chiefly from the
LOCs, shows that people prefer rain water even to treated water
for all purposes, including drinking. In such circumstances rain
water should be harvested in the pest possible manner.

n)

In the past an attempt has been made to use GNP per capita as an
indicator for showing a relationship between community water supply
and economic level possibly based on the assumption that with the
increase in national income the basic right to clean water for all
will be met generally. But this is bedevilled by the fact that
some countries with a lower GNP per head had a greater percentage
of population served by water supply than others with a higher GNP
per capita. Moreover, the GNP is a poor indicator of the income
variable. There are two reasons for this. Firstly, the income
levels in a city may vary considerably from the national average.
Secondly, conversion of GNP figures to a common basis (US dollars)
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at official exchange rates have some inherent problems like
distortion by inflati.on, government interference or market
rigidities.
Finally, this chapter underlines that the domestic water use
is highly variable in nature and the dependence of residential water
consumption on a large number of factors adds new dimensions of complexity to the problem of efficient designing of urban water systems.
It should be recognized that direct transfer of the per capita water
use figures from the more developed countries to the less developed
countries, although a much favoured procedure being relatively easy
and quick, is grossly inappropriate. The use of rule of thumb or
simple extrapolation of historical data does not seem to be rational
either. Instead, there is a potential need for developing· design
standards primarily based on local conditions for efficient and economic designing of urban water supply schemes· in the less developed
countries and the resources should be made available for this. The
ideal approach will be to make a base-line study, at least at the
regional level, of the patterns of domestic water use and the various
factors influencing it. The model suggested here will be useful for
carrying out this task. Data generated from the field survey can then
be analysed.in the way already outlined to yield a residential water
demand model which can be used for predicting future demands in collaborati on wi th demographi c data. Proj ecti on of per capi ta demands
based on the model should also be verified for their adequacy from
health considerations·before they are applied in practice.
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CHAPTER 3
WATER AND HEALTH
3.1

HISTORICAL

For thousands of years man has been persistently pursuing the
quest for pure water. Criteria for purity have become more complex,
more quantitative and probably more rigid as the years have passed but
the principles have remained remarkably similar from as early as 2000
BC to the present time. The first quoted reference to the beneficial value
Of treated water is from Ousruta Sanghita - a collection of medical
lore in Sanskrit, dated about 2000 BC. It included a statement that
"It is good to keep water in copper vessels, to expose it to sunUght
and filter through charcoal". The Susruta Samhita, a body of medical
lore of contemporary origin says, "Impure water should be purified by
being boiled over a fire, or being heated in the Sun or by dipping a
heated iron into it, or it may be purified by filtration through sand
and coarse gravel and then aUowed to cool". Pictures of apparatus

to clarify liquids (water and wine) were found on Egyptian walls dating
back to the 15th century BC. Hippocrates (460-354 BC), the father of
medicine, wrote in his writings on public hygiene, ~ir, Water and
Places', that "whosoever wishes to investigate medicine properly
should consider the seasons of the year, the winds and the IJaters in
relation to health and disease". It is said that when Caeser began

taking possession of Alexandria in 47 BC, he found the city inter1aid
with aqueducts bringing water from the Nile to cisterns in which it
became clarified by sedimentation for the use of the masters and their
families.·
In 9S AD Sextus Ju1ius Frontinus, who became water commissioner
of Rome a year before, wrote De Aquis Urbis Romae Libri II (Two Books on
the Water Supply of Rome), the first known detailed description of a
settling reservoir at the head of one of the aqueducts supplying Rome
and of ingeniously designed pebble catchers built into most of the aqueducts. The reader is referred to Baker (1949: l-S)for~ outstanding collection of these and other ancient records that exhibit man's ever concern
for water as a medium of transmission of disease and man's increasing urge
for improving the quality of water.
The concept of public water supply alr.eady budded in ancient periods,
gained more and more imrortance over the years ahead to keep pace with
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the need of our growing societies. The community water supplies
have been a useful means of supplying water of a uniform quality to a
large population. At the same time their contribution to the increased
risk of disease outbreaks, following any breach in the integrity of the
system, should not be forgotten. The definitive role of water supply
as a carrier of disease has been a subject of research for many years
until Snow in 1854 finally showed by careful epidemiological studies
in the city of London that public water supplies could be a source of
human infection (Snow, 1855). A local epidemic of Asiatic cholera was
proved to be the result of infection of the drinking water. at the 8road
Street Pump. His later study on the spread of cholera through water
supplied by the Southwark and Vauxhall Company and the Lambeth Company
was a further example. The former had its intake on the river Thames
at Battersea, in the middle of London in an area almost certainly polluted with sewage, whereas the latter obtained its water considerably
upstream on the same river, above the major sources of pollution. In
one particular zone, served by these companies, where about 300,000
people were living, there were pipelines in the streets laid by both the
companies and houses were connected to one or other of the sources of
supply as the situation arose. On scrutiny of the statistics of cholera
deaths in the area Snow found that in spite of almost identical socioeconomic conditions, climate, soil and other factors, the houses connected to the supply by the Lambe~'Company had a lower incidence of cholera,
lower than the average for the population of London as a whole, but the
houses served by the Southwark and Vauxhall Company had a high incidence
of cholera. This observation led Snow to conclude that the water supply
was transmitting the cholera agent. Since these studies were carried out
before the germ theory of disease, they are highly remarkable. In fact,
Snow's studies are regarded as archetypal in the field of epidemiology.
The germ theory of disease was established in the nineteenth century as
a result of painstaking research by Louis Pasteur, Robert Koch and other
scientists. In 1884 Koch became successful in isolating the causal
agent of cholera, Vibrio ChoZera. Soon afterwards Budd demonstrated
the spread of typhoid through water supplies. In 1877 Manson related
mosquitoes, whose larvae live and spread in water, with filariasis.
Ross in 1897 discovered certain species of infected anopheles, which
live and metabolize in surface water, acting as a vector in the transmission of organisms causing malaria. Since these early achievements,
with the advancement in the science of medicine and in the concept of
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public health water has been directly or indirectly incriminated as
playing a significant role in the epidemiology of a great number of
diseases.
3.2

CLASSIFICATION OF WATER-RELATED DISEASES

Traditionally, the 'water-borne' diseases have been classified
on the basis of causative organisms such as bacterial, viral, helminthic or protozoal. Fair and Geyer (1954), for example, categorized
water-borne diseases in relation to the systematic position of the
agent (bacterial, protozoal, etc). Skeat (1969) classified the diseases, the spread of which was known to be associated with water
into (a) bacterial, (b) viral, (c) due to animal parasites and (d) due
to inorganic salts. According to White et al (1972: 162) these
classifications have an exclusively "temperate municipal" outlook.
Miller's (1962) classification follows an almost similar pattern but
he has been more clear in elucidating the relationship between parasites, water and man. The biological classification of diseases, although
very useful, fails to provide a clear guideline as to the planning of
environmental control practices, which are rather dependent upon the
modes of transmission of the pathogenic organisms. The most important
recent advancement in understanding the relationship between water and
disease has been the development of a scheme by Bradley (1971), in which
diseases are classified according to the specific nature of their relationships to water. He has made it clear that all diseases related to
water are not necessarily 'water-borne' and strategies for improvement
in water supply will depend on the mode of transmission of the diseases.
Consequently, it has been easier to plan the specific type of improvement in water supply necessary for the prevention of diseases belonging
to a particular category. According to his scheme water-related diseases
are divi ded into four categori es - water-borne, \~ater-washed, water-based
and diseases with water-related insect vectors depending upon the mechanism. In general, a water-related disease is one which is in some way
related to water or to impurities in water. This classification has
further been extended (Bradley, 1977) to include a fifth category of
infections primarily of defective sanitation. In the latter case the
role of water is chiefly to maintain a clean environment. Table 3.1
shows the major classification and sub-divisions of infective diseases.
Feachem (1977a: 55-58) has made an excellent review of the four mechanisms

70

upon which Brad1ey's classification is based. In describing the
various water-related diseases in subsequent paragraphs it is felt
appropriate to quote him in places for the sake of simplicity and
un i formi ty •
TABLE 3.1:

CLASSIFICATION OF INFECTIVE DISEASES IN RELATION TO WATER
SUPPLIES

CATEGORY

EXAMPLES

I Water-borne infections
a) Classical
b) Non-classical
11 Water-washed infections
a) Skin and eyes
b) Diarrhoea1 diseases.
III Water-based infections
a) Penetrating skin
b) Ingested
IV Infections with waterrelated insect vectors
a) Biting near water
b) Breeding in water
V Infections primarily of
defective sanitation
Source:

RELEVANT WATER IMPROVEMENTS

Typhoid, cholera
Infective hepatitis

Microbiological sterility
11icrobiologica1 improvement

Scabies, trachoma
Bacillary dysentery

Greater volume available
Greater volume available

Schistosomiasis
Guinea worm

Protection of user
Protection of source

Sleeping sickness
Ye 11 ow fever

Water piped from source
Water piped to site of
use

Hookworm

Sanitary faecal disposal

Brad1ey (1977)

3.2.1WATER~BORNE

DISEASES

"A truly water-borne disease is one which is transmitted when the
pathogen is in water which is then drunk by an an~mal or human which
may then become infected. Potentially water-borne diseases include
the classical, low infective dose infections, notably cholera and
typhoid". Both have a high mortality if left untreated. These
diseases have been related to water classically by epidemiological
study of the common-source outbreak. Many people are attacked with
an infection and investigation reveals that they have a common characteristic - they all used the same water supply. Often it is possible
to show that the supp1y.was contaminated shortlY before the disease
outbreak by excreta from a person suffering from or carrying one of
the infections. Other diseases which may come under the water-borne
category include paratyphoid, bacillary dysentery, amaebiasis, giardiasis, tularaemia, leptospirosis and some viral infections.
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In the case of non-classical water-borne diseases, the water-borne
transmission is largely hypothetical and knowledge is still limited
in this area. Infectious hepatitis comes under this variety. Sometimes, th~re is a misunderstanding that once a disease is labelled
'water-borne', water is the only route.of transmission. This assumption is not true and in fact all water-borne diseases can also be
transmitted by any route whi ch perr,lits faecal-oral contact and
ingestion of faecal material, knowingly or unknowingly. For example,
. chol era may be spread by direct faecal-ora 1 contact say, vi a the contaminated food or direct hand to mouth infection. Paratyphoid fever
is more often food-borne. Feachem stresses the point that "waterborne transmission is merely a special case of ingestion of faecal
material and any disease which can be water-borne can also be transmi tted by any other faeca l-ora 1 route". Water-borne di seases are
prevented by attention to water quality.
3.2.2

WATER-WASHED DISEASES

"There are many infections of the intestinal tract and skin which,
especially in the tropics, may be significantly reduced follovling
improvements in domestic and personal hygiene. These improvements
in hygiene often hinge upon increased availability of water and the
use for hygienic purposes of increased volumes of water. They may therefore be described as water-washed diseases and they depend on the quantity of water rather than the quality. The water acts as an aid to
hygiene and cleanliness and its quality is unimportant since it is not
being drunk. A water-washed disease may be formally defined as one,
the prevalence of which will fall following increases in the volume of
water used for hygienic purposes, irrespective of the quality of water".
These diseases are also often referred to as 'water-short', 'watershortage' or 'diseases of filth' (Pickford, 1977). Kawata (1978)
commented that 'water-unwashed' was perhaps semantically more correct
as a classification where disease resulted from lack of sufficient water
to maintain personal hygiene. Perhaps, the term 'water-short' will be
the most appropriate as this describes the reason best and does not
create any semantic problem.
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"Water-washed diseases are of three main types. Firstly, there
are the infections of the intestinal tract, such as diarrhoeal diseases, whi ch a re important causes of seri ous morbi dity and mortal i,ty,
especially among infants in hot climates. These water-washed enteric
infections include cholera, bacillary dysentery and other diseases
previ ous ly mentioned under wa ter-borne di seases. Cl early these di seases
are all faecal-ora 1 i.n thei r transmi ss i on route and are therefore
potentially either water-borne or water-washed. Any disease which is
transmitted by the pathogen passing out in the excreta of an infected
person and subsequently being ingested (a faecal-oral disease_) can
either b~ transmitted in a truly water-borne route or by an almost
infinite number of other faecal-oral routes, in which case it is probably susceptible to hygiene and is therefore water-washed". Several
authors (Feachem, 1973a; Saunders and Harford, 1976; and Hhite et al
1972) have reviewed a number of investigations which have shown that
diarrhoeal diseases, especially shigellosis, decrease with the
availability of water and with the volume of water used but do not
appear to be strongly associated with the microbiological quality of
the water. "The conclusion is that, in the communities studied,
diarrhoeal diseases, although potentially water-borne, were in fact
primarily water-\~ashed and were mainly transmitted by faecal-oral
routes which,did not involve water as a vector". This conclusion as
well as the underlined portions of Feachem's definition of waterwashed diseases above may leave the reader with an impression that for
water-washed infections like diarrhoeal diseases, quality of water is
not important. This is not:universa11y true. As shown later there are
a number of instances where improvement in water quality was associated
with decrease in diarrhoeal morbidity which upholds the importance of
water quality. In fact the relationship between diarrhoeal diseases,
water quality and water quantity is highly complex and due to the
involvement of several extraneous factors a particular relationship in
one area may not hold good for another area.
"The second type of water-washed infection is the infections of the
skin and eyes. Bacterial skin sepsis, scabies and cutaneous fungal
infections are an extremely prevalent cause of morbidity in many hot
climates, while eye infections, particularly trachoma, are common and
may lead to blindness. These infections are clearly related to poor
hygiene and it is to be anticipated that they will be reduced by increasing the volume of water used for personal hygiene. However they are quite
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distinct from the intestinal water-washed infections because they are
not faecal-oral and they can never be water-borne. They therefore
relate only to water quantity and are not also potentially related to
water quality".
"The third type of water-washed infection is also not faecal-oral
and therefore can never be water-borne. These are infections carried
by fleas, lice, mites or ticks which may be reduced by improving personal hygiene and therefore reducing the probability of the infestation of body and clothes with these arthropods. Mites cause scabies
.and are also promoters of asthma. Mites, fleas, ticks and lice are
all vectors of various forms of rickettsial typhus but it is lousebprne epidemic typhus (due to infection by R ppowazekii) which is most
likely to be affected by improved personal hygiene. Tick and louseborne relapsing fevers (due to infection by spirochaetes, BoppeZia
spp) may also respond to hygiene linked to increased use of washing
water" .
3.2.3 WATER-BASED DISEASES
"A water-based disease"is one in which the pathogen spreads a
part of its life cycle in an intermediate aquatic host or hosts.
All these diseases are due to infection by parasitic worms which depend
on aquatic intermediate hosts to complete their life cycles. Therefore
the degree of sickness depends upon the number of adult worms which are
infesting the patient and the importance of the disease must be measured
in terms of the level of infestation as well as the number of people
infected. An important example is schistosomiasis in which water, polluted by excreta, contains aquatic snails in which the schistosome larvae
develop until infective cercaeriae are shed into the water and reinfect
man through his skin. Another example, especially common in parts of
West Africa, is Guinea worm (Dracunculus medimensis) , the larvae of which
escape from man through skin lesions and develop in small aquatic crustacea. Man is reinfected by drinking water containing these crustacea".
For diseases such as schistosomiasis provision of water supply for
all domestic purposes that will help pursuading people to keep out of
the water at transmission foci is essential. For prevention of guinea
worm infections two precautions are necessary. First, larvae should not
be allowed to get into public water sources, say, wells and second, people

74

should not drink water infected with crustacea - this will require
treatment of water by standard processes.
3.2.4

DISEASES SPREAD BY WATER-RELATED INSECT VECTORS

Water related diseases may "be spread by insects which either
breed in water or bite near water. Malaria, yellow fever, dengue and
onchocerciasis, for example, are transmitted by insects which breed
in water while trypanosomiasis (Gambian sleeping sickness) is transmitted by the riverine tsetse fly (Glossina spp) which bites near
water" . Good surface water manag'ement that wi 11 reduce breedi ng sites
and provision of a reasonable water supply that will obviate the
necessity of going near the biting sites will help prevent these diseases.
3.2.5. A REVISED CLASSIFICATION
Feachem points out one difficulty with Bradley's classification
and this relates to the ~ategories I and 11 (see Table 3.1). In order
that the concept of four mechanisms of transmission of water-related
diseases may be gainfully employed to assess the impact on health of
a water improvement scheme it is necessary first to list the chief
water-related diseases and assign them to an appropriate category.
But according to Bradley's classification there is a problem of having
all the faecal-oral diseases assigned to both the water-borne and
water-washed categories in which case the categories cease to be
mutually exclusive. As a solution to this problem Feachem has proposed
a revised categorization in which faecal-oral infections are all together in a special faecal-oral category-l which is water-borne or waterwashed. This is shown in Table 3.2. Category 2 is reserved for waterwashed diseases which cannot be water-borne. This includes skin and eye
infections as well as diseases which are associated with infestations
of fleas, live, ticks or mites. A list of major water-related infections with their assignment to one of the four revised categories is
presented in Table 3.3.
It may be argued that Feachem's revised classification is only a
partial relief because it will further be necessary to ascertain ~Ihether
a particular faecal-oral disease in a specific community is primarily
water-borne or water-washed in order to predict the general nature of
any water intervention bascially an improvement in water quality or in
water quantity.
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TABLE 3.2:

A CLASSIFICATION OF WATER-RELATED DISEASES

CATEGORY
1.

2.

3.

4.

Faecal-oral (water-borne or waterwashed)
a) low infective dose
b) high infective dose
Water-washed
a) skin and eye infections
b) other
Water-based
a) penetrating skin
b) ingested
Water-related insect vectors
a) biting near water
b) breeding in water

Source:
3.2.6

EXAMPLE

Chol era
Bacillary dysentery
Trachoma, scabies
Louse-borne fever
Schistosomiasis
Guinea wonn
Sleeping sickness
Malaria

Feachem (1977b)
DISEASES OF DEFECTIVE SANITATION

The fifth category in Bradley's classification (see Table 3.1)
constitutes a number of infections which are chiefly related to poor
sanitation and generally water supply has no direct role to play in
their incidence. Hookworms are a major problem in damp environments
in the tropics. They penetrate the skin from damp contaminated soil
and travel to the small intestine where they cause major blood losses
into it, acting as a cause of anaemia. The less tropical of the two
species is related to water quality in a way that it may be spread by
penetration of the mucous membrane of the mouth when water containing
the larvae is drunk; but the prevention of the more tropical one,
Necator, depends on the sanitary disposal of faeces or by the wearing
of shoes alone. The common roundworm or Ascaris lays innumerable eggs
which escape in the faeces and mature in the ground before becoming
infective to man if ingested. Their transmission can be reduced by
both water supply and sanitation. The various trematode worms (flukes)
whose eggs escape in the faeces and which gain access to man in or on
inadequately cooked food include Paragonimus, the lung fluke of SouthEast Asia and parts of West Africa, blo liver flukes, and CLonorchis
another South East Asian parasite causing extensive liver damage.
All can be controlled by thorough cooking of food or by proper sanitation.
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. TABLE 3.3 WATER-RELATED DISEASES WITH THEIR WATER ASSOCIATIONS AND
THEIR PATHOGENIC AGENTS
WATER RELATED DISEASE

CATEGORY FROM
TABLE 3.2

Amoebic dysentery
Ascariasis
Bacillary dysentery
Balantidiasis
Cholera
Oiarrhoeal diseases
Enteroviruses (some)
Gastroenteriti s
Giardiasis
Hepatitis (infectious)
Leptospirosis
Paratyphoid
Tul a raemi a
Typhoid

lb
lb
lb
lb
la
lb
lb
lb
lb
lb
la
lb
lb
la

Conjunctivitis
Leprosy
Louse-borne relapsing fevers
Scabies
Skin sepsis and ulcers
Tinea
Trachoma
Flea-, louse-, tick- and miteborne typhus
Yaws
.

2a
2a

PATHOGENIC
AGENT
C

o

A
C
A
H
B
H
C
B
E
A
A
A

2b

H
A
E

2a
2a
2a
2a

H
H
F
B

2b

G

2a

E

Clonorchiasis
Diphyllobothriasis
Fasciolopsiasis
Guinea worm
Paragonimiasis
Schistosomiasis

3b
3b
3b
3b
3b

o
o
o
o
o
o

Arboviral infections (some)
Dengue
Filariasis
Malaria
Onchocerciasis
Trypanosomi as i s
Yellow fever

4b
4b
4b
4b
4b
4a
4b

3a

A : bacteria; B: virus; C: protozoa; 0: helminth;
F : fungus; G = rickettsiae; H = miscellaneous
Source: Feachem (1977b)

B
B

o
C
o

C B

E: spirochaete;
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These infections are indirectly related to water insofar as the
greater availability of water will help maintain personal and domestic hygiene
3.2.7

NON-INFECTIOUS WATER-BORNE DISEASES

These are the diseases which are related to the chemical quality
of water. On account of several reasons it is practically impossible
to get water free of any chemical contaminants from natural sources.
When the concentration of some of these impurities exceeds certain
limits they can be either harmful for health or their presence-may be
aesthetically unpleasant and unacceptable to taste. The inorganic
and organic substances in water may come from natural sources or be
a consequence of pollution by industrial discharges or by humanffid
animal wastes. With advancement in science and unprecedented progress
in industrialization newer and complex chemicals are being introduced
in the water phase of the environment at a pace more than ever before.
Fortunately diseases resulting from chemical impurities in water do
not take the form of serious outbreaks as are common with infectious
water-related diseases. Nevertheless they have been a matter of concern and are progressively receiving increased attention in the developed countri es. In those countri es with improvement in l'la ter supply,
sanitation and living standards for the past several decades, the infectious diseases discussed in the previous sections have reduced remarkably. Current research is therefore concentrated on how large
populations are repeatedly exposed to toxic chemical contaminants
in minute quantities in the drinking water over many months or years
or over the entire lifetime. But similar improvements are yet to be
achieved in developing countries where water-related infectious diseases are still a major cause of infant mortality and adult morbidity.
Obviously these diseases are of primary concern in these countries
and should logically receive the first priority. Initial emphasis should
undoubtedly be put on the increased availability of water which is safe
from the microbiological point of view. Notwithstanding, the chemical
quality of water may create problems in certain specific circumstances
and will need the right solution. For example, fluorine in ground water
is a countrywide problem in Tanzania;
it is a problem in some parts
of India. High iron content in tubewell water that gives rise to poor
taste and stains food, clothing, etc. may lead to user's preference for
the unsafe surface water sources as has been the experience in Bangladesh.
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3.3

EPIDEMIOLOGY OF INFECTIOUS DISEASES

Epidemiology is defined as that branch of medical science which
is concerned with the relationships of the various factors and conditions which determine the frequencies and distributions of an infectious process, a disease, or a physiological state in a human community. It seeks to advance rational conceptual schemes of causation
of the various ills. To the extent that this body of knowledge is
advanced and valid, it becomes possible for appropriate community
agencies to take effecti ve measures di rected towards prevention,
control or eradication (Maxcy, 1951). The conditions which have an
obvious influence in determining the spread of an infectious disease
are relating to the avenues by which the pathogen escapes from its
reservoir, its portals of entry for establishment in a new host, and the
conditions necessary for its conveyance from an existing source to the
portal of entry. The most common means of escape from the living host
are through excretions from the alimentary canal, the respiratory tract,
the genito-urinary tract, the conjunctiva or from open lesions on the
exposed surface of the body. The microorganisms after escape may be
conveyed mechanically from their source to a new host. There is another group of organisms which escape through the agency of blood-sucking
arthropods, which thus become the vectors of infection, either injecting
the microorganisms directly into new hosts or simply depositing them
on the skin, vlhence they may subsequently gain entrance. In some cases
the infectious agents penetrate through the skin themselves. t1an may
be an ogligate, a principal or an occasional host species, depending
upon the degree of success which a particular species of microbe has
in passing through four critical stages in relation to him. A microorganism may become fully dependent on man for its survival if it is
continous1y successful (1) in finding an entrance into his body through
the right portal of entry; (2) in reaching the particular organ, tissue
or cells where the nutritive conditions are most favourable for survival
or multiplication; (3) in making an exit from the body in excretions,
secretions or by blood-sucking insects; (4) in surviving under the
conditions of the external en vi ronment, or i.n an arthropod vector a
sufficient time to reach a new susceptible host. To the extent that it
is unsuccessful in continuously maintaining progressive passage through
these four critical stages in human populations and their environment
it must be able to utilize other host species or survival mechanisms.
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Thus, one of the first requisites of a rational explanation of the
behaviour of an infectious disease in a human population is to understand to what extent man as a host bears responsibility for the
continuous propagation of the causative microparasite or shares the
responsibility with other species - animal, bird or arthopod.
3.3.1

ENVIRONMENTAL BASIS OF TRANSMISSION OF DISEASE

If an excreted infection is to spread, an infective dose of the
relevant pathogen is to be transmitted from the excreta of an infected person (either having a manifest disease or in a carrier state)
or reservoir of infection to the mouth of a susceptible person or
some other portal of entry. Spreading will depend (1) upon the
excreted load of pathogens (i.e. the number of pathogens excreted
per unit weigbt of excreta); (2) upon how these numbers change during
the particular transmission route or cycle; and (3) upon the infective
dose (i.e. the number of pathogens required to infect a new individual).
Three key factors namely, latency, persistence and multiplication
govern the probability that, for a specific transmission route, the
excreted pathogens from one host will form an infective dose for another. The inter-relationship of the three factors can be diagrammatically represented as follows (Feachem et a1, 1981):

EXCRETED LOAD

3.3.1.1

-+

Latency
Persistence
Multip1 ication

-+

INFECTIVE DOSE

EXCRETED LOAD OF PATHOGENS

The number of pathogenic organisms excreted by an infection person
varies widely. It varies according to the disease as well as betl'leen
individual people. In general, a clinically ill person passes more
numbers than a carrier. For example, a cholera carrier may excrete
10 2 - 10 5 vibrios per gram of faeces while a cholera patient may
excrete 10 13 vibrios in a day. The excreted load of c1inica11yi11 persons
infected by one of the classical diarrhoea pathogens are usually in the
range of 104 - 10 9 organisms per gram of faeces. The excreted load of
pathogens is important insofar as their concentration in sewage or in
contaminated natural waters is concerned.
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3.3.1.2

LATENCY

It is defined as the time interval between the excretion of a
pathogen and its becoming infective to others. Some pathogens have
zero latency and there~ore are immediately infectious on being excreted while others have a prolonged latency. All excreted viruses,
bacteria and protozoa fall into the former category. Most excreted
helminths have a distinct latent period, either the eggs must mature
in the physical environment outside the body before becoming infective or because the parasite must complete its life cycle within one
or two intermediate hosts to get to the infective form.
3.3.1.3

PERSISTENCE

Persistence relates to how long the organism can survive in the
external environment after it leaves its reservoir. This property
is one of the best indicators of a microbe's capability of being transmitted. Persistence will vary according to the hostility of the environment, for example, shorter survival in hot, dry conditions and longer
survival in damp cool conditions. It may be classified as low « 1
month), medium « 6 months), high (1 year or more). A very persistent
pathogen may survive the most hazardous environment and, therefore, has
a potential to infect a new host even after a considerable period of
time once it Jeaves its reservoir. On the other hand, a pathogen that
persists for a short time needs to reach a new susceptible host to
re-establish itself. In the case of low persistent pathogens transmission is very likely to occur by person to person contact and as a
consequence of poor personal hygiene.
There may be several combinations of latency and pathogen as shovm
in Figure 3.1 which will govern the excretal transmission of infection.

(01

FIGURE 3.1:

(,I

THE LATENCY AND PERSISTENCE DF INFECTIONS.
Note (a) no latency, little persistence; (b) no l~tency,
long pel"sistence; (c) significant latency, lung persistence.
SOU1"Ce: Dl"adley (1978)
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3.3.1.4 t1ULTIPLlCATION
When conditions are favourable certain pathogens can multiply in
the outside environment. In such cases, originally low numbers can be
multiplied to produce a potentially infective dose. Multiplication can
take the form of asexual reproduction by bacteria in a favoured substrate (for example, SaLmonella on food) or of the mUltiplication by
trematode worms in their molluscan intermediate hosts (for example,
in schistosomiasis the parasite multiplies during the development stage
in the snail - each egg multiplies more than a thousand times). Multiplication of excreted bacterial pathogens in water is rare and limited
compared with the massive increases possible in food. Viruses and
excreted protozoa do not multiply outside their animal hosts.
3.3.2

INFECTIVE DOSE

An important factor in determining whether infection shall or
shall not occur is the number of infecting organisms. A single coccus
or a single bacillus, even though highly virulent, alone might not be
sufficient to establish a foothold in a healthy body. But a hundred
or a mi 11 i on of such organi sms mi ght we 11 overcome even a very- strong
resistance. Similarly less virulent or even supposedly harmless organisms may se~ up an infection if their number is sufficiently large,
especially if tissue resistance is lowered by other factors such as
disease, fatigue, drugs etc. An infective dose is defined as the number
of organisms that is needed to infect a man. It depends on a number of
factors. On the part of the microorganism, it depends on the microorgansism's pathogenicity which is defined as the measure of ability,
when lodged in the body, to set up a specific clinical reaction; its
virulence, i.e. a measure of severity rather than the constancy of the
clinical reaction; as well as its antigenic power or ability to cause
specific immunity in the host.
For some diseases only one organism or very few will be necessary
but for others a large number will be required. On the part of the
human host, the dose will depend on his susceptibility, and resistance
against infection. The resistance may be defined as the sum total of
body mechanisms which prevent the progress of invasion or multiplication
of infectious agents or prevent damage by their toxins. Resistance may
be genetic resistance, maternal immunity or naturally and artificially
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acquired immunity, antibody response, etc. Susceptibility is the
antithesis of resistance. A person is more susceptible when he has
less resistance and vice-versa. These attributes, both of the microorganisms and of the human host, are mutually relative and subject to
all degrees of quantitative variation, not only as between different
species of microorganisms, and different broad population groups, but
as between strains of the same microorganism species and individuals
in the same general group. The variation may be further compounded
by the changes in the manner of administration. For example, administration of an alkaline substance prior to receiving a dose of cholera
vibrios to temporarily reduce the gastric acidity, or the feeding of
the microorganism with food, has been found to lower the infectious
dose by three logs. The nutritional status of the people is also
an important factor insofar as there is an interaction between nutrition and infection. Owing to this the infective dose for malnourished
or undernourished people in the less developed countries may not be
the same as that for healthy individuals in developed countries.
Generally, in experimental studies with human volunteers the
dose which is infective for half of the people exposed is regarded as
the infective dose (conventionally represented by 1050 ) but in natural
transmission the dose that is infective for 5% or less of the population may be more relevant (Feachem et al, 1981). In view of the various
complexities it is verydifficu1t to make a precise determination of the
minimal infective dose under natural conditions. The difficulties are
greatest for the major bacterial infections and for protozoa. For some
viruses there is evidence of low infective doses in experiments, and in
human populations. Among the helminths a single egg or larva can
infect if ingested, even though a high proportion of worms can fail to
develop to maturity, especially where immunity is present.
3.3.3

IMMUNITY AND AGE

Immunity is defined as the ability of the host to resist infection.
Acquired immunity, which develops as a contact with organisms and their
products, and a person I s age are. important among the factors whi ch may
influence his response to a particular infection. At one extreme would
be a short-lived parasite to which little immunity is developed and in
which the relation between infection and disease was not age-dependent.
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Then a nearly linear relation between 'exposure and disease may be
expected where health improvements may be expected in proportion to
the effort made in upgrading the appropriate aspects of sanitation.
At the other extreme would be viral or bacterial infections which give
rise to long-lasting immunity, and where the chance of overt disease in
those infected rises with increasing age.
For a more:detailed information on latency, persistence, multiplication, infective dose and immunity the reader is referred to Feachem
et al (1981).
3.3.4

OTHER USEFUL CONCEPTS
3.3.4.1

HOST REACTION

Multiplication of the microorganism within the host up to the
threshold point at which it disturbS the physiological state gives
rise to the symptoms and signs of illness by Which the disease is
possible to be recognized. The host - pathogen interaction may vary
greatly, both in severity and duration. A 'case' of an infectious
disease is a host reaction of sufficiently characteristic intensity
and duration to permit clinical diagnosis. Reactions which are less
intense and of shorter duration are called 'abortive' or 'suspected'
cases, the pattern being too definitive or protean in nature to permit
clinical diagnosis, except in association with 'frank' cases. When the
symptoms are so slight as to pass unnoticed, the host is said to suffer
an inapparent infection. Infections which are below the threshold of
clinical recognition are defined as 'subclinical' infections.
3.3.4.2

CARRIER STATE

A carrier is an infected person (or animal) that harbours a specific infectious agent without manifest chemical diseases and serves as
a potential source of infection for man. The microorganism is believed
to establish a saprophytic relation to the host. There may be two types
of carriers. First, there are those who are about to have or already
have had a clinical attack - they are designated as 'incubatory' or
'convalescent' carriers. Second, there are those who are suffering
froma, sUb~inical or asymptomatic infection, the so-called 'healthy'
carriers. Under both conditions the carrier state may be of short
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duration (less than a year) when the carrier is called a 'temporary'
or 'transient' carrier or of long duration (more than a year) when the
carrier is known as a 'chronic' carrier.
3.3.4.3 ZOONOSES
Zoonoses are those infectious diseases which are naturally
transmitted between vertebrate animals and man. There are two ways by
which vertebrate animals may be involved in the transmission of excreted infections. In the first case the animals act as alternatives to
man as the hosts of infection. Hence it is necessary to control both
human and animal excreta or tackle the problem in some other suitable
way. In the second case the vertebrate animals act in series with
man and are an essential step in the transmission of infection from
one person to another. So in this case control of either human excreta
or of infection in the animals alone will stop the transmission.
3.3.4.4

INTERMEDIATE HOSTS

Some excreted helminthic infections have invertebrate intermediate hosts. For effective control of the spread of these infections
four. steps are to be considered. These are:
i) prevent. excreta from reaching the intermediate host
ii) control the intermediate host
iii) prevent eating by people of the intermediate host uncooked or
insufficiently cooked.
iv) provide alternative water sources so that people do not require
to come in contact with water infested by the intermediate hosts.
3.3.5

CHARACTERISTICS AND BEHAVIOURAL PRACTICES OF THE POPULATION

One should recognize that the chances of exposure to any specific
infection are dependent not only upon the type of the microbes and the
conditions of their transmission, but upon the characteristics and customs
of the population as a whole and of its component groups. For effective
environmental interventions it is, therefore, necessary to study the population and their behavioural practices relating to personal contacts,
personal cleanliness, food and drinking habits, handling of excreta,
household and community hygiene, etc. This will help in finding out
whether any disease say, a diarrhoeal disease is transmitted primarily
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because of contamination of drinking water, food, hands, clothes
or household items or its transmission is promoted by the behaviour
patterns of the population or of a specific group say, children.
Sometimes risks arise from ignorance, as in the case of the mother who
is not aware of the principles of hygiene in infant feeding. Tradi·tional beliefs regarding inoccuous nature of children's faeces may
alter the way of handling their faeces and invite the spread of diseases.
3.4

ENVIRONMENTAL INTERVENTIONS AND THEIR EFFECTS ON WATER-RELATED
DISEASES WITH A SPECIAL REFERENCE TO WATER SUPPLY

For any disease to occur the first requisite is the effective
contact between the disease causing organism and the human host.
Basically, all environmental interventions are aimed at reducing the
contact between pathogen and man. It is obvious that water supply
constitutes only one of the various environmental measures that are
to be taken to decrease the incidence of diseases. The importance of
safe disposal of excreta or promoting hygienic habits should not be
neglected. Several authors have extolled the virtues of water supply
in improving. the health and well being of people. Wagner and Lanoix
(1959: 10) write in the introduction of their book entitled 'Water
Supply for Rural Areas and Small Communities:
"In most small towns and villages in rural areas, more health
benefits can be gained from money spent on a water supply prograrrune than in any other way".

As quoted by Wolman and Bosch (1963), Abraham Horwitz, the Director of the Pan American Health Organization in a statement said:
"If a single prograrrune were chosen which would have the m=imum
health benefits, which would rapidly stimulate social and economic development, and which would materially improve the standard
of living of people, that programme would be water supply with
provision for water running into or adjacent to the house!'

The above statements, however, appear to exaggerate the case for'
improved water supplies. The WHO Expert Committee on Enteric Infections (WHO, 1964: 17) had a more pragmatic outlook in saying:
"The evidence of the importance Of safe municipal water supplies
in controlling and preventing water-borne outbreaks of typhoid
and cholera is highly persuasive. Similar evidence, however, Of
the effect of such developments on the reduction of morbidity .and
mortality due to diarrhoeal disease is largely presumptive".
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The difference in emphasis expressed in these quotations
necessitates detailed empirical investigation of the effects of
water supply on health in a variety of different environments.
3.4.1

EMPIRICAL STUDIES ON WATER AND HEALTH

In the past few decades numerous field studies have examined the
relationship between health and water supply and/or sanitation. The
number of publications is so great that a full appraisal is not feasible within a limited space. A set of forty-four studies have been
chosen for the purposes of illustration and for representing the state
of the art. In the context of the present research obviously more
emphasis was placed on those studies relating to water supply and health.
t10st of the evidence on the relation between good water supply and
sanitation facilities and reduction in water-related infections comes
from the study of associations in established rather than experimental
situations. There have been few efforts to me'asure the rates of diseases
with attempts at control. Little information, in particular, is available on the progressive effects on disease rates of gradually improving
water supply facilities. This is especially the case in areas of high
endemi city.
A careful evaluation of the health effects of unimproved water
supplies is not available either. Moreover, there are a large number
of extraneous variables (social, political, economic, environmental
and educational) which affect health and which are difficult to control
adequately in the design of field studies attempting to evaluate the
impact of changes in water supply on health. Consequently, in spite of
innumerable field studies carried out in the past it is hardly possible
to precisely quantify the health benefit that will accrue from a particular improvement in water supply (and/or sanitation). In pointing put
the weaknesses of the past studies the panel of experts convened by the
International Bank for Reconstruction and Development (1976: 3) writes
in the introduction of its report to the bank:
"Given the inter-relationships which exist among the nwnerous faotors which affect health for a field study to have a chance of
successfully isolating and measuring any causal association, considerable effort must be made to ensure that aU data which are
monitored and collected refZect actual conditions as accurately as
possible. In retrospect, most past field studies have been based
on data which proved to be inexact for the task of separating highly
inter-related factors".
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3.4.2 TYPE OF STUDIES
In order to view the studies in their proper perspective, it
is necessary to dwell briefly on the nature of studies, methods of
approach and their accomplishments. The studies have been of three
general types: cross-sectional studies in communities or clinics,
·longitudinal studies in a community or clinic and retrospective
reviews of hospital or clinic records.
In the cross-sectional studies, attempts are made to show the
difference in disease rates at a specific time between the population
groups which differ in the provision of water supply (in accessibility
or in quality or in both) and/or sanitation (the presence or absence
of excreta disposal facilities and the type of facilities). The crosssectional studies have certain limitations. The characteristic of
these studies is such that it is not possible to find out an absolute
correlation between an improved water supply or sanitation and lower
disease rates. The normal practice is, therefore, to make an attempt
to establish that differences in accessbility or quality of water or
difference in sanitary facilities are associated with difference in
disease rates. However, it is extremely difficult to assign with any
degree of precision the exact causes of the differences in disease
levels due to the presence of one or more confounding variables.
These variables relate to cultural, social, economic, educational,
political or environmental conditions and may have some influence on
disease patterns but were either unknown or were not controlled objectively. That the differences observed were existing before differences
in water supply or sanitation became significant might be another possibility which is rarely looked into. Commenting on cross-sectional studies
Saunders and Warford (1976: 37) justifiably state:
"It must always be assumed in cross-sectional studies that the
investigators are awar>e of and can account fOl', all differences
which exist within 01' among the target population(s) at the time
of the study. Tentative causation from the obser>Ved relationships
may be inputed only if investigators ape confident of this assumption. It is only too easy to overlook, however, some of the many
other relevant factOl'S that could
have been associated with
observed differences in health or disease rates ".

Longitudinal studies, on the other hand, compare the changes in
disease patterns before and after environmental interventions such as
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the installation of a water supply improvement or the provision of
latrines or both in a community. These studies also suffer from the
uncertainty that any changes, such as lower incidence of specific
diseases, observed following the environmental intervention arise
exclusively from it and not from any other change (e.g. social, economic, etc) that was occurring in the target population at the same time.
In some of the longitudinal studies attempts have been made to overcome
this difficulty by employin!r two communities - experimental and control.
The experimental community receives the improvement in water supply
and/or sanitation, whereas the control community which is supposed
to be identical to the experimental community in every other respect
(namely geographic, demographic, socio-economic, etc) is left out
without any such improvement. Using a control community identical to
the experimental community, it can be assumed that, other than the known
change in water supply or sanitation facilities in the experimental
community, any unknown or subtle changes whic.h occur in one community
will also occur in the other community and they will affect the two
communities in an identical manner. In the circumstances, a comparison
of the differences of changes in health between the two communities at
some point in time after the improvement in.water supply and/or sanitation in the experimental community will show the impact of the improved water supply and/or sanitation on health. The seleCtion of a control community, however, needs utmost care and the two communities
should be physically apart to such an extent that the improvement programme in the experimental community does not have any direct or psychological effect on the control community.
In the third type of study past health records of a community are
reviewed in the light of available water supply or excreta disposal
facilities. By careful observation of changes in health before and
after improvement in water supply and/or excreta disposal facilities
or by comparing health records of communities differing in service
facilities, attempt is made to assess the impact of environmental intervention. Obviously these studies also encounter the same kind of difficulties as found in other two types of studies.
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3.4.3

EMPIRICAL PROBLEMS IN HEALTH STUDIES

Besides the conceptual differences between the three types of
studies as mentioned above, there are a number of empirical problems
that in varying degrees came in the way of field studies carried out
in the past. A proper reconciliation of these problems is essential
in order to design and monitor future field studies on water and health
so as to collect more useful information that will perhaps lead the way
to accurate quantification of health benefits from a specific water
supply improvement programme. The following is a list of the various
empirical problems and all the studies under review experienced one
or more of these problems.
1.

It is very difficult to find out two areas with identical disease
prevalence rates in the same age groups and sexes or with identical
potential for incidence of infection for using one area as experimental for improvement in water supply and the other area as a
control.

2.

It is almost an impossible task to identify and control all of the
extraneous variables (social, political, economic, environmental
and educational) which might have some influence on disease
patterns.

3.

Since better water supplies are usually found to be associated
with better housing, nutrition, education, etc. individually each
of which may have a beneficial effect on health, this introduces
with.
a kind of systematic bias which is difficult to deal

4.

Reasons for sampling errors include:
i) incomplete reporting on sickness;
ii) inc9mplete and inaccurate records;
iii) lack of people's cooperation due to suspicion (in particular
on unfamiliar interviewers) or general apathy on the part of
the sample population;
iv) too much reliance on the respondent's knowledge of the health
of all members of the family;
v) in the case of recall information undue recall periods;
vi) underreporting due to reluctance of some people to disclose
family diseases which are viewed as shameful;
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vii) overreporting by the over enthusiasts excited by the new
kind of experience;
viii) lack of experience or proper training of the interviewers;
ix) ambiguity in questionnaire especially in defining the disease;
x) language barriers; and
xi) disinclination of people to provide stool specimens again and
again.
5.

Lack of uniform appreciation of the benefit of installed water
supply and sanitary facilities gives rise to difficulty in controlling the extent to which these facilities will be used or
properly maintained. Problems persist among families who do not
have adequate knowledge of
proper use of sanitational facilities
,
or who are not interested to learn either.

6.

Disease rates are not uniform in all seasons of the year. Moreover
The availability of water
year to year variation is not unlikely.
sources as well as the transmission of infections varies with
temperature and rainfall.

7.

Mobility of older children raises the possibility of catching
infection outside home which creates a special problem. Sanitary
conditions of their schools or play areas' as well as their sanitary behaviour should be studied carefully.

8.

Study populations are not fixed. There are emigration or immigration of people in the study areas besides movement of people within
the study areas.

9.

Child rearing practices, especially breast feeding, are an important factor which is undoubtedly difficult to control or measure
in infantile diarrhoea or other disease rates.
3.4.4

COMPARABILITY OF STUDIES

It is tempting to make a straightforward comparison of these studies
relating health to water supply and/or sanitation so as to evolve a
definite method of projecting expected health benefit from a specific
environmental intervention programme. Unfortunately, the heterogeneity
of the studies in design, in method and in conclusions as well as marked
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effect of cultural, socio-economic and ecological characteristics
of an area on the relationship between water (and/or sanitation)
and health vitiates any such effort. Furthermore, in the less
developed countries the nutritional status of the populations is
a major consideration for infectious diseases. An extensive survey of world literature by Scrimshaw et al (1959) has shown a predominantly synergistic action between nutritional deficiencies and
bacterial, rickettsial and helminthic infections. On the other hand,
antagonism is the common reaction in virus infections associated with
nutritional disorders and synergism is less frequent. In the case of
protozoal infections synergism and antagonism are observed with equal
frequencies. However, for water-related infections the action appears
to be mainly synergistic. Evidence from field studies in Guatemala
indicates a synergistic interaction between malnutrition and various
infections· which characterizes the occurrence of both among most preschool children in the less developed countries (Scrimshaw, 1970).
When children were classified into categories of malnutrition by
degree of retardation in weight for age, both the frequency and
severity of diarrhoea increased with the severity of the malnutrition. A surprising finding was that morbidity due to diarrhoeal
disease was apparently not affected by improved water supply and sanitation nor-was it affected by drug treatment of all cases although
there was a modest reduction in the numbers of deaths of pre-school
children as a result of the elaborate medical programme. The nutritional state of the children was found to be extremely important and
it was concluded that the simultaneous introduction of both nutritional improvement and medical and environmental measures were necessary to achieve a desirable impact on health.
Another important factor is that a significant proportion of
individuals in less developed countries have structural changes in
their duodeno-jejunal mucosa, which mayor may not be associated with
functional and/or absorptive alternaitons. This poorly defined entity
is commonly called "tropical enteropathy" (Sheehy et al, 1968).
Progressive changes in the gastrointestinal tract might affect susceptibility to malabsorption and to chronic non-specific diarrhoea.
Diarrhoeal disorders represent the most frequent clinical manifest-.
ation of altered gastrointestinal ecology. Preliminary studies
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(Schneider et a1, 1978) at INCAP (Institute of Nutrition of Central
America and Panama) show that during mild moderate episodes of
diarrhoea, adult males and children lose daily through faeces an
additi ona 1 amount of prote'i n and energy. A four-year study (Shi ffman
et a1, 1978) conducted in Guatemala by the University of North Carolina at Chapel Hill and the INCAP was not successful in establishing
firmly either of the two hypotheses - (i) repeated diarrhoeal disease
in childhood leads to enteropathy which in turn results in chronic
population malabsorption and food wastage and (ii) the enteropathy
is reversible through improved water supply, sanitation and personal
hygiene. In the view of the authors four years' study was not enough
for testing the hypotheses and reaching definite conclusions. However, the study has been helpful in understanding the linkages between
diarrhoeal morbidity and malabsorption and according to the authors,
there is sufficient reason to believe that the phenomenon of a small
food wastage through population malabsorpti,on is real when evaluated
by reference to a comparable popul a ti on Hvi ng under improved sani-:
tation conditions, although losses from ma1absorptive food wastage
does not lead to the loss of large amounts of food.
3.5

SUMMARY AND EVALUATION OF CASE STUDIES

A detailed individual review of all the selected fonty-four
case studies relating water supply (and/or sanitation) to health is
presented in Appendix Ill. The purpose of this section is to provide
a general summary and evaluation of these studies. The majority of
the studies (see Table 3.4) deal with the prevalence of diarrhoea or
an index organism, or other measures of disease in communities differing in their accessibility to water. Some examine the effect of
water quality or excreta disposal as well. In a few cases the effect
of improved water supply and/or sanitation on other water-related diseases such as skin or eye infections is considered. There are four
studies (see Table 3.5) which investigate the influence of water
quality on the incidence of cholera. Two of these, in addition consider the influence of extreta disposal on cholera. The rest of the
studies (see Table 3.6) provide an insight into the relationship between the improved water supply or excreta disposal and the prevalence
or incidence of schistosomiasis, a disease with a highly debilitating
effect.

TABLE 3.4:

rUDY
NO

STUDIES DEALING WITH DIARRHOEAL DISEASES AND OTHER WATER-RELATED DISEASES

LOCATION
INVESTIGATOR(S) TYPE OF STUDY
YEAR
DURATION
URBAN/RURAL

SPECIFIC
INDICATOR

SITE OF
INDICATOR
' DATA
COLLECTION

AGE GROUP
STUDIED
,

EFFECT OF
VARIABLE(S)
ASSESSED

RELEVANT FINDINGS

Water supply
(quality) and
excreta disposal

Provisicn of improved
water
supply (tubewells) and bored
hole latrines did not alter
the infant mortality rate.

1 Weir, J Met a1 Ca lyube, Egypt Infant morta- Health Centre
1ity rate
1952
Long itud i na 1
4 years
Rural

Infants

2 Watt, J et al
1953

Fresno County, ShigeUa and
Ca 1iforni a
Salmonella
(USA). Cross- prevalence
sectional
Longitudinal
6 months
Urban fri nges
+ labour camps

Home and
clinic

All; specially Water·accessichildren up bility
to 10 yrs
from whom
rectal swabs
taken

In general, very low prevalence
of Salmonella; significantly
lower prevalence of ShigeZZa
'"
w
with greater accessibility of
water.

3 Ho 11 i ster, A C
et al
1955

West of Fresno Shigena
County, Cali- prevalence
forni a .
Longitudinal
7 months
Fa rm 1abour
camps

Home

Chil dren up Water accessibil i ty
to 10 yrs
from whom
recta 1 swa bs
taken

Shigella prevalence decreases

4 Stewa rt, WH
et a1
1955

Southwest
Georgia, USA
Longitudinal
7 months
Urban

Home

Water accessiChil dren
bilityand
from whom
recta 1 swab wa ter qua 1ity
cu1 tures
taken
previously

Shigella

prevalence

with increasing accessibility
of water; prevalence significant1y lower when water faucet
inside the cabin rather than
outside.
Shigella prevalence signifi-

cantly lower in families with
source of water close than in
families with source of water
far; water accessibility had
po
r
mor
Qua ,·im
tv' onrtance
"p'reva Than
encewa£t
r es.

1

TABLE 3.4 - continued
5
Beck, ~1 D Guatemala
et a1
Cross-sec1957
tional
6 months
Urban and
rural
6

7

McCabe &
Haines
1957

Sch 1i essmann, D J
et al
1958

Boston,
South Georgia
(USA)
Longitudinal
31 months
Urban

,

Shigella and
Salmonella

Clinic

Children up Water accessito 10 yrs
bil i ty and
from whom
excreta disrecta 1 swabs posa 1
collected

Shigella

Home

Children
under 10 yrs
from whom
rectal swabs
coll ected

prevalence

preva 1ence

Lower prevalence of Shigella
with greater availability of
water; higher prevalence of
Shigella when sanitary facilities are poor or lacking.

Excreta disposal Upgrading of old privies and
provision of new privies,
where necessary, effectively
reduced contact between fly
and excreta which in turn
lowered Shigella prevalence
ra tes.

I

!

Eastern Kentucky, USA
Longitudinal
3 years
Mining camps

Di a rrhoea 1
Home
morbidity and
preva 1ence of
Shigella and

Asc'aris

All

Water accessibil ity. Water
qual ity and
excreta di sposal

Diarrhoeal morbidity as well
as prevalence of Shigella and
Ascaris decreases with increasing accessibility of water,
(from off premises to inside
dwelling), flush toilet more
effective than privy in reducing all the three indices;
no causal relationship with
water quality and diarrhoeal
morbidity or Shigella prevalence.
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TABLE 3.4 - continued
8

9

10

Schliess:
mann, o J
1959

Peterson
Hines
1960

Zaheer
1962

Review of
past
studies

&

Shigella
prevalence

Colorado, USA GastrointesCross-sectional tinal illness
3 months
Rocky urban
communities
Uttar Pradesh
India
Review of
records
10 years
Urban

Gastrointestinal diseases
(cholera
typhoid, dysentery and
diarrhoea)

Chil dren

Home

All

All

Water accessibilityand
excreta di sposal

Water quality

Water quality

Accessibility of water more
important than quality of
water for reducing diarrhoeal
disease morbidity rates and
for lowering the incidence of
Shigellainfection; flush
toilet inside dwelling far
more effective than privy outside dwelling, Shigella prevalence minimum when flush toilet
and water inside dwelling.
Gastrointestinal attack rates
significantly lower in communities with treated water
supply than in communities
with untreated supply.
Great reductions in the incidence of cholera and typhoid
following the provision of treated water supply for domestic
use; comparatively less reductions in the incidence of dysentery and diarrhoea, effect
being least on the incidence
of diarrhoea.

!

\0
01

TABLE 3.4 - continued
11

Bruch, HA Guatemala
et al
Longitudinal
1963
28 months
Rural

Di arrhoea
incidence

Home

All; especially preschoo 1
chil dren (0-5
yea rs)

Water qua 1i ty,
water accessibil ity and
excreta disposa 1

Diarrhoea incidence remarkably
higher in villages with limited water supply as compared
with villages having abundant
supply; annual average attack
rates significantly lower in
families-with privy than without pri vy; effect of improved
quality of water marginal.

12

Moore, H A Canton of Barba
et a1
Costa Ri ca
1965
Longitudi na 1
1 year
Urban & Rural

Di a rrhoea 1
morbi dity and
prevalence of

Home and
clinics

All

Wa ter quality,
wa ter access ibil ity and
excreta di spo":
sal

No consistent relationship between water quality and diarrhoeal morbidity; decrease in all
index rates with increase in
the number of water facilities
from ~ 1 to ~ 3; ShigelZa prevalence zero with septic tank;
diarrhoea prevalence more with
privy than without privy.
Ascaris prevalence decreases
with improvement in excreta
disposal facility (no privy ~
privy ~ septic tank).

ShigelZa,
Ascaris, Trichuris and

other intestinal parasites

13

Goodwin,
MH et a1
1966

Phoenix, Arizona
Cross-secti ona 1
12 weeks
Urban

Diarrhoeal mor- Home
bi dity and preva 1ence of
Shigella, Entero·
pa thogen iCE. Coli
and Giardia
Zambia

All ;specially Water supply
chil dren under and excreta
5 years from disposal
whom rectal
swabs
coll ected

\0

en

Differences between families in
rates of diarrhoea and parasitic
infections were mainly attributed
to the behavioural characteristics
of the families relating to hygienic practices; all families were
homogeneous with respect to water
supply and sanitary facilities.

TABLE 3.4 - continued
14

Van Zijl,
WJ
1966

Seven countriesCeylon, East
Paki stan, Iran,
Mauritius,
Sudan, UAR &
Venezuela.
Cross-sectional
About a month
in each country

Diarrhoea
Home
incidence and
prevalence of
ShigeZla, SaZmo~
neZZa and Entero~
pathogenic E.CoZi

15

Kourany &
Vasquez
1969

16

Wolff, HL Truj i 11 0, Vene- Diarrhoea
et al
zuela
incidence
1969
Longitudinal
1 year
Rural

Panama
Cross-sectional
Not stated
Urba n & semiurban + rural

Pre va 1ence of
Cl in i c
ShigeZla, saZmoneZla and Enteropathogenic E.CoZi

Home

Pre-school
children from
whom' rectal
swabs
coll ected

Wa ter accessibilityand
excreta
disposal

Lower incidence of diarrhoea as
well as lower prevalence of
ShigeZZa when water accessible
than when water less accessible;
incidence of diarrhoea lower
when toilets inside than outside; significantly greater
incidence of diarrhoea with
defaecation on open grounds
than with outside toilets;
again, in-sanitary conditions
of simple privies found to have
adverse effects.

Infants

Water accessibil ity and
excreta di sposal

Complete absence of diarrhoea in
famil ies with piped water and
.....
flush toilet; for other families '"
prevalence of enterobacterial
pathogens increased as the
accessilibity of water and sanitation facilities decreased.

All

Water accessibil ity and
excreta di sposal

Incidence of diarrhoea lower with
unlimited water supply than with
1imited supply; apparently
availability of water found more
important than the system of
excreta disposal in the reduction of diarrhoea.

,

TABLE 3 4- continued
17

Rubenstein, Moenkopi, AriA et a1
zona (USA)
1969
Review of
records
Rural

Diarrhoea
incidence

18

Trivedi,
B K et a1
1971

Incidence of
Health
All
gastroenteritis, centre .&
dysentery, tyhome
phoid and infectious hepatitis

19

Kourany, M Panama
et a1
Cross-sectional
1971
3 months
Urban + Semirura 1 + Rura 1

Kanpur, India
Longitudi na 1
6~ months
Rural

Prevalence of
di arrhoea and
enterobactl!ri a1
pathogens

Hospital

Home

(ShigeUa,
Sa lmoneUa,

Infants

Water accessibil ity

Significantly .1ower incidence
of diarrhoea following insta11ation of indoor water supply

Wa ter qua 1ity

In general, very low incidence
of typhoid and infectious hepatitis; lower incidence of
gastroenteritis and dysentery
after improvement (chlorination)
in water qua 1ity.
No definite correlation between
prevalence of enteropathogenic
bacteria.and source of drinking
water or. type of excreta disposa1; .inadequate provision of
piped water and flush toilet
failed to yield desired health
benefit in thOSe having these
faci1 ities.

Chil dren
Water qual ity
under 11 yrs and excreta
from whom
disposaF
recta 1 swabs
collected

Entero-pathogenic E. Coli
and EdwardsieUa tarda)

20

White, G F East Africa
et a1
Cross-sectional
1972
1 week
Urban + Rura 1

Di arrhoea
prevalence

Home

All

Wa ter access ibil ity

Diarrhoea cases significantly
lower in households with piped
water than in households without
piped water.

"ex

TABLE 3.4 - continued
21

Bah 1, MR
1976

22

Lusaka ,Zambi a
Records
review
6 years
Urban

Incidence of
dia rrhoea 1
diseases and
typhoid

Hea lth cen· All
tres and
clinics

Water qua 1ity

Provision of a piped water
supply (public standposts)
lowered the incidence rates of
typhoid and diarrhoeal diseases;
impact was greater on typhoid.

Levine, R J Bangladesh
et a1
Review of
1976
records
11 years
Rura 1

Non-chol era
diarrhoea incidence

Clinic and All
Hospital

Water quality

Significantly higher incidence
of non-cholera diarrhoea among
tube-well users than tube-well
non-users.

23

Rajasekaran Nadurai, India
P et al
Cross-secti ona 1
1977
1 year
Rural

Diarrhoea inci- Home
dence and preva1ence of pa thogeni c organi sms
mainly Shige~U7

Chil dren
Wa ter qua 1ity
under 5 yrs
from whom
stool speci
men
collected

Significantly higher incidence of
diarrhoea and Shige~U7 infection
among standpipe users than with
well users although average
"
quality of well water was inferior"
to standpipe water; no significant·
difference in incidences between
well users and users of household
taps although average quality of
water from household taps was
superior to well water.

24

Feachem,
R
1977 c

Prevalence of
diarrhoea, dysentery, helminthic infections
and infections
of skin and eye

All

Extremely low volume of water use
being mainly responsible for the
prevalence of diarrhoea, dysentery
skin and eye infections; in addition poor excreta disposal and
poor hygiene favoured the prevalence of helminthic infections;
water quality found to be less
important than water quantity.

Saka Valley,
Papua New
Gui nea
Cross-sectional
22 weeks' morbidity survey
& review of
past records
Rural

Water qua 1ity,
water quantity
and excreta
disposal

TABLE 3.4 - continued
25

Raman, V
et al
1978

Aurangabad.
India
Cross-sectiona 1
Urban

I nc i dence of
Home
gastroenteritis,
typhoid and
infectious hepatitis

All

Wa te r qua 1i ty

Deterioration of water quality
due to ingress of faecal pollution through leakages in the distribution pipe lines and house
connections found to be one of
the major causes of recurrent
outbreaks of enteric disease;
least cases of infectious hepatitis and zero attack rates for
gastroenteritis and typhoid in
a particular zone where contamination of water was least.

-

26

Bannaga &
Pickford
1978

Elobeid, Sudan
Cross-sectional
6 months
Urban

Incidence of
wa ter related
diseases

Home

All

Water accessibil i ty

Increase in water use favoured
by increased accessibility of
,,.
water was associated with
decrease in incidence of waterrelated diseases. Li ttl e improvement in health beyond per capita
use of 60 litres per day.

27

Freij, L
et al
1978

Kirkos, Addis
GastroenteriAbaba (Ethiopia) tis incidence
Longitudinal
1 year
Presumably
Urban

Home

Chil dren
under 12
years

Water accessibil ity and
excreta disposal

With per capita consumption of
water ten litres or above per day
lower incidence of gastroenteritis
with private than non-private
latrines.

TABLE 3.4 - continued
28

Shaffer, R Southern Kenya
et al
Cross-sectional
1978
Short (undefined)
Rura 1

Morbi dity due
to trachoma,
fungus and
parasitic
infections
(Chiefly

Home

All; espe~ Water quantity
cially
and water
chil dren
qual ity
under 5 yrs

Very low volume of water use
(less than five litres per
person per day); no consistent
correlation between water quality
and morbidity due to water related di seases.

Ascaris

29

Pourna dea li &
Tayback
1978

3D

Feachem, R Lesotho
et al
Records review
1978
39 months
Rural

Incidence of
diarrhoea and
infections of
skin & eye

Hospital
and
clinics

31

Muj i bur
Teknaf,
Rahaman, M Bangladesh
1979
Pil ot Study
Not stated
Rural

Dysentery incidence and
ShigeUa prevalence

32

Skoda, J D Bangl adesh
Prevalence of
et a1
Cross-secti ona 1 diarrhoea and
1979
5 weeks
dysentery
Rural

Fa rs Provi nce,
Iran
Cross-sectional
Not stated
Rural

Wa ter qua 1i ty

Contamination of drinking water
incriminated as a principal means
of transmission of organisms
causing gastroenteritis.

All

Water quality
and water
accessbil i ty

No difference in the incidence
of diarrhoea as well as skin and
eye infections in villages with
and without improved water supplies

Home and
hea lth
centre

All

Wa ter quality
and water
quantity

Increasing use of tubewell water
for all domestic purposes resulted
in decreasing incidence of dysentery and ShigeLZa positive cases;
tubewell water found to be far
superior in quality to water from
open sources.

Home

All

Wa te r qua 1i ty
Increase in the use of tubewell wat
and excreta di s- found to be associated with decreas
posal
in diarrhoeal morbidity; impact of
water quality greater on diarrhoea
than dysentery; impact of the use o'
fixed latrines (pit or borehole or
water-seal latrine) greater on dysel
tery than diarrhoea ;tubewell watel
superior in quality to water from
other sources.

I

TABLE 3.4 - continued
33

Dworkin &
Dworkin
1980

Guatemala
Longitudinal
42 months
Rura 1

Diarrhoea
incidence

Home

34

Thacker,
S B et al
1980

Ha i ti
Cross-sectional
8 months
Urban

Inci dence of
di arrhoea,
scabies,
conjunctivitis, febrile
illness and
malnutrition

Home

-

All

Water qua 1ity
and water
access i bi 1i ty

Significant reduction in diarrhoea
incidence with improved quality
and increased use of water.

All

Water quaT.ltity

Higher per capita use of water
was associated with lower incidence of diarrhoea and other
diseases.

~

o

N

·

TABLE 3.5:

STUDIES DEALING WITH CHOLERA

LOCATION
TYPE OF STUDY
TUDY NO INVESTIGATOR( S DURATION
YEAR
URBAN/RURAL

1

Sommer &
Woodward
1972

SPECIFIC
INDICATOR

SITE AND
METHOD OF
SAMPLE
COLLECTION

Meheran,
Bangladesh
Longitudinal
2 years
Rural

Cho 1era
(Classical
or El Tor)
incidence

Home and
hospi ta 1;
rectal
swabs and
sera

AGE GROUP
STUDIED

-EFFECT OF
VARIABLE(S)
ASSESSED

Chil dren up Water quality
to 11 yrs

2

Azurin &
Al vero
1974

Baco 1od City,
Philippines.'
Longitudinal
4~ yea rs
Urban

Cholera
i nci dence

Home; recta 1 All
swabs

Wa te r qua 1i ty
and excreta
disposal

3

Levine,
R J et a1
1976

Bangl adesh
Revi ew of rec.ords
11 years
Rural

Cholera
incidence

Clinic and All
hospita 1 ;
recta 1 s\~ab
or faecal
culture

Water qual ity

RELEVANT FINDINGS

Significantly lower incidence of
classical cholera among those
living close to the tubewells
than among those living further
away. Very little difference in
the incidence of El Tor cholera
between the two groups.
Reduction in the incidence of
cholera by 68% with the provision of
sanitary excreta disposal
by 73% with the provision of
improved water supply and
by 76% with the provision of both.
Higher incidence of cholera among
tubewell users as compared with
tubewell non-users.

;::c:;;

TABLE 3.5 - continued
4

Mendis.
N MP
et al
1977

Sri Lanka
Revi ew of
records
15 months
Urban &
rural

El Tor
cho 1era
i nci dence

Hospital and
. home; rectal
swabs

All

Water quality
and excreta
disposal

High incidence rates in poorly
sanitated areas. Unprotected
water incriminated as a vehicle
of transmission ofvibrios.
Improvement in both water supply
(providing safe water for all)
and sanitation recommended as
an effective means of controlling
cholera.

TABLE 3.6:

TUDY
NO.

STUDIES DEALING WITH SCHISTOSOMIASIS

INVESTIGATOR(S

LOCATION
TYPE OF STUDY
DURATION
URBAN/RURAL

SPECIFIC
INDICATOR

,SITE OF
COLLECTION
OF STOOL
AND/OR
URINE
SAMPLES

AGE GROUP
STUDIED

EFFECT OF
VARIABLE(S)
ASSESSED

RELEVANT FINDINGS

1

Pitchford, . Crocodile Valley Prevalence of
RJ
Estates,' Eastern S.haematobium
1966
Transvaa 1
and S.mansoni
Longi tudi nal
infections
6 years
Rural

Home

Children &
adolescents
up to 19
years

Various environmental control
measures especia11y provision
of domestic water
supp1 ies

Provision of safe and adequate
water for all domestic purposes,
prevention of human contamination of surface waters and
reduction in contact with sus- cpected waters were successful u
in lowering the prevalence of
schistosomiasis infections.

2

Si ega 1,
F ~1
1968

Home

Preschoo 1
children
(under 8
years)

Private water
taps and
proximity of
houses to river

Lower prevalence of S.haematobium infection in children

Ibadan, Nigeria Prevalence of
Cross-sectional S. haematobium
Not stated
i nfecti on
Urban

from houses with taps than
without taps. For children in
houses without taps prevalence
of infection higher in those
bordering the river than in
those away from the ri ver,

TABLE 3.6 - continued
3

Ba rbosa,
F S et a1
1971

Pontezi nha ,
North Eastern
Brazil
Longitudinal
91 months
Rural

Prevalence
of S.mansoni

4

Jordan, P
et al
1975

Ri che Fond
Valley,
St Luci a
Long itud i na 1
5 years
Rural

Incidence,
Home
prevalence and
intensity of
i nfecti on with

5

Jordan
Unrau
1978

&

St Lucia
A Review
Rural

Presumably
home

Children up
to 14 yrs

Water supply
and excreta
disposal

All; speciall. Household
children up
water supply
to 14 years

S.mansoni

Provision of community water
supply and household latrines
as well as health education
regarding the problem of
schistosomiasis and the utility
of stayi~g out of rivers were
found very useful for reducing
the prevalence of S.mansoni
infections.
Provision of individual house
hold water supplies was effective in reducing all the
indices of S.mansoni infection.
(

c

Wa ter supply

The transmission of schistosomiasis infection was successfully controlled by:
i) provision of water supply
for drinking, cooking,
bathing and laundering
i i ) provision of safe paddling
pools for children as a
substitute for unsafe surface waters and
i i i ) health education programme
primarily aimed at preventin
contact with infected waters

TABLE 3.6 - continued
6

Unrau, G 0 Riche Fond
Valley, St
Lucia
Longitudinal
An extension
of the study
in SL. 4
giving additional two
years' data
Rural

1978a

Same as in S1. 4

Provision of convenient, adequatE
and reliable water supply and
provision of swimming pools at
strategic locations effectively
reduced the S.mansoni infections.

c,-
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3.5.1

STUDIES DEALING WITH DIARRHOEAL DISEASES AND OTHER WATERRELATED DISEAsES

Lack of definition of diarrhoea1 diseases creates considerable
difficulty and often confusion in epidemiological studies. The group
of diarrhoea1 diseases does not represent an entity. It has no common
aetiology but only a similar clinical picture as far as a single symptom-diarrhoea - is concerned. Just as headache, diarrhoea may occur
as a symptom in a variety of diseases. The term 'diarrhoea' has been
defined by Ordway (1960) as:
"Diarrhoea is ... a distW'banoe of intestinaL mobiLity and
absorption whioh onoe and by whatever means initiated, may
beoome seLf-perpetuating as a disease through the production
of dehydration and profouiuioeUuLar disturbances, which in
turn favoW' the continuing passage of Liquid stooLs".

According to a WHO Expert Committee (WHO, 1964) diarrhoea is a
cardi na 1 sign of most infectious enteri c di,seases; it is mos t frequent
in children under five years of age, among whom occur most of the deaths
attributed to these infections .~. "Acute diarrhoea1 disease" is recognized as a clinical syndrome and as an epidemiological entity. The high
rates of infant mortality in areas where infectious enteric diseases
are endemic are largely attributable to 'acute diarrhoea1 disease'.
Diarrhoea1 diseases may comprise the following broad groups
(Cvjetanovic', 1963):
i)

Parasitio diseases caused by (a) bacteria (Escheriohia; SaLmoneLLa;
ShigeLLa; Vibrio), (b) protozoa (Amoeba, Giardia), (c) viruses
(ECHO, Cox saokie), and (d) helminths.

ii)

Intoxications and aLLergies caused by bacterial toxins, chemicals,

etc.
iii) MaLnutrition and improper feeding leading to deficiency diseases
(kwashiorkar, sprue, pellagra, coeliac disease).
In the view of Gordon et a1 (1964) acute diarrhoea1 disease
includes a portion of specific infections, such as shigellosis, salmonellosis and diseases caused by enteropathogenic co1.on baci lli, but it
consists mainly of undifferentiated disease with no demonostratab1e
specific infectious agent. Gordon (1964) suggests that specific control measures against the undifferentiated diarrhoeas, will be futile
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and that the correct approach will be a broad ecological attack
concentratingon environmental sanitation.
The role of Shigella, Salmonella, Enteropathogenic E.Coli and
some other Enterobacteriaceae and the role of protozoa and helminths
as causative organisms are well known. What is little known is the
role of viruses though they appear to be aetiologicallyimportant.
Infectious diarrhoeal diseases have been extensively studied in
different countries. Nevertheless, complex causal mechanisms in
diarrhoeal diseases are sti"ll poorly understood. Specifically speaking,
there is still much to be learned about the exact role o"f each one of
various contributory factors, its extent and its relation to others.
An idea of the complexity of the aetiology of the 'diarrhoeal syndrome' can be obtained from a schematic presentation by Cvjetanovic'
(1963) as shown in Table 3.7: "
The studies dealing with diarrhoeal diseases as illustrated in
Table3.4 have chiefly investigated the effect of the physical environment factors, in particular, the effect of water supply and/or sanitation, and socio-economic factors and the role of the fly as an insect
vector have been considered in some of the studies. As explained before,
it is, however, nearly impossible to directly compare the studies.
It is difficult to put one study with another and get a clearer guide
to action.- As observed by Wall and Keeve (1974):
"Even though diarrhoeal disease is present in all populations
its incidence, prevalence, severity and fatality vary greatly
by area of the world, by level of modernization, by season, by
sw"io-economic status and by age group. In many areas of the
world, the less developed areas, diarrhoeal disease is the
single largest cause of death and illness. This much is known
despite woefully inadequate vital statistics on morbidity and
mortality. But much remains unknown, particularly about effective and economic control of the disease".

The following points summarize the major findings. The figures in
brackets refer to the specific studies from which the evidence is
derived:
1.

The concern of the majority of the studies with the health of
children especially pre-school children, implies that the children are the most important victims of acute diarrhoeal diseases.
However, many of the conditions which cause the disease in infants
and young children are the adverse circumstances in the family.
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TABLE 3.7: A SCHEMATIC PRESENTATION OF DIARRHOEAL SYNDRONE

ECOLOGICAL FACTORS PRECIPITATING DEVELOPMENT
OF DIARRHOEAL SYNDROME THROUGH INDIRECT OR
DIRECT ACTION ON MAN OR AGENTS

(a) Biolo:;ieal factors:

(b) Physical rn~ironmenC factors: poor
sanitation (excreta,
water, food, unravDurable climate heat,

animal carriers

flood,) •

nutrition, migration,
ete.

insect vr:ctors

•

AGEi'ol

MAN'S

pathogenic

(

REACTION

t

f

GENEHA.L ADAPTATION

STRf;SSOR OF ANY KI='D

(shock, alarm
rea.ction, exhatlstion),
specific reactions
SYNDRO:>1[

(a) biological, (b) ph)"ica!,
dnd (c) s?cio-mclltJI

•

•

general and specific reactioninflammation (antibodies and
antitoxins)
intoxication, allergic rcaction~

(a) inrective agents (toxins j
specific action on intestille)
(a) toxins other than b.1CICrial;
.allergens
(a) lack of e:sscntial [(.'Od .lnd
nutrients
(a) antibiotics, drugs, JaxJti\"cs

(b) imrropa f(loJ .and
(h) physic.ll str,1in

f-*

(("{~Jing

(b) cxccs,i·.. e he.1t
(c) emotional

•

)

agents stressors

.

(c) Socio-(conomic
Jactors: poverty, ignorance, bdiefs, mal-

SITl'sc,or:,

deficiency ~tates, metabolic
disturbances
disturbJnce of intc<;tinal nor.!,
functions and nlt't.lhoJislll
disturh,,"~e of digc",ivn
lowail1g of l<:sistJIKC
failure: vr the! ruorcguLltion,
dehydration
endocrine disHII b,m.::cs

SOME STI{ESSOR AGENTS AND J\IAN'S REACTION
TO THEM LEADI:-;G TO THE DIARRHOEA!. SYNOROiVIE

Source:

Cvjetanov;c (1963)
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If hygienic practices are poor infection can easily spread.
from adults to children and vice-versa (11,32). Apparently
children in the age group of 1-2 years are at greatest risk
and the risk is minimum in children under six months of age (5)
due to various reasons which include (i) presence of transplacental immunity, (ii) reduction in exposure due to breast
feeding, and (iii) improved nutritional status and increased
immunity through mother's milk.
2.

Empirical evidence suggests that the improvements i~ the accessilibity of water can often lead to a lower incidence of diarrhoeal diseases. Other things being equal, families with a
water tap inside the house tend to have lower infection rates
than those with a tap located close to the house and the infection rates tend to be the highest in families carrying v/ater
from sources further away. Diarrhoea associated with ShigeUa
may be particularly prone to reduction when the supply of water
is made readily accessible. The basic assumption is that when
the accessibility of water is increased people can make greater
use of water for personal as ~ell a~ household cleanliness,
which will minimise the risk of the spread of Shigella infections: It is indicated by a few studies (2,3,4,7,8,23) that in
the case of infections caused by Shigella spp, the quality of
water is of less importance than the quantity although rigorous
reporting on the comparisons of quality, quantity and infections
is not available from.most of these studies. A more probable
explanation might be that the pollution of various water sources
was not great enough to create a significant impact on disease
rates. Eventually, dysentery caused by Shigella spp constitutes
a large proportion of diarrhoeal diseases and is a major cause of
mortality in children in the less developed countries.

3.

A number of studies (9,10,11,18,21,25,29,31,32,33) have shown
the importance of water quality in the reduction of diarrhoea
an'd other related diseases. Better quality of water has been
shown to be associated with lower disease rates. In the majority
of these studies the number of coliforms per 100 ml have been used
as the indicator of the microbial quality of water and no attempt
was made to determine the absence or presence of faecal organisms,
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their density and species. This is an important dra~lback \~hen
it is known (White et al, 1972) that free-living coliform
organisms in the tropics can often grow at 37 0 C so that in
the cOliform count the E.Coli and other faecal organisms are
diluted by numerous saprophytic bacteria of no significance as
index of pollution. And yet, in very hot areas such as low lying
parts of India, even the faecal coliform group contains a lot
of saprophytes, which need to survive high temperatures in their
natural environment, so that the faecal coliform count overestimates faecal pollution (Raghavachari and Iyer, 1939).
4.

Several studies (5,6,7,8,11,12,13,14,15,27,32) have shown the
health benefit of sanitation alone or in conjunction with water
s~pp1y.
In aggregate the results indicate improvements in excreta
disposal facilities lead to a reduction"in acute diarrhoeal disease,
in the prevalence of Shigella infections and in the prevalence of
intestinal parasites. With similar water supply a flush toilet
was found to have a greater effect than a privy (7) which implies
that the type of excreta disposal facility is of great importance.
One study (6) shows that proper design of bore-hole privies had
effectively reduced the contact between the fly vector and excreta
which, in turn :reduced the Shigella prevalence rates. It seems
that use of a fixed place (pit or boreho1e or water-seal latrine),
for defaecation has a greater impact on dysentery than diarrhoea
(32). However, more studies are needed to establish this.

5.

Some communities are characterized by an extremely low volume
(even less than 5 lpd) of water use (24,28). A predponderance of
skin, eye and parasitic infections in these communities have been
mainly attributed to the low volume of water use and poor sanitation. Empricially these infections are inversely related to the
volume of water use. In the above two studies the low volume of
water use was more related to the ~Iay of life and culture than
to the actual availability of water.

6.

All households may have the same physical facilities of ~Iater
supply and sanitation, but there may be a wide variation in the
perceived benefit of these facilities and in the effectiveness

113

with which the facilities are used. Consequently, some facilities may not achieve equal control of diarrhoea1 diseases.
This illustrates that technology is not enough, behavioural
practices constitute a crucial factor (13).
7.

Often a large benefit is expected from marginal provisions of
water supply or sanitation facilities which ultimately leads to
frustration and to conclusions like failure of water supply and/
or sanitation to give health Benefits (1,22). This is, probably,
due to the presumption that any level of intervention wtth
water supplies and sanitation should give rise to measurable
benefits. People can hardly make a proper use of facilities
which are not adequate and convenient. Instead, there will be
a 'natural tendenc~ to retain the old practices altho~gh they
might be conducive to ill health. Inadequate service facilities
fail to yield desired health benefit especially when health education is lacking (19).

8.

In the control of diarrhoea1 diseases the nutritional state of
children is as important as improvement in water supply and
sanitation. One Guatemalan study (11) concluded that the transmission was primarily by direct contact, highly favoured by the
habits and customs of the people, and the correlation with Weanling practices and attendant(malnutrition was significant to
characterize weanling diarrhoea as an epidemiologic entity.
Nevertheless, the knowledge about the exact relationship between
diarrhoeal diseases, nutrition and water supply is still incomplete and there is a need for further field research in this
area.

9.

The type of food given to the children in their early life has
an effect on the incidence of diarrhoeal diseases. Indeed the
quality of the food and the methods of preparation and administration are the relevant factors to be considered in the introduction of the infection (13). Breast 'fed babies are significantly
at a lower risk than the children receiving bottle feeding or any
other type of food or a combination of foods (14). Figure 3.2
provides a very early evidence of the benefit of breat feeding
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FIGURE 3.2
RATIO OF ACTUAL TO EXPECTED INFANT DEATHS*FROM ALL CAUSES AND
GASTRO-INTESTINAL DISEASES BY TYPE OF FEEDING, AND PERCENTAGES
BREAST-FED, BY MONTHS, IN EIGHT CITIES OF THE USA, 1911-16**
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as originally found out by Woodbury who analysed data of
22,967 infants born between 1911 and 1916 in eight cities,of
the United States. In those early years the general standards
of living, health and sanitation in these cities closely resembled those in many developing countries today. The infant
death rate was 111.2 per 1000 live births (Verhoestraete and
Puffer, 1958).
10.

Several researchers have put emphasis on health education in
order to derive maximum benefit from environmental improvement
programmes. There seems to be no real justification for providing or extending facilities unless people have the knowledge
about how to make best use of them and their utility from health
points of view. Examples exist (28,30) which show that increased
availability of water did not markedly change the old ~Iater use
patterns nor did it induce a significant increase in the volume
of water used for domesti c purposes. On the other hand a programme of' health education preceeded by an improved water supply
sho~led a significant improvement in attitudes relating to sanitati on and know1 edge about hygi ene (33). Although there was ve ry
little improvement in the frequency of bathing and clothes
washing, washing hands increased greatly. Noticeable improvement was found in five areas: removal of all faecal matters from
the home environment, protection of stored water, cleanliness of
the yard, installation of latrines and disallowing domestic animals from the kitchen and dining areas. However, whether these
changes in attitude are permanent or what will be the effect of
a long term health education programme is still unknown. In the
less developed countries health education should specially be
oriented to mothers and to those who are responsible for the
health of children (7,31). Some investigators believe that a
general health education programme will be of limited use. What
is really needed is a pre-assessment of the unhygienic practices
responsible for disease transmission in a community so as to
design the programme that will satisfy the specific needs (30).

11.

Other factors related to the spread of enteric diseases include
crowding and family size. Large families and increased crowding
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were found to accompany increased prevalence of ShigeZla and
Ascarsis infections (7). Furthermore, improved housing and
better socio-economic conditions are negatively related to
diarrhoeal diseases (15,32).
12.

The type of statistical technique applied for analysis of data
may greatly influence the result of a study. For instance,
with the same set of field data two opposite conclusions were
drawn when two different statistical techniques were employed
for their analysis (33). So that health studies in future may
be directly comparable to one another there is a necessity for
taking a decision on the statistical method to be employed for
the analysis of data. It should be remembered that if the evidence is clear-cut, the need for applying statistical techniques
will be less.

13.

Typhoid is regarded as a classical 'wa,ter-borne' disease in which
water quality becomes especially important. Studies (10,18,21,
25) which have examined the specific relationship between improved water and'typhoid fever incidence have revealed that improvement in water quality has remarkably reduced the incidence of
typhoid. Interestingly, an increase in the number of municipal
water supplies in the United States paralleled closely the
deCline ,in typhoid deaths for more than a half century as shown
in Figure 3.3'.
Wolman and Bosch (i963:952) write:
"Safe water and pasteurized milk have undoubtedly accounted for
this prideful accomplishment. It can and should be matched in
the next decades in the developing countries".

While presenting an epidemiological model of typhoid fever
Cvjetavonic' and his co-authors (1971) have drawn attention to the
fact that a single mass vaccination reduces the incidence of typhoid
fever considerably, but the gain is temporary. Repeated vaccinations
at 5-year intervals will produce further decreases in incidence,
though the additional gain becomes smaller at each consecutive
vaccination. Mass vaccination at intervals is undoubtedly a matter
of considerable cost. On the other hand, the effect of improved
sanitation - mainly the disposal of excreta but possibly also the
provision of safe water, the adoption of hygienic habits etc - is
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FIGURE 3.3:
SIMULTANEOUS DECLINE IN TYPHOID FEVER DEATH RATE AND RISE IN NUMBER
OF COMMUNITY WATER SUPPLIES IN THE UNITED STATES
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more spectacular and permanent. The effect of sanitation is long
lasting and in this respect is more efficient than vaccination. In
terms of relative cost and benefits preference is likely to be
for improving sanitation (construction 'of privies) to vaccination,
and best results will obviously be obtained by a combined immunization and sanitation programme.
Although typhoid 'is primarily a water-borne disease, nonwater-borne transmission cannot be ruled out and indeed in one
study (30) transmission by other faecal-oral routes has been strongly
implicated after careful examination of the both possibilities.
3.5.2 STUDIES DEALING WITH CHOLERA
Cholera is another example of classical 'water-borne' disease
in which transmission mainly occurs through ingestion of water
contaminated with faeces or vomitus of pati,ents, and to a lesser
extent, faeces of carriers, food· contaminated by water, unclean
hands, or flies. The disease characteristically appears in epidemic
form. Until recently each major epidemic spread of cholera since
1817 appeared to have originated in the endemic home of the disease
in India, where the infection had been entrenched since long before
1817, probably even since immemorial times (Swaroop and Pollitzer,
1955). During the first half of the twentieth century cholera was
largely confined to Asia although a severe epidemic causing 32,978
cases and 20,472 deaths occurred in Egypt in 1947. Among the European countries Russia had an early experience of cholera and during
the period 1823-1922 several thousands of cases occurred. There
was a dramatic fall in the number of cases in 1923 and cholera almost
disappeared from Russia in 1926. The recent cholera pandemic
caused by the El Tor biotype of Vibrio choZerae began its spread in
1961, apparently from Sulawesi in the Indonesian archipelago where
an endemic focus of this infection had been discovered in 1937-38
(Barua, 1972). After its emergence from this endemic focus the
infection spread through most of Asia and the Middle East into Eastern Europe and Africa and from North Africa into the Iberian Peninsula and in 1973, into Italy. Because of its persistent nature cholera
was one of the world's major public health problems during these years.
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By contrast, there were no reports of indigeneous cholera in
the Western Hemisphere between 1911 and 1972 with the exception of
2 laboratory-acquired cases in 1966. In 1973 a case occurred in
Texas with an unidentified source. Cases among air travellers
occurred in other parts of the world, for example, Bahrain to Australia and New Zealand 1972, resulting in more than forty cases and
one death (Benenson, 1975).
Explosive outbreaks of cholera normally occur in areas where
water supply is not dependable and sanitation and·other living conditions are poor. In the past most of the outbreaks of cholera were
attributed to the contamination of a common source of water. Since
cholera is a classical 'water-borne' disease ~Iater quality is far
more important than water quantity and protection and purification
of water supplies is of utmost importance. Boiling of drinking
water usually tops the list of medical advice given to the public
during an epidemic especially in endemic areas l . The other major
environmental control measure concerns the sanitary disposal· of human
excreta.
Based on the data collected in the Phillippines Cvjetanovic'
(1971) analysed the costs of alternative ways to prevent cholera.
A comparison of the costs and effects of vaccination versus provision
of simple privies in rural communities, showed that sanitation was more
effective but less expensive than immunization, especially in long-term
programmes for control and elimination of cholera from endemic areas.
Vaccination is not only more expensive but stimulates only temporary
immunity. It sometimes confers a false sense of security on both
recipients and programme administrators.
The following are the principal findings from the case studies:
1.

Three of the four studies reviewed (see Table 3.5) indicate that
a lower incidence of cholera is associated with protected water
supplies. Surprisingly in one study (3) a higher incidence of
cholera was found among tubewell users than tubewell non-users.
This study, however, had several flaws in the methodology and
interpretation and its findings should, therefore, be treated
with caution.

1.

Personal observation of the author in Calcutta, an endemic cholera
area in India
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2.

As mentioned already provision of improved excreta disposal is
another effective means of controlling cholera. Although a higher
reduction in the incidence of cholera was associated with improved
water supply than with sanitary disposal of excreta, the two
together achieved the best result (2).

3.

Because of the more persistent nature of the Vibrio choZerae of
El Tor than classical biotype and its longer viability in water
one study (l) put an emphasis on the avoidance of contamination
of surface water by the installation of an adequate waste disposal system for the effective control of El Tor cholera. This
study showed that the use of tubewell water was more effective
in reducing the incidence amongst children of classical cholera
than El Tor cholera.

4.

Evidence suggests that once cholera gains access to a community
the secondary spread is less likely where sanitation is good and
even if it spreads, the number of cases is expected to be considerably lower in the communities with improved sanitation (2).

5.

In congested areas and in slum areas the probability of contact
infection or case to case spread of El Tor cholera is high.
Import of infection from a previously infected area to a new
area by persons working or travelling there is one of the common
means of the spread of cholera (4).
3.5.3

STUDIES DEALING WITH SCHISTOSOMIASIS

Schistosomiasis (also known as 'bilharziasis') is a 'water-based'
disease caused by parasitic worm or schistosome which spends a
necessary part of jts life cycle in aquatic snails. The disease has
been described as "the greatest unconquered parasitic disease now
afflicting men and animals" (Weir, 1969: 4). Primarily, it is a rural
disease and it is a man-made disease resulting chiefly from a lack of
sanitary facilities. Accurate data on morbidity and mortality from
schistosomiasis are lacking, but conservative estimates put the number
of individuals affected as 200 million (WHO, 1970a). In certain
endemic areas almost an entire community may be afflicted with the
disease creating not only a public health problem but also a major
social and economic problem. Moreover, new water development schemes
often give rise to an increased prevalence of infection. The creation
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of man-made lakes and the introduction of new irrigation schemes
or the extension of existing ones in endemic areas or in areas adjacent to existing transmission foci are significant factors in the
spread of the infection (WHO, 1980). The life cycle of the parasite
(schistosome) is complex, but it is well understood (see Figure 3.4
As a result it has assisted in the planning of the environmental control measures including water supply. 'Miracidia' live for 24 hours
and 'cercariae' live for about 48 hours. So for continuity of life
cycle they should find a suitable species of fresh water snail and a
human or mamalian host respectively within these time periods. The
eggs of Schistosome m::znsoni, S. japonicum and S. inter~actum leave
the mammalian body with faeces and those of S. haem::ztobium mainly with
urine. Schistosomasis in its various forms occurs in Africa, the
Middle East, Asia, South America and the Caribbean (Benenson, 1975).
Researchers over the last few decades have sought to interrupt
the life cycle of schistosoma at three points: (i) through medical
treatment of victims; (ii) snail control chemically by molluscicides
or biologically by replacement of host snails with other snail species
not prone to attack by miracidia; and (iii) sanitary engineering projects aimed at protecting people from infected water. While the merits
and demerits of various measures have been dealt with in great detail
in other li.terature (Weir, 1969; wright, 1969; Jordan, 1972; WHO, 1980)
the six studies (see Table 3.6) reviewed here are principally concerned
with the interruption of the life cycle by public health engineering
practices, chiefly water supply.
It was conceived that the interruption could be effected by providing domestic water supply, by educating the people to keep away
from snail-infested waters and by providing sanitary waste disposal
so that excreted eggs did not reach open water sources and develop
into host snails.
All the studies are unequivocal in upholding the benefit of improved water supply in the control of schistosomiasis among children and
adolescents. The following main findings emerge from these studies.
1.

Provision of safe and adequate water for all domestic purposes
was very effective in reducing the prevalence of schistosomiasis
(1 to 6).
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Oncomelania

FIGURE

3.~

THE LIFE CYCLE OF

Source:

~

SCHISTOSOI~IASIS

Rosenfield and Bower (1979)

2.

Whereas individual household water suppl ies are most welcome
(2,4,5,6), communal supplies with adequate bathing and laundering
facilities appeared to achieve good results as well (1,3).
The important proviso is that the supply should be adequate and
reliable which will obviate the necessity of going to the infected surface water sources even for non-drinking purposes.

3.

Since s\~imming or river play by children is almost an integral part
of a vilage life there is an obvious necessity to provide snailfree swimming pools for children to distract their attention from
the rivers or other open sources of water (1,5,6). The siting of
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the pools is a crucial factor and they should be as close to
the playing fields as possible.
4.

One study (2) showed that there was a lower prevalence of
S. haematobium infection in pre-schoo1 children living in houses
with taps than those living in houses without taps. This study
also showed that the proximity of houses to the river plays an
important role. Children living in houses bordering the river
had a significantly higher prevalence of schistosomiasis as
compared with the children living in houses located away from the
river. This undoubtedly provides an important guideline in the
selection of housing sites especially in endemic areas.

5.

Provision of household latrines in addition to the community water
supply facilities was found to be useful in controlling the infection by preventing the eggs reaching water sources (3).

6.

Once adequate water supply sanitary facilities are installed their
effects can be boosted up by launching a suitable health education
programme. This was found to be very helpful in making the people
aware of the problem of schistosomiasis, and in advising them to
improve their sanitary habits and to stay out of the snail-infested
waters (3,4,5). Some researchers have been in favour of pursuing
such a programme in schools and among adults with lessons being
geared to the intelligence class (5).

7.

Crowding of children within a dwelling may be. an important determinant insofar as this may influence the amount of individual care.
One study showed a trend of increasing prevalence of infection with
the increasing number of pre-school children per house (2).

8.

Some studies (1,4,5,6) have very briefly drawn attention to the
special advantages of controlling schistosomiasis by the provision
of water supply as compared with other methods of control namely,
killing of snails by molluscicides, and chemotherapy. While water
supply and snail control are aimed at the control of transmission
- either interruption or a marked reduction in the transmission rate,
chemotherapy has the objective of controlling disease and markedly
reducing the prevalence of human infection. It should, however, be
borne in mind that no single method of control is likely to lead to
a complete eradication of the disease and the relative value of the
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various methods is yet to be clearly ascertained. Application
of mo11uscicides appears to be a continuous process requiring
sustained effort over a long period of time and provides no
other benefits than the control of the intermediate host.
Long-term ecological effects of mo11usciciding are also unknown.
Chemotherapy, whether used en masse or for the treatment of
victims reduces the risk of severe disease in many persons by
reducing, if not eliminating, their worm load. It has an
immediate effect of reducing the prevalence and intensity of
infection but the long term effect of treatment on transmission
has yet to be demonstrated. 110reover, there is a necessity for
continued vigilance in respect of infected immigrants.
By contrast, the provision of domestic water supply supported by
hea lth educati on reduces human contact with natura 1 wa ter bodi es
which in turn reduces the risk of the water being contaminated with
human excreta. Control is thus effected at two points in the 1ifecycle of the parasite: preventing contamination of water and preventing infection of man. Furthermore, a good water supply has fringe
benefits of reducing the other water-related diseases especially the
enteric infections and leading to a cleaner and more healthy population.
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CHAPTER 4
WATER QUALITY
4.1

INTRODUCTION

Pure water does not exist in nature. Rainwater collects impurities while passing through the air. Streams and rivers collect impurities from surface run off and through the discharge of sewage and
industrial effluents and these are carried to the ponds, lakes or reservoirs. Supplies of water for domestic use may be obtained by drawing
directly upon rivers, lakes or springs, by impounding high land surface
waters in man-made reservoirs, by constructing boreho1es or by sinking
wells. Waters derived from various sources may differ greatly in quality
and suitability for domestic use. Ideally, water intended for human consumption must be free from organisms and from concentrations of chemical
substances that may be a hazard to health. In addition, supplies of
drinking water should be as pleasant to drink as circumstances permit.
Coolness, absence of turbidity and absence of colour and of any disagreeable taste or smell are of the utmost importance in public supplies
of drinking water. International Standards for Drinking ~aterl (WHO,
1971) have set up various limits of the concentration of different impurities in water to satisfy the above requirements. Compliance vlith the
standards is highly desirable and should be practised whenever the physical
and financial resources permit. Unfortunately in many cases in developing
countries strict adherence to the standards result in a fewer people served
with a high quality of water, whereas it might perhaps be possible to serve
more people with a given allocation of resources if the standards could be
relaxed to some extent. With·this basic idea an effort has been made to
determine whether any deviation from the existing standards would be fea. sible without reducing the safety factors to a dangerous limit. Any
deviation would, of course, be associated with a relatively higher risk
to health bearing in mind that only pure water is absolutely risk free.
It would, therefore, be a matter of taking a greater risk in the interest
of satisfying the needs of a larger population with the same resources.
The general approach adopted is to identify the origin of the various
impurities in water and their effects on health. Particular attention is
paid to the epidemiological evidence or simply field evidence on the maximum
1.

Hereinafter will be referred to as 'International Standards' only
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observed concentration of specific impurity in the regular supply of
drinking· water which was not associated with any seriously adverse
health effects. Any such evidence may serve as a pointer to the possible
deviation from the approved standards. However, one must apply one's own
judgement to make use of this deviation based on a critical appraisal
of the diseases arising from drinking water that are prevalent in the
country or in the region concerned.
The physical parameters, such as colour, odour, taste, turbidity,
pH and temperature, which primarily affect the acceptability of water
from the aesthetic considerations are discussed first. It would be
difficult to demonstrate that the lack of aesthetically appealing qualities in water poses an actual danger to health, except perhaps in an
indirect way. The water source which is aesthetically unpleasant may be
rejected in favour of another, probably less safe, source. The physical
parameters may, however, be indicative of the presence of substances
undesirable from the point of view of health.
Chemicals which determine the chemical quality of water are considered next. Some of the chemicals are known as toxic and may constitute
a danger to health even at a very low concentration. Arsenic, cadmium,
cyanide, lead, mercury and selenium come under this category. Some
chemicals may affect health or may interfere with the acceptability of
the water depending upon their concentration. These include fluoride,
nitrate, sulphate, chloride, iodine, iron, manganese, calcium, magnesium,
sodium, copper and zinc. Hardness which is caused by metallic ions principally calcium and magnesium, is dealt· with in a little more detail
because of its importance in the recent literature on hardness of water
and cardiovascular diseases. Phenolic compounds are considered mainly
because of the medicinal taste and persistent odour problems they may
create even at a very low concentration following their reaction with
chlorine.
A great deal of current research in the industrialized countries,
notably in the United States and Great Britain, is taking place on organic
micropollutants (e.g. polyaromatic hydrocarbons, pesticides, herbiddes,
and various chlorinated hydrocarbons) in drinking water. It is estimated
that the total concentration of organic compounds in drinking water supplies
rarely exceeds 20 mg/l, but this small quantity of material is a very complex mixture containing hundreds of different compounds, some of natural
and some of synthetic origin. Its analysis is difficult and even the most
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advanced analytical techniques cannot yet identify more than 10-20 percent of the organic material present (Fielding and Packham, 1977). Recent
literature has shown a major interest in triha10methanes viz chloroform.
It has been shown-that chlorine used as a disinfectant in the treatment
of water reacts with certain organic substances to produce chloroform
and other chlorinated substances. A review of 12 epidemiological studies
failed either to support or to refute the results of positive animal
bioassays sU9gesting that certain triha10methanes, e.g. chloroform, may
cause cancer in humans (Safe Drinking Water Committee, 1980). However,
research is still going on. In view of the controversial role of these
micropo11utants and due to the fact that in most developing countries
building up proper laboratory facilities to carry out regular examination
of these microorganisms cannot be foreseen in the immediate future, they
are not thought to be of major importance at present. In saying so, it
does not mean that research on this subject should not be conducted in
those developing countries which have due facilities. However, for the
purposes of the thesis these organic micropo11utants are not considered
in any more detail.
Since the discovery of bacteria it has been found that they (pathogenic ones) are highly dangerous constituents of drinking water with more
immediate health effects than other constituents. The bacteriological
examination.of drinking water is therefore of far greater importance from
the public-health point of view than a chemical analysis. Water-related
infectious diseases are one of the major causes of morbidity and mortality
in the developing countries. A significant proportion of these diseases
(see Chapter 3) is contracted by ingestion of water containing the pathogenic bacteria responsible for these diseases. Due to its great importance the bacteriological quality of water is discussed in detail.

In the past few years an increasing concern has been expressed over
the transmission of viral diseases through water. The problem has assumed
special importance chiefly in rich countries and in situations where there
is increased use of renovated water for public supplies. Viruses are more
infectious than bacterial pathogens and it is believed that a single virus
particle is capable of infecting a susceptible person. The spread of
infection may then follow by personal contact. The viruses of major concern in water are enteroviruses, hepatitis A virus, gastroenteritis viruses of the Norwa1k type, reoviruses, rotaviruses, adenoviruses and parvoviruses. The origins of the human enteric viruses are ill or healthy
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carriers who excrete the viruses that are subsequently carried with the
sewage and finally reach the water bodies. Viruses are excreted primarily by children under 15 and on the average 10% of this population
group shed viruses at any given time. The quantity of viruses shed range
from 10 2 to 10 8 Plaque Forming Units (PFU) per gramme of faeces (Geldreich, 1978). Viruses survive for a long time and may travel long distances through soil and finally reach underground water sources (Shuval,
1970). Although more than 100 different types of viruses have been isolated, the viruses most frequently isolated from springs, wells, rivers,
lakes, seawater and tapwater belong to the enterovirus group. The agent
of type A viral hepatitis has recently been characterized and is likely
to be soon classified as belonging to the genus Enterovirus (WHO, 1979a).
The concentration of viruses in wastewater may reach 10 4 -10 5 per litre and
they have the ability to survive for months in water. Although a single
virus can infect a person in the majority of cases even with the most
virulent strains of virus the symptoms are negligible or non-existent
and many cases simply give rise to a mild cold or stomach upset. Clinical
illness may occur in only 1 in 10 hepatitis infections, 1 in 100 poliovirus infections and 1 in 1000 coxsackie or echovirus infections (Berg,
1967). Viruses occur in a variety of shapes and sizes ranging from 10
to 500 nm (10- 9 metres). Enteroviruses and parvoviruses are small (2030 nm) and reoviruses and adenoviruses are somewhat larger (70-80 nm).
The severest outbreak of water-borne infectious hepatitis ever
reported occurred in New Delhi, India in December 1955~January 1956.
There were 29,300 cases of jaundice out of a total population of
1,700,000. Contamination of raw water for the two Chandrawal Water Treatment Plants with sewage containing excreta from a large number of refugees,
who were already suffering from infectious hepatitis, was identified as
the main cause (Viswanathan, 1957). Mosley (1965) has reviewed 50 outbreaks of infectious hepatitis in different parts of the world and concluded that only in 30 cases water-borne transmission had been substantiated. Craun (1976) reported 66 water-borne outbreaks of hepatitis A in the
USA. during 1946-71. He also reported 13 outbreaks of hepatitis A involving 351 cases of illness during 1971-1974 due to water-borne infections,
but this constituted only 0.2 percent of the total reported hepatitis
A due to all causes. In 1952 a severe epidemic of poliomyelitis occurred
in a small community in Huskerville, Nebraska causing 20 paralytic cases
including 2 deaths and 31 non-paralytic cases. The investigative evidence
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strongly pointed to direct faecal contamination of the distribution
system but it was not fully conclusive. Crann and McCabe (1973) reported 178 outbreaks of gastroenteritiS, involving 45,255 illnesses in the
USA between 1946 and 1970 and viral aetiology was apprehended in many of
the cases. Epidemiological investigations so far indicate that most of
the outbreaks of viral diseases have been due to the contamination of
water by sewage either at the source or in the distribution system.
In spite of the ultramicroscopic size of the viruses, standard
treatments such as coagulation and settling followed by rapid sand filtration could remove a combined total of 6 logarithmic units of virus
present. A virus that is still present can be inactivated by chemical
disinfection by chlorine or ozone. In general, it appears that proper
use of current treatment technology can consistently produce fi ni shed
water in which viruses are not likely to pose a threat to public health
(Safe Drinking Water Committee, 1977). In studies carried out by the
Thames Water Authority in the UK, over a number of years, viruses have
never been isolated from drinking water after chlorination (Slade, 1977)
though raw water from the River Thames contained viruses up to 49 PFUs
per litre.
Virology techniques have not yet been perfected to a point where
they can be used to routinely monitor water for viruses. Moreover the
amount of virus that must be ingested in drinking water to produce
infections and disease is not known. Until a simple and effective method
for the viral examination is available and sufficient data are available.
to provide a necessary basis, any definite standard for virus in drinking
water is unlikely. The International Standards state that if not even one
PFU of virus can be found in 1 litre of water, it can reasonably be assumed that the water is safe to drink. In developing countries where suitable instrumental facilities and skilled laboratory personnel are not
often available for carrying out routine bacteriological and chemical
examination of water undertaking virological examination of drinking
water seems most unrealistic and undoubtedly does not require urgent
considerations. Where the more extensive threat by bacteria has not yet
been successfully combatted, the idea of monitoring the virological quality
of water is .nothing but absurd. Such comments, however, do not preclude
pursuing any research on this subject by any developing country such as
India. Any further discussion on viruses has been avoided in the remainder
of this chapter.
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4.2 PHYSICAL PARAMETERS
4.2.1

COLOUR

Pure water is colourless. The presence of foreign substances in
solution gives rise to true colour in water. Colour in water may be of
natural mineral or vegetable origin, caused by metallic substances,
such as iron and manganese compounds, humus material, peat, tannins,
algae, weeds and protozoa. Water may also be coloured by inorganic or
organic soluble wastes from many industries including nai1works, mining,
refining, explosives, pulp and pape~ tanning and chemicals. Surface runoff may also contribute to colour. When the water is turbid it has
apparent co10ur'that includes an effect from suspended matters. To,
determine the true colour the suspensoids should be removed by centrifuging. Colour is caused by light scattering and .f1uorescence rather
than absorption of light energy, and pH affects both particle size of
the colour - causing colloids and the intensity of colour itself (Train,
1979).
Colour in water is principally an aesthetic consideration. Highly
coloured water may, however, create problems for washing clothes and
preparation of food and may cause staining of fixtures. It is believed
that organic matters causing true colour are not detrimental to health,
but they may. absorb chlorine and reduce its effectiveness as a disinfectant. Highly coloured waters generally have an oxygen demand and they
are likely to become devoid of oxygen after a long storage (Packham,
1974; Ungar and Thomas, 1962). The value at which the colour of a water
becomes 'objectionable' depends mostly on the value to which the consumer
is accustomed.
The International Standards recommend 5 units of colour as the
highest desirable level and 50 units of colour as the maximum permissible
level in drinking water, colour being measured on the platinum cobalt
scale.
4.2.2 OOOUR ANO TASTE
Disagreeable odours in water are associated with the presence of any
of a great variety of objectionable substances. They may come from natural
sources (microscopic organisms,decaying vegetation and other organic matters)
or from man's activities (sewage and industrial waste products). It is
frequently difficult, if not'impossib1e, to identify the specific cause
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of an odour, because many substances can cause what appears to be the
same effect, or because mixtures of substances may be involved. A full
knowledge of the source of water and method of treatment, if any, is
necessary to detect the cause of odour. Chlorine used as a disinfectant
·may combine with phenol or organic matters and the product may produce an
odour. Sometimes borehole water may have odour.caused by the electrolysis
of the water owing to the use of dissimilar metals in well casing and well
screen or pump.
Odour producing materials may impart taste to water, and taste
responses are often difficult to distinguish from odour responses because
the senses of taste and smell are closely inter-related. However, certain
non-volatile substances dissolved in water can cause tastes without causing
odours. It has been reported that volatile substances can generally be
detected by smell in much lower concentrations than by taste and the
extremely disagreeable tastes imparted to chlorinated water by phenol,
cresol hydrocarbons of the benzene series, anthracene and naphthalene,
on the other hand can be detected at concentrations far below the odour
threshold (McKee and Wolf, 1963). Uncontaminated underground waters are
not prone either to odour or abnormal taste with the exception of the
bitter, astringent flavour of the ferruginous supply and apart from some
reduced or deoxygenated waters drawn from beneath impervious strata or from
clay-sand layers when an odour of sulphuretted hydrogen may occur (Skeat,
1969).
Tastes and odours, though of great importance in assessing the
palatability are the most difficult physical characteristics to measure
in any numerical sense. Objection to taste and odour in drinking water
is very subjective in nature and different persons react differently to
them. Any person accustomed to a specific odour and taste in a supply
of water may not find it objectionable but a person newly exposed to the
same supply may find it unacceptable. Although the odour and taste levels
do not directly measure the safety of a drinking water, they may interfere
with the consumer acceptance of the water. If the water has an.objectionable odour and taste, people may go to less safe supplies where
available.
Any decision on tastes and odours being highly subjective no specific levels of odour and taste have been specified by the International
Standards. They merely state that potable water should be 'unobjectionable'
in taste and odour.
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4.2.3

TURBIDITY

The turbidity in water may be caused by microorganisms or organic
detritus; silica or other mineral substances including zinc, iron and
manganese compounds"; clay" or silt; or sawdust, asbestos fibres or
other materials, either as a result of natural processes or erosion or
as a result of the discharge of domestic sewage or wastes from a variety
of industries, such as mining, dredging, logging, pulp and paper manufacturing and others. Turbidity is an expression of the optical property
of water which causes light to be scattered and absorbed rather than
transmitted in straight lines. Although sometimes the terms 'turbidity'
and 'suspended matters' are used almost synonymously, the degree of
turbidity is not equal to the concentration of suspended matters, but
is an expression of only one effect of suspended matters upon the character of water.
Turbidity virtually affects all uses of water. A high turbidity
in water indicates the presence of particulate matter some of which may
be pathogenic or toxic and are therefore a cause for concern. Although
many of the clay, silt or organic particulates, in themselves, may not
have deleterious effects when ingested, there are chances that they may
create adverse health effects through adsorption, transport and release
of organic and inorganic toxicants, bacteria and viruses. Since asbestos
minerals have been found to be carcinogenic in nature, turbidity caused
by them needs special attention. Readily visible turbid water is not
acceptable to the public and if the water is highly turbid treatment may
be necessary to make it acceptable. Simple storage reduces turbidity
and may render the water unobjectionable. Suspended particulate matters
causing turbidity may provide a safe and secure habitat for the various
pathogenic organisms and interfere with the effective disinfection by
chlorination (Hoff and Geldreich, 1978).
The International Standards specify the highest desirable level and
maximum permissible level of turbidity in drinking water as 5 and 25 JTU
(Jackson Turbidity Unit) respectively.
4.2.4 E!:!
pH is a measure of acidity and alkalinity using a scale of 0 to 14,
7 being the neutral point. Mathematically it is related to hydrogen ion
1
+
concentration by the expression pH = log [H+] where [H ] is the hydrogen
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ion concentration.
Hence, if [H+] = 10- 6 mols per litre the pH value
is 6. Any sample of water having a pH value less than 7 is called
acidic and above 7 is called alkaline. The principal system that
regulates pH in natural waters is the carbonate system (Stumn and
Morgan, 1970) which comprises Carbon Dioxide (C0 2), Carbonic Acid
(H 2 C0 3 ), Bicarbonate Ion (HC0 3-) and Carbonate Ion (C0 3=). The correlation amongst the four depends largely on the intensity of the process
of photosynthesis and the biochemical oxidation of organic substances
as well as on the chemical oxidation and reduction of some mineral
substances. An increase in the content of coloured humus substances
may affect the pH value.
Under natural conditions, the values of pH in the surface water
range from around 5.0 to 8.6 with the exceptions of greater range in
some cases (UNESCO-WHO, 1978). The normal range of pH in groundwater is
from slightly less than 6 to about 8.5 and the full known range is from
to around 12.2 (Lehr et al, 1980). Water with low pH values is not
uncommon in thermal springs; on the other hand pH values as high as
11.6 and 11.7 have been observed in some springs in the United States
(Hem, 1970). Domestic sewage is generally neutral or slightly alkaline
with a strong buffering action. Industrial wastes may be strongly acidic
or alkaline depending on the type of industry. Wastes containing tan
liquors, acid dyes, pickling liquors, sulphite waste liquors, some
brewery effluents and coal mine drainage are acidic. Alkaline wastes
may include sulphate-pulp rinse waters, laundry wastes, bottle wash
waters, wool-scouring wastes, kiln liquors etc. I~unicipal and industrial
discharges may, therefore, greatly influence the pH values of receiving
water bodies.

°

pH in the raw water used for public water supplies is an important
factor. Without proper adjustment of pH raw water may be corrosive and
adversely affect treatment processes. Coagulation is a process very
sensitive to pH and efficiency of metal coagulants depends on the pH
value of water. Alum [A1 2 (S04)3·18 H20], the most widely used chemical
in water treatment is effective within the pH range of 5 to 7. Coagulation
for removal of colloidal colour by use of aluminium or iron salts generally
has an optimum pH range.of 5 to 6.5.(Sawyer, 1960). The efficiency of
chlorine as a disinfectant principally depends on the equilibrium betwen
hypochlorous acid and hypochloride ion according to the reaction
HOCl = H+ + OC1- and this reaction depends on the pH value of water.
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Disinfection by chlorine is more effective at pH values less than 7
and the killing power of chlorine decreases with an increasing pH
value (Butterfield, 1948). Study by Reid and Carlson (1974) indicates
that in natural waters no significant difference in the kill rate for
E.Coli was observed between pH 6 and pH 8. The undesirable effects
that may be caused are taste and corrosion depending on the pH value
of the domestic water. Water with a low pH value is corrosive and may
cause damage to plant equipment and to the pipes in the distribution
system. By way of corrosion metals such as lead, zinc, copper and
cadmium may be introduced into the water from pipes and plumbing fixtures and can give rise to toxicity and unpleasant taste. Water acquires
a sour taste if the pH value is 3.9 or less, except in highly buffered
solutions (McKee and Wolf, 1963). Water is considered stable when it
neither dissolves nor deposits calcium carbonate. The calcium carbonate
is in equil i bri um with the hydrogeni on concentration accordi ng to the
equation: Ca C0 3 + H+ = Ca 2+ + H C0 3When pH is raised from the equilibrium point water becomes scale forming depositing calcium carbonate.
So by proper adjustment of the pH level of water it is possible to provide
a thin coating of calcium carbonate on the pipe interior which will protect
the pipe from undue corrosion. Langlier (1936) developed an index, in
the pH range of 6.5 to 9.5, that makes it possible to predict whether a
given ~/ater will deposit or dissolve calcium carbonate. A positive value
of the index will signify that the water is oversaturated and will precipitate calcium carbonate whereas a negative value will indicate the water
is corrosive.
The International Standards specify a pH range between 7.0 to 8.5
as the highest desirable level and between 6.5 to 9.2 as the maximum
permissible level in drinking water.
4.2.5

TEMPERATURE

Temperature of water at the users' end depends on the temperature
of water at source as well as the processes the water has undergone by
way of treatment and distribution. Seasonal pattern of warming and cooling
strongly influences the temperature of water. Industrial discharges of
water mainly from power stations, raise the temperature of receiving
surface waters. Similarly a release of cold water from dams or barrages
may affect the temperature of the stream water. Generally ground water
is cooler than surface water.
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Temperature partially influences the off stream domestic uses
as well as in stream recreation. Temperature to a great extent
determines the trends and tendencies of changes in water quality.
Temperature affects the ion and phase equilibria and influences rates
of biological activity and biochemical processes. As a result changes
occur in the concentration and content of organic and mineral substances
in water. High temperature stimulates the growth of plankton and accelerates the biodegradation of organic materials. Solubility of gases
is temperature dependent. The entire mechanism of water treatment largely
depends on temperature. Sometimes increased temperature may increase the
odour of water because of the increased volatility of odour producing
compounds (Burnson, 1938). The desirable temperature of water for domes-·
tic uses, particularly for drinking, is highly subjective and has local
influences. For example, coolness of water is considered a desirable
characteristic of good water by New Guinea Highlanders (Feachem, 1973 ).
In most tropical countries cold water is preferred to hot water for
drinking and bathing during the summer. Short durations of exposure to
lower (lOoC) and higher temperatures (35 0 C) can, however, be tolerated by
most individuals (National Academy of Sciences, 1974). In hot climates
in developing countries the usual water treatment process cannot reduce
the temperature of water to the extent it may be pleasant to drink and
different people adopt different means to bring down the temperature of
drinking water to their liking.
4.3 CHEI4I CAL PARAMETERS
4.3.1

FLUORIDE

Fluorine is the most electronegative element and is the 17th most
abundant element in the earth's crust. Principally it occurs as fluorspar (Ca F2), cryolite (Na 3 Al F6 ) and fluorapatite [3Ca 3 (P0 4 )2 Ca (F,Cl)2 1
As fluorspar it is found in sedimentary and sometimes in igneous rocks but as
cryolite in igneous rocks only. These fluoride minerals are nearly soluble
in water. Fluoride is often associated with volcanic or fumarolic gases
which may be important sources of fluoride for natural water in some
areas. The concentration of fluoride in natural waters mainly depends on
the solubility of the fluoride-bearing. rocks with which the water is in
contact and the period of contact. Fluorides in high concentrations are
not a common constituent of natural surface waters, but they may occur in
harmful concentrations in ground waters. Fluoride is present in sea water
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(0.8-1.4 ppm) and to some extent in nearly all foods (fish, tea,
vegetables, milk and most fruits).
Fluorides are used as insecticides, for disinfection of brewery
apparatus and in many industrial processes like the manufacture of
steel, glass and enamel, preservation of wood etc. While not normally
found in industrial wastes, they may be present in trace amounts. or in
high concentrations if any spillage occurs.
In some countries the occurrence of fluoride in ground water and
surface waters is widespread. For example, in Tanzania fluorine content in groundwater and springs ranges from 4 mg/1 to 330 mg/1F and
the fluorine problem is not a localised feature but engulfs almost the
entire country (8ugaisa, 1971). Fluoride concentration in surface waters
of peninsular India varies from 0.12 to 12 mg/l and the general level of
fluorides in groundwater in Western-Central, Southern and in arid and
semi-arid belts of Western India is usually between 1 and 5 mg/l except
in a few cases in Western India where the concentrations are reported
as high as 19 mg/l (Bu1usu et al, 1979).
Fluoride is a normal constituent of all diets and it is considered
as an essential nutrient. Above an optimum range high concentrations of
fluoride in drinking water, however, leads to the destruction of the
enamel on the teeth and causes a number of endemic conditions referred
to collectively as "fluoroses". The conditions include dental malformation, stained enamel (producing an unsightly dark discolouration of the
teeth known as mottling), decalcification, mineralisation of tendons,
digestic and nervous disorders. Fluoride is highly toxic when ingested
in sufficient quantity. Death may occur when 2250-4500 mg of fluoride
(5000-10,000 mg sodium fluoride) is consumed in a single dose (Shaw,
1954) and doses of 250-450 mg give rise to severe symptoms (McKee and
Wolf, 1963). Initial symptoms of fluoride toxicity are vomiting, abdominal pain and diarrhoea followed by paraethesia, hyperactive reflexes and
tonic and clonic convulsions. Death is usually due to respiratory paralysis or cardiac failure. Chronic toxicological studies indicate that
teeth.and bones are the most fluoride sensitive tissues (Safe Drinking
Water Committee, 1977). The sublethal, toxic, and lethal dose of fluoride
in drinking water are reported to be 115, 180 and 2000 mg/l respectively
(McKee and Wolf, 1963).
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The threshold concentration of fluoride for mott1ing of teeth is
about 1.4-1.6 mg/1 (as F). McKay in 1926 first related the problem of
dental fluorosis to drinking water and in 1931 Churchill and Smith
showed that it was specifically caused by fluoride in drinking water
(Sorg, 1978). The presence of fluoride in water in concentrations less
than 0.5 mg/1 creates another problem, it promotes dental carries in
children especially in the formative stage of permanent teeth. A study
of 5824 children aged 12-14 years in 22 cities in 10 states of the
United States was carried out to find out a relationship between the
levels of fluoride in drinking water and mott1ing of teeth. As the
fluoride content of the drinking water increased, "the community index",
i.e. the average index of mott1ing based on the two teeth most severely
affected in each child, increased along a" S-shaped curve. At about
2 to 3 ppm F in the water the community index corresponded to very mild
mott1ing; at about 4 ppm mild; at 5 to 6 ppm moderate; and at 14 ppm
the index lay between moderate 'and severe mott1ing (Underwood, 1971).
Excessive fluoride levels in drinking water may give rise to endemic
cumulative fluorosis with -resulting skeletal damage in both children and
adults. It has been estimated that 8-20 mg/1 consumed over many years
would result in bone damage (Hodge and Smith, 1954). It has been reported
that 21 of 178 of those living in a specific South American area who were
drinking water containing 16 ppm of fluoride gave evidence of bone changes
by X-ray examination (Miller, 1962). On the other hand no evidence of
skeletal fluorosis was found in X-rays of 86 persons at Kempton, Illinois
(USA) where the fluoride content in water varied between 1.3 and 3 ppm
(Heyworth, 1952).
Fluorine plays a very important role in mineralisation processes in
the organism, particularly as far as the metabolism and deposition of
calcium is concerned. Osteoporosis (demineralisation of bone) was found
to be associated with the lack of fluorine in the water (Masironi, 1976).
A study showed that there was substantially less osteoporosis in a high
fluoride area in Texas (8 ppm F in the water) than in a low fluoride area
(0.09 ppm F in the water) in ~lassachusetts (Underwood, 1971).
Fluorides have been reported to be beneficial against heart diseases.
Calcification of the aorta is less prevalent in areas where the water
supplies are rich in fluorine. In Finland death rates from coronary heart
attacks have been reported to be low in areas where the drinking water had
a high fluorine and magnesium content (WHO, 1978b).
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In Pennsylvania, USA, the incident of poliomyelitis was found to
be lower in areas where the surface water contained over 1 mg!l of
fluoride than in areas where the fluoride content was lower (McKee
and Wolf, 1963).
There are 4 million people in the United States living in 12,000
communities where the public water supplies contain excessive fluoride.
In 264 of these communities the fluoride levels are at least three
times the optimum amounts (1.2 ppm) and about 14 plants have so far
been built to defluoridate water (American Water Works Association,
1971 ) .
In the assessment of safe levels of fluoride in a public water
supply there is a need to consider the total daily intake of fluoride
from a 11 sources.
It is relevant to note tha t part of the i nges ted
fluoride is excreted through faeces, urine and other body fluids.
Depending on the diet the faecal excretion accounts for 10-30 percent
of the daily intake. Sweating may account for as much as 50% of total
fluorides excreted in hot climates (WHO, 1970). Observations on an
old-aged couple and on groups of young men showed that urinary concentrations of fluoride, closely approximated the concentration in drinking
water (Heyworth, 1952). Except in areas where fluoride-rich foods form
an important constituent of the diet, the amount obtained from food is
often insufficient and 60% of the body's fluorine requirements must be
met from water. To prevent dental carries there is a practice of
fluoridating (addition of fluoride, in the form of sodium fluoride,
sodium silicofluoride etc) community water supplies in many cities of
the United States. In 1963 the United Kingdom Government gave approval
for local authorities to arrange for fluoridation of public water supplies
(Skeat, 1969). The addition of fluorides for fighting against tooth-decay
is gradually becoming common in various parts of the world.
The International Standards have adopted the control limits for the
concentration of fluorides in drinking water as recommended by the United
States Public Health Service Drinking Water Standards (1962). The limits
are different for different ranges of annual average maximum daily air
temperatures as shown in Table 4.1. Concentration limits decrease with
increase in temperature to compensate for increased water intake and
consequently increased intake of fluoride at higher temperatures.
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TABLE 4.1:

RECOMMENDED CONTROL LIMITS FOR FLUORIDES IN DRINKING WATER

Annual average of maximum
daily air temperature in 0C
(should be based on data
obtained over a minimum of
fi ve years)
10 - 12
12.1 - 14.6
14.7 - 17.6
17.7 - 21.4
21.5 - 26.2
26.3 - 32.6
Source:

Recommended control limits for
f1 uori des (as F) in mg/1
Lower
Upper

0.9
0.8
0.8
0.7
0.7
0.6

1.7
1.5
1.3
1.2
1.0
O.B

WHO (1971)

In the 1962 survey of public water supplies of the 100 largest
cities in the United States a concentration of fluorides about 7.0 mg/1
has been found in treated water (Durfor and Becker, 1964). The Indian
Council of Medical Research (1962) allows up to 2.0 mg/1 as the maximum
upper limit. The Chinese Drinking Water Quality Standards allow up to
10 mg/1itre although the recommended level is 0.5-1.0 mg/1 (IDRC, 1981).
The Tanzanian Government has adopted a temporary standard of 8 mg/1 of
fluoride in drinking water (Eriksson, 1977).
4.3.2 NITRATE
Nitrate ion is the thermodynamically stable form of combined nitrogen for terrestia1 oxygenated aqueous systems. Accordingly, there is a
tendency for all nitrogenous materials in natural waters to be converted
into nitrate. Nitrate in water sources originates from the atmosphere,
sewage and industrial effluents, and agriculture. The fixation of atmospheric nitrogen may be carried out by non-symbotic microorganisms like
Azotobacter and Clostridium bacteria or by species like Rhizobia working
symbiotica11y with leguminous plants like peas. Some strains of blue
green algae can also fix up atmospheric nitrogen. Rainwater contains
some nitrate. Increased use of inorganic fertilizers to enrich the
soil for higher yield of crops elevates the concentration of nitrates in
ground waters below the fertilizer-treated lands. Natural leaching of
nitrates from such soils increases the concentration in surface waters.
Industries whose effluents contribute nitrate are mainly fertilizer industries and food processing (dairy and meat) plants. High concentrations of
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nitrate in surface water occur rarely because they serve as essential
nutrients for all types of aquatic plants. By photosynthetic process
nitrates are constantly being converted into organic nitrogen in plant
cells. On the other hand nitrate in high proportions are usually
noticed in deep underground waters where photosynthetic conversion
cannot take place. A frequent cause of nitrate pollution noticed in
unsewered areas is due to leachings from pit latrines, septic tanks,
cesspools, aqua privies, night soil dumps, refuse dumps etc. Percolation of nitrates from these point sources depend on the soil characteristics and the underground flow of water. A sudden increase in nitrate
concentrations in surface or ground waters may indicate faecal pollution
of the body of water in the past. Nitrites appear in water mainly either
due to biochemical oxidation of ammonia or due to reduction of nitrates.
Their presence in natural water in appreciable concentrations may be
indicative of recent pollution by faecal matter.
Two health hazards are. related to the consumption of water containing
high concentrations of nitrate. These are induction of methaemoglobinaemia
in infants and the formation of carcinogenic nitrosamines. Nitrate per se
in water is not of serious concern as a direct toxicant. It may be a
health hazard because of its bacterial conversion to nitrite in the stomach,
as well as in the saliva. The nitrite is absorbed into the blood stream
where it reacts with haemoglobin, the oxygen carrying part of blood, to
form methaemoglobin (Met Hb). ~lethaemoglobin results from the oxidation
of ferrous (Fe+ 2 ) iron of heme to the ferric (Fe+ 3) state by the reaction
with nitrite. On transition from the ferrous to the ferric the haemoglobin (Hb) loses its ability to combine with O2 (the exact molecular
mechanism of the conversion of Hb to Met Hb is still obscure). As a
result methaemoglobin cannot carry oxygen from lungs to the tissue which
gives rise to a clinical condition known as methaemobloginaemia. It is
characterized by a bluish discolouration of the skin (cyanosis) and
associated symptoms of listlessness and drowsiness. If the condition
is not alleviated by proper treatment, anoxia and death may ensue.
According to Robertson and Riddell (1949) methaemoglobinaemia is usually
first noticeable in infants when 10% of the haemoglobin is transformed
to methaemoglobin and severe cases may result when it increases to 20%
or more. 'Normally less than 2% of total haemoglobin is present as
methaemoglobin in the blood. In the opinion of Knotek and Schmidt (1964)
the first signs of cyanosis may be observed between 5 and 10%.
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adults methaemoglobin is rapidly converted into oxyhaemoglobin
by reducing systems such as NADH - methaemoglobin reductase.
why methaemoglobinaemia does not occur in adults although conof Hb to Met Hb takes place all the time in the body.

There are several physiological and biochemical features of early
infancy due to which infants less than 6 months old and especially those
under 3 months of age are in particular susceptible to methaemoglobinaemia (WHO, 1978a). These include:
i) Lower acidity (pH> 4.9) in their stomach allows the· growth of
certain microbes that contain enzymes capable of reducing nitrates
to nitrites.
ii) Foetal haemoglobin, which constitutes a major proportion of the
haemoglobin of the young infant, and the erythr.ocytes during
childhood may be more susceptible to conversion to methaemoglobin
by the action of nitrites.
iii) The enzyme system capable of reducing methaemoglobin to haemoglobin
is deficient in the young infant.
iv) The fluid intake of the young infant is higher than that of the adult
in relation to body weight.
Methaemoglobinaemia can act synergistically with other diseases such
as diarrhoea and anaemia or a respiratory illness in which case the health
risk is increased (Berwick, 1978). Based on controlled experiments on
rats Shuval and Gruener (1972) suspected the possible risk of intrauterine
transmission of methaemoglobinaemia from a mother to her new-born baby when
water or food containing nitrates or nitrites is given to the mother during
pregnancy. However, this needs confirmation by further studies with humans.
The other health hazard associated with nitrate levels in water is
the suggestion that they may influence human cancer rates by involvement
in the formation in vivo of N-nitrosamines (Fraser et al, 1980). The possibility of this link is a subject of current research. The role of nitrate
as a procarcinogen is rather speculative. It involves a chain of reactions
through which nitrate in water may be converted to N-nitroso compounds that
are the direct carcinogenic agent. The steps in the reaction sequences are
as follows:
1.
Ingestion of water containing nitrate.
2.
Bacterial reduction of nitrate to nitrite.
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3.
4.

Reaction of nitrite with secondary amines or amides in food or
water to form N-nitroso compounds.
Carcinogenic reaction of N-nitroso compounds.

The capacity of nitrogen to become a procarcinogenic depends on
the above reactions taking place in right sequence within the human body.
Infant methaemoglobinaemia resulting from the consumption of water
with high nitrate levels was first clinially recognized by Comly (1945)
in two cases in Iowa, USA. In one case well water used in food preparation
contained 140 ppm of nitrate and 0.4 ppm of nitrite ion and in the other
case, the well water used had 90 ppm of nitrate and 1.3 ppm of nitrite.
So far about two thousand cases have been reported worldwide with a
mortality rate of about 8 percent. Eighty to ninety percent of all cases
reported were associated with nitrate levels greater than 100 mg/l N0 3 ,
and few with levels less than 45 mg/l N0 3 (Miller, 1981). Walton (1951)
made a survey of the literature relating to methaemoglobinaemia in infants
due to nitrate contaminated water. There had been more than 278 cases in
the United States involving 39 deaths. With respect to 214 cases, the
available data indicated that in 37.8 percent cases well water used in
the infant feeding formula contained nitrate nitrogen in the range of
51-100 ppm; in 43.1 percent cases the concentration of nitrate was more
than 100 ppm and in the remainder of the cases it ranged between 11 and
50 ppm. Surface water supplies did not offer a problem except in very
unusual cases. In the United' Kingdom only ten cases of the disease have
been reported during the last thirty years. Four cases were associated
with private water supplies with nitrate levels above 150 mg/1 and six
cases were associated with public supplies having nitrate levels between
50-99 mg/l (Beatson, 1978). The only known fatality occurred in an area
where nitrate concentrations in ground water reached as high as 900 mg/1
(Miller, 1981). Taylor (1974) reports that about 335 cases of methaemoglobinaemia occurred in the United States with 33 fatal cases and in Europe
there were about 1000 cases out of which some 80 were fatal. Most of the
cases occurred in the period between 1945-1960. In December'1962, a fourweek old infant was attacked with methaemoglobinaemia in Colorado, USA.
The tap water had a nitrate level of 63 mg/1 and two samples of water used
to make the milk feed showed a nitrate concentration of 73 mg/1. The
increase in concentration was due to boiling of water for about 20 minutes.
Winton et a1 (1971) showed that daily N0 3 doses of 10-15 mg/kg of body
weight given to infants less than three months of age can cause above normal
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(10 percent) methaemoglobin in the blood. Where powdered formula and
excessively boiled water are used, water \~ith 50 mg N0 3 per 1.itreyields
this 10-15 mg/kg/day dose. Generally less than 10 percent of methaemoglobin in blood level has not assumed much medical importance. Only a
Russian study showed that schoolchildren whose drinking water contained
105 mg/l of nitrate had a blood methaemoglobin level of 5.8%. The latter
was implied to be a cause of slowing down of conditioned motor reflexes
among those children in response to auditory and visual stimuli (Petukhov
and Ivanov, 1970).
There is evidence, on the other hand, that concentrations of nitrate
exceeding the limit of 45 mg/l (as N03 ) suggested by the International
Standards, were not associated with methaemoglobinaemia. In Hessen,
Germany three of sixty-four public water supply systems had nitrate concentrations above 100 mg/l and no cases of methaemoglobinaemia had been
reported. In Texas, USA 31 wells had an average nitrate concentration
greater than 500 mg/l, the highest being 3100 mg/l. No infant deaths were
reported but livestock deaths occurred frequently. In India health authorities sometimes permit the public to consume waters having up to 200 mg/l
N0 3 for short periods, but warn them against continuous use; a request
is also made to report any evidence of methaemoglobinaemia. So far no
cases have been reported (Taylor, 1974). In 80tswana the nitrate level
in ground water supplies in many villages exceeded 100 mg/l. Since 1976
regional medical officers had been on the look-out for any incidence of
methaemoglobinaemia but they could not find any (Lewis, 1980). Examination
of samples of water from 100 wells in the city of Nagpur, India showed
that 38 well-waters had nitrate concentration ranging between 101-300 mg/l,
4 had above 301 mg/l, and 31 well-waters had nitrate concentration between
51-100 mg/l. Enquiries with medical practitioners and corporation staff
did not reveal any cases of methaemoglobinaemia (P~de et al, 1979). Faecal
pollution associated with nitrate insteadof nitratepeT'se appears to be a
greater problem in the developing countries. A medical investigation
carried out by a Swedish group in Botswana during 1978 to determine the
health hazards from nitrate in ground water, pointed out that in developing
countries because of problems with hygiene, storage condition and bacterial
contamination of the water added to formula preparation meant the child was
supplied with a concentrated suspension of bacteria and bacterial toxins.
They concluded: "at the most the addition of nitT'ate as a wateT' contaminant
wiU only have a maT'ginal deleteT'ious effect on the child's health". (Berg
et al, 1978).
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Epidemiologically, correlations have been shown to occur between
incidence of gastric cancer and concentration of nitrate in the drinking
water, but these findings are preliminary and suggestive only. They
provide no firm evidence of a causal link between incidence of cancer
and high intake of nitrate (Safe Drinking Water Committee, 1977).
The 1969 US Community Water Supply Study on 969 water utilities,
showed that finished water from 19 utilities exceeded 45 mg/l nitrate
and the maximum concentration found in samples collected from consumers'
taps was 127 mg/l (McCabe et al, 1970).
4.3.3 SULPHATE
One of the important sources of sulphate is evaporite sediment from
which magnesium, sodium and calcium sulphate (gypsum) may be leached into
surface and underground waters. 14etallic sulphides such as ion pyrites
occurring in both igneous and sedimentary rocks are oxidized to sulphate
by moist oxygen in the weathering process. Sulphides, sulphites and thiosulphates may be oxidized to sulphate by natural aeration in streams.
Some sulphate is formed during oxidative decay of organic matter in the
sulphur cycle and may in turn be used by sulphate reducing bacteria.
Industrial wastes from tanneries, steel mills, pulp mills, textile mills
and other plants that use sulphates or sulphuric acid, may discharge
appreciable ~uantities of sulphates. Domestic sewage, including detergents, also contain sulphate and may be a source of it when discharged into
natural water courses. Sulphate once dissolved in water becomes a permanent
solute unless it is anaerobically reduced to sulphide and precipitated in
sediments, released to atmosphere as H2S, or incorporated in living organic
matter.
The presence of sulphates in drinking water can affect taste and the
direct physiological effect of sulphates on humans is catharsis (purgation
of the alimentary canal). The taste thereshold for sulphate in water is
reported to lie between 300 and 400 mg/l (Safe Drinking Water Committee,
1977). Both sodium sulphate (Glauber Salt, Na 2 S04.10 H 0) and magnesium
2
sulphate (Epsom Salt, Mg S04.7H20) are familiar laxatives. Two litres
of water with about 300 mg/l of sul phate from Glauber Salt or 390 mg/l of
sulphate from Epsom Salt provides a laxative dose. This laxative effect
is commonly noted in persons suddenly exposed to high sulphate waters.
People become acclimatised to use of these waters within a short period.
The results of a questionnaire survey on the reactions of water consumers
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by the States Department of Health, North Dakota, indicated that a laxative effect was perceived at 750 mg/1 and below 600 mg/1 of sulphate
there was no laxative effect (Peterson, 1951). The presence of Mg +2 at
a concentration about equivalent to that of sulphate made the laxative
effect manifest at lesser sulphate concentrations. t-1oore (1952) found
that most people experienced the laxative-effect when sulphate plus magnesium exceeded 1000 mg/1. Experience of the laxative effect from water
containing sulphate in high concentrations varies widely. It is reported
that no acute toxic effects were noted in Western Turkmenia (USSR) from
consumption of water with as much as 1295 mg/1 of sulphate and one village
in British Soma1i1and was using water containing sulphate as high as
4400 mg/1 (Safe Drinking ~Jater Committee, 1977).
The International Standards set the limits of sulphate (as S04) to
200 mg/1 and 400 mg/1 as the highest desirable and maximum permissible
levels respectively.
4.3.4 CHLORIDE
Practically all natural waters contain chlorides in varying concentrations. They may originate from natural deposits of igneous and sedimentary rocks where chloride is mostly present in crystal forms of almost
pure sodium chloride, or may be derived from contamination of surface and
ground water due to saline intrusion from the sea, from agricultural fields
receiving fertilizers and animal wastes, from municipal sewage and industrial
effluents containing wastes from paper and pulp works, galvanizing plants,
petroleum refineries, water softening plants, oil wells etc. In coastal
areas, rain water may be a source. Chlorides from hot springs and volcanic
gases may increase the chloride concentrations in some streams (Feth and
Hem, 1963). Any sudden increase in chloride concentration in surface or
ground water may indicate faecal pollution, especially when it is accompanied by an increase in nitrate concentration. Use of salt for deicing roads
may be an important source of chloride in water in some places (Scott, 1980).
The primary objection to the presence of excessive chlorides in domestic water supplies is due to the salty taste that it imparts to the water.
The permissible chloride content of water depends to a large extent on the
sensitivity of the consumer. The chloride tolerance of human beings
varies with climate and physical exertion. Loss of chlorides through
perspiration needs to be replaced by chloride intake through drinking water
or diet. Miller (1962) reports that as long ago as 1907, Whipp1e studied
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the taste perceptiveness of about 20 people using various chloride salts
in distilled water. The concentration at which each salt could be detected
by the participants varied within the following lower and upper limits.
Salt
Calcium Chloride
Magnesium Chloride
Potassium Chloride
Sodium Chloride

Range in ppm
150
200
350
200

-

350
750
600
450

Data from Ricter and Mac1ean (1939) on a taste panel of 53 adults, indicated that at a median concentration of 395 mg/1 chloride a salty taste was
distinguishable, although the range was from 120 to 1215 mg/1. Threshold
concentration of chlorides in water used for brewing coffee were found to
range from 210 mg/1 to 310 mg/1 depending on the associated cation (Lockhart et al, 1955). Maximum concentrations of chlorides in public water
supplies in the United States has been found .to be 540 mg/1 (Durfor and
Becker, 1964). Reports from hot dry areas reveal that chloride concentrations up to almost 900 mg/1 have not been harmful (McKee and Wolf, 1963).
Even 1000 mg/1 of chlorides is harmless (Rudolf, 1931). Chlorides in
drinking water are not normally detrimental to health, although high concentrations may be injurious to some people suffering from heart or kidney
diseases (McKee and Wolf, 1963). Palatability is generally the primary
consideration in putting restrictions on the concentration of chlorides in
drinking water.
As per the International Standards 200 mg/1 and 600 mg/1 of chlorides
(as Cl) are regarded as the highest desirable level and maximum permissible
level respectively. The Indian Council of Medical Research (1962) allows
up to 1000 mg/l (as Cl) as the limit beyond which water will be regarded
as unsatisfactory for drinking and domestic purposes.
4.3.5

IODINE

Elemental iodine and iodides occur only as traces in fresh natural
waters, but their concentration in seawater is somewhat higher. Rainwater
may contain 1-3 vg/1 of iodides and the reported concentration in principal
rivers of the USSR ranged from 42.4-3.3 vg/1 (Hem, 1970). Since iodine or
iodides are used only sparingly in industry, for example, for medicines,
germicides, and analytical chemistry, they are not likely to occur in polluted waters in significant concentrations. Accidental discharge of radioactivE
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iodine from medical and research institutions may, however, occur (McKee
and Wolf, 1963).
Since ancient times it has been known that goitre was associated
with certain types of drinking water which, centuries later, were discovered to be deficient in iodine. Recent studies in Greece have shown
that in areas with endemic goitre the iodine content of the drinking
water was only 0.3 ~g/l as against 25 ~g in non-goitrous areas. A
similar situation has been reported from Iran where very little endemic
goitre was found in areas where water supply contained 10 ~g/l or similar
high amounts, while the incidence was high wherever there was a small
amount of even an absence of iodine in the water (WHO, 1978b). To overcome an iodine deficiency and to reduce the incidence of goitre in the
community, Rochester, New York, added iodine to its water supply from 1923
to 1933; but owing to economic factors, the availability of a superior
vehicle (salt) for the dispersing of iodine, and the adverse effect
upon certain individuals sensitive to iodine', the Rochester experiment was
abandoned and further mass treatment for iodine deficiency was discouraged
(McKee and Wolf, 1963). In Finland a strong negative correlation was found
between the iodine content of water and cardiovascular disease rates. The
susceptibility of the Finnish population to heart diseases appears to
increase when there is less than 2 to 3 ~g of iodine per litre of drinking
water. This is also the critical range for endemic goitres to develop
(WHO, 1978b). Confirmed experiments on disinfecting water at 23-30 oC
at pH 7.0 showed (Safe Drinking Water Committee, 1980) that iodine can
inactivate (99%) coliform bacteria at a concentration of 0.4 mg/l in 1
minute and poliovirus·l at a concentration of 20 mg/l in 1.5 minutes. No
adverse effects were noted when personnel in the tropics used drinking
water containing NaI at a rate of 12 mg of iodine per man per day for 16
weeks and 19.2 mg per day for the next 10 weeks (Morgan and Karpen, 1953).
Assuming 2 litres/day consumption of drinking water and total iodine
requirements of 0.08 to 0.015 mg/day high iodine waters (0.018 mg/litre)
would provide 24-44% of the total.requirement (Safe Drinking Water Committee
1980) .
4.3.6

IRON

Iron is present in most surface and ground water. It may enter the
body of wa ter from any of a number of sources. Meta 11 i c iron and its all G),S
may be corroded by water in the presence of oxygen and the resulting corrosio
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products which contain
iron in the ionic or molecular state, may in
themselves be a source of iron in·water. Depending on the pH and alkalinity this corrosion .process can pick up iron from cast iron or steel
water mains. Hater of very low pH which may result from discharge of
iron-bearing industrial wastes (for example, pickling wastes), drainage
from mines (eg coalmines) or in some cases inflows of thermal springs
in volcanic areas (Ze1enov , 1958) can carry high concentrations of ferric
and ferrous iron. The concentration of iron in surface or subsurface
water depends on the geological structure, hydrological conditions of the
basin and a number of complex physiochemica1 and biochemical factors. The
most important factors are pH, oxidation-reduction potential, the content
of oxygen, carbonic acid, hydrogen sulphide and other mineral constituents,
organic substances having a potentiality to form complexes including humic
substances and the presence and composition of microf10ra (UNESCO-HHO,
1978). The same factors also determine the concentration of various forms
of iron in natural water. Iron is found in different forms: in solutions,
colloids and suspensions and inorganic and mineral complexes in various
states of valence. In ground waters iron is usually found in the form of
ferrous chloride (Fe Cl), ferrous bicarbonate Fe[(HC03)~ and ferrous
sulphate (Fe S04)' Organic iron is found in water from surface run off
sources which contain organic acids, usually resulting from decomposing
vegetation and appear to chelate the iron. Iron in che1ated form is
difficult to get readily oxidised. Water containing organic iron is
highly coloured and may contain 6 ppm or more iron. Coloured shallow well
waters may often contain organic or che1ated iron.
Iron is an essential element for human health as it helps in the
metabolic process. The presence of iron in water in appreciable amounts
may impart a bitter characteristic taste and objectionable colour which
may be unacceptable to the public. A study by the Public Health Service
(Cohen et a1, 1960) indicates that the taste of iron may be detected
readily at 1.8 mg/1 in spring water and at 3.4 mg/1 in distilled water.
Iron usually present in solution is in a ferrous state. It turns into
a ferric state in contact with oxygen in air and precipitates in the
form of red flakes which produce turbidity and stains clothing and
.p1umbing fixtures. Crenothrix, Gallionella, and other iron bacteria
live on iron and attach themselves to the walls of distribution pipes,
thus causing the latter to corrode with the formation of bulky and hard
incrustations. Sometimes these fi1amentous .growths are sloughed away to
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produce deterioration in the quality of water that comes out of a tap.
Since uptake of iron in drinking water constitutes a small fracti9n of
total daily intake of iron, average 16 mg (Sollman, 1957) through regular diets, the criterion for an upper limit of iron in domestic water
supply is of aesthetic rather than toxicological significance.
The highest desirable level and maximum permissible level of iron
(as Fe) in potable water are 0.1 mg/l and 1 mg/l respectively as per the
International Standards.
4.3.7

MANGANESE

Manganese bearing ores commonly occur in nature. The most common
forms of manganese in rocks and soils are oxides and hydroxides. The
ferro-magne$ium minerals such as biotite and hornblende usually contain
some manganese. A common manganese-bearing mineral is magnesium carbonate. Acid drainage from coalmines reaching surface waters may be a source
of manganese in streams often in concentrations exceeding 1 mg/l. In industries the use of manganese, the metal or its salts, is quite common in the
manufacture of steel alloys, dry-cell batteries, paints and varnishes,
glass, ceramics, inks, dyes, matches and fireworks. Manganese is also used
in agricultural processes in areas where soil is deficient in manganese
(Browning, 1969). The chlorides, nitrates and sulphates of manganese are
highly soluble in water whereas the oxides, hydroxides and carbonates are
sparingly soluble. For this reason, manganic or manganous ions are rarely
present in natural surface water bodies in concentrations above 1.0 mg/l
(McKee and Wolf, 1963). Manganese may be found at the bottom of many
reservoirs where the water is practically stagnant, and decomposition of
vegetables and organic matter takes place under anaerobic conditions
(Flentje, 1960). In ground water subject to reducing conditions, higher
concentrations of manganese can occur due to leaching action of soil.
In well waters manganese is normally present in chloride, sulphate and
bicarbonate form in manganous state.
Manganese normally is ingested as a trace nutrient in food. The
average human intake is approximately 10 mg/day (Sollman, 1957). A
dietary deficiency of manganese may cause abnormal growth, symptoms of
the centra 1 nervous sys tern di sorder, anaemi a and probably may interfere
with the normal reproductive functions (McKee and Wolf, 1963). Very large
doses of ingested manganese can cause some disease and liver damage, but
manganese toxicity problems are very rare. Manganese in drinking water in
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a village outside of Tokyo was found to be the cause of death of
three persons due to encephalitis like disease with early symptoms of
lethargy and oedema. The well supplying the water was contaminated by
manganese from dry cell batteries buried in the vicinity (McKee and Wolf.
1963); the amount of manganese in the water was not given. A high concentration of manganese in domestic water supplies. causes concern for
the users as it causes an unpleasant taste, deposits on food at the time
of cooking and brownish staining of laundry and plumbing fixtures.
Manganese degrades the taste of drinks. Cohen and his colleagues (1960)
reported it to be detectable by 5% of a taste panel when 3.4 mg/l were
present in distilled water and by estimation to 50% when 180 mg/l were
concentrated in spring water. Manganese causes turbidity in water when
present in excess of 0.15 mg/l. Manganese frequently occurs in association with iron, but in lesser amounts. Adverse effects of manganese are
believed to increase when it is present with a low concentration of iron
(Train, 1979). In combination with iron manganese fosters the growth 'of
Crenothrix,Ga~~ione~~a and other related forms of organisms in reservoirs,
filters and distribution systems. Manganese tends to remain in solution
and oxidation is more difficult. A higher pH is required to remove it.
Manganese if not removed. may deposit on the distribution mains and
reduce their capacity. Sometimes unnoticed accumulation in the distribution piping and their sudden release into the supply may give rise to
serious troubles. Consumer complaints arise when manganese in water
supplies exceeds a concentration of 150 ~g/l (Griffin. 1960).
The International Standards recommend that the highest desirable
level of manganese (as Mc) in water for domestic use may be 0.05 mg/l,
whereas the maximum level should not exceed 0.5 mg/l. Aesthetic and
economic considerations rather than physiological hazards have been the
basis of these limits.
4.3.8 CALCIUM
Calcium ions and salts are very common in water and in most natural
fresh water calcium is the principal cation. Since calcium is very widely
distributed in the common minerals of rocks and soil any water (surface
or underground) coming into contact with them may contain calcium due to
leaching action. Other common sources are sewage and various types of
industrial wastes, for example, wastes from bromine and salt works. oil
wells, tanneries, canneries. leather and leatherette works. chemical and
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paint plants, match and explosive industries, glue factories etc.
Calcium is considered as an essential element of the human body.
It serves as a nutrient and the body requires 0.7 to 2.0 gms of calcium
per day. It is necessary for blood clotting and for the normal functioning of nerve tissue. Calcium deficiency causes rickets. Calcium also
prevents the absorption and transfer of toxic ions from the intestine
to the blood. Since calcium is an essential· constituent of diet and
food can supply almost all the calcium the body requires, its nutritional
value in drinking water is sometimes doubtful. Certain population with
calcium poor diets may however obtain a sUbstantial amount of calcium
from their drinking water. For instance, in parts of Indi.a where the
diet is low in calcium than it is in Western countries, 20% of the
inhabitants' calcium intake comes from their drinking water (WHO, 1978b).
Excessive calcium in drinking water may form concretions in the
organs like kidney or urinary b1adder.in the body and may give rise to
irritation of the urinary passages resulting in difficulty in passing
urine. The other objection to the presence of calcium in the water in
higher concentrations is that it is the principal element that causes
hardness in water. The main undesirable effects of excessive hardness in
water are high consumption of soap and scale formation. A number of studies
have been carried out to find any correlation between water hardness and
cardiovascular diseases and calcium being the principal factor in the
hardness of water naturally takes the pride of place. Crawford et a1
(1968) found a higher negative correlation between mortality and calcium
than with any other elements they looked for. Knox's (1973) finding of
a significant relationship between dietary calcium intake and mortality
from both ischaemic heart disease and that from all causes supports this.
Bior,ck et a1 (1965) in an investigation of death rates in Sweden with
respect to geology, water source, and 23 chemical parameters, found a
highly significant negative correlation between male (25-64) mortality
and calcium. Schroeder (1960) observed similar significant negative correlations between mortality from cardiovascular disease and calcium, magnesium, bicarbonate, sulphate, fluoride, dissolved solids, specific conductance and pH. In an epidemiological study of dental fluorosis in
Uttar Pradesh in India, it was identified that calcium provided a protective effect against the uptake of fluoride (Teotia and Teotia, 1975).
It was also suggested that magnesium was antagonistic to the protective
effect of calcium.
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The International Standards set the limit of calcium (as Ca)
in water for domestic use to 75 mg/l and 200 mg/l as the highest
desirable level and maximum permissible level respectively.
4.3.9 MAGNESIUM
Magnesium is a very common element in ores, minerals, rocks and
soil. It constitutes about 2.1% of the earth's crust. In most natural
fresh water, the magnesium concentration is, however, much lower than the
calcium concentration. Magnesium salts are highly soluble with the exception of magnesium hydroxide at high pH values. Hagnesium is precipitated
as the hydroxide at pH values 9.6 to 10.4 where.a gelatinous precipitation
is formed. Magnesium and its salts are used in many industrial processes
and thus can be found in streams carrying effluents from those industries.
Magnesium metal is used in metallurgy as a constituent of light alloys
and in the manufacture of electrical and optical apparatus. Its salts
are used in the manufacture of chemicals, artificial leather, cements,
fire extinguishers and fireproofing materials, sweeping compounds, road
coverings, glass and ceramics, medicines, fertilizers, explosives and matches. Nagnesium salt is also used in the textile industries, dyeing and
printing and in the tanning process (McKee and Wolf, 1963).
Magnesium is the most abundant intracellular divalent cation present
in all body·tissues. It maintains the functional and structural integrity
of the myocardium. Magnesium deficiency may induce cardiac necrosis (WHO,
1979b). The daily magnesium requirements are 300 to 500 mg per day.
Magnesium affects taste and contributes to hardness of water.
Magnesium usually occurs in smaller quantities than calcium. It may
produce gastrointestinal irritation in the presence of sulphates.
According to Moore (1952) the laxative effect is most experienced when
sulphate plus magnesium in water exceeds 1000 mg/l. Several studies
relating water hardness to cardiovascular disease have indicated the
importance of magnesium in drinking water .. Schroeder (1960) found
highly significant negative correlations between mortality from cardiovascular.heart disease and calcium and magnesium. In their study of the
relationships between water-borne minerals and mortality Neri et al
(1975) concluded that magnesium appeared to be the element that has the
highest possibility of being responsible for the relationship between
water hardness and cardiovascular mortality. Magnesium deficiency has been
found to be associated with increased susceptibility to cardiac arrythmias
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(Seller, 1971 ; Wacker and Parisi, 1968). Magnesium appears to exert
a protective effect that enables patients to survive either by preventing arrythmias or by being involved in certain defensive actions of
cardiac enzymes (Mishra, 1960). Magnesium is theorized to have a protective role against lipid deposits in arteriesand also may have some
anticoagulant properties that could protect against cardiovascular
diseases by inhibitnng blood clot formation (Safe Drinking Water Committee,
1977). Besides, drinking water containing low magnesium is found to be
associated with sudden unexpected infant death syndrome ,i.e. death
occurring in new born babies for no apparent cause. Such'deaths, which
have been found to be more prevalent in areas supplied with low magnesium
(25 mg/l) water than in areas supplied with magnesium rich (44 mg/l)
water, seem to be due to histamine shock caused by magnesium deficiency
(WHO,1978b).
"

The International Standards set the following limits for magnesium
(as Mg):
Highest desirable level - not more than 30 mg/l if there are 250 mg/l
of sulphate; if there is less sulphate, magnesium up to 150 mg/l may be
allowed.
Maximum permissible level - 150 mg/l.
4.3.10 SODIUM
Sodium is one of the most abundant elements and sodium compounds
constitute 2.83 percent of the earth's crust. Since most sodium salts
are extremely water soluble, they are present in most natural waters.
Sodium in surface or ground waters is derived geologically from the
leaching of surface and underground deposits of salts like sodium
chloride and from the decomposition of sodium aluminium silicates and
similar minerals. Evaporated ocean spray may increase the sodium content
of rainfall in coastal areas and may often be the largest contributor of
sodium ions within 50-100 miles of seacoasts (Safe Drinking Water Committee,
1977). Intrusion of seawater into fresh water aquifers and mixing of salt
water with fresh water in streams in estuarine areas during tidal waves
'are common phenomena 'causing an increase in sodium concentration in underground and surface waters. Due to ion exchange calcium ions may be
replaced by sodium ions during normal leaching in some soils. Sodium
salts are used in a number of industries so the presence of sodium ions
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is not unexpected in the process wastes of those industries. The
common industries which use sodium salts include textile. dyeing.
chemical. photography. medicine. paper. fungicides. insecticides. soap.
food preservatives. cleaning compounds. laundries. tanning. dairies.
petroleum. electroplating. blue printing. metallurgy and fermentation
industries. Sodium salts used as a deicing agent on roads during snow
may find an entry into water supply sources. Artificial softening of
water by ion exchange or lime-soda process increases the sodium concentration in water substantially.
Excessive sodium in drinking water may have an adverse physiological
effect and an unpalatable mineral (salty) taste. Sodium sulphate has a
laxative effect. Sodium chloride in high concentration makes the water
saline. Sodium has an adverse effect on certain patients affected with
cardiac. renal and circulatory diseases and women with toxemia associated
with pregnancy. so water with a high sodium content may be harmful to them.
Persons on restricted sodium diets may have an intake restricted from 500
to 1000 mg/day (National Research Council. 1954). Sodium intake through
drinking water and food needs to be balanced properly so that the total
does not exceed the allowable intake. Excessive sodium in drinking water
used for preparation of baby food from unmodified cow's milk powder has
been found to be associated with hypernatraemia in bottle fed neonates.
Human breast milk contains only 150 mg/1 sodium and cow's milk contains
an average 580 mg/1 sodium. Baby foods made from unmodified cow's milk
also contain about 580 mg/1. Some baby foods are manufactured nowadays
from which some of the sodium are removed. The sodium content in these
modified milks which are more expensive than unmodified milks. range from
150 mg/1 to 450 mg/1. Many mothers are overgenerous in their use of
milk powders and use a heaped instead of a level scoop. Thus even when
reconstituted with sodium free water. baby foods thus prepared may contain high levels of sodium. This practice, in combination with the
inability of the immature kidney of the new born baby to concentrate
salt in the urine is primarily responsib1e"for the development of hypernatraemia (Robertson, 1976). The boiling of drinking water before making
up baby foods increases the sodium concentration as a result of evaporation,
and may thus, exacerbate the problem. Hypernatraemia was identified as a
cause of death or brain damage in infants by Finberg in 1955 (Robertson
and Parker. 1979). A high sodium intake does not cause a danger as long
as there is a balance between sodium ingesion and sodium exretion by the
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baby via the kidneys and through sweating. The baby remains well until
renal output becomes too scanty to carry the necessary salt. When water
lost from the lungs humidifying inspired air accounts for a substantial
proportion of fluid loss, the risk of hypernatraemia becomes acute.
This is because water used up for humidification.carries no salt with it.
This form of fluid loss is more if at the same time the baby develops
a respiratory infection with pyrexia and rapid shallow respiration during
co.1d weather. The cases of hypernatraemia occur more frequently during
winter months when the absolute humidity of inspired air is low. On
analysis of twenty-nine years' (1948-1976) records of sudden deaths in
infancy in two Boroughs of G1andford and Scunthorpe, in the UK, Robertson
and Parker (1979) found that changes in sodium concentration in drinking
water used for the feed of bottle fed babies, had a significant relationship with crib deaths. Crib deaths due to hypernatraemia were found
to be more when sodium content in water used for preparation of baby food
was more. They concluded that the level of sodium above 50 mg/1 in the
drinking water might contribute towards increasing infant mortality but
the basis of determining this danger level of sodium is not clear.
4.3.11

COPPER

Copper occurs in nature in elemental metallic form and in various
mineral forms such as cuprite and malachite. Sulphides, oxides and carbonates are the usual .copper ores. Metallic copper is insoluble in water
but many of the copper salts mainly chloride, nitrate and sulphate, are
highly soluble. High concentrations of copper may occur in water from
copper mines or in water that has leached from ore dumps or mill tailings.
In natural surface waters copper salts occur in trace amounts, generally
up to about 0.05 mg/1. Under specific conditions, copper has been found
in ground water in concentrations up to 12 mg/l. Presence of high concentrations of copper in surface water above the usual range is generally
due to pollution. Sources include water corrosion of. copper and brass
tubi ngs; use of oxi des and sul pha tes 0 f copper as .pesti ci des, a1gi ci des
and fungicides; and industrial wastes. Metallic copper is used in metallurgy for making alloys, in the manufacture of cooking utensils, electrical
industry, pipes, roofing etc. Copper salts are used in various industries
viz textile, pigmentation, tanning, photography, engraving, electroplating,
paint and wood preservatives. Copper is present in seawater at a concentration of about 3 ~g/l.
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Copper as a nutritional element isessentia1 for human bodies in
trace elements. It appears to be involved in the metabolism of iron
because in the absence of copper blood forming organs cannot utilise
iron properly. Young children require approximate1y.0.1 mg/dayof
copper to avoid nutritional anaemia preventing normal growth and the
daily requirement for adults is estimated to be about 2 mg/day (5011man, 1957). According to the fourteenth report of the Joint FAO/WHO
Expert Committee on Food Additives, no deleterious effects would be
expected provided the copper intake of man does not exceed 0.5 mg/kg
body weight per day (WHO, 1973a). Copper is not considered to be cumulative poison and most of it ingested is excreted by the body. The
average daily urinary excretion is about 1.0 mg and the remainder being
excreted in the faeces and very little is retained, the net absorption
may be about 5 percent. Storage of copper is highest.in the liver, kidneys,
i ntesti nes. Oral doses of 60 to 100 mg cause symptoms of gastroenteriti s
with nausea and intestinal irritation, but doses in the order of 10 to
30 mg have not caused poisoning even when continued for several days
(fkKee and Wolf, 1963). Prolonged oral administration of excessive
quantities of copper may result in liver damage (Train, 1979). There
are reports of suicide with gram quantities of copper sulphate which has
been recommended as an emetic at doses of 500 mg (as Cu 50 4 ) for adults
and 37-50 mg. (as Cu 50 ) for children (Safe Drinking Water Committee,
4
1977). Nine children and three adults amongst a large number of people
served by a central canteen started vomiting almost immediately after
eating apples stewed in a copper boiler which had a defective lining.
The stewed apples were reported to have a bitter taste and contained
90 mg/1 of copper (Tay1or, 1958). An outbreak of 18 cases of gastroenteritis occurred in a factory canteen at Liverpool England due to the
contamination of tea by copper from a corroded drinking fountain. On
examination, the copper content in the water from the fountain was found
to be 44 mg/l. All the 18 people, however, recovered from this acute
poisoning (Semple et al, 1960). A case of infant fatality is reported
where the child drank water containing copper at 6.75 mg/l for 14 months.
It is not known whether the child was genetically intolerant to copper
(Walker-Smith and Blomfield, 1973).
The hazard to the general population from dietary intake of copper
up to 5 mg appears to be little with the exception that people suffering
from Wilson's disease may be adversely affected by even normal quantities
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of copper in the diet. In addition, those people, who have the deficiency of G1ucose-6-Phosphate dehydrogenase, are sensitive to copper as
this deficiency is believed to cause hypersensitivity to copper (Safe
Drinking Water Committee, 1977). The limiting factor for copper in
drinking water is taste. Copper in excess of 1 mg/1 (as Cu) may impart
an undesirable bitter taste to drinking water. Depending on individual
acuity, the threshold for taste perception varies from 1 to 5 mg/1 as Cu
(Cohen et a1, 1960).
The International Standards set a highest desirable level of
0.05 mg/1 and a maximum permissible .leve1 of ·1.5.mg/1, both as Cu.
4.3.12

ZINC

Zinc occurs abundantly in rocks and ores and the most common zinc
mineral is possibly the sulphide spha1erite. Zinc is also often associated with sulphides of other metals viz lead, copper, cadmium and iron.
Generally it is found in natural surface and ground waters only in trace
amounts and may be due to the leaching of zinc from rocks and soil through
which the water has passed.
Other sources of zinc in water may be the effluents from industries
using zinc as a resource, either in metallic form or as salts. Metallic
zinc is used for galvanizing and alloying. It is also used in the manufacture of electrical goods, printing plates, dyes and in the dyeing
processes. Zinc salts are used in paint pigments, pharmaceuticals, cosmetics, dyes, insecticides and very many products. Zinc may occur in
significant concentrations in effluents and small-arms ammunition plants.
Some of the zinc salts, for example, zinc chloride and zinc sulphate,
are highly soluble in water, so their occurrence in the industrial
effluents is likely. Zinc carbonate, zinc oxide and zinc sulphide are
insoluble in water and therefore some zinc will quickly precipitate from
the solution and be removed readily in most natural waters. Evidence
suggests that zinc ions are adsorbed on silt strongly and almost permanently and the zinc thus gets inactivated (McKee and Wolf, 1963). In
soft water·areas, zinc may leach into water from galvanised pipes used
in the distribution piping. Calcium in hard water areas reduces the
absorption of zinc (Robertson, 1979).
Zinc is relatively non-toxic and is. an essential and beneficial
element in human metabolism. The recommended minimum intake levels are
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15 mg/day for adults and 10 mg/day for children over 1 year of age
(Safe Drinking Water Committee, 1977). The normal human intake of
zinc is estimated at 10-15 mg/day; excretion of zinc averages about
10 mg daily in the faeces and 0.4 mg in the urine. Zinc deficiency in
children leads to growth retardation (Train, 1979). Low concentrations
of zinc in water have no adverse effects. A group of 200 persons stationed at a depot used a drinking.water supply containing 23.8 to 40.8
mg/l of zinc and experienced no ill effects. Reports reveal that communities have used waters containing 11.2, 17, 18.5 and 26.6 mg/l without
harmful effects. It is reported that spring water containing 50 mg/1
of zinc was used for a protracted period without ·i11ness (McKee and
Wolf, 1963). On the other hand, there is evidence that suggest zinc
poisoning. A water supply containing 30.8 mg/l of zinc was claimed to
cause nausea and fainting spe11s.(U5PHS, 1962}. Rain water containing
less than15 mg/1 of zinc held in galvanized tanks has been implicated
as causing stomach disorders (Hart, 1974). Aesthetically, high concen~
trations of zinc in domestic water supply are not desirable. At concentrations of 30 mg/l or more, zinc imparts a strong astringent taste and
milky appearance to water (Kehoe et al, 1944). At a concentration of
30 mg/l zinc causes a greasy film on boiling (Nolte and Kramer, 1934).
Zinc salts cause acute but transitory gastrointestina1 irritation after
a few minutes of ingestion of them in food where their taste is disguised
(Miller, 1962). The emetic concentration range in water is from 675 to
2280 mg/l (USPHS, 1962). In tests performed by a taste panel using zinc
sulphate in distilled water, the estimated taste threshold of 50 percent
of the panel was 17.6 mg/l of zinc, but the more sensitive 5 percent of
the panel were able to detect zinc sulphate at a concentration of 4.3 mg/l
as zinc ion. The data reveal that the 50 percent taste threshold for zinc
varies when other salts are used; for example, 21.6 mg/1 Zn (N0 3}2 and
24.8 mg/1 Zn C1 2 as Zn. The taste was less noticeable in mineralised
natural spring water and the taste threshold for 50 percent of the panel
members was 27.2 mg/1 of zinc as zinc sulphate (Zn 50 4 ) and 32 mg/l of
zinc as zinc chloride (Zn C1 2) (Cohen et a1, 1960). However, consumers'
experience with water containing as much as 40 ppm shows that this concentration is harmless although zinc imparts a metallic taste at this
concentration (Kehoe et al, 1944).
The International Standards set a limit of 5.0 mg/l of zinc (as Zn)
as the highest desirable level and 15.0 mg/1 as the maximum permissible
level in water for domestic use.
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4.3.13 HARDNESS
Hardness is caused by the polyvalent cations dissolved in water.
Calcium and magnesium are the .principal·.cations responsible for hardness
in water. Other cations may include iron, manganese, copper, strontium,
aluminium, lead and zinc. Substances contributing to hardness may leach
from soils or rocks naturally or by return flow from irrigation fields.
Industrial wastes from tanneries and other industries may cause hardness
in surface waters. Some industrial wastes elevate the carbonic acid
concentration in ground water and may favour increased concentrations of
calcium and magnesium salts in solution (McKee and Wolf, 1963).
The terms 'hard' and 'soft' are contained in a discourse on water
quality by Hippocrates (460-354 BC) quoted as follows by Baker (1949):
"Consider the waters which the inhabitants use, whether they be marshy
or soft, or hard and running from elevated and rocky situations .. . ".

The use of the terms here could have some of the modern meaning; at
least limestone was probably present in many·of the upland regions familiar to Hippocrates. Over the years the property of hardness has been
associated with effects observed in the use of soap or with the encrustations left by some types of water when they are heated.
Temporary hardness and permanent hardness are the two terms used
extensively in connection with hardness of water. Where carbonates or bi.
carbonates are present in concentrations equivalent to or greater than
the calcium and magnesium, the scale that forms upon evaporation or
heating will consist primarily of calcium carbonate and magnesium hydroxide. Such hardness is called 'carbonate' or because the scale can be
removed wi th aci d, 'tempora ry'. Where a1ka 1i nity is low, the more-sol ub 1e
sulphates and chlorides may form scales that cannot readily be dissolved
by acid, and such hardness is termed 'non-carbonate' or 'permanent'.
Hardness is commonly expressed as equivalent concentration of
calcium carbonate and is reported in mg/l of Ca C0 3 . In.some European
countries.hardness values are expressed in terms of degrees. One English
or Clark degree.is equivalent to 14.3 mg/l, one French degree to 10 mg/l
and one German degree to 17.8 mg/l, all in terms of calcium carbonate.
A singular criterion for maximum hardness in public water supplies
is difficult. Public acceptance of hardness varies from community to
communi ty. and the consumers' sens i ti vi ty 1arge ly depends on wha t they
are used to. A commonly known classification of water hardness {Sawyer,
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1960) is given in Table 4.2.
TABLE 4.2:

CLASSIFICATION OF WATER BY HARDNESS CONTENT

Total ha rdness in mg/l of Ca C0
3
o - 75
75 - 150
150 - 300
300 and up

Descri ption
Soft
~lodera te ly

ha rd

Hard
Very hard

Source: Sawyer (1960)
There are mainly two disadvantages of hard water. First, hard water
consumes more soap to form an adequate lather. The effect results from
cations that form insoluble compounds with soap. So when washing clothes
the use of hard water gives rise to unnecessary wastage of soap of about
100 gm per 10 ppm hardness per cubic metre (Degremont, 1973). Second,
hard water forms scales in water heaters, pipes, fittings and pressure
boilers (mainly industrial disadvantage). In some cases hard water is
often related to difficulty in boiling foodstuff and vegetables cooked
in hard water may be tougher than those cooked in soft water (Hart, 1974).
There has been a great deal of interest in the relationship between
the hardness of drinking water and morbidity and mortality since the
studies of Kobayashi (1957) in Japan and Schroeder (1960) in the United
States. Subsequently more than fifty studies in nine countries have been
carried out on the possible relationship between water hardness and health.
MJst of the investigations have been carried out in the United Kingdom,
United States and Canada. Neri et al (1975) carried out a study of the
relationship between water-borne minerals and the incidence of mortality
based on the water analysis data from 575 Canadian communities. They found
that magnesium appeared to be the element most responsible for association
between cardiovascular mortality and water hardness .. !hey drew up a scheme
of relationships among trace metals involved in cardiovascular functions
as shown in Figure 4.1. According to the authors this is probably an oversimplification of the relationships between some of the metals studied by
them. Figure 4.2 showing the relationship between hardness in parts per
million and number of deaths, is an epidemiological evidence of the relationship.
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AGE STANDARDISED MORTALITY OF MALES AGED 35-63 FROM ALL
CAUSES
Source: Neri et al (1975)
A rise in mortality in men aged 45 to 64 in Scunthorpe, England
followed after artificial softening of the town's water supply. This
phenomenon was critically studied by Robertson (1979) who found that the
relationship between hard water and lower mortality might be an effect
of calcium or magnesium from hard Ivater on case fatality rates. Studies
made by Craun and McCabe (1975) and Westendorf and Middleton (1979)
also indicate a significant relationship between water hardness, trace
metals and human health. Several reports (Rosenau, 1931; Schacht, 1941;
Ockerse, 1945; Banks, 1938) indicate that the incidence of tooth decay
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is lower in hard water areas than in soft water areas. Conversely,
no significant correlation between hardness and dental caries was found
by Tay10r (1949).
Most of the investigations carried out so far reveal a trend of
significant statistical associations between drinking water hardness
and the incidence of cardiovascular problems (heart disease, hypertension, and stroke) and to a lesser degree, other diseases. In general,
reports have shown an inverse correlation between the incidence of cardiovascular mortality and the amount of hardness of drinking water although
this hypothesis has been challenged in several publications (Sharper,
1976). Studies in the United States and Canada have shown that ageadjusted cardiovascular mortality rates among popu1ations using very
soft water:may be as much as 15-20% higher than among popu1ations using
hard water and the differential reported for the United Kingdom may be
as high as 40% (Safe Drinking Water Committee, 1977). Trace elements such
as vanadium, lithium, manganese and chromium may provide protective health
benefits. Lithium and vanadium have been reported to be negatively correlated with cardiovascular mortality. While lithium is speculated to have
a specific influence on catecho1amines and coronary-prone behavioural
patterns, vanadium is reported as an essential trace element in human
nutrition and thought to inhibit hepatic cholesterol synthesis and reduce
serum cho1e~tero1.
It is thought that the chromium level in hard water
may help protect against chromium deficiency. Similarly it is speculated
that hard water may protect against a deficiency in manganese which is
experimentally associated with glucose tolerance (Safe Drinking Water
Committee, 1977).
On the other hand certain trace metals such as lead, cadmium, copper
and zinc which often occur in plumbing materials and may leach into relatively more corrosive soft water have been suspected to be involved in the
induction of cardiovascular diseases (Safe Drinking Water Committee, 1977).
The International Standards limit total hardness to 100 mg/1 Ca C0 3
as the highest desirable level in drinking water and 500 mg/l Ca C0 3 as
the maximum permissible level. The maximum level of total hardness
(as Ca C0 ) as permitted by the Indian Council of Medical Research (1962)
3
is 600 mg/1.
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4.3.14 ARSENIC
Arsenic mostly occurs as arsenica1s and arsenopyrites although
elemental arsenic is found in nature to a small extent. It is concentrated in shales, clays, phosphorites, coals, sedimentary iron ore and
manganese ores. Arsenic is normally present in sea water at concentrations of 2 to 3 ~g/l and may also be found in water of thermal springs
in concentrations around 4.0 mg/1. Arsenic is used in metallurgy to
improve hardening and heat resistance of some alloys, in glassware and
ceramics, in tanneries, in dye manufacture, in textiles, in the manufacture of electrical semiconductors, and in chemical industries. All these
industries may be a source of arsenic pollution. Arsenic is widely used
in agricultural practices as pesticides (insects, weeds, fungi and rodents).
It is used in sheep dips and as a wool preservative. Use of arsenic in
medicine is not uncommon. Sometimes arsenic occurs in the run off from
refuse tips.
Arsenic is not an essential element for ·human physiology. Nevertheless a small amount of arsenic is found in the human body. It is distributed widely throughout the tissues including liver, bone, skin, hair and
nails. Normal human blood contains 0.2 to 1.0 mg/l of arsenic (Hart,
1974). Arsenic is found in the air, in food and in water. The daily
median intake of arsenic in the United States from all sources has been
estimated to· be 137-330 ~g (Safe Drinking Water Committee, 1977). According to another estimate the total intake of arsenic from food is
900 ~g/day. At a concentration of 0.05 mg/l and an average intake of
2 litres of water per day, the intake from water would not exceed
100 ~g/day or approximately 10 percent of total ingested intake (USEPA,
1976). Arsenic is a cumulative, potent protoplasmic poison that inhibits
thiol groups (-SH) in enzymes. The salts are readily absorbed from the
gastrointestina1 tract , b~t elemental arsenic is not. Arsenic affects
tissues that are rich in oxidative systems particularly the alimentary
tract, kidneys, liver, lungs and epidermis. It is very damaging to
capillaries and this results in the haemorrhage into the gastrointestinal
tract, sloughing of the mucosa, renal tubular degeneration, hepatic fatty
necrosis. Acute arsenic poisoning in humans causes serious gastrointestinal
damage and cardiac abnormalities. Acute poisoning has been caused by
ingestion of as little as 100 mg and 130 mg has been reported as a fatal
dose (Browning, 1969). Subacute exposure results in vomiting, diarrhoea,
conjunctivitis, rhinitis, laryngitis, bronchitis, skin eruptions, neurologic
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signs and symptoms, muscle tenderness and transverse white ridge on the
finger nails known as "Mees lines" (Safe Drinking Water Committee, 1977).
Chronic poisoning leads to loss of appetite and weight and can cause
cancer of the skin and lungs. During low level chronic exposure, arsenic
accumulates in the body even though clinical disease does not develop.
It is reported that a single arsenic dose may take 10 days for complete
disappearance (McKee and Wolf, 1963) and this slow excretion, mainly in
the urine and sweat (Lander and Hodge, 1965), is the basis for the
cumulative toxic effect. Available data summarised by McKee and Wolf
(1963) suggest that arsenic concentrations in the range of 0.21 to 10.0
mg/l taken in water over a long period of time by humans were poisonous.
Data are also available that show concentrations between 0.05 to 0.25 mg/l
are safe in-drinking water (~1cKee and Wolf, 1963). Even higher concentrations have been reported in some drinking water supplies in Latin America
(0.6 to 0.8 mg/l) and the Western Pacific (0.24 to 0.96 mg/l) and are
associated with endemic arsenic poisoning and the so-called 'black-foot'
disease (WHO, 1972b). Although doubt exists regarding the carcinogenicity
of arsenic compounds, there is epidemiological evidence that cutaneous
lesions (leukoderma, melanoderma, hyperkeratosis, squamous cell carcinoma)
are associated with drinking water containing high concentrations of arsenic.
For instance, the city of Autofagosta, Chile with a population of 1,000,00
drinking for decades a water containing a weighted average arsenic of
598 ~g/l resulted in an incidence of cutaneous skin lesions of 313/1,000,00
per year. When the arsenic level dropped down to 80 ~g/l after the installation of water treatment plant the incidence rate of cutaneous lesions came
down to 19/1,000,00 per year (Safe Drinking Water Committee, 1977). Also
there was no evidence of specific illness in populations using well water
with arsenic levels ranging from less than 0.1 to 1.4 mg/l (Goldsmith et
al, 1972). Increased storage of arsenic in the body was however detected
showing an increased arsenic level in hair for those using well water
containing arsenic above 0.05 (± 0.03) mg/l. Selenium is suggested to
counteract the arsenic toxicity (Stockinger, 1969) and this may be a reason
for finding variation in the effects of arsenic in certain areas. ~'ore
investigations are needed on the interactions of arsenic with other trace
elements in the environment.
The International Standards set an upper limit of 0.05 mg/l of arsenic
in drinking water. The 1969 community water supply survey (McCabe_ et·al, 1970)
of 969 water utilities in the United States reported that finished water
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from utilities exceeded the 0.05 mg/1 limit of the National Interim
Primary drinking water regulations.
4.3.15

CADMIUM

Cadmium occurs in nature chiefly as a sulfide salt, greenockite
or cadmium blend, frequently in association with zinc and lead ores.
Accumulation of cadmium in the vicinity of mines and smelters may give
rise to high local concentration of cadmium in nearby waters. Cadmium
is used in the metallurgy industry to make alloys with copper, lead,
silver, aluminium and nickel. Cadmium salts are used in industries in
electroplating, pigment works, ceramics, dyeing and printing of calico,
photography and nuclear reactors. Therefore surface waters receiving
wastes from these sources may contain cadmium. Cadmium salts are also
used as insecticides and antihe1minthics (McKee and Wolf, 1963).
Seapage of wastes from electroplating wastes have been reported to
cause ground water pollution by cadmium to the extent of 3.2 mg/1 on
Long Island, New York (Lieber and We1sch, 1954). In surface waters the
concentration of cadmium tends to be higher in the sediment than in the
flowing water because cadmium tends to be absorbed on settled particles.
For this reason it is sometimes difficult to detect cadmium in water in
the polluted rivers.
Cadmium is not known to be biologically essential or beneficial for
the human body, rather it is recognised as a very toxic element. Food is
the principal source of cadmium and normal human intake through food is
around 40 ~g per day. A group of schoolchildren fell ill after eating
popsic1es containing 13·to 15 mg/1 cadmium (Train, 1979) and this level,
equivalent to 1.3 to 3.0 mg of cadmium ingested is commonly considered as
the threshold emetic concentration. Cadmium accumulates in the liver,
kidneys, pancreas, and thyroid of men and animals. Cadmium accumulation
largely occurs during the first 20 years of life to an average amount of
50 mg (or an average concentration of 0.7 mg/kg) with about one third in
the kidney and one sixth in the liver (Hart, 1974). Cadmium is also
highly organ specific; concentration of cadmium in kidney is 7 to 25
times more than in other tissues of the human body (Hart, 1974). Drinking
water containing excessive cadmium was the cause of occurrence of ItaiItai disease among the Japanese (Kobayashi, 1970). In the Jintsu River
Valley 200 cases of Itai-Itai were recorded within 15 years, half of which
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resulted in death. The disease is characterized by rheumatic symptoms
with intense pain in the bones caused by a loss of bone materials with
the bones becoming as flexible as soft tissues. Initial symptoms are
lumber pains and muscular rheumatism (myalgia) in the legs. Later
skeletal deformation takes place with marked .decrease in body height,
proteinuria, and glaucoma (eye disease). Post-menopausal women who
have experienced several deliveries were found to be the most vulnerable
group. Yamagata and Shigematsu (1970) estimated that a daily intake of
600 ~g cadmium would not produce Itai-Itai disease in an endemic area.
There is evidence to suggest that cadmium induces hypertension in man
(WHO, 1972a) and this toxic effect may. be associated with high cadmium
to zinc ratios in the kidneys (Hart, 1974). The toxicity of cadmium
may depend on the presence of other trace elements for example, chromium,
zinc, selenium and calcium. Chromium can protect against the harmful
effect of cadmium and zinc has been shown to have a protective effect
in cadmium poisoning (Westerndorf and Midd1eton, 1979). It has been
postulated that selenium is protective against the toxic effect of cadmium in anima1s(Friberg et a1, 1974). The presence of calcium in water
reduces the absorption of cadmium (Robertson, 1979).
After reviewing the health effects of cadmium the National Academy
of Sciences concluded that data are not sufficiently available for
establishing a maximum value for no-observed-adverse-hea1th effect (Sorg
et a1, 1978). With the daily ingestion of 2 litres of water per day at a
level of 0.01 mg/1 cadmium drinking water would contribute 20 ~g per day
to the diet of a person. Added to an assumed diet of 75 ~g/day this would
provide about a four-fold safety factor (USEPA, 1976).
The International Standards recommend an upper limit of 0.01 mg/1
of cadmium (as Cd) in drinking water.
4.3.16

CYANIDE

Cyanide is one of the simplest and most readily formed organic substances. Apart from hydrocyanic acid (HCN) two other commonly occurring
forms and sources of cyanide are potassium cyanide and sodium cyanide.
Industrial effluents from coal gas works and coke ovens, metal cleaning,
from the scrubbi.ng of gases at steel p1ants,from electroplating and
chemical industries, from case-hardening operations and extractions of
metalliferous ores may be a source of cyanide in natural waters receiving
the effluents. Cyanides are also found in many plants and animals as an

167

intermediate in metabolic process which generally are not stored for
a long time.
Cyanide ingested by humans in quantities of 10 mg or less per day
are non-toxic and are biotransformed to the relatively non-toxic sulphur complex.thiocyanates (SCN) in the liver and are eliminated irregularly and slowly in the urine. There is no evidence of cyanide accumUlation in the body. The maximum safe total ingestion of cyanide by
humans is' estimated around 18 mg/day (Hart, 1974). Lethal toxic effects
from the ingestion of water containing cyanide occurs only when concentrations are so high as to overwhelm the detoxifying mechanisms of the
human body. Average fatal dose of hydrogen cyanide by ingestion has been
reported as 50 to 60 mg (Hart, 1974). Even 10 mg in a single dose is not
harmful and continuous long term consumption of up to nearly 5 mg per day
has shown no injurious effects (Train, 1979). Smith (1944) reported
that 2.9-4.7 mg of cyanide per day taken orally is not injurious.
Cyanide toxicity is essentially an inhibition of oxygen metabolism which
means rendering the tissues incapable of exchanging oxygen. The cyanogen compounds are true non-cumulative, protoplasmic poisons (can be
detoxified readily) since they arrest the activity of all forms of animal
life. Methemoglobin which contains iron in a ferric state and which cannot
carry oxygen forms an irreversible and innocuous complex with cyanide and
is regarded ~s an active cyanide detoxifying agent (Train, 1979). The
problem of cyanide in water is complicated by the possibility that the
cyanide may be complexed especially with zinc, iron and copper. The
variability in the persistence of cyanide in water depends on the chemical
form cyanide in water, the concentration of cyanide, and the nature of the
other constituents. Cyanide may be destroyed by strong oxidising agents
like per manganate and chlorine. Chlorine oxidizes strong cyanide solutions to produce carbon dioxide and ammonia. When the reaction is not
complete cyanogen chloride (Cl CN) may remain as a residual, but this
material is less toxic than hydrogen cyanide (Hart, 1974). Cyanide is
biodegradable at low concentrations or toxicity. With acclimatised
microflora cyanide may be decomposed in both. aerobic and anaerobic environments. Hydrocyanic acid (HCN) is the most toxic form of cyanide in water.
An intake of 200 mg of HCN is fatal in 30 minutes (Degremont, 1973).
The ratio of hydrocyanic acid to total cyanide is variable and the
variation depends on pH of water. Photosynthetic and respiration cycles
of aquatic plant life affect the formation, stability and toxicity of

168

hydrocyanic acid (Train, 1979). Since the form of cyanide in water
depends largely on the chemical and physical conditions mentioned above,
the standards for cyanide in water is based on the concentration of total
cyanide. Proper chlorination under neutral or alkaline conditions reduces cyanide by the formation of cyanogen chloride, a substance with a
toxicity of one twentieth of that of hydrogen cyanide taken orally
(Miller, 1962).
The International Standards recommend an upper limit of 0.05 mg/1
of cyanide (as eN) in drinking water. This limit is fixed on the basis
that the acceptable daily intake (AD1) for man of hydrogen cyanide residues in some fumigated foods has been established at 0.05 mg per kg of body
weight. Assuming a 75 kg man and consuming 2.0 litres of water daily, this
figure results in a value of 1.9 mg/1 as the acceptable concentration of
cyanide in water. So the WHO limit allows for an additional factor of safety
of 40 (Hart, 1974).
4.3.17

LEAD

Lead exists in nature mainly as galena (lead sulphide) the other
common natural forms being cerussite (lead carbonate), anglesite (lead
sulphate) and pyromorphite (lead chlorophosphate). Some natural water
may contain as much as 0.4 to 0.8 mg/1 of lead in solution where mountain
limestone and galena are found (McKee and Wolf, 1963). Lead occurs naturally in plants and soil all over the world; 8 to 20 mg/kg in virgin soil
and up to 300 mg/kg in cultivated areas (Hart, 1974). Lead enters the
natural water bodies through precipitation, lead dust fallout, erosion
and leaching of soil and the surface run off of fall-out deposits from
streets. The mean natural lead content of the world's lakes and rivers
is estimated to range from 1 to 10 ~g/l (Train, 1979). Industrial processes like lead smelting and refining, manufacture of storage batteries,
alkyl lead and lead paints may discharge wastes containing lead. Lead
arsenate is applied in agriculture so run-off from agricultural fields may
contain lead. Lead is also found in municipal waste. Lead is picked up
by water (principally soft) while passing through the lead pipes used in
plumbing and may be a major source of lead in drinking water. Lead compounds used as stabi1isers.in some plastic pipes may also leach out.
As far as is known, lead has no beneficial or desirable nutritional
effects. Instead lead is a toxic metal that tends to accumulate in the
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bones of man and other animals, and is excreted slowly. Chief signs
and symptoms of lead intoxication include acute abdominal pain, thirst,
blood in the stools, vomiting, weakness, paralysis, convulsions and
collapse (Clark and Cum1ey, 1973). Lead attacks the nervous systems
and brain, particularly of children. Children in the age group of
2 to 3 years form the special risk group because lead absorption from
food and water at that age group is 40-50 percent as compared to 5-10
percent for adults. Moreover there is a grea ter ri sk of i nges ti ng 1ead
from other sources like lead containing paints and dusts by young children (Sorg et a1, 1978).
The problem of lead is more acute in soft water areas than in hard
water areas. Not only is hard water usually less aggressive to lead
and other metals, but the presence of calcium reduces absorption of lead
(Robertson, 1979). Crawford and Crawford (1969) found much higher lead
content in ribs from cadavers in Glasgow (a soft water city) than in
London where the water was hard.
The total body-lead burden should be maintained in such a way that
there is an equilibrium between absorption and elimination. The absorption rate varies depending on the anatomical sites, age, sex, and ethnic
origin of the individual. Lead may enter the body through food, air,
smoking as well as from water and other beverages. A total intake of lead
much in excess of 0.6 mg per day may cause accumulation of a dangerous
quantity of lead during a life time. Lead poisoning has been reported due
to ingestion of 0.1 mg lead per day over an average period of 8a years
(Wfight et al, 1928). On the other hand, 0.5 mg/day has been considered
to be safe for human beings and in the case of one adult, no apparent
health effect was noticed when he had a daily dose of 2.0 mg of lead
for a one-year period (McKee and Wolf, 1963). Reports are many that
show lead poisoning by drinking water containing 0.042 mg/l to 1:0 mg/l
or more of lead. At the same time other reports suggest that lead concentrations of 0.01 to 0.~mg/1 have been found apparently non-posionous
over long periods of time (McKee and Wolf, 1963). A WHO working group
preferred to use a measure of lead absorption as an estimate of the nonskeletal (soft-tissue) body burden of lead and blood lead concentration
was chosen for the purpose (WHO, 1977). 20 ~g/lOO m1 for the blood lead
concentration of 50% of the population was accepted by the groups as a
working hypothesis. Epidemiological studies have shown that the contribution of water to the blood lead .cou1d be assessed from the increments of
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the blood lead level and that the soft tissue body burden for lead
absorption is of the order of 2-4 ~g/lOO ml blood for each increment
of 100 ~g/l lead in water. Three groups are identified as being the
most vulnerable for lead intoxication.
i) the foetus
ii) the young infant
iii) the individuals with certain medical conditions such .as increased
wa ter i nta ke or those on renal di a lys is.
Since the average diet gives around one half of the maximum no-effect
level for long term exposure (0.6 mg/day) the levels of lead in drinking
water require careful consideration (Hart, 1974). The maximum permissible
intake of lead for children is set at 300 ~g/day to prevent accumulation.
The average intake from water may provide 5-10 percent of this allowed
intake depending on the water consumption of the child (Craun and McCabe,
1975). Lead is present in dental enamel in varying amounts. In a
recent study on the etiology of dental caries, it was the only element
in food that appeared to have a strong direct correlation with the prevalence of caries (WHO, 1973a).
The World Health Organisation has increased the tentative level of
lead in drinking water from 0.05 mg/l, as given in the second edition of
.the Interna~ional Standards to 0.10 mg/l because this level has been
accepted in many countries and the water has been consumed for many years
without any ill effects. There is no direct evidence that tissue accumulations at existing levels of intake are harmful or potentially harmful
to man (WHO, 1971).
4.3.18 MERCURY
Elemental mercury occurs as a free metal in some parts of the world,
but it is a comparatively rare element. It is relatively inert chemically and insoluble inwater. For this reason very few natural waters
contain detectable concentrations of mercury. Mercury may be introduced
into water through disposal of mining and metallurgical or other industrial wastes. The industries include chlorine-alkali plants, pulp and
paper mills, plastics and electronics industries, hospitals, agricultural
practice (herbicides and fungicides), tanning, manufacturing ink, printing
of fabrics and medical industries. Cinnabar(HgS) may be deposited in water
by some hot spri ngs . The concentra ti on in wa ter associ a ted with such deposi t

171

is probably less than 10 ~g/l (Hem, 1970). Surveys in Sweden, Italy
and USSR reveal mercury levels in natural waters below 0.1 ~g/l. The
average concentration of mercury, mainly of natural origin, in sea
water is of the order of 0.03 ~g/l but levels may be as high as 1-10 ~g/l
in contaminated areas like Minamata Bay in Japan (WHO, 1972b).
Metallic mercury which is rather inert chemically and insoluble in
water, is relatively intoxic. Oral doses of 100-500 grams given to man
had little effect except diarrhoea occasionally. But mercury in inorganic
and organic forms are toxic to man. In the inorganic form the divalent
mercuric salts are more soluble·and more readily absorbed by the gastrointestinal tract than monovalent mercurous salts. As a result they are
more acutely toxic. For man, the fatal dose of mercuric salts taken
orally ranges from 20 mg to 3.0 gm (Train, 1979). Symptoms of acute
inorganic mercury pOisoning are pharyngitis, gastroenteritis, vomiting
followed by ulcerative haemorrhagic colitis, nephritis, hepatitis and
circulatory collapse. Chronic effects include kidney damage. Oral
ingestion of small quantities of inorganic mercury (mercurous and mercuric salts) in water is not the main danger. It is the organic mercury,
alkyl mercury compounds, particularly the methyl mercury, that causes
concern. The ability of certain microorganisms to convert inorganic and
organic forms of mercury to the highly toxic methyl or dimethyl mercury
makes any form of mercury suspected to be hazardous to the environment
(Jensen and Jernelov, 1969). Methyl mercury is more readily absorbed
by the gastrointestinal tract than or9anic forms and is more toxic to
man. Ingesting a few milligrams will produce illness. The main toxicological effect of organic mercury is on the nervous system lnd may lead
to permanent damage or death. Chronic methyl mercury poisoning known as
Minamata disease, may appear after a few days or a few years of exposure.
The largest outbreak of Minamata disease occurred during 1953 to 1960 in
a village near Minamata Bay, Japan where 121 people were affected and 46
died after ingestion of fish containing high concentrations of methyl
mercury (Sorg, 1979). The other well known episode of methyl mercury
poisoning also comes from Japan. In Niigata, 30 cases including 5 deaths,
were reported in 1965. Thereafter, 17 cases including one death and one
fatal case were reported from 1966-1970. Industrial pollution of water
that subsequently contaminated fish and shellfish by methyl mercury was
the cause of these outbreaks. The investigation did not reveal any association of drinking water with these outbreaks (Safe Drinking Water
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Committee, 1977). Although inorganic mercury in water can be converted
into methyl mercury under naturally occurring conditions of pH and
temperature (Train, 1979), there.is no indication that mercury compounds
in the concentrations and forms found in drinking water supplies contribute significantly to methyl mercury intoxication in humans (Safe Drinking
Water Committee, 1977).
The International Standards recommend an upper limit of 0.001 mg/1
of mercury (as Hg) in drinking water.
4.3.19 SELENIUM
Selenium is found·in water mainly as a result of leaching from
rocks and soils that are rich in selenium content. Selenium appears in
the soil as basic ferric se1enite, as calcium se1enate, as elemental
selenium and in organic compounds originating from decayed plant tissue.
Elemental selenium has a relatively lower solubility in water than selenite or selenate, the oxidised forms. Therefore, the selenium concentration in water in reducing environments is likely to be very low. Selenium
in its elemental form or as salts are used in a variety of industries,
for example, pigmentation of paints, dyes and glass production; manufacture of rectifiers, semiconductors and photoelectric cells and other
electrical apparatus; manufacture of alloys; in rubber industries as
a supplement to sulphur and can, therefore, be expected to be present
in the wastes from these industries. Selenium is also used for insecticide sprays so any water contaminated by such sprays may contain selenium.
Drainage water from seleniferous irrigated soil has been reported to contain as much as 1 mg/l of dissolved selenium (Hem, 1970). Trace quantities of selenium may also be found in the municipal sewage from. industrial communities. Most toxic concentrations of selenium may occur in
drinking water from wells drilled through seleniferous shales rich in
soluble selenium (Safe Drinking Water Committee, 1977).
Elemental selenium is practically inert nutritionally and toxicocogically, but some compounds such as soluble salts of selenium dioxide,
selenium trioxide and some halogen compounds are toxic in humans with
hydroden selenide as one of the most toxic and irritating selenium
compounds. The toxic vapours and soluble salts are readily absorbed by
the tissues of the lungs and alimentary canal and perhaps by the skin.
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Selenium is considered as an essential dietary requirement and
some evidence suggests that it may provide some protection against
certain typ=s of cancer. On the other hand acute exposures to selenium
and its compounds give rise to symptoms such as irritations of the eyes
and mucous membranes, sneezing, coughing, dizziness, dyspnoea, dermatitis, headaches, pulmonary oedema, nausea and garlic breath odour.
Prolonged exposure can lead to death. Mild chronic selenium poisoning
has been observed in man living in seleniferous regions and toxic symptoms have been noticeable in persons breathing hydrogen selenide at a
level of 2 ppm. Chronic exposure of humans to selenium by ingestion
produces a set of Signs and symptoms that include depression, nervousness, occasional dermatitis, gastrointestinal disturbance, giddiness and
garlic odour of the breath and sweat (Safe Drinking Water Committee, 1977).
Ingestion of selenium in amounts as low as 0.07 mg/day has been shown
to give rise to signs of selenium toxicity (Train, 1979). Selenium has
been implicated as having an influence on the incidence of dental caries.
Children are the most vulnerable group particularly when exposure to
selenium occurs during the development of teeth. (Safe Drinking Water
Committee, 1977). In recent years it has been recognised that dietary
selenium intake in trace amounts (0.04 to 0.10 mg/kg of food) is required
for man (Train, 1979). Some doubts have been raised about selenium as
a carcinogen based on experiments on rats. Arsenic in drinking water
accentuates the toxicity of selenium in drinking water while arsenic
has a protective effect on selenium administered through the food.
Selenium compounds have been found to counteract the toxic effects of
cadmium and mercury (Hart, 1974). The National Academy of Service
reported "the no-observed-adverse heaLth effect level for selenium in
water is at least 100 llg/l" (Sorg and Logsdon, 1978).
The International Standards recommend an upper limit of 0.01 mg/l
of selenium (as Se) in drinking water.
4.3.20 PHENOLIC COMPOUNDS
Phenols are released into water during the metabolic processes
of aquatic organisms, particularly during the biochemical breakdown
and transformation of organic substances from dead algae. Decaying
vegetation, for example, fallen leaves of some species of trees may
release phenol in water. Other sources of phenolic compounds are from
the distillation industries of coal and wood, oil refineries, chemical
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plants, livestock dips, microbial degradation of pesticides and human
and animal wastes. Phenols are normally present in purely domestic
sewage at low concentrations of 0.07 to 0.1 mg/l (Hart, 1974). In
the oil-bearing areas the ground water often contains a higher concentration of phenols. The phenolic compounds may be classified into
monohydric, dihydric and polyhydric phenols depending upon the number
of hydroxyl groups attached to the aromatic ring. Phenol itself is
monohydric. Often a considerable part of phenols in water comprises
volatile phenols viz carbolic acid, cresols, xylenols, thymol, guaiacol
etc which are separable by steam distillation. Strong phenolic solutions are bactericidal but phenols at moderate and low concentrations
are biodegradable (UNESCO-WHO, 1978). At a concentration of 1.0 mg/1,
phenol has been found to be biologically dissimilated at 20 0C in 1 to
7 days under aerobic conditions (McKee and Wolf, 1963).
Concentrated solutions of phenol, when ingested, gives rise to
severe pain, renal irritation, shock and probably death. A total dose
of 1.5 grams is likely to be fatal (McKee and Wolf, 1963). However,
the major aesthetic problem associated with the phenolic compounds is
their organoleptic properties in water. Even at very low concentrations
they cause serious taste and odour problems in water supplies. Phenol
is not removed by conventional water treatment. When it is present in
water it can. react with chlorine added for disinfection in the final
treatment of water and form ch1oropheno1s which give medicinal tastes
and cause persistent odour problems in the distribution system. A threshold odour level has been found to be 2 vg/1 for 2-ch10ropheno1 (Train,
1979). Normally there is no taste if the pure phenol content is below
1 Vg/1, but there is sometimes a slight taste of chlorophenol with a
content of 0.1 to 0.01 vg/1 (Degremont, 1973).
The highest desirable level and maximum permissible level of phenolic
compounds (as phenol) in water for domestic use are 0.001 mg/1 and
0.002 mg/1 respectively as recommended by the International Standards.
4.4

MICROBIAL PARM~ETERS
4.4.1 BACTERIA

. Bacteria are the microscopic organisms that belong to the group of
Lower Protists. The majority of bacteria are unicellular and non-photosynthetic. Under favourable conditions they reproduce by binary fission
including nuclear division. They occur in various shapes and sizes.
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Because of their small sizes in ~m they are invisible to the naked eye.
They are identified after cultivation on special media and may be isolated and classified according to the specific cultural characteristics
exhibited by each species (Stainer et al, 1964; Mara, 1974).
Bacteria in water may derive from contact with air, soil, living
or decaying plants or animals, faeces of human or animal origin.
Except for the pathogenic bacteria the vast majority of bacte'rial population are beneficial. Bacteria help in the treatment of the domestic
and industrial wastes and also in the self-purification of streams by
the degradation of organic matter. They perform a significant role in
the life processes on earth by way of concentrating the elements that
are essential to life itself for use by other species and other forms.
They serve as a food for protozoa and other aquatic animals and therefore are the very foundation of the food chain that terminates in man
(McKee and Wolf, 1963). The pathogenic bacteria of intestinal origin
are the main concern in the water industry due to their .potential to
create health hazards when ingested through drinking water. An estimate
of the microbial population in human faeces may be obtained fro~ the
following: the average bacterial contact of faeces is estimated to be
8.7% by wet weight and a normal person excretes 3 to 8.6 gm of bacteria
per day (Rosebury, 1962). On the basis of bacterial count the total
bacterial population in one gramme of faeces is estimated to be equivalent to 1.8 x 10 12 Escherichia Coli cells and there exists a wide
variation in the concentration of pathogens passed by an infected person.
There is also a considerable variation in the concentration of faecal coliforms between man and animals. It may range from 10 6 to 10 9 per gramme in
man; 10 6 to 107 per gramme in cats and dogs; 10 4 to 10 7 in farm animals
and 10 1 to 10 5 in rabbits, chi,omunks and mice (Geldreich, 1978).
Use of the presence of bacteria as an indicator of the sanitary
quality of water had its beginning as early as 1880 when von Fritsch
proposed that KZebsiella pneumonias and K. rhinoscleromatis were microorganisms,presence of which in water was indicative of human contamination.
A short time later Escherich added his Bacillus coli as an indicator of
faecal pollution (Geldreich, 1966). The necessity for a suitable indicator
was felt because the majority of bacterial flora present in sources of
water are of non-faecal origin and non-pathogenic and any direct search
for the presence of a specific pathogen in water is not only uneconomical
but also slow, tedious and complicated for routine examination of water.
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Furthermore, since the incidence of pathogens is closely related to
the presence of infected individuals in the community, there may be a
reasonable period of time when faecal contamination is present, but
specific disease-producing organisms are absent. During this period a
search for a specific pathogen will be practically useless. Besides,
just the onset of examination for pathogens ~lill not prevent people
from using the water and people will continue to consume the water
till the examination is complete and pathogens are identified or nonidentified. In the intervening period the possibility of an outbreak
of a water-borne disease cannot be ruled out. An organism may be considered suitable as an indicator organism if it has the following characteristics (Safe Drinking Water Committee, 1977):
i)
ii)
i·ii)
iv)
v)
vi)
vii)
viii)

Applicable to all types of water.
Present in sewage and polluted waters when pathogens are present.
Number is correlated with the amount of pollution.
Present in greater numbers than pathogens.
No after growth in water.
Greater survival time than pathogens.
Absent from unpolluted waters.
Easily detected by simple laboratory tests in the shortest time
consistent with accurate results.
ix) Has constant characteristics.
x) Harmless to man and animal.

No organism or group of organisms meetsa11 these criteria, but the
'coliform group' of organisms fu1fi11s most of them. The general philosophy in using the indicator bacteria is that if it can be shown that
faecal contamination of the water has occurred, then pathogenic organisms
may also be present. However, the use of the 'coliform group' of organisms
as a definite indicator of faecal pollution appears to be conservative.
According to the definition contained in the 15th edition of the Standard
Methods (APHA, AWWA and WPCF, 1981) the coliform group "comprises all
aerobic and facultative anaerobic, gram-negative, nonspore-forming, rodshaped bacteria that ferment lactose with gas formation within 48 hours
at 35 0 C". Amongst the organisms of diverse origin belonging to the
coliform group the best known are (1) E Coli which is normally a bowel
organism and referred to as the 'colon bacillus', (2) Klebsiella, some
of which are probably bowel organisms and (3) Enterobaeter, Serratia and
Citrobaeter which occur infrequently in the normal intestine and are
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ordinarily free living saprophytes (Davis et al, 1973). The coliform
group thus contains both faecal and non-faecal organisms. The absence
of organisms of the coliform group should be considered as a fairly
reliable indication that pollution is absent and testing for their
absence has meaning in the case of water supply systems where the water
has undergone extensive treatment including disinfection. At the same
time rejection of any source of water since the coliform group is present
may not be justified since many members of the coliform group abound as
free-living organisms in the environment which are not associated with
faecal contamination. Feachem (1973a) deplores the continued widespread
practice of testing natural waters for the presence of the entire coliform
group because the face value of the total coliform data may erroneously
indicate gross pollution and lead to a belief that the pollution is so
extensive that it is fruitless to try to combat it. He cites Buck and
his colleagues who provide examples of an unfortunate use of a total
coliform count to assess the health hazard of water supplies in rural
Peru and Chad. Extremely high counts were obtained but attempts to link
these with poor health in the areas studied are weakened because the
faecal origin of the pollution is not demonstrated. The risk inherent
in the practice of using the total coliform as an indicator of faecal
pollution is to discard a suitable source of water (for example a protected well or a spring) although it may produce an acceptable quality
of water. It cannot be overemphasized that tests employed in the developing countries (with the possible exception of tests on fully treated
supplies) should be tests for faecal coliforms (defined as those organisms
which are normally present in the faeces of man and animal and are capable
of producing gas from lactose at 44 0 C). The predominant faecal coliform
type most frequently found in the intestinal flora is E.CoZi. The second
commonly used indicator is the faecal streptococci which principally occur
in the faeces of man and animals. They include Streptococcus faecaZis,
S.faecium, S. durans, S. bovis, S. equinus and the strains with properties intermediate between these. The important characteristics of the
faecal streptococci are their ability to grow at 4S oC; to grow in the
presence of 40 percent bile and in concentrations of sodium azide which
are inhibitory to coliform organisms and most other gram-negative
bacteria (HMSO, 1977). The determination of the faecal coliforms (FC)
and faecal streptococci (FS) has a special significance in tracing out
the origin of pollution and remoteness of pollution in addition to
adequately ensuring faecal pollution. In the case of human faecal material
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and domestic wastes the FC;FS ratio normally exceeds 4 whereas ratios
less than 0.7 suggest that pollution was due to nonhuman sources
(Geldreich, 1967). However, due to the factors of bacterial regrowth,
persistence and intensity of organism die-away downstream from the
pollution discharge into the receiving water may alter the FC:FS ratios.
It is therefore recommended that the FC;FS ratios should be applied to
sample points located at sewage outfalls into a stream and points downstream where travel time from pollution sources does not exceed 24 hours
(Geldreich, 1967; Geldreich and Kenner, 1969). Feachem (1975) suggests
that this change in FC:FS ratios can be used advantageously in determining
the source of pollution if a series of observations of FC and FS concentrations are made through time. A predominantly human source will
exhibit an initially high (> 4) FC:FS ratio which will subsequently fall,
whereas a non-human source will exhibit an initially low « 0.7) ratio
which will subsequently rise. A more recent finding, however, does not
rely much on this method of discrimination because, while the S.faecaUs,
S.faecium and S. durans are the dominant FS species in humans being responsible for falling ratios in the case of human pollution, they can
also be the dominant FS species in domestic animals in Scotland (Feachem
and Mara,l978). The principal interest in determining the origin of
pollution lies in that the likelihood of the presence of human pathogens
in water contaminated by human excreta is more than in water polluted
by animal excreta. Several other organisms have been suggested as indicators. They include CZostridium perfringens, Bifidobacterium, Pseudomonas,
StaphyZococcus. However, these indicators are yet to gain much acceptance.
The principal bacterial agents that are responsible for human intestinal disease associated with drinking water are shown in Table 4.3.
The role of contaminated drinking water in enteric disease transmission, first established on sound epidemiologic grounds by Snow's
investigation of cholera in London in 1854, is ~Iell documented in the
literature over the years (Skeat, 1969; Craun, 1976; Craun, 1978; Craun,
1979). The majority of the disease outbreaks refer to the developed
countries and in most instances the introduction of the pathogenic agents
into water supplies is attributable to contamination ~Iith faecal wastes.
A large number of people died in these outbreaks. For example, in 1854
from 19 August to 30 September 616 people died of cholera in London;
8000 people died in Hamburg in an outbreak of cholera in 1892 and a further 10,000 recovered; in October 1932 typhoi d broke out in I·la Hon, UK
when 270 people contracted the disease and 23 died. The situation of water-
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WATER-BORNE DISEASES CAUSED BY BACTERIA

TABLE 4.3:

Pathogenic Agent l

Disease

Cholera~

Typhoid
Bacillary dYSenter~3
Paratyphoid fevers
Gastroenteritis 5
Tularemia 5

Notes:

l.

2.
3.
4.
5.

5.

Vibrio cholerae
Salmonella typhi
Shige Ea spp
salmonella paratyphi
A, B or C
Enteropathogeni, E •. Col

Principal organ/s in the
human body affected
Lower intestine
Gastro-intestinal tract
Gastro-intestinal tract
Gastro-intestinal tract
Gastro-intestinal tract

or others
Francisella tularensis

Respiratory tract, gastrointestinal tract, lymph
nodes

Details of the life histories of the pathogenic agents are
given by Wilcocks and Manson-Bahr (1972).
These are classical water-borne diseases arising from a
common source outbreak and involving a large number of people
at the same time.
More commonly it occurs due to ingestion of foods contaminated
by flies or unhygienic food handlers who are carriers.
More commonly they occur due to ingestion of contaminated food
(especially milk and other dairy products).
Gastroenteritis (diarrhoeal disease) is an enteric infection
by bacterial and viral agents which is poorly understood but
is a major cause of death among children in the developing
countries. In many cases the causative agent remains unidentified.
-Occurs mainly in North America and in many parts of continental
Europe, USSR and in Japan (Benenson, 1975).

borne diseases is highly disastrous in the developing countries. An
estimate suggests that 5-10% of deaths in many developing countries are
due to water-related diseases and the very young children are tragically
the main victims when. malnutrition and infection work together (Bradley,
1977). At the WHO General Assembly in 1969, a representative of an Asian
Government said water-borne diseases accounted for 60% of morbidity and
40% of mortality in his country (Pickford, 1977). A World Health Organization Report (WHO, 1973b) shows yearly death rates of 200 to 500 per
100,000 attributed to diarrhoeal diseases in certain developing countries.
Overall, diarrhoeal diseases accounted for between 20 and 34 percent of
total mortality in these countries. A recent compilation of records of
prevalence, mortality and morbidity of the major infectious diseases of
Africa, Asia and Latin.America suggests that yearly 5 to 10 million people
die of diarrhoeas and 25 thousand people die of typhoid (Walsh and Warren,
1979) .
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The International Standards recommend different bacteriological
water quality standards for disinfected and :non-disinfected supplies
and for piped and non-piped water supplies as summarized in Table 4.4.
TABLE 4.4 : RECOMMENDED STANDARDS FOR BACTERIOLOGICAL QUALITY OF DRINKING
WATER
Source
Water entering distribution system
a) disinfected
b)

non-disinfected

Water in distribution
system
a) Piped supply

b)

Non-piped supply

Source:

Coliform Count/lOO ml

E. coli

Count/lOO ml

o per 100 ml in 100%
of samples
~3 per 100 ml in 100%
of samples

o per 100 ml in 100%
of samples
o per 100 ml in 100%
of samples

o per 100 ml in 95%· of
samples
:.-10 per 100 ml in 5%
of samples
>10 per 100 ml in 100%
of samples

o per 100 ml in 100%
of sampl es
No standard

WHO (1971).

4.4.2

OTHER MICROORGANISMS

The examination of potable water supplies for the presence of
protozoa, helminths etc. does not form part of the normal routine. Their
presence is undesirable but is most likely to be accompanied by bacteria,
thus their estimation is not regarded as essential, except for specific
investigations.
4.5

SUMf1ARY EVALUATION

The physical parameters of domestic water quality namely, turbidity,
colour, odour, taste and temperature are subjective characteristics. As
a rule people accept the appearance of the water supply to which they are
accustomed (Carter. 1967). Those who enjoy water from deep underground
sources are fortunate in the relative absence of colour and turbidity·
in water in most circumstances. Consumers of water derived from rivers
or other surface sources accept a degree of colour which may not be liked
by the well drinkers. whereas many people whose supply is soft and peaty
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take for granted water so coloured as to be noticeable. The ideal
water should be free from objectionable odour and taste; but water
supply obtained from different sources may differ in these qualities.
While deep underground sources are normally good in this respect, those
derived from above ground, whether from lowland rivers or peaty hillsides,
often carry some trace of their origin in their basic odour and taste.
People in hot climates prefer coolness as a desirable characteristic of
drinking water but this may not appear as an important characteristic
to the people in cold climates.
The physical characteristics are therefore closely related to the
people's perception about quality, and their acceptability is of prime
consideration. When alternative sources are existing a source of water
may be rejected or accepted depending on the water user's perception
about the physical quality of water (White et al, 1972; Feachem, 1973a).
In four rural towns in Nigeria people identified goood taste of pipeborne water from an impounded reservoir on Opeki River as an advantage
over water from traditional s'ources such as rain, wells and streams
(Akintola et al, 1979).
The ultimate criterion as regards the physical characteristics
should be whether the water is as reasonably clear and free from objectionable colour, odour and taste as the circumstances permit and whether
it would be'acceptable to the people who have to drink it.
Evidence from literature suggests that although certain chemicals
may be toxic when present in excessive concentrations outbreaks of waterborne diseases due to chemical contaminants are of extremely rare occurrence. Sporadic cases of poisoning and deaths have been reported for some
of the chemicals as summarized below.
Three people died in Japan by drinking well water which was contaminated by manganese from batteries buried near the well. The concentration
of manganese in the water is not known. Sudden unexpected infant deaths
have been reported to be associated with low magnesium (25 mg/l) in water
due to histamine shock presumably caused by magnesium deficiency. In
England crib deaths due to hypernatraemia were correlated with sodium in
drinking water used for the formulae preparation for the bottle fed babies,
The investigators concluded that the level of sodium above 50 mg/l in the
drinking water may contribute towards increasing infant mortality. Two
thousand cases of infant methaemoglobinaemia due to nitrate in drinking
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water have been reported worldwide with a mortality of about 8 percent.
Eighty to ninety percent of all cases reported were associated with
nitrate levels greater than 100 mg/l N0 3 and few with levels less than
45 mg/l N0 3. Although no death is recorded, there are reports of lead
poisoning from drinking water. Children in the age group of 2-3 years
form the special risk group. Over a period of 15 years one hundred
Japanese died of very painful Itai-Itai disease caused by an excessive
concentration of cadmium in drinking water. The exact concentration is
not reported. Arsenic poisoning has been reported from areas with high
concentrations of arsenic (0.24 to 0.96 mg/l) in drinking water .. Eighteen people in England suffered from gastroenteritis owing to the contamination of tea by copper from a corroded drinking fountain. Analysis
showed the copper in this water to be 44 mg/l. There were no cases of
death. A case of infant mortality is reported when the child drank water
containing copper at 6.75 mg/l for fourteen months. During 1975-1976 only
six outbreaks of chemical poisoning (Craun and Gunn,1979) occurred in the
United States due to high concentration of chemicals in drinking water.
In one of these outbreaks lead in drinking water was found in concentration of 2.2 mg/l.
Lack or excess of certain chemicals have been epidemiologically related to some endemic diseases. For example, drinking water containing
less than 2. to 3 ~g/l of iodine has been reported to be associated with
endemic goitre. Fluoride in water in concentrations less than 0.5 mg/l
promotes dental carries in children especially in the formative stage of
permanent teeth. On the other hand high fluoride concentrations may give
rise to mottling of teeth and skeletal fluorosis. A concentration of
8 mg/l to 20 mg/l has been reported to be associated with bone damage
and mottling is reported to be severe at a concentration of 14 mg/l .
It appears that fluoride in concentrations up to 3.mg/l can be tolerated
since no skeletal fluorosis has been observed at this concentration and
mottling of teeth is also very mild. Some of the National Standards exceed
the limits set by the International Standards. The Chinese Drinking Water
Quality Standards allow up to 10 mg/l although the recommended level is
0.5-1.0 mg/l (IDRC, 1981). In parts of Tanzania only ground water is
available for rural water supplies which frequentl~ contains high fluoride
concentrations. Since water is needed and there is no good evidence of
fluorosis except in a couple of places in Tanzania, the Tanzanian Government has adopted a temporary standard of 8 mg/l of fluoride in drinking
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wa ter (Eri ksson, 1977).
Hard water has had no demonstrably harmful effects upon the health
of the consumers. On the contrary evidence is accumulating as regards
their beneficial effects. The preponderance of reported evidence primarily based on ecological epidemiological studies encompassing large
geographical areas reflects a fairly consistent trend of statistically
significant inverse correlations between the hardness of water and the
incidence of cardiovascular diseases (heart disease, hypertension and
stroke). In consequence, there is a general impression that harmful
elements in soft water and protective elements in hard water are
causally implicated in the pathogenesis of cardiovascular and possibly
other chronic diseases. Several reports have indicated that the incidence of tooth decay is lower in hard water areas than in soft water
areas. It has been suggested that the practice of indiscriminately
softening the tap water for practical and aesthetic reasons needs to be
reconsidered and municipal authorities who are either softening their
water supplies or are considering doing so should make a careful assessment of the necessity for this treatment (WHO, 1978b; Safe Drinking Water
Commi ttee, 1980).
Until recently the minerals, in particular, trace elements have
been considered chiefly from toxicological points of view, but now there
has been a growing recognition that the contribution of drinking water to
mineral nutrition in humans is essential in a balanced appraisal of
drinking water quality (Masironi, 1976; Safe Drinking Water Committee,
1980). Evidence is available that the normal intake of water can and does
supply a good proportion of the body's daily needs for a number of minerals
that have specific effects on health. The total daily intake of trace elements and the maximum contribution of drinking water to the total intake
have been estimated for the European Communities (WHO, 1978b) and are
summarized in Table 4.5. The normal tap water in these communities thus
provides more than ten percent of a person's daily requirements in lithium,
fluoride, calcium, copper, magnesium, iron and zinc. The estimates are
based on that an average person takes in about two litres of water every
day, and some sixty percent of the total liquid intake is tap water.
It has been concluded that in the case of marginal deficiencies ~n the
diet which occur in many populations a small additional intake from water
may make all the difference between life-long suboptimal and optimal status
of health (WHO, 1978b). A .similar and more elaborate chart has been compiled
by the Safe Drinking Water Committee (1980: 374-375) for the US conditions.
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TABLE 4.5:

Element
Li

Mo
Se
Sn
Cr
I
Ni
F
V

Cu
Mn
Zn
Fe
Mg
Ca

MAXIMUM CONTRIBUTION OF DRINKING WATER TO TOTAL DAILY
INTAKE OF SOME ELEMENTS (APPROXIMATE VALUES)

Total Daily
Intake (mg)
0.1
0.2
0.2
0.2
0.2
0.2
0.3
2.4
2.0
2.5
3.0
10
23
250
1000

Maximum Daily Intake
from tap water
(%)a
(mg)
0.02
0.0004
0.005
0.012
0.01
0.005
0.026
1.4
0.012
0.7
0.12
1.4
3.0
45
280

20
0.2
2.5
6
5
2.5
9
60
0.6
28
4
14
13

18
28

from mi nera 1 wat~r
(mg)
(%)
7.5

>100

0.06

30

0.22

73

0.06
2.2
0.12
9
250
900

2.4
73
1.2
39
100
90

Note:

a: As percentage of total daily intake.
Blank spaces indicate that data are not available.
Source: WHO (1978b)

Unfortunately similar information from developing countries appears to be
lacking. Apart from manual literature searches a computer aided search
of the literature using the BLAISE (British Library Automated Information
Service) and ESA (European Space Agency) Information Retrieval Service
failed to provide similar types of information. The lack of literature
concerning developing countries could be interpreted in three ways i) The subject has not been adequately researched.
ii) Reports are not published or abstracted.
iii) A wide variation in diets makes it an enormous task.
Nevertheless this.is certainly an important consideration in developing countries where want of proper nutrition is one of the greatest
causes of deficiency diseases. For example, iron deficiency in women is
common in economically under-privileged groups in developing countries
especially during the period of active child-bearing and during pregnancy. The anaemia of infants, which occurs most frequently between
4 and 24 months of age, is an iron deficiency anaemia, since .it normally
responds rapidly to iron and is characterized by the typical abnormalities
in erythrocyte morphology (Underwood, 1971). In the circumstances iron
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in drinking water may serve as a useful supplement to the iron requirements of the body in the developing countries. The main objection to
iron in public water supplies is due to aesthetic considerations n"amely
taste and staining of laundry and plumbing fixtures. The danger associated with high iron content is that owing to the above difficulties
people may go to alternative sources which may be unsafe. An experience
of the latter kind has been-reported from Bangladesh where shallow tubewell water contained iron close to or exceeding the maximum tolerable
limit of 5 mg/l set by the Water Pollution Control Board (Skoda et al,
1977). The highest concentration of iron found in the United States
was 2.18 mg/l and it is indicated that this could contribute substantially to the total intake of iron. In view of the commonness of iron
deficiency in the United States it has been recommended that the iron
content of drinking water should not be reduced since there is little
or no likelihood of toxicity from iron in natural foods and water
(Safe Drinking Water Committee, 1980). In view of th~ above considerations it is suggested that an iron content of 2 mg/l in the public water
supplies may be allowed in the developing countries and people may be
made aware of the health benefits.
Wilson (1979) has drawn attention to the many problems involved in
establishing appropriate, realistic and numerically defined standards
for the concentration of trace metals in drinking waters.
1.

The chronic effects of ingestion of water containing a very small
concentration of contaminants are difficult to establish, particularly when one must consider all members of the population with
their differing susceptibilities owing to age, drinking habits and
other characteristics.

2.

The situation is complicated by the possibility of synergistic and
antagonistic effects between different metals.

3.

The effects of an element may depend on its chemical form. This is
reflected, for example, in the different toxicities of inorganic and
organic forms of mercury, the different oxidation stages of arsenic
etc.
There are difficult questions such as the "extent to which metals in
water used to prepare food and drinks are ingested, the relation of
the intake from food, air and other sources, and the relative availabilities to man of metals in water and other sources.

4.
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5.

Geological factors may directly affect the concentration of certain
metals in drinking water, but the general importance of such factors
for many metals is not known. Of course, these factors do contribute
trace metals to fresh waters, but there are many other sources; in
addition the mobility of metals in natural waters, their removal
in water-treatment plants, and their pick up in distribution and
plumbing systems may well govern the concentration finally appearing
at the consumer's tap.

6.

There is general agreement that the concentration of certain toxic
elements with no known beneficial function (for example, cadmium,
lead and mercury) needs to be controlled at levels which may sometimes be exceeded in drinking waters, but even for these elements
there is considerable uncertainty as to the health effects of their
ingestion from drinking water. For many other metals, there is no
firm knowledge that the concentrations present in drinking waters
cause any effect at all.

Masironi (1976) has stressed that the observed correlation between
certain metals and the incidence of disease (see Table 4.p)
indicate
merely the need for further study and do not imply that the metals are
causal agents.
TABLE 4.6 :'ASSOCIATIONS BETWEEN FREQUENCY ANO MORTALITY RATES FROM
CERTAIN OISEASES AND TRACE ELEt~ENTS IN DRINKING WATER
Diseases

Lack of

F, Li, Mg, Sr, Cr
Cardiovascular diseases
Li, F, V, Sr, Mo
Denta 1 caries
Mental .disorders
Li
Juvenile diabetes
Cr
F
Os teopo ros is
Sudden unexpected infant death Mg
I
Goitre
Itai-Itai disease
Various types of cancer
Skin and pulmonary lesions
Source:

Excess of
As, Cd, Pb
Mn, Cu, Pb

Cd
Ni, As, Pb
As

Masironi (1976).

Based on documentary evidence from the published literature it can
be said that the problem of nitrate in drinking water appears to be overstated. World-wide only two'thousand cases of infant methaemoglobinaemia
have been reported with a mortality of about eight percent. These cases
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were mainly associated with bottle-fed babies in the developed countries.
Infants less than six months old, in particular twelve weeks old, are at
risk when their feed is prepared with high nitrate water. In most developing countries owing to socio-cultural and economic reasons, breast
feeding is common in infants of this age. Probably, this may be one of
the reasons why in India no cases "of methaemoglobinaemia are reported even
when the nitrate level in well water exceeded 100 mg/l. On the other hand
it has been demonstrated that high nitrate in water is often associated
with faecal pollution of water which might be a more serious health hazard
to those babies in developing countries who are bottle-fed. It would be
useful to mention here the findings of the Swedish group which carried
out a medical investigation to assess the health. hazard from nitrate
pollution in ground water in Botswana. They stated that in developing
countries because ef problems with hygiene, storage conditions and bacterial contamination of the water that may be used in dried baby-milk
feeding will mean the child is supplied with a concentrated suspension
of bacteria and bacterial toxins. At the most the addition of nitrate
as a water contaminant will only have a marginal deleterious effect on
a child's health (Berg et al, 1978).
The suggestion that nitrate levels
in water may influence human cancer rates by involvement in the formation
in vivo of N-nitrosamines is still largely speculative. Miller (1981)
reports that the possibility of the link is the subject of current research
although a crude examination of the cancer statistics in the United Kingdom
fails to support it.
Of all the water quality parameters the bacteriological quality of
drinking water is the most important because of its greatest and most
immediate impact on health. It is especially .significant for the developing countries because biological pollution is almost ubiquitous.
Evidence cited earlier in this chapter and in Chapter 3 leaves little
doubt about the importance of bacteriological quality of water in the
control of cholera and typhoid. These two diseases occur most dramatically
as common source outbreak where a community water supply gets contaminated
by faeces from a person suffering from the disease or carrying the infection. However, the findings of the studies on water and health (see Chapter 3 and Appendix Ill) are not unequivocal as regards the importance of
water quality on diarrhoeal diseases. Many investigators have emphasized
the need for maintaining water quality in the reduction of diarrhoeal
diseases. On the other hand a number of studies have indicated that the
ready availability of water is more important than the water quality per se
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for controlling diarrhoeal diseases, particularly shigellosis. It is
now frequently stated that the diarrhoeal diseases in tropical areas are
ma~nly water-washed and may be reduced by the provision ol more abundant
or more accessible water of unimproved quality (Bradley, 1977; Feachem,
1977b). Nevertheless one should be cautious in interpreting these observations when it comes to the question of water supply in urban areas.
The density of population in relation to the number of independent sources is high and therefore human pollution is a much more serious problem
in urban areas as compared with rural areas. Experience suggests that
the classical common source epidemic arises. from pollution, often mild
pollution of a large source. All municipal occurrences are of this type
(White et al, 1972). Epidemiologically this is of greater importance
than heavy pollution of a small source used by a small number of people,
say a dug well used by a single family. The latter situation may rather
give rise to sporadic cases of diseases requiring a high infective dose
and by the usual epidemiological criteria these would tend to remain
unnoticed as water-borne diseases (Bradley and Emurwon, 1968). In urban
areas the consequences of accidental faecal pollution of a large common
source may be very serious. Epidemics like cholera are too serious, and
can spread too fast and far. For urban water supplies the bacteriological
quality of water should receive most priority in view of the greater risk
of epidemics of water-borne diseases.
The risk of epidemics appears to be much higher if there is contamination at the source than in the distribution system since in the latter
case the outbreaks of disease are likely to be contained in small geographical areas.
As mentioned earlier, the International Standards provide two different standards for the bacteriological quality of water, one for the
chlorinated or otherwise disinfected piped supplies and the other for the
non-di si nfected pi ped supp 1i·es., These s tanda rds have, however, been
criticized as far too stringent for general applicability in developing
countries and would lead to the condemnation of the vast majority of
existing water supplies in low income communities (Feachem, 1977b; Pacey,
1977) .
When water supply is dependent on polluted surface sources, for'
example, lowland rivers carrying domestic and industrial discharges
requlnng conventional .treatments including disinfection the aim should
always be to maintain the International Standards for bacteriological
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quality. Strict compliance with the standards will, in such cases,
serve as an indicator of the efficiency of the treatment processes,
especially of disinfection by chlorination or otherwise. To safeguard against future contamination during distribution, it would also
be necessary to maintain a residual chlorine. Generally 0.2 to 0.3 mg/l
after 20-30 minutes contact time is satisfactory, although heavily polluted water during the summer may require more residual chlorine.
On the other hand, ground water from a deep aquifer (.one that is
separated from the surface water table by an occluding impermeable
layer) may be so good as not to require any treatment. Nevertheless it
may not always satisfy the standards of zero faecal coliform or not
exceeding 3 coliforms per 100 ml as suggested by the International Standards. In such situations more flexible approaches would be desirable
in the developing countries in view of the shortage of resources namely
finance and trained personnel. While the ultimate goal may.be to chlorinate water as progress is achieved, as an intermediate step the water
may be supplied without chlorination if it contains less than ten E.Coli
per 100 ml (Feachem, 1977b; Van Dijk and Oomen, 1978) providing two conditions are satisfied. First, even the best alternative sources which
the people in the area were using previously have had a higher level of
faecal contamination. Second, there is no subsequent increase in the
E.Coli counts. It is, however, assumed that not more than twenty thousand
people are served from a single source (Van Dijk and Oomen, 1978). This
kind of flexibility in standards may be justified chiefly for two reasons:
i)

ii)

There is no reliable method of distinguishing between E.Coli of human
and animal origin, whereas pollution from humans has more significance
than that from animals (Carter, 1967).
A vast number of people in developing countries are drinking water
containing much higher concentrations of coliforms, faecal coliforms
. (often exceeding 1000 faecal coliforms per 100 ml) and also faecal
streptococci (Godbole, 1971; Paramasivam, 1976; Desai et al, 1977;
Feachem, 1980).

The occurrence of faecal coliforms in drinking water has also been
reported from the developed countries. Results. from analyses of 1279 rural
water supplies in Tennessee and Georgia, USA showed that coliforms were
present in approximately 50 percent of the domestic supplies and ranged
from 1 to 2200 organisms per 100 ml. In a study of drinking water systems
along Interstate Highways, 241 samples examined from 119 systems in Kansas,
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Oregon and Virginia, USA showed the presence of coliforms in over
15 percent of the samples and faecal coliforms in 3 percent of the
samples. In 2.4 percent samples there were over 100 coliforms per
100 ml and 1.2 percent samples had faecal coliforms ranging between
11 and 50 per 100 ml (Allen and Geldreich, 1975).
Moreover, there are many instances of po 11 uti on occurri ng between
the collection of water at the source arid eventual use in the home
(White et a1, 1972; Feachem et a1, 1978; Dworkin and Dworkin, 1981).
For example in Lesotho it was found that clean water collected from a
hand pump (0-6 faecal co1iforms and 0-1 faecal streptococci per 100 m1)
could become significantly polluted (maximum of 1344 faecal co1iforms
and 4284 faecal streptococci per 100 m1) before use due to improper
storage and handling. Tests on water samples over a 48 hour period
revealed falling FC:FS ratios indicating that human faecal material was
predominant (Feachem et a1, 1978). However, the epidemiological importance of such po'llution is relatively low because the spread of contamination is mainly contained among the family members as long as this
water is not served to an outsider (visiting guest) for drinking.
The flexibility in standards as suggested for deep groundwater
sources may also be applicable for good quality water available from
springs or from surface sources such as upland rivers or reservoirs or
lakes but unless the -catchment areas are practically uninhabited and
the protection of the source from faecal contamination can be achieved
there seems to be no viable substitute for treatment by chlorination
or slow sand filtration. Public health education may lead to more sanitary disposal of excreta by encouraging the use of properly constructed
latrines to replace indiscriminate defaecation in or near surface water,
but it is virtually impossible to observe complete sanitary control over
the entire watershed (Wagner and Lanoix, 1959).
There would always be a health risk when chlorination is not practised in urban water supplies owing to the chances of contamination if
there is any breach in the integrity of the distribution system. It
would usually involve a local population served downstream of the source
of pollution. However, this risk may be present even in a chlorinated
system unless proper concentration of residual chlorine is always maintained throughout the distribution system. In addition the disease risk
associated with non-chlorinated supplies may be outweighed by the reduction in the total burden of diseases due to the provision of piped water
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supplies in required quantities. Piping water to the consumers would
increase the availability of water and if people make proper use of
this better accessible water there would be a considerable reduction in
those water-related diseases that depend more on the quantity than the
marginal quality. Water-washed diseases in particular skin and eye
infections are likely to be reduced dramatically. It has been explained
before (see Chapter 3) that all the diseases belonging to the faeca1oral category may be water-borne or water-washed. So the water-washed
component of these diseases, especially bacillary dysentery, amoebic
dysentery, gastroenteritis and infectious hepatitis, would also be
reduced. An absolutely risk-free water supply is hardly achievable
within practical limits. A certain amount of health risk is always
present in the normally treated water supply. For example, there may
be a risk of transmission of pathogenic viruses although the chances of
overt outbreaks of viral diseases from properly treated (clarification
followed by effective disinfection) municipal water supplies are remote.
Filtration;:s quite effective in removing the protozoan cysts, but if
any cysts have passed through the filtration barrier, they are not likely
to be destroyed by the usually applied dosages of chlorine.
In this connection it is relevant to note that the Chinese water
quality standards for domestic and potable water supplies have taken a very
pragmatic approach and have allowed up to 300 co1iforms per 100 ml (IDRC,
1981) .
Modern technology provides means to purify virtually any water to
drinking water standards. Even the 'direct potable reuse', which means
the reintroduction of highly treated sewage effluent from the treatment
plant directly back into the existing distribution system, occupies much
of the current thinking to augment the potable water supply in water
scarcity areas in the United States and some plants have already been
built (Heaton, 1978). It should be remembered that any treatment always
involves cost and technical supervision which rise with the degree of
sophistication. In the developing countries greater stress should be
given to the choice of water sources than treatment. Technically, the
choice of water source is of fundamental importance for the operational
and financial viability of any water supply system. The best source is
that which needs no treatment at all. The trouble with treatment is that
it needs looking after. If the treatment process, however simple it may
be, does not receive adequate attention it will not function properly and
inadequate attention may, in fact, lead to a positive danger to health
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(Pickford, 1977a). Where ground water especially from a deep aquifer
is available and economically extractable full use should be made of
this source.
An evaluation study carried out under the auspices of the Commission of the European Communities (1978) in six countries - Chad, Niger,Ivory Coa:
Senegal, Togo and Upper Volta - showed that there was a definite tendency on the part of the national authorities to select surface water
sources. The reasons were that its availability was readily known and
information on ground water was often unsatisfactory and inadequate.
The study team recon~ended'that the choice of water sources must be
based on thorough investigation (as regards usable quantities and the
quality of the water) of ground water and surface water resources in
~n area. All the experience acquired in the process of evaluation led
to the conclusion that general preferences should be given for any water
supply project, to ground water which in contrast to surface water normally requires no treatment, and which involves' relatively 101'/ investment costs and operating costs. The use of surface water should only be
considered after all the possibilities of using ground water have been
ruled out.
Sometimes a good quality source may not be locally available but
may be found at some more distant place. In such cases the technical
and economical -feasibility of using this distant source instead of concentrating on improving the quality of the locally available water may be
considered.
In the case of developing countries treatment by plain sedimentation
or storage and slow sand filtration deserves very careful consideration.
Plain sedimentation and storage are very effective in reducing the turbidity. Plain sedimentation (short-term storage for a couple of hours)
is generally applied for average annual raw water turbidities of 20~100 JTU
and up to 400 JTU for periods not longer than a few weeks. Storage (for
several days) should be applied if the average annual turbidity is more
than 1000 JTU. In both processes raw water quality is noticeably improved
as a result of natural settling of the suspended solids accompan,ied by a
marked reduction in pathogenic organisms. It is recommended that storage
provided to improve quality should be equivalent to 7-15 days of the
average water demand (Smethurst, 1979). During storage there would be a
substantial reduction of bacteria and especially of pathogens which are
sensitive to changes of food supply, temperature and other environmental
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conditions. Reduction in bacteria may be due to sedimentation, chemical
changes, germicidal effect of ultraviolet rays in sunlight and consumption of bacteria by protozoa and other predatory organisms (Pickford,
1977a). Reduction in E.Co1i during storage may be from 94% to more
than 99% (Smethurst, 1979). Although schistosomiasis is primarily a
rural disease its occurrence in urban fringes particularly in endemic
areas cannot be ruled out. Since miracidia die within 24 hours if they
cannot find out a suitable fresh water snail and cercarie from infected
snails live only 24 hours if they do not reach a human or animal host,
two days storage would provide an effective barrier to transmission of
the disease as long as cercarie-shedding snails do not enter the storage
basin. Moreover, during storage larger organisms such as Ascaris are
greatly reduced in number by settlement and some settlement' ·of amoebic
cysts also occur. Viruses are reduced in numbers, particularly in strong
sunlight which damages the nucleic acids of the organisms (Evison and
James, 1977). The sedimentation and storage basins should, however,
be protected from faecal pollution and access to the vicinity of basins
should be restricted as much as possible.
In outlining the advantage of slow sand filters Huisman and Wood
(1974) state that 'no other single process can affect such an improvement in the physical, chemical and bacteriological quality of surface
water'.
P~ckford (1977a) lists several reasons why slow sand filtration
should be especially applicable to developing countries. Perhaps the
greatest advantages are that its costs generally lie within the financial resources of the developing countries and the skills required for
design, construction, operation and maintenance would be available locally
or can be fairly easily acquired with limited technical supervision.
Also known as 'biological filters' slow sand filtration is an efficient
method for the removal of organic matter and pathogenic organisms. The
overall removal of impurities is brought about by a combination of straining, sedimentation, adsorption and chemical and biological activity
(Huisman, 1978). E.Coli, pathogenic bacteria, cercarie of schistosoma,
cysts and ova are removed at 1east by 99%. Vi ruses are vi rtually completely removed in a mature slow sand filter (Van Dijk and Domen, 1978).
However"because of its low filtration rate 0.1 to 0.3 metre per hour,
the land area requirement is much higher as compared with treatment by
rapid sand filtr~,tion. So land must be cheaply available.
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CHAPTER 5
WATER QUANTITY
5.1

INTRODUCTION

The issue of water quantity is critical if a major aim is to
increase the population access to safe water. There is a tendency
among water authorities in developing countries to make provision for
urban domestic water supply based on high per capita standards derived
from the West. As a result a small minority of the urban population
enjoy the benefits of large quantities of water by virtue of possessing
adequate facilities. By contrast, the overwhelming majority have either
no facilities to benefit from the large quantities of water supplied,
or they have no access to any supply of safe water at all. Despite
these inequalities very few have questioned the rationale of supplying
a large volume of water or what should be a minimum satisfactory quantity
of supply. This chapter focuses on these fundamental issues.
5.2

MINIMUt~

SATISFACTORY QUANTITY

The human need for water in a domestic environment is schematica11y
presented in Figure 5.1.
PHYSIOLOGI CAL
NEED
DOMESTIC
WATER NEED

HYGIENE
OTHER THAN PHYSIOLOGICAL NEED
LUXURY

FIGURE 5.1
5.2.1

SCHEMATIC PRESENTATION OF DOMESTIC WATER NEED
PHYSIOLOGICAL NEED

This constitutes the basic need for water by any human being
for physiological survival or to maintain the body water balance. Even
with maximum concentration of urine solutes, the water contained in the
foods of a normal diet and the water produced by the oxidation of food
are inadequate to provide for urinary excretion of the end products of
metabolism, for losses of water from the bowel, and through vaporization,
from the respiratory tract and skin. Consequently it is necessary to drink
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some water. In consideration of the total requirement of water by an
individual in a day this forms only a small fraction of the whole, yet
it is vitally important owing to its three special characteristics:
1.

It is absolutely essential for the life process and without it
all human activities will soon be stopped.

2.
3.

Its quality has a direct bearing on health.
Its requirement is universal though quantity may vary with climate
and habit.

Although reliable data on the actual intake of water are difficult
to obtain especially for tropical environments, some medical authorities
have estimated the intake for temperate climates (Goodhurt and Shils,
1980). This is given below:
Millilitres per day
Ingestion of water and dilute liquids
Water in semisolid and solid foods
Water of oxidation

1000 to 2500
1000 to 1500
200 to 400
2200 to 4400

The average adult in a temperate climate thus adds 2.2 to 4.4 litres
of water to"a body pool of 30 to 50 litres. On the other hand loss of
water takes place in four different ways - urinary output and the water
in faeces, both of which are measurable, and by evaporation from the
respiratory tract and from the skin, measured only with great difficulty
and referred to as "insensible losses".. In the normal individual water
intake and loss balance very closely, and daily body weight fluctuates
less than 2 percent and usually less than 1 percent if measurement is
taken at the same time of day. Respiratory insensible loss averages 300
to 500 ml per day in females and up to 750 ml per day in males. Surface
evaporation and sweat together average 400 to 600 ml a day. Sweat volume
is small in a temperate climate except with vigorous activity, but may
reach several litres a day in warm humid environments under sun. Water
loss through faeces is 100 to 200 ml per day and normal adults excrete
from 1000 to 2500 m1 of urine a day.
It has been suggested that the minimum physiological need for survival
in a tropical area can be regarded in the range of 1.8 to 3.0 litres per day
(White et a1, 1972).
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5.2.2 HYGIENE
Water necessary for hygienic purposes occupies the next place.
Unless there is a desperately short supply of water to warrant use
for drinking and cooking only, people use water for various purposes
concerning their health. This would include the quantities needed for
bathing and personal washing, washing food stuff, cleaning utensils,
washing clothes, anal cleansing (where it is a custom) after defaecation and washing away excretal matters and .house cleaning. All these
uses would improve health by reduction and elimination of water-related
diseases and protect against fresh infections.
5.2.3 LUXURY
Water for luxury refers to those uses which reflect the style of
life the family cherishes and the material wealth of the family. The
luxury uses include bathing in a bath tub, garden and lawn watering,
auto washing, washing clothes in automatic machines and washing utensils
in dishwaters, both requiring large volumes of water, swimming pools,
fountains etc. In communities where flush toilets are not common they
might also be regarded as a luxury. The benefit of all these uses is
difficult to justify solely on health grounds. They might have some
psychological impact on health but certainly they display a higher standard of living. Deriving any standards for minimum quantity of water
needed for these luxury uses is very difficult, if not impossible, partly
due to the complexity in human nature and individual satisfaction, as well
as due to a wide variation in the type of facilities.
The minimum satisfactory quantity of water per person or per household is, therefore, defined as the amount of water necessary to satisfy
the·physiological and hygienic needs only.
5.3

PER PERSON DOMESTIC WATER USE FIGURES

A wide range of per person water use data are available from various
sources, but how far they represent the actual water-use or true water
demand is not known. Very often these figures are calculated by dividing
the total production of water by the total number of people supplied.
Sometimes deductions are made for losses; if known, and sometimes it is
not done because estimates of losses are not available. But losses may
vary from 5% to 55% of the supply {Twort et al, 1974; Commission of the
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European Communities, 1978; Raman, 1980) depending upon several factors.
Reliable estimates of water consumption for public uses are not frequently
available either and there is a likelihood of a part.of this consumption
being included in the figures for domestic consumption (Coe, 1978).
In addition the number of people served may be overestimated or underestimated if correct records are not maintained. Twort and others (1974)
specify certain standard conditions under which the figures for consumption may represent the figures of reasonable demand. These include:
i) the supply must be a full 24-hour supply;
ii) the source meters (i.e. the meters measuring the input of water
to the distribution system) must register correctly;
iii) the distribution system must be in a good condition, regularly
surveyed for leakage and overflows, and regularly maintained;
iv). the supply meters to individual consumers must be regularly maintained and read;'
v) the plumbing system of consumers must be of a good standard and not
likely to give rise to excessive waste; there must be inspection
systems to see that consumers keep these plumbing systems in good
repai r;
vi) no large numbers of unauthorised connections to mains should exist,
and no large quantities of water should be made available free of
charge -(as for watering streets, public gardens, flushing sewers etc);
vii) the price of water must not be so low that consumers pay no attention
to waste; nor so high that many consumers cannot afford to take what
theY'reasorab1y require;
viii) the water authority must regularly ensure that all consumers do not
unnecessarily waste or misuse water and that they pay the due charge
for water used.
In practice, however, the actual conditions in many instances depart
very widely from the standard conditions and the consumption figures quoted
cannot be used for making any estimates of proper demand without undertaking a detailed investigation of the actual conditions. Furthermore to
investigate the areas of extravagance or deficiency in domestic water use
it is necessary to know how the available water is used for different components of domestic water usage. Useful information is badly lacking in
this area especially from the developing countries. One is to recognise
that to collect data of this kind it would be necessary to make a survey
of domestic water use patterns. Unfortunately the usefulness of any such
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survey is not always appreciated or is grossly underestimated.
Domestic water use fig~res collected from a number of sources show
the extreme variability in the per person consumption of water and underline the inconsistencies that are existing in the use of a basic
commodity like water. For both developed and developing countries two
kinds of data are available - data collected by national or international
agencies, and data collected by individual researchers. They are presented here under two broad headings of developed countries and developing
countries.
5.3.1

DOMESTIC WATER USE IN DEVELOPED COUNTRIES
5.3.1.1 UNITED KINGDOM

Domestic water use varies, though not widely, between different areas
in the United Kingdom. According to Dangerfield (1979) a 1978 base figure
of.llO-120 litres per person per day would be applicable for most areas
with a mixture of housing and social groups.
In the recent past some detailed surveys have been carried out under
the auspices of different water authorities to collect basic information
about the pattern of domestic water use in order to improve the water
demand forecasts. The main findings of two such surveys are summarized
in Table 5.1.
As an individual water use event toilet use constitutes 31 to 33
percent of total use with the exception of 25.5% for high consumption
households. A comparison between ordinary households and high consumption
households reveals that the high consumption households are characterized
by the possession of a waste disposal unit and more extensive use of dishwashing machines. In addition except for the shower water use for all
the events have been higher as compared with ordinary households and points
to the extravagance in water use.
5.3.1.2 FEDERAL REPUBLIC OF GERMANY
It appears that household water use is very modest in the Federal
Republic of Germany as shown in Table 5.2.
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TABLE 5.1:

WATER USAGE FOR VARIOUS COMPONENTS OF DOMESTIC WATER USE
IN THE UNITED KINGDOM
(Litres per person per day)
Severn-Trent Water
Authorityl

Domestic Water
Use Event

Mal vern
Internal use:
Toi 1et
Bath
Shower
Washing Machine
Clothes rinsing
Di shwa shi ng
machine
Waste disposal
unit
Bas i c3/Mi sce 11 aneous 4
External use:
Ga rden wa teri ng
Lawn sprinkling

3.B
0.3

Car washing:
Hose
Bucket

0.3

30.0
14.7
l.6
7.5
2.7
0.3

33.0
14.B
1.1
9.7
4.0
0.3

37
16
3
13

41
20
3
17

0

9

0.3

*

36.3 3

33.03

0
45 4

9
55 4

3

7

117

161

4.4

*

.

TOTAL:

~lansfield

South West W~ter
Authority
All Ordinary High Consumption
Households
Households

97.0

2.1
0.1

2.75

-

-

0.1
0.4
9B.2

* Less than 0.05
Note:

1.
2.
3.
4.

TABLE 5.2:

Thackray et al (197B)
Battersby (197B)
Includes drinking, cooking, washing up etc.
Includes water used from the kitchen and bathroom taps for
personal hygiene, cooking, drinking, washing dishes and clothes
washing by hand and other purposes
HOUSEHOLD WATER USES IN FEDERAL REPUBLIC OF
(Litres per person per day)
Area

Population centres (toilets and 30% bathrooms)
Population centres (toilets and 50% bathrooms)
Population centres with well kept parks and
open spaces
Small towns and developed villages
Source:

GER~lANY

Annual daily average use
65
BO
100
60

Department of Economic and Social -Affairs United Nations, New
York, 1976 (ST/ESA/3B)
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5.3.1. 3 ROMANIA
According to Romanian Standard 1343-66 water requirements of
households in normal housing areas vary from 130-250 litres per person
per day depending upon the percentage of inhabitants having hot water
supply.
5.3.1.4 SOVIET UNION
In the Soviet Union standards for domestic water supply have been
primarily linked with type of water supply, presence of waste disposal
system and availability of bathroom facilities and hot water. Average
household domestic requirements according to USSR Building Standards and
Rules are given in Table 5.3. These figures represent the ideal demands
and how far they relate to the actual provisions are not known.
TABLE 5.3:

DOMESTIC WATER DEMANDS IN THE USSR
(Litres per person per day)

Type of Buildings

Average wa ter demand

With internal water supply and di sposal system,
bu t no ba th room
As above, with gas supply
With water "supply and disposal and bathroom
with oil heated water
As above, but with gas heated water
With internal water supply and disposal system
and centrally ;supplied hot water
Without water supply or disposal, using water
from individual wells
Source:

Department of Economic and Social Affairs
New York, 1976 (ST/ESA/38)

5.3.1.5

125-150
130-160
150-180
180-230
275-400
30- 50
United Nations,

SELECTED EUROPEAN CITIES

Coe (1978) carried out a study of water supply and plumbing practices in Continental Europe, during which time he visited important
water undertakings and collected detailed information on water supply
conditions in several European cities. The estimated domestic water
consumption in selected cities as revealed by this study are presented
in Table 5.4.
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TABLE 5.4:

ESTIMATED DOMESTIC WATER USE IN SELECTED EUROPEAN COUNTRIES
(Litres per person per day)

Domestlc
Water Use

Country and Ci ties
Austria
Innsbruck
Sa 1zburg
Vi enna
Denmark
Copenhagen
Odense
Finland
Lahti
Helsinki
Rauma
France
Paris (City of Paris
Water Works)
Holl and
Ams terdam
Rotterdam
Hague
Italy
Rome
Turin
Source:

190
135
133
150
162
152
217
170
154
120
138
80
296
307

Country and Cities
Norway
Baerum
Oslo
Portuga 1
Lisbon (Water Co)
Spain
Barcelona
Seville
Sweden
Gothenberg
Malmo
Stockholm
Switzerl and
Basel
Zurich
West Gennany
Berlin
Dortmund
Dusseldorf
Ge 1senk i rchen
Hamburg
Munich

Domestlc
Water Use
273
185
200
115
179
210
223
237
216
217
135
177
179
103
118
120

Compiled from Coe (1978)
5.3.1.6

UNITED STATES

Domestic water use varies very widely in different parts of the
United States. This is shown in Table 5.5.
Although variations in climate and other factors influencing
domestic water use may be great.in different parts of the United States
exceptionally high consumption in cities such as Long Beach, Denver,
Detroit, Erie, Philadelphia and Tuscon seems to be due to the very high
use of water for external purposes chiefly sprinkling. The data are an
example of inconsistencies in domestic water use from 103 lpd to 2033 lpd
within a single country. It is relevant to note that the variation is
much wider as compared with the cities of different European countries
(see Table 5.4).
In connection with the characterization of waste water from various
point sources within a household and experimenting with the means of
reducing waste flow from households data were. collected by some researchers which indicate how water is used for different activities. These
are summarized in Table 5.6.
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TABLE 5.5:

WATER USE IN SELECTED AMERICAN CITIES
(Litres per person per day)

DO~'ESTIC

uomeStlc
Water Use

City and State
Birmingham, Albama
Montgomery, Albama
,Tuscon, Arizona
Long Beach, California
San Diego, California
Denver, Colorado
Mi ami, Fl ori da
Atlanta, Georgia
Champaign-Urbana,
III i noi s
Rockford, Illinois
Gary, Indiana
Kansas City, Kansas

uomestlc
Water Use

City and State

109
305
2033
464
161
488
136
200
195
220
132
103

Detroit, Michigan
Omaha, Nebraska
Newark, New Jersey
Albuquerque, New
Mexico
Erie, Pennsylvania
Philadelphia, Pennsyl vani a
Nashville, Tennessee
Amari 110, Texas
Dallas, Texas
Lubbock, Texas
Charleston, West
Virginia
Milwaukee, Wisconsin

556
213
153
375
692
1035
127
355
254
354
189
178

Note:

Domestic water use figures have been' computed from the source
which indicated the total usage in million US gallons per day,
population served in thousands and domestic use as a percentage
of total usage. Original figures in US gallons are converted
into litres with a multiplication factor of 3.785 and rounded off
to the nearest whole number
Source: Department of Economic and Social Affairs
United Nations, New
York, 1976 (ST/ESA/38)
TABLE 5.6:

USAGE OF WATER FOR VARIOUS COI~PONENTS OF DOMESTIC. WATER USE
(INTERNAL USES ONLY) IN THE UNITED STATES
(Litres per person per day)

Domes ti c Wa ter
Use Events
Toilet
Ba th/Shower
Bathroom sink
Ki tchen sink
Dishwashing
Garbage grinding
Clothes wash i ng
Wa ter softener
Miscellaneous
TOTAL:

Cohen and
Wa11man
(1974)
( 1974)
65.1
74.8
32.1
23.8
7.9
68.3
13.6
-

-

28.0

-

156

Li gman

Witt et
al
_l19781
34.8
37.8

13.2
5.7
37.8

-

-

Bennett and
Linstedt
(1975 )
55.6
32.9
18.9
9.8
4.2
3.0
43.8

197

180

168

161

Laak

-

39.8

-

et al
(1974)
75.6
47.2

-

-

-

18.5

-

39.7
9.8
20.4
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As a single event toilet use constitutes the highest consumption
varying from 33 to 48 percent of total use except for the study by Witt
and his colleagues (1978). In the latter study toilet use was only
21.6 percent of total use. The low toilet contributions found in this
study were, according to the authors, the results of a lower frequency
of usage, likely the result of the use of the facilities outside of
the home. In the United States a wide range of water closets is available with flush volumes varying between 9.5 litres (2.2 US gallons) to
20.4 litres (5.4 US gallons). The most common flush volumes are 15.1
litres and 20.4 litres. This may be one of the reasons for variations
in water use for toilets between individual studies.
5.3.2 DOMESTIC WATER USE IN DEVELOPING COUNTRIES
5.3.2.1 GLOBAL DATA
The most extensive data on the per person consumption of potable
water have been published by the World Health Organisation (WHO, 1973c:
771-773). These are summarised in Table 5.7.
TABLE 5.7:

PER PERSON CONSU~lPTI ON OF DRI NKING WATER I N URBAN AREAS OF
DEVELOPING COUNTRIES
(Data as of 31 December 1970; in litres/person/day)

Region (Number
of Countries)

With House Connections

..

Minimum
~ver-

age

65
Africa (26)
160
Americas (22)
Eastern
Mediterranean (19 95
65
European Reg ion (3)
South-East Asia
75
(8)
Western Pacific
85
(9)
Average of a 11
90
Regions (87)
Source:

With Public Standposts

Range

Maximum
Minimum
Maximum
Aver Range Aver- Range ·Aver- Range
age
age
age

10-200 290 25-1820
17 -320 380 150-1730
20-220 245 70- 900
20-120 210 170-260
24-170 165 70-270

20
25
30
25
25

1-50
10-55
5-80
10-60
5-45

45
50
60
40
50

2-150
20- 95
10-220
20-70
20-100

18-150

365 150-770

30

15-40

95

60-140

10-320

280

25

1-80

55

2-220

25-1820

Compiled from World Health Statistics Report (WHO, 1973c)

The foregoing table shows an impressive range of diversities in domestic water use between different regions in the developing world and also
between the countries within a region. A closer examination of water con-

204

sumption figures reported by 87 countries in the survey shows that
67 percent indicated a maximum per capita consumption above 200 litres
per day and 32 percent above 300 litres per day. Some figures, however,
cannot be accepted without raising doubts. For.example, a per capita
consumption of 220 litres per day by the users of standposts is contrary
to the normally quoted figures and seems quite unrealistic. Similarly
a consumption figure of 1820 litres per person per day far exceeds even
the high standards of supply in the most industrialized countries. At
the other extreme consumption of only 1-2 litres from public standposts
is an example of extreme scarcity of water and it barely satisfies the
physiological need. Variations due to local conditions are quite likely
but some such figures make one sceptical about the reliability of the data.
t~oreover, the per capita water supply figures in many cases give little
confidence in the rationality followed in the technical design of the
systems. The overall data· point to the widespread maldistribution in
water supplies existing in the developing countries which should be
redressed for a better distribution of scarce resources.
5.3.2.2

INDIA

A survey carried out by the Central Board for the Prevention and
Control of Water Pollution (1979) provides information about the daily
per capita water supply in 142 Class I (with a population over 100,000)
cities in India. The state-wise figures are given in Table 5.8.
Considering that India is a huge country encompassing different
climates and cultural patterns the non-uniformity in per capita supply
figures is what is expected. Examination of water supply figures for
the 142 cities individually gives an impression that the consumption is
generally higher in cities where there is a sewerage system. The very
high per capita water supply in Chandigarh as compared with other cities
may be just complimentary to the impressive buildings and showpieces in
the city built on Western standards.
Lee (1969) carried out a survey of domestic water consumption in
New Delhi, Kalyani and bustees (slums) in Calcutta to study the relationship between residential water demand and economic development. The
mean (weighted average) per person domestic water use was 145 litres
in New Delhi and 135 litres in Kalyani. All the residences in the sample
had metered house connections and the majority of them had consumption
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TABLE 5.8:

AVERAGE PER PERSON WATER SUPPLY IN CLASS I CITIES IN INDIA
(litres per person per day)

State (Number of
Cl ass I Cities)
Andhra Pradesh (13)
Assam (1)
Bihar (11)
Gujrat (7)
Haryana (2)
Jammu & Kashmir (2)
Ka rna taka (11)
"Kerala (5)
r~adhya Pradesh (11)
Maharashtra (17)

Average
Water Supply
107
170
151
1~

80
175
133
131
131
204

State (number of
Class II Cities)
Manipur (1)
Ori ssa (4)
Punjab (4)
Rajasthan (7)
Tamil Nadu (17)
Uttar Pradesh (22)
West Bengal (5)
Delhi (1)
Chadnigarh (1)
Average 142 cities

Average
Water Supply
123
154
190
128
55
171
87
243
487
145

Note:

The average water supply figures have been calculated on the basis
of the total withdrawal divided by the total population. These are
supply figures and do not necessarily represent the actual usage.
Source: Central Board for the Prevention and Control of Water Pollution
(1979 )
below 137 litres per head per day. The distribution is shown in
Table 5.9. On the other hand the mean consumption in bustees where
the people were dependent on outside sources viz standpipes, hand pumps
(tubewells) or tanks was about 25 litres per head per day. The use of
water in the bustees was largely influenced by the accessibility and it
varied between 17.6 to 32.3 litres per person per day as shown in Table
5.10.
TABLE 5.9: DOMESTIC WATER USE IN NEW DELHI AND KALYANI
Source: Lee (1969)
New Delhi
Ka lyani
Water Use in Litres
Per Person Per Day
Number of Percentage
Number of
Percentage
Households
of
Households
of
Households
Households
Less than 45
45- 90
91-136
137-181.
182-227
228-340
341-454
455-568
569 and over
Note:

19
144
108
60
31
42
18
10

-

4.4
33.3
25.0
13.9
7.2
9.7
4.2
2.3
-

33
49
34
15
14
10
5
6
3

19.5
29.0
20.1
8.9
8.3
5.9
3.0
3.5
1.8

Origjnal. figures in gallons have been converted to litres with a
multlplYlng tactor of 4.o4b and rounded off to the nearest whole numbe
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TABLE 5.10:

DOMESTIC WATER USE IN SELECTED BUSTEES IN CALCUTTA

Water Use in Litres per Person
Per Day

Size of
Sample

32.3
34.2
30.0
17.6
21.8
23.0

36
21
42
50
67
62

Note:

Location of Bustee
Topsia
Goabagan
To11ygunge
Beniapukur
Sahebbagan
Pi1khana

Original figures in gallons have been converted to litres with a
multiplying factor of 4.546 and rounded off to nearest whole
numbers

Source: Lee (1969)
The distribution of figures for water consumption in New Delhi,
Ka1yani and Calcutta bustees showed a similar pattern: the clustering of
the majority of the households close to and below .the mean with a long
tail of households with a very high consumption of water. The mean therefore tended to be highly biased by the small minority of households with
very high levels of consumption, particularly in New Delhi and Kalyani.
The variations in consumption appeared to be produced by the ability of
the househoJd to use water. Related to the pattern of consumption was
the close connection observed between the level of consumption and housing
conditions.
5.3.2.3

EAST AFRICA

In their study in East Africa, White and his colleagues (1972) collected extensive data on domestic water use. The mean per capita water use
in households in urban areas and small towns having piped connections
varied between 32 and 254 litres per day with the highest figure recorded
being as much as 660 litres per person per day. For households without
piped water connections the mean consumption varied between 9.3 and 20.8
1 itres per head per day.
5.3.2 .. 4 MIDDLE EAST
A sample survey (Brad1ey, 1980) of domestic water use in an urban
area in a Middle East city indicated a mean per head consumption of water
of 22 litres per day for five households carrying water from standpipes

-

-----~
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located within 160 metres. The minimum consumption was 17.4 1pd and
the maximum was 25.5 1pd. For a household which was located 200 metres
away from a standpost and preferred to purchase water from a neighbour
with a house connection, at a carry distance of about 30 metres the
per head consumption of water was found to be 38.6 litres per day.
In the same survey, a mean consumption of 85 1pd was found in a building housing five families, each provided·with a mu1titap supply.
5.3.2.5 NIGERIA
In Nigeria the per person water supply as of 1974 in 243 towns in
19 states varied from 10 to 127 litres per day with a national average
of 45.7 litres per person per day. The estimates were based on total
daily output of water supply and the population served (Ayoade and
Oyebande, 1978).
A study carried out in an upper middle class residential zone of
Ibadan City, the capital of Oyo State in South-Western Nigeria provided
some detailed information on the actual domestic water use (Akintola
and Areola, 1980). The average per head water consumption of 86 litres
per day by the inhabitants of the area who mostly belonged to the elite
class of the society was greater as compared with the average figure of
of 55 lpd for other residential areas in the city. Ownership of modern
gadgets such as clothes washing machines, dishwashers, garbage disposal
units, water cooled air conditioners and of swimming pools varied widely
and the percentage of households having these modern amenities was low
(below 4%) except for the clothes washing machine (14.5%). The percentage
of families owning at least one car was very high about 93.3%. Consequently there were wide variations in water use from household to household.
A break up of estimates of water consumption within households is shown in
Table 5.11.
TABLE 5.11:

ESTIMATES OF HATER

Water Use Events

CONSU~lPTION

Lltres per person
per day

WC flushing (4 times
40
da i ly)
Personal washing/
20
bathing
Food preparation,
25
cooking, cleaning etc
4
Car wash
89
TOTAL
Source: Akintola and Areola (1980)

WITHIN HOUSEHOLDS
Percentage of total
usage
44.9%
22.5%
28.1 %
5.5%
100.0%
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5.3.2;6 CHINA
Since China is a vast country having different climates and cultural patterns, water consumption varies from one part of the country
to another. The standards for domestic water demand have very pragmatically been related to the variation in climate and habits of the
people as well as to the conditions of supply, indoor sanitation facilities, waste water disposal system and to the availability of hot water
supply as shown in Table 5.12.

TABLE 5.12:

DOMESTIC WATER DEMAND STANDARD FOR RESIDENTIAL AREAS 1
(Litres per person per day)
Average Da ll~
Conditions
Consumption

Outdoor standpipe, no indoor sanitation facili·ties; with waste disposal system
Indoor taps, but no sanitation facilities or
bathroom; with disposal system
Indoor taps, with indoor sanitation facilities
but no bathroom
Indoor taps, with sanitation facilities and
bathroom
Indoor taps, with sanitation facilities, bathroom
and central hot water supply

10- 40
20- 70
55-100
90-160
130-190

Consumption in small public facilities is included, but consumption in sprinkling on roads, in extensive planting projects,
-and in major public facilities in cities, is not. The climatic
conditions, distribution system, inhabitants' customs etc. diffel
according to locality and cannot be ignored.
2. The range covers the variation between districts.
Sou rce:
I DRC (1981).
Note:

1.

5.3.3

WATER USE DATA FR0I4 STUDIES ON THE RELATIONSHIP BETWEEN
WATER AND HEALTH

Very few of the studies investigating the relationship between water
and health (see Appendix Ill) have reported the domestic water use figures.
These are summarized in Table 5.13. The studies in general have laid
stress on the availability of water in adequate quantities for maintaining
hygienic practices in order to reduce the rates of water-related diseases.
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TABLE 5.13:

DOMESTIC WATER USE DATA FROM WATER AND HEALTH STUDIES
Domestic Water. Use in
Litres per Person per
Day

Location·

Uttar Pradesh, India
14 towns
Papua New Guinea
Aurangabad, India
Zone 1, 2 & 3
Zone 4
El obei d, Sudan
1st Class area with
house connection
2nd Class area with
house connection
3rd Cl ass.A area with
supply in the compounds
3rd Class B area
with mixed supplies
3rd Class C area
with public standpipes
4th Cl ass area
with water collected from pub 1i c
standpipes or unprotected 1oca 1
sources or water
vendor
Kirkos, Addis Ababa
Southern Kenya
Lesotho
St Luci a
Y.ard connection with
'Fordi11a' taps and
communal laundry and
shower facilities
Teknaf, Bangladesh
Gua temala
Florida Aceituna
Guanagazapa
Hai ti
Note:

1.
2.
3.

60
0.19-1.27
43-57
89

Reference

Zaheer et al (1962)
Feachem (1977c)
Raman et al (1978)
Bannaga.& Pickford
(1978)1

242
95
58-66
17-42
18-26

14-19
1.7-120
<5
6-44
40-50

<20 to >30
26
68.4
<18.9 to>18.9

Freij et al (1978)2
Shaffer et a1 (1978)
Jordan &Unrau (1978) 3

Mujibur Rahaman (1979)4
Dworkin & Dworkin .
(1980)5
Thacker et al (1980)6

The conclusion of this study was that there was little additional
improvement in health when water use exceeded 60 litres per person
per day.
According to the authors provision of private latrines and at leas
10 litres of water per person per day would result in decrease in
the rate of gastroenteritis.
Provision of 40-50 litres of water per person per day to satisfy
the need for all domestic uses was found to be very useful in
keeping the people away from infected rivers and thus reducing the
schistosomiasis infection rates.
(con t i nued)
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Notes (continued)
4. Higher water use was associated with lower dysentery rate.
5. Higher water use in Guanagazapa was associated with lower rate
of diarrhoea as compared with Florida Aceituna.
6. Water-related diseases decreased with the increase in water use.
5.3.4 MAIL QUESTIONNAIRE SURVEY
A postal questionnaire survey was launched on 14 July 1980 to
collect useful facts and figures that might be available in the offices
of the water authorities in the developing countries. The questionnaire
(see Appendix IV) was sent to ninety-two addresses in different parts of
the developing world which included individuals in charge of water supply,
water authorities and responsible ministries in some countries. The
addresses were collected from various sources such as a computerized list
maintained by the WEDC, foreign embassies in London, the International
Who's Who in Water Supply (IWSA, 1979) and participants attending the
WEDC courses.
Unfortunately though not very unexpected, the response rate has
been poor - 14 out of 92 i.e. 15.2 percent only. Lately information
has been available for two urban districts in Philippines through the
World Bank Staff. The replies received as regards the per person domestic water supply are summarized in Table 5.14. The survey made it clear
that in most of the cases knowledge is practically non-existent regarding
the individual quantities of water used for different components of household use. Out of four replies which have provided the detailed break-up
only one has indicated that work has been carried out to find out the
actual domestic water use. The remaining three seem to have mainly
relied on intuition. This implies three things: first there is a low
awareness of the importance and usefulness of carrying out a study of
actual domestic water use patterns. Second, the per capita supply
figures have been based on the judgement of the designer or the expert
(may be a foreign consultancy firm) and thus there is every possibility
of adopting the borrowed North American or other Western standards of
high per person water use. Third, where some lower level has been set
this has perhaps been based on rule of thumb for which the probable
justification is that it has been used before. In addition, in such
circumstances there is a likelihood of extending the capacity of the
water supply systems without properly investigating the demand side of
the market and thus ending up in high per capita water supply figures.
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TABLE 5.14:

DOMESTIC WATER SUPPLY IN SOME SELECTED DEVELOPING COUNTRIES
AS OBTAINED FROM MAIL QUESTIONNAIRE SURVEY

,

Country

Cyprus Republic
Fiji
India
Sri nagar
Ca 1cutta
Ahmedabad
Delhi
Madras
Jamaica
Ni geri a
Plateau State
Ph il i ppi nes
Bacolod City
Water District
Cagayan de
Oro Water Dist.
Singapore
Trinidad
Thail and
Bangkok Metropolis
Turkey
Citi es with
popul a tion over
100,000
Kaysari, Orla
Anadolu
Venezuela

Domestic water supply in litres per Detailed Domestic
person per day
Water Use
Wi th House
From
Pattern
Connections
Standpi pes
200-250
140-220

-

105
132
108-190
200
120
362

90 2
50
45-68

50-160

-

N.A.

~

N.A.

168
122
130
272-290
230

120-250
316
250-350

32
-

Very 1ittl e3

-

200 4
50

N.A.
N.A.
N.A.
N.A.
N.A.
Available l
N.A.
Available l

N.A ..
N.A.
Available l
Available l

N.A.
N.A.
N.A.

Note: 1. Details are presented in Table 5.15.
2. Seems to be very high
··3. Not reported
4. Appears to be unusually high and unrealistic
N.A. = not available.
A low response rate and the non-availability of adequate information
on detailed domestic water use patterns preclude any.useful analysis of
data for determining the minimum satisfactory quantity. Data that were
available from four countries on the percentage of total usage of water
for different components of household water use are presented in Table
5.15. The table also includes data for developed countries collected
during the literature survey for the sake of comparability. It appears

TABLE 5.15:

BREAKDOWN OF DOMESTIC WATER USE IN DEVELOPED AND DEVELOPING COUNTRIES
(as percentage of total use)

Use Category

Developed Countries
USA 1

Drinking, food preparation and cooking
5.0
Washing of clothes
15.0
Washing of utensi1es
6.0
Bathing/showering and
other personal washing
30.0
Toilet flushing or use
of water after defaecating or urinating
40.0
House c1eaning/
miscellaneous
4.0
10
Garden watering
) Highly
varia)
Car washing
) b1e
Note:

1.
2.
3.

UK~

Deve1 opi ng Countries

Gennani Nether1 ands 4

Be1giumO Trinidad b

India'

Thailand!; Jamaica~

18.0 11
12.5
8.5

3.6
24.4
4.1

10.0
10.0
7.5

3.1
8.6
8.6

5.0
6.0
3.0

5.0
20.0
10.0

2.0
17.0
11.0

5.0
12.5
10.0

25.0

34.6

32.5

29.7

30.0

17.0

30.0

31.25

N
~

N

33.0

24.4
5.3

3.0

22.5

32.8

35.0

23.0

4.0

12.50

12.5 12
5.0

14.1
3.1

2.0
9.0
10.0

10.0
7.5
2.5

9.0
26.0
1.0

3.75
18.75
6.25

3.6

De,b and Evans (1980)
Rump (1978)
Computed from figures given by the Dept of Economic
& Social Affairs, United Nations (1976)
4. Same as 3
5. Same as 3
6. Water and Sewage Authority, Trinidad
7. Delhi Water Supply &Sewage Disposal Undertaking, India
8. Metropolitan Water Works Authority, Thailand
9. National Water Authority, Jamaica

10.

11.
12.

Exterior use which includes irrigation,
car washing, swimming pools and cleaning
varies from 0 to 65 percent of interior
use
Includes miscellaneous uses.
Includes car washing
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that there are some similarities between developing and developed
countries in the percentage of water use for some of the individual
water use events in certain countries, but there are some wide variations as well. For example, low percentage of toilet use in Thailand
points to the relative absence of flush toilets there. In general,
reported external use of water appears to be high in developing
countries as compared with developed countries except USA and certainly
is an area of extravagance where economy in water use should be exercised.
5.4 A SURVEY OF Dot4ESTIC WATER USE BY AN ASIAN FAMILY IN GREAT BRITAIN
A survey of domestic water use by an Asian family living in Great
Britain was carried out for a period of seven months. Thi s had two
primary objectives. First, it provided an opportunity to test the feasibility of using the 'diary' technique as suggested in Section 2.7.1.2,
with a single water meter in households that'do not own any clothes
washing or dishwashing machines. These modern gadgets are not in general
use in most developing countries. Second, it was possible to obtain some
first hand and reliable data for different components of domestic water
use.
A water-meter was installed on 13 October 1981 by the Severn Trent
Water Authority in the house of the author at the request of the Loughborough University of Technology. The meter was fitted in the kitchen
as per normal practice of the Authority, as shown in Figure 5.1. Before
proceeding to further discussion, it would be necessary to provide a
description of the house, its sanitary and plumbing fixtures, its occupancy and the type of meter installed.
i)

The house: a three-bedroom terraced house built in 1897 and
situated in the administrative area of the Charnwood Borough
It had 24 hours water supply and sewer connection.
Council .

i i ) The fixtures:
a) One WC sui te - a low level combination of 9 1itres cistern
and 'P' trap WC pan.
b) One 5'6" (1676 mm) enamelled cast iron bath tub with two i"
(19mm) pillar taps. The bath as such was never used., Instead
one graduated plastic bucket (9 litres capacity) and a plastic
mug (568 ml capacity) were used for bathing. Since the bucket
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c)
d)
e)
f)

g)

was graduated no difficulty was faced in keeping the correct
records of water consumption in litres.
One 18" x 24" (457 mm x 610 mm) wash basin with two f' (12 mm)
pillar taps
One 15" x 18" (381 mm x 457 mm) stainless steel kitchen sink
wit~ double drainer and two f' (12 mm) pillar taps
One 18" x 24" (457 mm x 610 mm) glaz~d china clay sink with
two ~" (12 mm) bib cocks in washroom adjacent to kitchen
One additional WC suite - a low level combination of g litres
cistern and '5' trap WC' pan. This was in the ground floor
adjacent to the washroom and appears to be an extension work.
The flushing cistern had a water connection separate from the
original connection to the house. As a result water consumption
due to flushing was not recorded by the installed water meter.
However, this WC was used only once a day for emptying the contents of the potty used by the child for defaecation. So the
daily metered consumption was increased by 9 litres to account
for the water used for flushing away the excreta of the child.
A cold water storage cistern and a hot water cylinder fitted
with an immersion heater.
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iii) The people:
Two adult males (author and his brother), one adult female
(author's wife) and a child (author's son) of about two years old.
The author's brother lived in the house less frequently. So the
family size varied between 3 and 4.
iv) The water-meter:
Kent 15 mm PSM volumetric rotary piston water meter with the following specifications:
Meter code - PS15-114
Starts to register at about 3.4 litres/h
Capacity - 3 m3
Minimum accurate registration ±21 22.7 1i tres/hr
Nominal meter size - 15 mm
Maximum recommended continuous flow 2.73 m3 /hr
Meter radius - 43 mm
Test pressure - 21 kg/cm 2
i~eter 1ength - 114 mm
Suitable for water temperature up to 500
5.4.1

METHODOLOGY AND DATA COLLECTION

Three separate diaries were maintained to record the metered consumption - one for total consumption and washing dishes after the evening
dinner, one for waShing dishes after breakfast and lunch, and one for
clothes washing. The number of diaries to be used was fixed arbitrarily.
In the first diary records were also kept of the amount of water used for
bathing by·individual members and water used for house cleaning. Any
special remarks were also noted in this diary. For measuring the total
consumption one meter reading was taken by the author in the early morning
and one in the night before going to bed. Any difference between the
meter readings in the previous night and next morning was added to the
previous day's water consumption to include late night's consumption.
Such use, however, occurred rarely. The consumption for individual
water-use events was recorded in the respective diaries by the author
and his wife and occasionally by the author's brother. A chart (see
Figure 5.3) and a pencil were hung on the wall at a convenient location
in the toilet to keep a record of the frequency of toilet flushing so
that total consumption for toilet flushing can be easily determined.
Anyone using the flush put a cross-mark after defaecation and a tick
mark after urination. This enabled accurate determination of the frequency of defaecation and urination.
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NO. OF TiMES W. C. FLUSHED

-MONDAY

r- --,-

.

.

TUESDAY

.- I-~l---· -

WEDNESDAY

THURSDAY

.-

.--~

-.

FRIDAY

1-

1-

--

--

SATURDAY

-

SUNDAY

.

-

.

--

-- -.-

Instruction:

FIGURE 5.3:

Put a cross (X) mark in the box when you flush toilet
after defaecation and a tick (I) mark when you flush
toilet after urination
CHART FOR RECORDING THE FREQUENCY OF TOILET FLUSHING

For the first thirty days following installation of the water meter
no detailed recording of data for the various components of household
water use was carried out to avoid any influence of the psychological
impact of metering. Instead, during this period the performance of the
meter and the consumption of water per flushing of the toi let were
checked and measurements were taken for small water-use events such as
cleaning teeth, washing hands etc. From 13 October 1981 to 11 November
1981 the total consumption was 9400 litres and the per person consumption
was 78.3 litres per day. Detailed record keeping for major water use
events was started on 12 November 1981 and continued up to 16 ~lay 1982
excluding four days from 11 to 15 February 1981 when everybody in the
house was away. Thus total 182 days or six months detailed water
consumption records were kept. The daily usage of water under different categories of household water use is presented in Table 5.16.
Columns 10 and 11 give the total water use and per person water use in
litres per day. The latter is obtained by dividing column 10 by the
number of persons in column 3. Column 9 contains the consumption for
miscellaneous useswhich include water used from the taps for personal
hygiene, cooking, drinking, food preparation etc. and any unavoidable
wastage that might have occurred at the household level. This was determined by 6ubtracting the total of columns 4, 5, 6, 7 and 8 from column 10.
5.4.2

RESULTS AND DISCUSSION

Data from 182 days' observation show that the per person water use
varied between 39.3 to 108 litres per day except on 4 December 1981 when
it was 130.5 litres due to. the presence of two guests almost all day.
This is primarily reflected in the very high miscellanous use. The mean
water use was 72.07 litres per person per day with a standard deviation

TABLE 5.16:
!

DAILY RECORDS OF CONSUMPTION OF WATER IN LITRES FOR DIFFERENT COMPONENTS OF HOUSEHOLD WATER USE

Day
Number
(1 )

Date

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Toilet

Bathing

(2 )

Number of
Persons
(3)

(4 )

12.11.81
13.11.81
14.11.81
15.11.81
16.11.81
17.11.81
18.11.81
19.11.81
20.11.81
21.11.81
22.11.81
23.11.81
24.11.81
25.11.81
26.1.1.81
27.11.81
28.11.81
29.11 .81
30.11.81
1.12.81
2.12.81
3.12.81
4.12.81
5.12.81
6.12.81

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3
4
3
4

117
117
108
144
126
144
126
126
126
144
135
99
126
108
90
108
117
108
126
144
108
81
144
72
81

IConti nued ...

Di sh
Washing

(5)

Clothes
Washing
(6 )

(7)

House
Cleaning
(8)

30
50
50
50
40
30
50
20
50
40
50
20
50
40
30
40
30
30
50
20
30
20
50
0
40

80
0
0
92
57
28
16
50
33
0
23
0
44
21
80
47
0
45
23
0
14
0
39
0
52

26
19
28
31
25
22
35
34
34
54
23
21
26
21
44
25
41
31
22
34
26
22
26
15
25

0
0
0
0
0
0
0
0
0
0
0
25
0
0
0
40
0
0
0
0
0
0
50
0
0

~1i

sce 11 aneous
(9)

49
89
118
79
96
116
129
81
63
51
67
113
85
55
49
85
36
71
32
18
93
94
213
23
60

Total Water Water Use
Use
per person
(10)
(11 )
302
275
304
396
344
340
356
3ll

306
289
298
278
331
245
293
345
224
285
253
216
271
217
522
110
258

75.5
68.8
76.0
99.0
86.0
85.0
89.0
77 .8
76.5
72.3
74.5
69.5
82.8
61.3
73.3
86.3
56.0
71.3
63.3
54.0
67.8
72.3
130.5
36.7
64.5

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

7.12.81
8.12.81
9.12.81
10.12.81
11.12.81
12.12.81
13.12.81
14.12.81
15.12.81
16.12.81
17.12.81
18.12.81
19.12.81
20.12.81
21.12.81
22.12.81
23.12.81
24.12.81
25.12.81
26.12.81
27.12.81
28.12.81
29.12.81
30.12.81
31.12.81
1.01.82
2.01.82
3.01.82
4.01.82
5.01.82
6.01.82
7.01.82
8.01.82

4
4
4
4
4
4
4
4
4
4
4
4
4
4
3
4
4
4
4
3
3
4
4
4
4
4
3
4
4
4
3
4
3

108
135
126
90
117
99
90
99
108
117
117
117
108
108
72
108
99
135
126
99
108
117
99
117
126
108
81
126
108
108
72

117
99

50
30
20 .
30
0
50
20
20
80
0
0
50
0
23
10
20
30
0
15
30
0
56
0
50
0
0
50
8
20
40
0
50
0

0
66
0
32
18
0
65
0
39
35
29
17
0
0
44
36
30
35
49
25
10
36
0
0
33
0
49
0
9

73
34
25
18

29
28
37
36
33
30
30
20
40
23
31
33
23
22
20
19
25
36
49
17
26
30
26
36
47
29
25
21
28
30
26
23
21

,

0
0
0
0
0
40
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
60
0
0
0
0
0
0
0
40

58
56
44
58
57
87
80
62
58
62
39
70
46
65
69
39
75
51
83
66
54
54
65
58
98
162
80
75
43
63
83
55
60

245
315
227
246
225
306
285
201
325
237
216
287
177
218
215
222
259
257
322
237
198
293
190
261
364
299
285
230
208
314
215
270
238

61.3
78.8
56.8
61.5
56.3
76.5
71.3
50.3
81.3
59.3
54 .0
71.8
44.3
54.5
71. 7
55.5
64.8
64.3
80.5
79.0
66.0
73.3
47.5
65.3
91.0
74.8
95.0
57.5
52.0
78.5
71. 7
67.5
79.3

59
60
61
62
63
64
65
66
67
68
69
70
71
72

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

9.01.82
10.01.82
11.01.82
12.01.82
13.01.82
14.01.82
15.01.82
16.01.82
17 .01.82
18.01.82
19.01.82
20.01.82
21.01.82
22.01.82
23.01.82
24.01.82
25.01.82
26.01.82
27 .01.82
28.01.82
29.01.82
30.01.82
31.01.82
1.02.82
2.02.82
3.02.82
4.02.82
5.02.82
6.02.82
7.02.82
8.02.82
9.02.82

/Conti nued ...

3
4
3
4
4
4
3
3
4
4
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
3
3

-

90
108
99
117
117
135
91
90
135
108
90
72
63
90
99
72
81
81
99
99
117
90
135
117
108
117
117
90
117
108
81
90

20
57
0
10'
47
0
42
0
10
0
53
0
36
0
50
50
0
50
0
50
30
62
30
50
0
50
52
10
0
63
10
30

64
0
50
0
46
14
0
0
50
60
0
0
89
37
40
0
63
51
53
33
40
0
42
0
31
0
24
0
77
0
0
38

27
31
25
28
26
22
18
33
38
21
22
16
18
24
31
30
27
28
31
37
31
28
24
29
42
25
27
24
27
26
17
27

0
0
0
0
0
0
0
0
40
0
0
0
0
0
0
0
0
0
0
0
0
0
64
0
0
0
0
0
0
0
0
0

45
105
51
38
41
41
87
51
88
66
90
30
39
43
38
59
28
89
66
51
59
89
77
63
107
61
23
56
66
97
35
95

246
301
225
193
277
212
228
174
351
255
255
118
245
194
258
211
199
299
249
270
277
269
372
259
288
253
243
180
287
294
143
280

82.0
75.3
75.0
48.3
69.3
53.0
76.0
58.0
87.8
63.8
85.0
39.3
81. 7
64.7
86.0
70.3
66.3
74.8
62.3
67.5
69.3
67.3
93.0
64.8
72.0
63.3
60.8
45.0
71.8
73.5
47.7
93.3

91
92

93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

112
113
114
115
116
117
118
119
120

10.02.82
11.02.82
16.02.82
17.02.82
18.02.82
19.02.82
20.02.82
21.02.82
22.02.82
23.02.82
24.02.82
25.02.82
26.02.82
27.02.82
28.02.82
1.03.82
2.03.82
3.03.82
4.03.82
5.03.82
6.03.82
7.03.82
8.03.82
9.03'.82
10.03,82
11.03.82
12.03.82
13.03.82
14.03.82
15.03.82

IContinued ....

3
3
4
3
3
4
4
4
3
3
3
3
3
3
3
4
3
4
4
4
4
3
3
3
3
3
3
3
3
3

90
81
117
72
81
126
117
135
99
72
90
81
99
90
81
90
81
117
117
108
126
99
90
81
90
99
81
90
90
81

50
50
23'
30
15
0
11
50
12
3
40
40
10
0
50
10
15
50
10
40
30
15
30
25
54
20
40
20
50
10

43
77
37
0
65
0
0
0
39
47
20
0
54
0
87
0
49
33
0
60
0
0
0
33
85
26
39
53
62
0

17
31
32
26
29
30
25
22
28
24
27
18
30
16
21
27
21
24
22
26
20
28
26
26
37
21
19
26
18
23

0
0
0
0
0
35
0
0
0
0
0
0
0
0
20
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

59
39
62
52
27
43
64
81
51
30
34
46
23
20
50
73
88
59
40
38
63
47
31
36
39
30
32
47
43
38

.259
278
271
180
217
234
217
288
229
176
211
185
216
126
309
200
254
283
189
272
239
189
177
201
305
196
211
236
263
152

86.3
92.7
67.8
60.0
72.3
58.5
54.3
72.0
76.3
58.7
70.3
61. 7
72.0
42.0
103.0
50.0
84.7
70.8
47.3
68.0
59.8
63.0
59.0
67.0
101 .7
65.3
70.3
78.7
87.7
50.7

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

16.03.82
17.03.82
18.03.82
19.03.82
20.03.82
21.03.82.
22.03.82
23.03.82
24.03.82
25.03.82
26.03.82
27.03.82
28.03.82
29.03.82
30.03.82
31.03.82
1.04.82
2.04.82
3.04.82
4.04.82
5.04.82
6.04.82
7.04.82
8.04.82
9.04.82
10.04.82
11.04.82
12.01l.82
13.04.82
14.04.82

/Conti nued ...

3
3
3
3
3
4
4
4
3
4
4
4
4
4
4
4
4
3
3
4
4
4
4
4
3
3
3
3
3
3

72
81
81
81
81
90
126
99
81
90
81
108
135
117
126
99
108
72

72
99
117
108
108
135
99
90
90
99
90
99

50
30
20
50
20
50
50
62
35
25
10
40
50
12
50
55
30
40
10
55
55
45
30
60
20
62
20
60
20
55

62
25
28
40
0
0
40
11
51
50
78
37
25
85
27
28
0
41
0
0
81
21
15
0
0
23
59
0
44
0

15
23
31
30
20
36
24
25
33
46
30
30
29
35
32
30
24
26
23
36
36
28
33
40
34
24
18
30
29
30

0
0
0
0
0
37
0
0
0
0
0
0
0
0
0
50
0
0
0
70
0
0
0
0
0
0
0
40
0
0

27
27
56
47
52
76
79
53
32
74
51
'41
67
55
71
79
48
64
28
89
37
67
62
95
24
46
24
79
53
52

226
186
216
248
173
289
319
250
232
285
250
256
306
304
306
341
210
243
133
349
326
269
248
330
177
245
211
308
236
236

75.3
62.0
72.0
82.7
57.7
72.3
79.8
62.5
77.3
71.3
62.5
64.0
76.5
76.0
76.5
85.3
52.5
81.0
44.3
87.3
81.5
67.3
62.0
82.5
59.0
81.7
70.3
102.7
78.7
78.7

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

15.04.82
16.04.82
17.04.82
18.04.82
19.04.82
20.04.82
21.04.82
22.04.82
23.04.82
24.04.82
25.04.82
26.04.82
27.04.82
28.04.82
29.04.82
30.04.82
1.05.82
2.05.82
3.05.82
4.05.82
5.05.82
6.05.82
7.05.82
8.05.82
9.05.82
10.05.82
11.05.82
12.05.82
13.05.82
14.05.82

leont; nued ...

3
3
4
4
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
3
3
3
3
3
3
3
3
3
3
3

99
81
72

135
99
99
81
81
99
90
90
90
99
90
81
99
144
135
126
81
90
90
72
90
99
99
90
90
99
72

28
55.
73
57
50
20
33
35
35
60
58
60
45
55
25
55
60
55
62
35
58
0
55
33
62
62
55
60
55
60

48
39
0
0
74
46
41
50
0
19
33
40
10
69
25
0
0
40
0
12
46
15
74
35
40
0
37
44
25
0

29
29
10
44
23
20
26
34
32
32
28
30
14
28
. 25
38
34
31
29
22
27
27
34
23
31
35
27
18
27
32

0
0
0
70
0
0
30
0
0
0
0
40
0
0
0
0
0
30
0
0
46
0
0
0
0
0
0
15
0
0

53
50
40
97
42
62
56
30
58
65
70
64
51
41
51
71
95
62
60
47
33
44
44
47
40
28
46
42
40
49

257
254
195
403
288
247
267
230
224
266
279
324
219
283
207
263
333
353
277
197
300
176
279
228
272
224
255
269
246
213

85.7
84.7
48.8
100.8
96.0
82.3
89.0
76.7
74.7
88.7
93.0
108.0
73.0
94.3
69.0
87.7
83.3
88.3
69.3
65.7
100.0
58.7
93.0
76.0
90.7
74.7
85.0
89.7
82.0
71.0

181
182

15.05.82
16.05.82

TOTAL
Mean water use per
person per day

3
3

81
99

545

18559
28.77

50
55 '

0
55

31
25

0
0

50
49

232
294

5079

5131

5034

842

10841

46485

9.42

7.95

7.80

1.31

15.81

72.07

77 .3
98.0

-----

of 14.62.
TABLE 5.17:

-

-

-

The break-up of the mean water use in shown in Table 5.17.
WATER USAGE FOR VARIOUS COMPONENTS OF DOMESTIC WATER USE
BY AN ASIAN FAMILY IN GREAT BRITAIN
(Litres per person per day)
Consumption of Water

Percentage of Total
Usage

Toil et
Ba thi ng
Clothes Washing
Dish Washing
House Cleaning
Mi sce 11 anous

28.77
9.42
7.96
7.80
1.31
16.81

39.91
13.07
11 .04'
10.82
1.82
23.34

Tota 1 :

72.07

100.00

Use Category

As a single water use event toilet use constitutes the highest
proportion (39.91%) of total use and closely ,resembles the findings of
similar studies mentioned earlier. The frequency of per person toilet
use by adults ranged from 2.33 to 5.5 flushes per day with a mean of
4.054 flushes. This study appears to be the first of its kind to keep
separate records of total flushing for defaecation and urination as
explained earlier. The mean per person frequency of defaecation by
adults was 1.195 per day within a range of 0.67 - 2.0 times per day.
The mean per person frequency of urination by adults was 2.859 within
a range of 1.66-4.0 times per day. These observations have a. special
significance in estimating the toilet water use more accurately when
using dual flush cisterns or pour flush latrines. Toilet use has generally been maximum on Sundays when everybody was at home most of the time.
The mean frequency of toilet flushing as observed in this study compares
favourably with the frequencies reported in the literature as shown in
Table 5.18.
TABLE 5.18:

FREQUENCY OF TOILET FLUSHING

Reference
Sobolev and Lloyds (1964)
Olsson et al (1968)
Marsh (1971)
Ligman et a1 (1974)
Bennett and Linstedt (1975)
Witt et al (1978)
/Continued ... overleaf

Mean 'frequency of toilet
flushing per person per
day
2.75
4.6
3.68
3.7
4.5
2.29

us

TABLE 5.18 - continued
3.88

Battersby (1976)
Thackray et al (1978)
Malvern
Mansfield
Evans and Cook (1979)
Akintota and Areola (1980)
This study

5.4.2.1

3.09
3.47
3.77
4.0
4.05

G

EFFECT OF FAMILY SIZE

It was mentioned in Section 2.3.1 that the per head consumption of
water decreases with increase in family size. This was tested here as
the family size varied between 3 and 4. With 3 persons in the household
the mean per person water use was 76 litres per day and with 4 persons
it was 69.63 litres per day. There was therefore 8.38 percent economy
in per person water use. This economy was chiefly due to the very
infrequent bathing only on nine days out of ninety-nine days' stay of
the author's brother during the entire study period. When the necessary
adjustment was made for this the true economy in water use was only
1.8 percent. This appears to be very low as compared with other studies
as presented in Table 5.19.
TABLE 5.19:

COMPARISON OF VARIATION IN PER PERSON WATER USE DUE TO
INCREASE IN FM1ILY SIZE

Percentage Va ri a ti on
Number
of
White 1 Jenki ng
Persons Jenking
) et al (1973 )
in the ..(1969
-.
···(1972)
Household
1
2
3
4
5
6
7
8
9
Note:

-

-

-1%
-16%
-27%
-30%
-44%
-58%
-54%
-28%
1.
2.

+12%3
-8%
-22%
19 . 4% -26%
-30%
-52%
46 . 6%
-51%
0%

11-

on Base Consumpti on with a Single Person
Feachem 1 rlisra 2 Battersbl Thack ray et a 12
and
et al
(1978 )
(1978 )
Samra
(1978)
(1979)
Malvern Mansfield

-46.9%
-59.8%
-66.7%
-68.2%
-75.7%
-81 .0%
-77.3%
-81 .8%

-

-

-6.3% -1.2%
-17.3% -6.2%
-13.3% -12.7%
-15.5% -18.3%
-24.2% -22.9%
-56.5% -27.2%5
-39 18%4

-

-

-17.4%
-13.5%
-28.4%
-30.1%
-42.2%
-21 .4%5

+1.5%
-6.1%
-20.8%
-17.0%
-35.2%
-40.6%5

'1

The values are approximate as they have been'derived from Figures
2,8 and 2.9.
Calculated on the basis of per person water use figures given
by the author/s.

Notes ... continued.
3.
4.
5.

This increase was mainly due to the possession of additional
water fittings by two-resident properties as compared with one
resident properties.
8 or more persons in the household.
7 or more persons in the household.

It appears that the magnitude of percentage reduction increases
as one moves towards the bottom of the table. The absence of a close
uniformity between the studies in the economy of per person water use
due to increase in family size points to the existence of some local
influences.
5.4.2.2 EFFECT OF FAMILY COMPOSITION
It was stated in Section 2.3.2 that children require less water
than adults. This was found to be true for two water use events noted
here. While the average frequency of toilet flushing was 4.054 for adults,
it was only 1 for the child. The mean water requirement for the bathing
was about 11 litres as against 21 litres for the adults. However, the
consumption of water for the child's clothes washing including nappies,
appeared to be more than the adu1 ts.
A difference of about.2 litres in the mean consumption of water for
bathing was.found between male and female. While the mean water use for
bathing was 21.78 litres within a range of 20-30 litres for the female
member, it was 20.09 litres within a range of 18-27 litres for the comparable male member of the family.
5.4.2.3 CONSUMPTION OF WATER FOR SMALL WATER USE EVENTS
As already mentioned some observations were made for the consumption
of water for small water use events. These are shown in Table 5.20.
5.4.3 PROBABLE MINIMUM SATISFACTORY QUANTITY
It is perhaps needless to point out that there are obviously statistical limitations on the use of the findings based on a single sample
for general application. However the consistency in the data and the
care taken to collect them ensure a high degree of confidence in the
reliability of the data. Based on the data an attempt has been made to
provide some ideas about the probable minimum satisfactory quantity of
domestic water use by a person living in a house containing multiple taps
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TABLE 5.20:

CONSUI1PTION OF WATER FOR SMALL EVENTS

Event
Cleaning teeth
"
"

Handwashing after defaeca tion
Handwashing after urination
Handwashing before meal
Washing mouth and hands after meal
"
"
"
"
"
"

Consumption of water in litres
per event*
1.5 - 2.0 (with a mug)
4.0 - 5.0 (without a mug
under a running tap but
closing the tap when not
necessary)
1.5 - 2.0
0.3
0.5
1.5 - 2.5 (without a mug)
1.0 - 1.5 (with a mug)

*Based on repeated observations
and provided with a house connection. Although bathing more than once
a day in hot climates has been reported in the literature (Lee. 1969).
one bathing per day has been considered for the purposes of calculating
the minimum satisfactory quantity. This was thought to be adequate from
health considerations in the light of the experience that bathing twice
or thrice a week is common in temperate climates in developed countries
where people have a high standard of health. Table 5.21 gives the probable
domestic water use in litres per person per day when using 9 litres (standard UK type - Rump, 1978) and 10 litres (Indian or Nigerian type - Gupta
et aI, 1978; Akintola and Aerola. 1980) flush toilets. The frequency of
toilet use has been taken as 4 times a day as found in this study for
adults.
TABLE 5.21:

PROBABLE mNIMUM SATISFACTORY DOMESTIC WATER USE IN A CONNECTED
HOUSEHOLD WITH r~UL TIPLE TAPS
(Litres per person per day)

Water use event

With 9 1itres
fl ush toi 1et

Wi th 10 1itres
flush toi 1et

Toilet ~4 flushes/day)
Bathing (using bucket and mug)
Clothes washing (hand washing)
Dishwashing (hand washing)
Miscellaneous 2
fbuse cl eani ng

36
21
8
8
17
2

40
21
8
8
17
2

TOTAL:

92

96

Note:

1.

If shower is used instead consumption for this event should be
increased by 2 litres. Bathing under a shOlver for 7.5 minutes
at a flow rate of 3 litres/min will consume 22.50 ~23 litres
/conti nued

Notes '"

continued

(Rump, 1978). This consumption was verified by the author when
he used to live in a flat in Loughborough with a fitted shower.
2. See Table 5.22.
On the basis of Table 5.20, a suggested break up of miscellaneous
water use is shown in Table 5.22.
TABLE 5.22:

BREAK UP OF MISCELLANEOUS WATER USE
(Litres per person per day)
Event

Cleaning teeth
Handwashing after defaecation (assuming once a day)
Handwashing after urination
(assuming thrice a day)
Handwashing before meals (twice a day)
Washing mouth and hands after meal (twi ce a day)
Drinking (including tea etc)
Cooking, food preparation etc including unavoidable
wastage
TOTAL

·Water Use
1.5
1.5
1.0
1.0
2.0
2.5
7:5
17.0

5.4.4 SPECIAL COMMENTS ON THE DIARY TECHNIQUE
The diary technique is quite feasible providing one is able to read
meters and write. Provision of pre-printed wall charts for uses like
clothes washing, washing dishes (for breakfast, lunch and dinner separately) and bathing hung at convenient positions in consultation with
the households would be more helpful. One should make a daily checking
of the record keeping. This was found to be essential when recording was
not made by a single person. Initial enthusiasm lasts for about 12 weeks
beyond which the job appears to be very tedious and monotonous. In a
field survey some kind of incentive to the participating households in
the form of monetary grant and one or two prizes for best record keeping
to evoke competitiveness among the households would be a good idea for a
better success of the survey.
5.5 WATER CONSERVATION
Water conservation through demand management of domestic water use
has gained much importance in the face of increasing costs of raw water
development, higher standards of drinking water, scarcity of water supply
exacerbated by drought conditions and increasing cost of energy for hot
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water. Waste water reduction is another area where water conservation
has a significant impact. As mentioned earlier (see Section 2.4.2) a
lot of current resea rch . has
been concerned wi th the development of
domestic water saving devices and their impact on the conservation of
water. Since toilet flushing usually constitutes the highest proportion
of water consumption for in-house uses, special attention has been given
to this component of water use. Starting from the use of bricks, plastic
bottles or dams in the flushing cisterns, to the development of dual
flush cisterns, low-volume flush toilets, compressed air or vacuum
assisted flush toilets etc. several options are available. to reduce
water usage per flush. In the United States primary objective has been
to reduce flush volumes from 4 to 7 US gallons to 3 to 4 US gallons,
whereas in the United Kingdom effort is mainly directed to reducing
flush volumes from 9 litres to 5 litres. Similarly, flow limiting
shower heads, faucet inserts, spray faucets etc can save a lot of
water.
The feasibility of the use of recycled water for WC flushing
has also been studied. This would mean the use of the discharge from
bathroom appliances and washing machines for toilet flushing and could
give rise to potential water economy. A large body of literature
(Nelson, 1977; Rump, 1978; Morse et al, 1978; Cameron and Armstrong,
1979; Cohen and Wa11man, 1974; Maddaus and Feuerstein, 1979; Schaefer,
1979; Rybczynski, 1980; EPA, 1980; F1ack, 1981) is available that
.
indicates reduction in domestic water consumption in varying amounts
depending on the extent of the use of various combinations of water
saving devices. For example, Rump (1978) has estimated that by using
showers in place of baths and installing a low-volume flush WC it should
be possible to achieve a reduction in water demand of about 30 litres/
head/day without any recycling. If recycling is used together with a
shower and a low-volume flush WC a water saving of about 50 lpd may be
possible. This would mean about 45 percent saving in average domestic
demand of 110 litres per person per day in the UK.
By suitable improvements in the design of automatic washing machines
and dishwashers, there is potential for reducing the maximum quantity of
water us·ed to wash clothes and dishes by machine (Rump, 1978). Similarly
appropriate planning of lawns with necessary soil preparation and use of
advanced spink1er systems controlled by moisture sensing devices can
ensure good landscape with minimum water use (Nelson, 1977).
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The possibility of using low-volume flush toilets are also being
investigated in some of the developing countries. For example, in
Brazil experiments have been carried out to test the feasibility of
using WC's that will flush with 3.5 litres and 5 litres of water.
Preliminary results show that the performance of these units are not
satisfactory when newspapers, which are more commonly used especially
by the low income communities in Brazil, are used instead of toilet
paper. However, the WC's were found to give slightly better performance
with manual flushing than cistern flushing (personal communication with
Mara l ). Experiments carried out in India with 6.5 litres cistern available in the market was found quite satisfactory without causing any
reduction in the efficiency of the WC pans. Certain modifications
(reducing seal area from 150 cm 2 to 75 cm 2 ) were suggested in the design
of normally available WC bowls to conform to the requirements of the
standards in terms of efficiency (Gupta et al, 1978).
It is relevant to point out that the use of mug and bucket for
various household activities offer a considerable scope for economy in
water use. In addition, pour-flush water-seal toilets which require an
average 2 litres of water per flush (Pathak, 1981) and which are very
common in the Indian sub-continent and the Far East, not only provide
a means of conserving water for toilet use, but also appear to be in
conjunction'with twin pits or septic tanks a viable low-cost solution
for sanitation in urban areas in the developing countries.
The probable minimum satisfactory domestic water requirement with
different types of low water-use toilets are shown in Table 5.23.
The use of pour-flush water-seal latrines thus provides the maximum economy in water use, In the urban areas of developing countries
like India, a combination of flush toilets and pour-flush water-seal
toilets is likely to be encountered for a long time, the latter being
used by the majority of the population, So any projection of future
water demand in such situations should take this factor into account.
The use of a mug instead of running taps in the bathroom and kitchen
is a simple and effective way of conserving water. In places where this
is a common practice, it should be encouraged except for drinking
purposes. Spray taps in place of ordinary taps which deliver water in
jets offer considerable savings in water use for handwashing and similar
1.

Professor D D Mara, Department of Civil Engineering, the University
of Leeds, England.
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TABLE5.23:

PROBABLE MINIf.1UM SATISFACTORY DOMESTIC. WATER REQUIREt~ENTS
WITH DIFFERENT TYPES OF LOW WATER-USE TOILETS
. (Litres per person per day)

Domestfc 3 Litres 6· litres 5 1 itres 6.5 litres Dual-flush Pour fl ush
Water Use Flush
Flush
Flush
Cistern UK Water-seal
Flush
Events
IFO Type 2 IFO Type 2 UK Type 3
Type 6
Indian
Type 5
Type 4
Toilet
(4 uses/
day)
Other
Uses 1
TOTAL:

12

24

20

26

24.8

6.4

56

56

56

56

56.0

56.0

68

80

76

82

80.8

62.4

Note: 1.
2.
3.
4.
5.

A11 uses except toil et; see Table 5. 2l.
Swedi sh des i gn produced by IFO Sani tar AB, Bromo11 a, Sweden
Swedish pan modified to British Standards (Rump, 1978)
r~anut:actured in India (Gupta et al, 1978)
Full flush (intended for defaecation) - 9 litres, short flush
(intended for urination) - 5 litres. In calculating the total
requirement of water for toilet use it has been assumed that
the average frequency of defaecation and urination would be
1.2 times and 2.8 times per day respectively as observed in
the domestic water use survey conducted by the author.
6. For pour flush toilets it would require 3 litres of waiter includir
1 litre for anal cleansing (in places where anal cleansing
~ith water is practised).
Use of 1 litre water after urination
for elimination of odour and maintaining cleanliness is considered adequate. Total water requirement has been calculated
on the basis of 1.2 times defaecation and 2.8 times urination
per day.

purposes without adversely affecting user convenience. It may pay rich
dividends in terms of water saved if their use is made mandatory at
least in new housing constructions. Retrofitting of these taps in old
buildings should be considered when the old taps require replacement.
5.6

SUMMARY EVALUATION

The most basic water requirement of a human being is the physiological need. This amount is estimated to be about 2 litres for temperate
climates and 1.8 to 3 litres for tropical climates. The amount however
constitutes only a fraction of the total requirement of water for domestic
purposes. The next basic need is that for hygienic purposes, including
waste disposal, clothes washing and kitchen needs. When water quantity
satisfies the above two basic needs, it may be regarded as the minimum
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satisfactory quantity. All sophisticated uses beyond this quantity
may be termed as 'luxury' insofar as the developing countries are
concerned.
Data available on the per person domestic water supply in urban
areas from different countries throughout the world are a glaring
example of the inconsistencies that exist in the use of a basic commodity like water. There are wide disparities in the per capita water
supply not only between countries, but also within a single country.
The variations are more staggering in developing countries than in
the developed countries. For example, the reported per person water
use figure in urban areas of developing countries varies from 2 litres
to 1820 litres per day. A closer examination of the per person l'later
consumption figures collected by the World Health Organisation from
the developing countries shows that the average figures are closely
biased towards the maximum. Very high as well as very low consumption
figures in many instances point to a general lack of rationality
employed in the provision of domestic water supply in the developing
countries. It also indicates a large scale mal distribution of resources in the provision of basic civic ~menities like water supply, and
is surely an area which needs serious consideration. Proper steps
(as discussed in the subsequent chapters) towards limiting the highvolume water uses and redistributing the available water supply from
the existing facilities more optima11y could provide a partial solution
to the problem of supplying safe water to the majority of the population.
It is very interesting to note that in some countries like the
USSR and China, the recommended standards for per person domestic water
supply have been related to the conditions of supply, bathroom and
indoor sanitation facilities, conditions of waste disposal facilities
and the availability of hot water. This seems to be an ideal way of
specifying per capita standards for domestic water supply.
A few studies carried out by individual researchers on the actual
water use at the household level provide an opportunity to examine how
the supplied water is used for different components of domestic water
use.' Most of these studies have however been carried out in the developed countries. It is found that for households with cistern-flush
toilets and mu1titap facilities, the toilet use generally constitutes
the maximum percentage of total water use within the house and the
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consumption for bathing occupies the next place. Evidence from the
literature suggests that the majority of researches in the advanced
countries are chiefly concerned with the development of suitable
fixtures to minimize consumption of water for these two important
events. Various options are at present available for reducing water
consumption in these two areas without undermining the user satisfaction or health benefit.
There was a poor response to the mail .questionnaire survey
carried out by the author to collect useful facts and figures from
the water authorities in the developing countries. The inability of
most of the respondents to furnish information on the detailed domestic
water use patterns gives a clear indication of the want of knowledge
in this important area. This lack of information also implies among
others, two main possibilities in the procedure adopted in determining
the quantity of water to be supplied per person per day for domestic
purposes while designing water supply schemes in the developing
countries. The quantity is either fixed on the basis of rule· of thumb,
or much reliance is made on the high per capita standards which are
applicable to the developed countries.
A comparison made on the basis of limited data that were available
in reply t~ the mail survey, shows that the percentage of total water
use for external purposes such as garden watering and car washing is
surprisingly higher in the developing countries as compared with the
developed countries except the USA. This is certainly an area of
extravagant water use by those already supplied when millions of others
do not have a reasonable access to safe water. Every measure should be
taken to reduce this extravagant use in the interests of unserved population .
. An investigation of actual domestic water use patterns by an Asian
family living in Great Britain has shown the feasibility of applying
the 'diary technique' in domestic water use surveys as suggested earlier
(see Chapter 2). The household studied had ordinary plumbing and
sanitary fittings and did not own any modern gadgets such as clothes
washing machine or dishwashing machine. The mean per person consumption
of water was found to be 72.07 litres per day based on 182 days' observation. Since the frequency of bathing varied from 4 to 5 times a week,
for three members of the family and still much less for the additional
member, consumption of water for this component was naturally lower than
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what could be expected in hot climates. Adjustment of the figures
based on the assumed frequen~y of 7 times a week (once a day) which
may be suitable for tropical climates and 4 times of toilet flushing
per day (the average frequency of toilet flushing found in this study
was 4.05 times per day for adults) shows that for households having
multitap facilities, the minimum satisfactory domestic water requirement could be 92 or 96 litres per person per day depending on the
use of common 9 litre or 10 litre capacity cistern flush toilets.
It is relevant to note that these figures closely resemble the
observed per person domestic water use of 86 and 89 litres per
day by urban families having house connection and multitap facilities
in the Middle East and Nigeria respectively (Bradley, 1980; Akintola
and Aerola, 1980). ~Jith several alternatives of low water-use toilets
that are already in use in different countries the per person consumption is estimated to vary between 62.4 and 82 litres per day. The
consumption would be minimum (62.4 lpd) when pour-flush water seal
toil ets are used. Thi s consumpti on seems to be adequate from the health
point of view as it includes the minimum physiological need and satisfies the requirement of water for all hygienic practices. This figure
is very near to 60 litres per person per day beyond which no appreciable improvement in health with increasing water use ~Ias observed
in a study carried out in the town of Elobeid, Sudan (Bannaga and
Pickford, 1978).
It is difficult to think that in the cities of developing countries
all the households have individual house connections let alone fully
equipped with water-using fixtures and sewer connections. Instead,
there would be a mix of households having house connections with single
or multitap facilities and those having no house connections but depending on either neighbours' taps or public standpipes located at various
distances away from the house. In addition, there would be a difference
in other factors (see Chapter 2) which influence domestic water use.
Consequently the need for surveying the actual domestic water use by
households under different conditions and investigating the areas of
extravagance as well as the areas of deficiency from health considerations in order to evolve rational design criteria for per capita domestic water supply in the developing countries cannot be overemphasized.
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CHAPTER 6
METERING DOMESTIC WATER SUPPLY
6.1

A SUBJECT OF DEBATE

Water metering is not a new science. History tells that the
Romans used simple forms of meter in order to charge for water
supplied. However, the regular use of commercial water meters began
about the middle of the nineteenth century (IWSA, 1961). Water meters
have been used at different points of the water supply system"for measuring flows in and out of the system.
metering water supplies to industrial and commercial
premises have largely been accepted without much controversy,metering
domestic water supplies has been a subject of debate for a long time
(Warford, 1966; Hanke and Flack, 1968; Hanke, 1972; Rees, 1971;
Smith,1974; Phillips and Kershaw, 1976; Herrington, 1979).
Alt~ough

This is a critical issue in urban domestic water supply in
developing countries. Given the problems involved in supplying the
required quantity of water to individual households the need for any
methods which will reduce wastage and ensure economical use of water
among those supplied cannot be over-emphasized. While there are
advantages and disadvantages of metering overall, it is strongly
suggested that action to introduce domestic metering should be duly
considered before either the extension of an existing system or the
introduction of a new supply. Having reviewed the literature on the
topic it appears that the majority of the studies are biased to the
developed world. In consequence much of the discussion below relates
to the situation in these countries. Nevertheless it is intended to
highlight the beneficial effects of metering already identified in
these countries which could also be achieved in the developing world.
The few examples which are available from the developing countries
reinforce this point.
Opinions expressed both for and against metering domestic water
supplies are presented in the following section.
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6.2

CASE FOR DOMESTIC METERING

More often than not the points below are quoted in favour of
domestic metering.
1.

Selling water to the
fair and logical way
convenient way of an
and is probably more
on rateable value of

2.

Since under a metering system the consumer pays for the volume of
water consumed he is able to adjust his consumption in such a way
that his cost of supply does not exceed the benefit of the water
used.

3.

Metering provides a practical method for restricting the avoidable
consumption and excessive wastage. Water saving occurs at two
levels - the individual household level and at the level of the
water undertaking.

domestic consumers through meters is a
of running the system. This is the most
equitable allocation of costs to consumers
reliable than alternatives based, for instance,
property or the number of installed fixtures.

In addition, while useful records are usually available on the
production side, unfortunately very few water purveyors know with certainty where the water really goes after it has left the plant. This
information is particularly lacking in the residential sector. In the
absence of Gomestic metering it is extremely difficult to know the per
capita or per household consumption accurately. Metering would also
accord most suitably with any imposition of restrictions that might be
necessary at some time and places.
6.3

CASE AGAINST DOMESTIC METERING

Generally four reasons are put forward against metering domestic
water supplies:
1.

There is a feeling that water is a 'special' or 'unique' commodity
and it should be provided in abundance as a basic human right.
Any measure that restricts its consumption is unfair. This kind
of philosophy influenced the original conception of the water
supply industry as a 'social service'.

2.

It is feared that if the consumer is to pay for each unit of
water consumed, as in the case of a metered supply, consumption
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will be drastically reduced and a situation prejudicial to
public health standards may develop. Most likely this 'externality' argument provides the traditional justification for treating water as a different commodity whose consumption should not
be restricted by such mundane considerations as price. It,
however, ignores the fact that only a small and relatively stable
quantity serves the basic needs of drinking, cooking and sanitation, the remainder goes for "luxury" uses such as lavish use of
water for bathing, garden or lawn sprinkling, dishwashers, garbage disposal units, car washing, swimming pools etc.
3.

A more recent argument which is directly contradictory to the
traditional health effect viewpoint is that the householders are
unresponsive to price change in the long run and that metering
does not provide a lasting reduction in consumption. Consumption
returns to its previous level as the impact effect of metering
wears off.

4.

The total cost of introducing and maintaining individual household
meters is so high that it cannot possibly outweigh the saving on
capital charges from deferment or postponement of capacity expansion. Instead, metering would increase the net costs to a water
undertak i ng.

6.4

SAVING OF WATER DUE TO METERING

Prior to supporting or countering the arguments for or against
metering. it would be justified to investigate in detail the aspect of
water saving as a result of metering domestic water supplies. As already
mentioned savings may take place at two levels - individual households
and the water undertaking.
6.4.1

SAVING AT THE HOUSEHOLD LEVEL

According to the principles of economics a rational consumer
adjusts consumption to the point where marginal value in use is equal
to price. Under a flat-rate charge once a fixed rate is paid one can
use any amount of water one likes. Consequently, consumption is extended
to the point where ·marginal value in use is zero. Thus there is practically
no incentive to restrict water use. In fact, there may be a tendency to be

23B

extravagant in use since the only sacrifices involved in the consumption
of a free good or service are those of time and any other inconvenience
costs associated with consumption. So there is little reason to avoid
wastage or to repair leaks that do not cause damage to property or
create any nuisance for the consumer.
By contrast, under a metered system, where the charge is directly
related to the quantity consumed, there will be a tendency for the consumer to be more careful about wasting water and to cut back water use
to the maximum possible extent. The extent of both measures will depend
on the 'impact' metering is able to create and the price elasticity of
demand over the relevant price range. Unless the demand is perfectly
inelastic over that price range and the impact of metering is nil,
there will be a saving of water and it will probably take any or all of
the following forms:
a)

Waste is reduced, for example, consumers have a financial incentive to be cautious and to avoid leaving taps running.

b)
c)

There is an incentive to repair leaky taps, joints, etc.
Less essential forms of consumption, for example, lawn sprinkling,
garden watering, car washing and swimming pool use will be cut
back.

Two major American studies give evidence of water saving at the
household level. One is a cross-sectional study of metered and unmetered
systems. While considering the results of this study it would be necessary
to assume that other determinants of water use have not changed significantly over time within a single community and if they have, the effects
would be the same for both metered and unmetered systems. The other study
involves a time-series analysis of a change in consumption patterns
within a public water supply system from an unmetered situation to a
metered one. The latter study may be regarded as more direct and better
evi dence of the consumers' reacti on to meteri ng.
6.4.1.1 THE CROSS-SECTIONAL STUDY
Linaweaver et a1 (1967) compared the residential water use between
eight flat-rate (unmetered) areas and ten metered areas. All the selected areas were in the western United States and were expected to have
similar water-use patterns in terms of climate, income levels etc.
The comparison is shown in Table 6.1.
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TABLE 6.1:

RESIDENTIAL WATER USE IN SELECTED METERED AND FLAT-RATE
AREAS IN WESTERN UNITED STATES
Metered
(10 areas)

Flat-rate
(8 areas)

(U.S. gallons per day per dwelling unit)
Ave rage Annual
Oomestic or household (indoor)
Sprinkling (outdoor)l
Leakage 2
Total:
Peak
Maximum day
Peak hour
Annual
Actual lawn sprinkling
Potential sprinkling requirements 3
Summer
Actual lawn sprinkling
Potential sprinkling requirements
~laximum day
Actual lawn sprinkling
Potential sprinkling requirements

247
186
25
458

236
420
35691

979
2354
2481
5171
(i nches of water)
14.0
22,5

39.4
14.8

7.4
11. 5

24.5
10.3

0.15
0.25

0.51
0.29

Notes:
In this study sprinkling comprised the major part of external use.
1.
A study of several areas where household use was individually
metered indicated no seasonal variation in household use and no
sprinkling use in winter months. Estimates for sprinkling use in
the 18 study areas were therefore obtained by subtracting winter
use from total use.
The difference in leakage levels under the two systems is an esti2.
mate of water saved at the level of undertakings.
3.
Potential sprinkling requirement is defined as the minimum quantity
of water required to balance the evapotranspiration losses in order
to prevent browning of lawns.
Source: Linaweaver et al (1967).
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It is clear from Table 6.1 that the total annual average consumption per dwelling unit was about· 50 percent higher in flat-rate
areas than in metered areas. Examination of the components shows that
indoor use did not differ greatly between the two areas but the outdoor
use was about 126 percent higher in the flat-rate areas. Furthermore,
the actual lawn sprinkling was well below the potential sprinkling requiremenl
meteredareaswhereas it was too generous in the flat-rate areas. The
authors state that attempting to account for the difference because of
varying characteristics between the two areas does not change the conclusion that the consumption rates are lower under metered systems as
compared with unmetered ones.
6.4.1.2

THE TIME-SERIES STUDY

A time-series analysis, involving the changeover within a single
system from an unmetered situation to one of metering, was carried out
by Hanke (1970a) for the city of Boulder, Colorado. Prior to 1961,
there was no metering of residential consumers in the city and the
consumers were charged on a flat-rate basis. The water industry relied
exclusively on alternations in the city's water supply to meet shortages
caused by increased demands. In 1961, the utility turned their attention
to the demand side of the market, abandoning the existing policy. Universal metering was adopted and an incremental commodity charge of 35 cents
per 1000 U.S. gallons was introduced with the expectation of holding down
the demand.
The consumption data generated provided a unique opportunity to
analyse the dynamic effects of a changeover to metering. The analysis
was carried out on data collected between 1955 and 1968. The main
results relevant to the present discussion are as follows:
i)

Sprinking (outdoor use):

With the introduction of domestic meters the sprinkling use fell
markedly as shown in Table 6.2. Before metering the actual sprinkling
use was between 28 and 77 percent above ideal (potential) sprinkling
requirement. After metering the actual sprinkling use was reduced below
the ideal sprinkling use in 11 of the 14 areas analysed and it remained
so throughout the ensuing period of the analysis except only for two
routes (37 and 79) which showed a slight recovery after the initial
impact of the incremental commodity charge. It, therefore, suggests
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that many householders preferred allowing a deterioration of their lawns
to paying for the extra water. In the remaining three areas also the
actual to ideal rates fell substantially.
TABLE 6.2:
Meter 3
Routes
16,18
37
53,54
70,71,72
73,75
74
76,78
79

PERCENTAGES OF AVERAGE ACTUAL SPRINKLING TO AVERAGE IOEAL
SPRINKLING
Actual Sprinkling to Ideal 2 Actual Sprinkling to ideal
Sprinkling Flat-rate Peri od Sprinkling Metered-Rate
Period 2
128
78
175
.72
156
72
177
63
175
97
175
102
176
105
156
86

Notes: :
'Ideal' means the minimum quantity of sprinkling water required
1.
to maintain the aesthetic quality of one's yard, its green appearance.
2.
The figures are presumably an average for each period, flat-rate period
is 1955 to 1961 or 1962 (depending on route) and metered-rate period
is 1962 or 1963 to 1968.
The water-use data for the flat-rate period were available on an
3.
aggregate basis for the entire city. Residential consumption was
estimated by deducting metered (commercial and industrial) use from
total water production and adjusting for estimated waste and public
use. Residential meters were phased in over a period of only two
years, each stage being termed a route. The 14 such routes chosen for
the study were those that were totally residential, involving 3086
customers.
Source: Hanke (1970a).
ii)

Oomestic (indoor) use:

The domestic use also reduced follOWing the introduction of meters
as people altered their activities in response to a positive water price
and the demand stabilized at this lower level. Table 6.3 shows that the
average use in the metered-rate period for all the fourteen routes combined was 36 percent lower than in the flat-rate period. The magnitude
of this reduction is undoubtedly large. It is also at variance with the
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TABLE 6.3:

Year

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

~verage

fl a t-ra te:

~verage

1neteredrate:

DOMESTIC WATER USE
Consumption per
dwelling unit a
Northern routes
1000 US gal/month

Consumption per
dwelling unit b
Southern rou tes
1000 US gal/month

Total consumption
per dwelling unit

8.6
8.7
9.2
10.9
9.9
9.2
9.3
9.5
4.4 d
4.9
4.9
4.9
4.9
4.2

8.6
8.7
9.2
10.9
9.9
9.2
9.3 c
7.4
6.1 d
5.7
6.3
6.5
6.5
6.0

8.6
8.7
9.2
10.9
9.9
9.2
9.3 c
8.1 d
5.4
5.5
5.9
6.0
6.0
5.5

9.4

9.1

9.2

4.7

6.2

5.9

1000 US. gal/month

Notes:
a)
Northern routes include: 16, 18, 53 and 54
b)
Southern routes include: 37, 70, 71, 72, 73, 74, 75, 76, 78 and 79
c)
Partially metered
d)
Totally metered
Source: Hanke (1970a)
results for domestic use derived by Linaweaver et al (1967) in their
cross-sectional study. Perhaps the reason for this variation is that
the cross-sectional studies are static in nature and cannot be relied
upon to predict the allocative effect of price changes
(A zero incremental price to a positive price). Notwithstanding, the results of the
study by Linaweaver and his colleagues for internal use remain unexplained.
Hanke (1970b) states that the cutback in domestic use resulted from
repairing leaks in the domestic plumbing system and using a stopper or
dishpan when washing dishes instead of using a constant flow. In fact,
30% of a stratified random sample of 180 consumers in Boulder claimed to
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have reduced domestic use after metering (while 2.2% claimed increase)
and 6.2% claimed to have repaired inside leaks more (while none claimed
'less', 79.4% claimed 'same' and 14.4% claimed 'don't know').
It is worth pointing out that the results of the above study do
not support the contention that the introduction of metering reduces
consumption temporarily and consumption returns to its original level as
the 'impact effect' of metering wears off.
6.4.2

SAVING AT THE LEVEL OF UNDERTAKING

Since industrial and commercial consumers are, in general, metered
once household meters are installed it becomes easier to obtain relatively
correct data on total water consumption from the aggregate reading of all
meters. By comparing this with the water production data the local water
supply agency is in a position to determine the leakage rates and to
identify the geographical areas with significant leakages rather more
easily. Before the discussion is stretched further it is necessary to
define two terms - 'metered ratio' and 'unaccounted for' water used later.
The 'metered ratio' is defined as the ratio of water consumed to water
produced. The 'unaccounted for' water is the absolute difference between
the two. Without full metering of the public water supply system it is
virtually impossible to obtain accurate estimates of accounted for water.
Metering of-domestic consumers and master metering of sub-systems make
it -possible to pinpoint the areas of leakage and thus take effective
steps in controlling the unaccounted for water, obviously at a cost.
This would ultimately lead to a considerable saving in the production of
wa ter.
A very good example of such savings is obtained from the town of Big
Rapids, Michigan in the United States (Granger, 1955). In 1947 the town
was about half metered. Withi n a year a 11 of the 1500 services was metered.
It was immediately found that unaccounted for water constituted a large
proportion of water production and the metering ratio was in the vicinity
of only 0.3 to 0.4. Six years later the resulting leak detection programme
increased the metered ratio to levels varying between 0.8 and 0.94 depending
on the time of the year. One of the leakages was responsible for a loss of
0.4 million U.S. gallons of water per day.
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Referring back to the study by Linaweaver et al (1967), leakage
levels in the ten metered areas were, on average, 10 U.S. gallons per
dwelling unit per day lower than in the eight unmetered areas.
Under-reading of meters and unauthorised use (for example, unauthorised tapping of mains or fire lines) were cited as other relevant factors that could be more easily traced and eliminated to a large extent
once the metered ratio is known. With a number of hypothetical examples
Simmons (1966) has pointed out that under U.S. conditions the cost of
unaccounted for water often far exceeds the cost of elimination.
It is understandable that the levels of unaccounted for water will
·not be the same everywhere. Apart from structural conditions of pipes
and joints the levels will vary depending on the geographic spread of
users and also depending on the category of users. Leakage levels will
be lower in areas with large industrial usage and/or densely populated
residential areas than in rural areas with residential and/or farm
consumers spread out over a great length of the water mains. In the
view of an AWWA Committee Report (1957) a metered ratio of 0.85 to 0.90
indicates a good performance where consumption is primarily residential
and where only industrial use is involved a ratio nearing 1.00 seems
possible.
6.4.3 TOTAL WATER SAVING
Some literature provide information on the total water saved as a
result of domestic metering, this being the sum of water saved by both
individual consumers and water undertakings.
6.4.3.1

CROSS-SECTIONAL EVIDENCE ON TOTAL WATER SAVED

By analysing the data from 1474 muncipalities all over the United
States Porges (1957) showed that the degree of metering·appeared to have
a marked effect on per capita consumption of water. A summary of his
results is shown in Table 6.4. Per capita consumption, in general,
decreased with an increased percentage of metering. Since only production
data are available for unmetered systems· the reduction in consumption
reflects the total water saved.
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TABLE 6.4:

MUNICIPAL WATER PRODUCTION IN 1954 BY PERCENT METERED
AND BY POPULATION GROUP
.

Population Group
5,000 - 9,999
10,000 - 24,999
25,000 - 49,999
50,000 -100,000
Over 100,000

Number of
Municipa1iti es

0-50

Percent Metered
50-95
95-99

Over 99

353
637
250
119
115

182
124
122
119
127
189
129
120
209
123
128
131
194
122
120
137
170
155
149
137
IUIIIL
1'11'1
174
146
140
131
Notes: l. All figures are ln U.S. gal ons per caplta per oay.
2. Figures include industrial and commercial consumption.
Source: Porges (1957).
Based on his data Porges concluded that 100 percent metering of
unmetered supplies would result in water savings exceeding 25 percent.
Notwithstanding the difficulties inherent in using cross-sectional data
for predicting the true effect of metering, the data are, however, for
such a wide cross-section of systems covering 1474 municipalities throughout the United States and are so internally consi stent that drawing such
conclusions does not seem unjustified.
6.4.3.2

TIME SERIES EVIDENCE ON TOTAL WATER SAVED

As stated before time-series data provide a more direct and firmer
evidence on the impact of·metering than do cross-sectional data. Available data, though a bit fragmented, are presented in Table 6.5.
The examples cited in Table 6.5 reveal substantial reductions after
the completion of 100 percent metering. If some allowance is made for
growing industrial demands (much of the information, in both aggregate
and per person form, include an unknown industrial and commercial element),
and the fact that in some communities (for example, Philadelphia) partial
domestic metering existed before the work of 100 percent metering began,
then the data are consistent with the claim that metering is likely to
lead to a reduction of at least 30% in per person ./'
consumption .

eVidenc~ented

Apart from the North American
above, information
on water savings as a result of metering~ousehold supplies is available

TABLE 6.5:

TIME SERIES EVIDENCE ON TOTAL WATER SAVINGS DUE TO METERING
Before Meteri ng

Town or
City

Year Consumption

El i zabeth Ci ty,
N.C.
Milan, Tenn.
Wahpeton, North
Dakota
Akron, Ohio

%

Year Consumption

l

%

Reduction

Before
1931
1946

1.8 mgd

Metered
0

135 gpd

0

1948

75 gpd

lOO

45

1940

0.7 mgd

0

?

0.25 mgd

100

64

1920

117 gpd

?

.?

80 gpd

100

32

131.4 gpd
370.1 mgd
677 grd

0
73

1957
1962
1962

93.56 gpd
327.8 mgd
327 grd

100
100
lOO

28.8
11 .5
45

Ottawa, Ontario
194B
Philadelphia, Pa 1955
Philadelphia, Pa 2 1955

Notes:

l

After Meteri ng

?

?

0.3 mgd

Metered
lOO

83

Data Source

%

The American City,
1946
Hosman, 1950
The American
City,
,
. .
1954
The American City,
1954
Stockwe11, 1959
Baxter, 1964
Baxter, 1964

1.

Consumption figures are in U.S. gallons; mgd = million gallons/day;
grd = ga 11 ons: per res i dence/ day

gpd = gallons per person/day;

2.

This second entry for Philadelphia gives estimated consumption in gallons per residence per day.
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from other parts of the world as well. In 1967 the;average daily consumption of water in Honiara, the capital of the British Soloman Islands,
was in excess of 100 gallons per head per day. After the introduction
of universal metering in November 1969 the actual reduction in consumption during the period from November 1969 to December 1970 was 32 percent. When the increase in the number of consumers over the same period
was accounted for, the reduction figure rose to 43 percent (Berry, 1972).
In Denmark metering resulted in a 50 percent reduction in the per head
consumption of water and in Israel phased installation of meters showed
a reduction in consumpti on to the e,xtent of 30-40% in metered areas as
compared with the consumption in unmetered areas (IWSA, 1961). A survey
in 1967 of all Dutch towns with a population of over 50,000 showed that
the average per capita water usage in metered towns was approximately
40 percent below that experienced in unmetered centres. Since intertown variations in climate and socio-economic variables were relatively
tenuous the difference in consumption was attributable to metering and
a positive water price (Rees, 1976). In Kingston, Jamaica, the per
capita wa ter use under unmetered conditi ons (500 1.i tres/da.0wa s about
182% higher than that under 82% metered conditions (274 litres/day) Dieterich and Henderson (1963) .. At Fylde in the United Kingdom charging
by meters 'brought about an average 10.9% reduction in the domestic water
consumption in 1971-72 as compared with the previous year's consumption
when a flat~rate was charged based on the annual valuation of the property. The range was between 6 to 18% (Jenking, 1973). At the end of a
research study at Malvern (U.K) it was concluded that it would not be
unreasonable to assume a 15% overall reduction in consumption in
dwellings due to metering (Jenking, 1969). In North-East Thailand the
maximum per capita water usage in unmetered areas (158.9 ,litres/day)
was about two and a half times more than in metered areas (65.2 litres/
day) - Frankel and Shouvanavirakul (1973). With the introduction of
universal metering in the town of Pusad in Maharashtra (India) it was
possible to make a change over from an intermittent supply (7 hours a
day) to a continuous supply without any increase in the production capacity and to increase the minimum pressure in the distribution system from
0-1 metres to 11 metres. The hourly peak factors reduced by 51-63 per·cent. For example, the peak factor of 6.9 in March 1979 (before metering)
reduced to 2.9 in March 1980 (after metering). Great .improvement was
noticed in the prevention of wastage of water at the household level but
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there was no appreciable reduction in the consumption. The conclusion
was that the wastage seemed-to be converted into actual usage. No
significant reduction in per capita consumption was attributed to the
low water rates (Patwardhan, 1981). An evidence from Belgium shows
that in 1968 the mean per capita domestic consumption-in Brussels,
where supplies are metered, was 125 litres/day, while in _Antwerp, where
consumption is not metered, it was 167 litres/day, about 34% higher
(Lingard, 1974).
6.4.4

REVIEW COMMENTS ON WATER SAVINGS

The evidence presented in the foregoing sections strongly supports
the proposition that the introduction of domestic meters and charging
by unit quantity in place of flat-rate charges enables water savings in
two ways: through the actions of the individual consumer and through
the actions of the water undertaking to prevent system leakage. The
magnitude of savings would be variable and would depend on pre-metering
water consumption patterns, the proportions of external and internal
uses, water tariffs, price elasticity of demand for water and on the
interest and initiative of the water undertakings to control system
leakage within the economic limits. American evidence suggests that
water savings can be considerable in the range of about 14 to 40 percent.
It is also noted that a greater saving will occur in the external use
than internal use. The U.K. experience suggests a saving in the order of
10-15% but this does not include any savings in the system leakage. In
an exercise on the economics of metering in the U.K. the National Water
Council (1976: 32) commented:
A possible permanent reduction range of 10 to 40 percent
appeared feasible and it was assumed for the present assessment that metering would result in 20 percent saving compared
with unmetered demands: this would include a reduction in
leakage (from supply pipe, taps, ball valves) and outside use.

Savings in other countries were found to be of a higher order and
close to the U.S. fiqures. It can, therefore, be said with a fair
degree of confidence that the installation of meters in virtually any
unmetered areas would result in a reduction in water consumption. Only
in one instance no significant reduction in consumption was observed and
it was due to the low water rates. However, it obviated the need for
capacity expansion.
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6.5

REVIEW OF THE ARGUMENTS AGAINST DOMESTIC METERING

In the light of the foregoing discussion it now seems logical
to examine the arguments against domestic metering.
Argwnent 1:

Water is a 'special' corrunodity and any measure that
restricts its consumption is unfair

Evidence is lacking which shows that metering restricts the essential or useful part of water usage by any household. On the contrary it
provides a check on the extravagant use or wasteful consumption. Since
water is not a 'free' commodity and it always entails a cost to deliver
safe water there is no reason why it should not be used in a conscientious way. The above argument is, therefore, not tenable.
Argwnent 2:

If the conswner is to pay for each unit of water conswned,
consumption will be drastically reduced to a level which
may ultimately affect health.

This is simply a fear which .is yet to be proved by convincing data.
There is no evidence, at least on published accounts, that the introduction of domestic metering has been instrumental in creating health
hazards. Rather the past experience shows that economy in water usage
is, in fact, achieved by curtailing external use (chiefly, sprinkling),
by reducing waste and by repairing leaks in the household plumbing and
sanitary system. None of these has any relation with the health of a
consumer. Commenting on the domestic metering in Malvern (U.K) which
had a long history of metering domestic water supply.Judson (1967:662)
s ta ted:
Certainly there is no evidence that Malvern is a less hygienic
town than others, rather the reverse.

In this connection it is relevant to point out that the average household consumption in Malvern was about 18 gallons less than the national
average figure of about 73.6 gallons per household per day (Rees, 1971).
Argwnent 3:

Metering does not provide a lasting reduction in consumption and the consumption returns to its previous level as
the impact effect of metering wears off.

There is only a single piece of evidence which apparently supports
this argument. This relates to a study by Thackray et al (1978) at
Mansfield (U.K). It was observed in some households that there was a
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significant reduction in consumption around 8% which later rose to
9.5% but the effect was not long lasting. The authors concluded that
the overall data would suggest that there was some tentative evidence
for an initial and short-lived metering effect over about 3 months.
However, the sample was not large enough to obtain a general inference
on the effect of metering, nor was the main study oriented to measuring
the impact of metering. On the other hand the time-series study in
America (Hanke, 1970a) showed that metering brought about a lasting
reduction in the household consumption of water. Not only the sprinkling use decreased permanently even at the cost of brown colouration of
the lawns, but people also altered their water-using activities inside
the house in response to a positive price and there was no reversal of
trend even after seven years. This obviously tends to suggest that the
reduction in consumption due to metering is not of a temporary nature.
Moreover, the return of consumption to the original level of consumption
before metering within, say, a few years' time would not necessarily
mean that the effect of metering is lost. This pOint is clarified below
with the help of a simple illustration (see Figure 6.1).
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FIGURE 6.1:

o

T

Time i~ years

T2

HOUSEHOLD CONSUMPTION OF WATER OVER TIME

Suppose, HC represents the household consumption of water over
time under a flat-rate charging system. HC m represents the corresponding consumption over time if a metered charging system (price per unit
quantity) were in force. The distance between the two curves will depend
on the unit price of water charged under the metered system and the price
elasticity of demand over the relative price range (i .e. zero price for
HC to some positive price for HC ). As already explained in Chapter 2,
m
f
the domestic water-use depends on a large number of other factors in

251

addition to price. If those factors remained constant over time,
He f and Hem would run parallel to the hori.zontal axis, in other words
consumption would remain constant over time, so long as the unit price
charged under Hem remained unchanged in real terms . . It would perhaps be
reasonable to assume that under the influence of the other determinants
consumptions under both conditions would increase over time. This is why
in Figure 6.1 He f and Hem are positively sloped.
At time Tl , under the flat-rate charging system consumption would
be OQ litres per household per day. If the metering could be introduced
at that moment, consumption would fall to a new level of OP litres. As
time passes consumption will now move up following the curve Hem. It can
be seen that when time T2 is reached, consumption will have returned to
OQ litres i.e. to its original level under a flat-rate charging system.
at time Tl . This does not, however, mean that metering has lost its
effect on the consumption of water, because, if a switch were at this
stage made back to the flat-rate charging, consumption would immediately
shoot up to OR litres per household per day to follow the curve He f .
So there would be an instantaneous rise in consumption by QR litres.
This, therefore, clearly explains that the return of consumption
over time to its previous level under the influence various factors
other than price does not necessarily indicate that the effect of metering
has worn off.
Argument 4:

The cost of metering is high as compared with the cost
savings due to a reduction in water consumption and
metering wouUi increase the net costs to a water undertaking

This kind of argument based on short run financial considerations
ignores the real long-term resources costs to the national economy of
providing increasing quantities of water to consumers to satisfy their
increasing demands. It also forgets about the mounting costs of handling
increasing volumes of waste-water. On the other hand, for a rational
allocation of resources, the long-run (future) cost of supply and removal
is more important than the cost of existing facilities. Under a flat-rate
charging system if the water demand continues to grow, the most important
result of metering could be to encourage user economy since in that case
the marginal price would be positive instead of zero under the previous
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charging system. In cases where charges for waste-water disposal are
related to water consumption. the marginal price would also automatically reflect the waste disposal costs. Under such conditions the
consumption of water would no doubt so reduce that it would delay the
need to invest in the construction of new works or in extreme cases it
would cause the abandonment of the system's expansion. Everything. of
course. would depend on the impact of metering and the price elasticity
over the relative price range from zero to some positive price.
However. to support or reject the argument an in-depth analysis
of the costs and benefits of metering is warranted. The intention of
the following section is to provide an outline of the approach to costbenefit analysis applicable for metering domestic water supply.
6.6

COST-BENEFIT ANALYSIS OF DOMESTIC METERING

The introduction of meters to measure individual household consumption involves a cost which should be weighed against the benefit
arising from the expected reduction in water usage due to metering.
6.6.1

THE COST OF METERING

In calculating the cost of metering it is necessary to apply the
marginal pri.nciple. This involves considering only those costs that
would not have been incurred if domestic consumers were charged according
to rateable value or the number of fixtures or any other method not
involving metering. Smith (1974) argues that in the case of management
expenses. only the costs of necessary additional staff and equipment
should be included. However. it would also be proper to consider the
extra expenses such as overtime payments to the eXisting staff. Ideally.
the cost of metering should include:
i) Preparatory costs (publicity when meters are installed in an unmetered area. inspection of property. work programming).
ii) Cost of meter and other accessories.
iii) Cost of installation (this will be different for old and new connections) .
iv) Additional expenses for meter reading (depending on monthly or
quarterly bill i ng).
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v)
vi)
vii)
viii)

Costs of dealing with additional queries from consumers.
Additional billing costs.
Cost of additional working capital.
Additional maintenance costs owing to more frequent reporting of
leaks.
ix) Cost of general maintenance of meters (superintendence. meter
repairs. meter replacement. storage depot expenses).

These costs will obviously vary from one place to another depending.
on available conditions. For example. the cost of meters will be higher
when they are to be imported than if they are manufactured locally.
Similarly. where labour is available cheaply the cost of installation
will be low. Let us denote the total of these costs by 'A'. To this
must be added two other costs which are incurred by the comsumers as a
result of the reduction of consumption due to metering (Middleton et al.
1978). The first of these is the cost associated with the reduction in
wasteful use of water. This will include the direct expenditure on
initial repairing of the leakages and the subsequent maintenance expenditure to keep the plumbing system in order so as to minimize the wastage
of water and the 'disutility' which the consumer incurs from reducing
wastage and encouraging other members of the household to do so. Let
this first type of cost be 'B'. The second type of costs include those
due to the reduction in 'useful' consumption; in other words this is the
value of the benefits the consumer loses as he consumes less water when
metered. Estimating the value of consumer costs is difficult since
reliable data to determine the shape of the consumer's 'demand curve'
showing the relationship between price and consumption of water are
rarely available. If it is assumed for the sake of simplicity that in
spite of an initial reduction in consumption where meters are installed.
subsequent demand is unaffected by price. this would imply a demand curve
of the shape shown in Figure 6.2.
The area under the curve between QO and Ql is zero and so the
value of foregone consumption is also zero. Under such conditions the
only costs to the consumer would be those associated with repairing the
leakages and keeping the plumbing system in order and personally attempting to reduce wastage. It would be rational to assume that if these
costs do not exceed the value of water the consumer is thus saving. i.e.
the area of the rectangle P (QO - Ql)' then he is likely to incur these
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costs.
However, increases in price would be likely to influence the
demand. In an unmetered system the price is zero, the charges are
not related to consumption; and it can be assumed that there is a
relationship between demand and price up to the price P for metered
consumption. Thi s woul d imply a demand curve of the shape shown in
Figure 6.3. The value of the useful consumption which has been given
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P(Q2 - Ql)
up is the area of the triangle C under the curve, i.e.
2
Given that the consumer might also be expected to repair leaks and
that he might incur some personal inconvenience in order to reduce
wastage and to persuade others to do so, the consumer is likelY to do
so to the extent that the financial cost of the repairs and the
'disutility' of controlling wastage do not exceed the area of the
trapezoid B./i .e. [P (Q - Ql) - P(Q2 - Ql )j .
O
2
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The total cost of metering will therefore be:

6.6.2 THE BENEFIT OF METERING
The next step is essentially to measure the benefits of metering.
The quantifiable benefits arise from water saving due to the reduction
in domestic water consumption under the influence of metering. The water
saving would result in a monetary saving to the water utility, which would
be reflected in a gross saving in real resources to the economy as a whole.
The saving would occur in four ways as listed below:
1.

A saving in pumping and other running costs that would be incurred
if production were at the same higher level as it was under anunmetered system.

2.

A saving in capital costs, if metering delayed the need to construct
new works to meet increasing demand or postponed the capacity expansion. It may be pointed out here that the capacity of any water
supply system is partially detennined by expected peak day or peak
hourly use. The study (see Section 6.4.1.1) by Linaweaver et al
(1967) showed that metering may reduce the peaks, and the reduction
is of considerably higher-magnitude than the reduction in average
daily use. Therefore a reduction in peak use alone would result
in a saving in capital costs even if there were no change in the
average total water production.

3.

A saving in the cost of treatment and disposal of waste-water,
since the volume of waste water generated in a community is directly
proportional to the volume of water use.

4.

A saving in the cost of maintaining waste inspectors in places
where undertakings employ separate staff for waste detection, for
example, at Malvern (U.K) domestic metering obviated the need to
employ four waste inspectors at a saving of some £4000 per annum
(Judson, 1967).

All these savings in aggregate would represent the total quantifiable benefit of metering. Let it be denoted by TBm. Therefore from
the point of view of economic considerations only metering of domestic
water supplies would be justified if:
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TB .. TC

m

m

While calculating the costs and benefits of metering it is necessary to relate. them to a particular point in time so that greater weight
is given to the present day with the weight decreasing over time. For
example, all future costs should be reduced to present values by assuming
an appropriate discount rate.
Consideration of metering on purely financial terms is to omit
several other important and partially non-quantifiable benefits that
are outlined below.
1.

Meter reading at intervals' serves as a constant reminder to the
householder that water has a cost. This automatfcally brings about
a discipline in water use.

2.

If intended to, metering helps in understanding the water use
behaviour of the consumers more closely than would be possible
without metering. A study of consumers' water use patterns has
an immense value in specifying the desirable levels of service and
in predicting the likely growth in demand in future. This kind of
study is rarely undertaken in the developing countries where it is
required most. Such a study can be readily undertaken in places
~!here domestic metering al ready exists.

3.

In favourable circumstances overall reduction in water consumption
due to domestic metering may give rise to surplus capacity of an
existing water supply system. This may be distributed to new consumers who would otherwise have to wait till the expansion of the
system. So this is a case of immediate benefit to the new consumers
whose satisfaction cannot be measured in monetary terms.

4.

Metering would also assist in keeping relatively accurate records
of daily per capita consumption, percentage of population served,
per capita cost of water supply etc. Collation and publication of
these data would exert a great educational influence, not only on
the general public, but especially on people responsible for water
supply planning, national economic planning, policy making legislation, allocation of fundS, training, research etc.
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6.7 . PRACTICAL PROBLEMS WITH METERING
There are some practical problems associated with metering which
need careful consideration.
1.

Under-registration due to slowing down is a problem with meters
when they are old and this apart from frustrating the objective,
may cause a substantial .loss of revenue if it is not taken care of.

2.

There is a difference in opinion regarding the useful life of meters.
It may be anything between 5 to 20 years. This factor may greatly
affect the economics of metering. According to Coe (1973) some
countries in Europe have had a statutory maximum interval between
services, generally of the order of 5 to 8 years. It was often
more economic to replace the internal mechanisms at each service
since a meter casing might last for 25 to 40 years. In the United
Kingdom one Water Board followed the principle of· changing water
meters, 1 inch (25 mm) and below, when compared with past readings
consumption was appreciably lower. At Fylde (U.K) half-inch meters
were found in service for 20 years or more (Jenking, 1973).

3.

In those developing countries where water meters are to be imported,
a proper maintenance system should be built up locally to undertake
the servicing or renewing of meters. It may also be necessary to
keep an idle stock of meters.

4.

An intermittent water supply often encountered in developing countries
may give rise to inaccurate meter readings due to air in the pipes and
may create frequent meter stoppages due to pipe scale clogging meters
when the water is turned back on (Middleton, et al, 1978).

5.

Use of bleaching powder for disinfection has been found to cause
chokage of meters due to the deposition of the powder in meters
(Patwardhan, 1981). So in a metered system chlorine should be
applied in liquid form.

6.

Despite the delicacy of the mechanism, a well constructed meter
rarely suffers accidental damage; damage due to vandalism may be
possible. Lazy and corrupt meter readers and dishonest consumers
are responsible for most of the damage, and steps must be taken to
combat this or revenue will suffer (Wagner and Lanoix, 1959).
Wet dial type meters may provide a partial solution.
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6.8 SUMMARY EVALUATION
In the foregoing sections an endeavour has been made to present
a balanced view of metering domestic water supplies in urban areas.
Past evidence clearlY'indicates a reduction in the domestic consumption
of water and a check on the growth of water demand with the introduction
of domestic metering and a charge for water by unit quantity. Reduction
is likely to be more in external uses than in internal uses. The extent
of reduction will depend on several factors and is likely to vary from
one area to another area. Evidence from the literature suggests that
reductions of up to 40 percent are possible. Proof is lacking that
the reduction in household consumption of'water due to metering may be
prejudicial to health. There is also little evidence that,the effect of
-metering is purely a temporary psychological one. In those cities or
towns where household water demands are rising sharply calling for immediate system expansions, a strong case could be made for domestic
metering. Past experience suggests that the'introduction of metering
in such cases may ,be quite useful in containing the demand. Reduction in
use owi ng to meteri ng '1 s 1i ke ly to result in deferment or expans ion of
the water supply system or in scaling it down. It may also not require
any system expansion for a long time. In situations where a large segment of a city population is without reasonable access to safe water but
consumption -in connected households is Oat very high levels a reduction
in consumption due to metering of these households and the introduction
of an incremental charge would result in surplus capacity which could be
allotted to the unserved population.
This may be particularly important in developing countries where
resources are not readily available for new water supply projects.
It has been demonstr~ted that metering has a great effect on lowering
peak demands. This has important implications for the design of those
components of a water supply system which have a direct bearing upon
peak demands. Metering not only encourages conservation of water but
only a metered system can give the individual household the benefit of
any economy in usage it practices. Prior to taking a decision on domestic metering it would always be justified to undertake a cost-benefit
analysis. Metering has some auxiliary benefits which, cannot be evaluated
in strict financial terms. In particular the existence of household
meters would largely facilitate obtaining valuable information on the
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water-use patterns of consumers from varied socio-economic categories.
The importance of such information, especially in the developing
countries; for making a reliable estimate of future domestic water
demand cannot be overemphasized. Metering domestic water supply
should necessarily be complemented by appropriate pricing policies to
derive the full benefit from metering. Without an adequate rate struc~
ture simply metering domestic water supplies would not achieve the
desired results. Lastly, a biased opinion for or against domestic
metering may stand in the way of taking a just decision about metering.
Instead, the advantages and di sadvantages of each· case shoul d be investigated properly before rejecting any proposal for domestic metering.
It cannot be denied that metering has the potential for being used as
a tool in the conservation of water.
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CHAPTER 7
PRICING DOMESTIC WATER SUPPLY

7.1

INTRODUCTION

In the developed countries pricing policies for water supply
and related services have come under increasing scrutiny chiefly for
three reasons. First, with increasing costs of providing service~,
the authorities supplying water are concerned about new methods to
increase their revenues. Second, there is also a growing interest
among water users in why their water bills are increasing. Third,
increasingly serious legal and environmental conflicts in the system
expansion have led the authorities to consider how to contain demands
by the application of a suitable price mechanism. This has 'in turn
resulted in a greater awareness of the social and environmental implications of water rate structures. Although the above reasons may apply
to the developing countries in specific circumstances the pricing of
\'later is quite often a question of survival of the \'later supply systems
in these countries. As observed by Ripman (1967):
"In fact, rates charged by long-established utilities in some
less developed countries bear no close relation to real costs,
but are held low for socio-political reasons. The utilities are
subsidized. While the subsidies may be too small and uncertain
to assure satisfactory service, they place a heavy burden on the
government's scarce revenues and often lead to inflationary
borrowing. In some cases, utility revenues themselves are diverted to other purposes to relieve pressure on the budget. Service
inevitably deteriorates, falling progressively further behind
demand. Public indignation over poor service and resistance to
higher rates grow, simultaneously feeding upon each other, while
development is inhibited by the shortage of services that are
basic to health, mobility and productivity Of people. It would
be unrealistic to expect any other result from such policies,
given the shortage of financial resources available to the
government of a less developed country, the many pressing demands
that are made upon them, and the relative political impotence of
a financially dependent utility system. "

He went on to say:
" .... revenue-producing public utility projects almost invariably
will fail to meet the needs of economic development unless they
are made to pay their own way. Consequently, the Bank and IDA
make the adoption of sound financial policies a precondition of
their lending for such projects. They require especially that
rates be established which will cover all operating and maintenance

-------~

261

costs. inc~uding debt requirements and produce a surplus
which will he~p finance future extensions. These conditions
app~y whether the utility is public~y or privately owned. /I

Carruthers (1972) contends that if the service is really basic
to health, mobility and productivity of the people, it cannot be left
to chance that rates and effective demand will equate at a socially
optimum level. He also argues that the logic and morality of requiring people at the lowest income level to provide not only for their
own costs but funds for future expansion may be questioned. In his
opinion a proper subsidy scheme will not inevitably lead·to poor service and indeed many sound utilities are in fact recipients of open
and disguised subsidies. Carruthers and Brown (1977) suggest that
communal supplies in large urban areas should be free. The poorest
inhabitants who obtain a low level of service should be provided with
free water as a social service. The objectives are two-fold. First,
it would uphold the desirable policy of redistribution of income.
Second, it would reduce the general public health risk arising from
these people using alternative polluted sources if there were no free
supply.
While an initial subsidy may be necessary in some cases for a
specific section of the population, free supply of water is not a desirable option nor is it a healthy sign that an water-utility fully relies
on perpetual subsidy. Even the subsidy to the poorest section for
instance to the people in slums and marginal communities in urban areas
should not be decided only on the basis of their 'ability to pay' but
their 'intention to pay' should be given due consideration. The latter
may be influenced by reasons other than economic.
7.2

DIFFERENT METHODS OF CHARGING FOR WATER

Pricing policies and techniques vary among countries as well as
within each country. There are basically five types of water pricing
techniques. Each has characteristics which make it advantageous and
appropriate for various conditions and objectives and each influences
water use and conservation differently.
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7.2.1

A FLAT-RATE CHARGE

It involves a fixed charge, usually on a quarterly or monthly
basis which is not related to the quantity of water used (see Figure
7.1). This is a characteristic of unmetered systems and is very
easy to administer. Generally flat rate charges are based on the
valuation of the property. Under this charging system once a fixed
rate is paid the consumer has no financial incentives to reduce
consumption. This method of charging is on the other hand an open
invitation to wasteful use or low-value use of water. Since'the price
at the margin is zero, the consumer will tend to use water till the
value to him of the marginal unit of Hater consumed is also zero.
In fact, it offers a psychological incentive to consume water.
7.2.2

UNIFORM RATE CHARGE

Under the system the price per unit of water remains constant
no matter how much water is consumed (see Figure 7.2). The basic
philosophy is that everyone pays the same price per unit for water.
HO~lever, the cost to the consumer will increase in direct proportion
to the amount of water consumed. So there is an incentive to conserve and this incentive is just the same for high-volume users as
low-volume users.
7.2.3

DECLINING BLOCK RATE SCHEDULE

Under this rate schedule the price per unit of water decreases
in a stepwise manner (i.e. in blocks) with increase in the volume of
water use (see Figure 7.3). The total cost of water to the consumer
with this type of rate increases but at a decreasing rate. As a result
the low-volume water users pay higher prices for water than the highvolume water users. This is often described as 'promotional' pricing,
the fundamental principle being to encourage usage until existing
capacity is utilized for maximum utilization of the built up capacity.
The greatest drawback of this method of charging is that the incentive
to conserve water diminishes as consumption increases. Consequently a
large amount of wastage and excessive 'luxury' uses are generally associated with it especially among the larger users. In fact this type of
rate structure may induce the largest consumers to be more wasteful,
so it acts in contradiction to the policy of water conservation.
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7.2.4

INCREASING BLOCK RATE SCHEDULE

This rate schedule is just.the opposite to the previous rate
schedule. The price per unit of water increases in blocks with
increasing use of water (see Figure 7.4). The total cost to the
consumer increases at an increasing rate as his consumption increases. The high-volume water users pay higher prices for water than the
low-volume water users. This method of charging is primarily intended
to encourage conservation of water and also provides lower unit rates
to low-income groups whose water use is generally low.
7.2.5

SEASONAL RATE SCHEDULE

Price of water in summer is more than that in non-summer periods.
The argument for charging higher prices of water in summer is to try
to reduce the peak demands during this period. In other words this is
a conscious attempt to modify demands in favour of the conservation of
water. Most of the outdoor uses of water which have been shown to be
more price elastic than indoor uses, occur in the summer. So by
charging a higher price in summer a lot of water used for outdoor
purposes can be saved. This method of charging is, however, a new
concept and is yet to gain wide acceptance.
While· all the five methods of charging are applicable to those having
house connections, the last four will require a metered supply.
In the developing countries a significant portion of the population do not have house connections and they depend upon communal water
points. In most cases the water is supplied free to those people who
livein slums or in marginal communities. A free supply of water through
public standposts is regarded as a social service and very often there
is strong political backing for this free supply. The water utilities
try to distribute the costs of this free supply among those provided
with house connections or the government provides a subsidy treating
this free supply as a public service to be financed out of general tax
revenue. Interestingly, the political leaders who put strong pressures
for this free supply frequently do so in the interests of political
gain. According to 5ammaddar (1978), a bu~eaucrat who was once at
the helm of the administration of the Corporation of Calcutta, during
elections, councillors or political leaders order the corporation to
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erect standposts without any counselling in order to attract votes
from the people. Frequently a free standpost supply is supported
on humanitarian ground, the principal argument being the user's
inability to pay.
7.3

INABILITY TO PAY VS INTENTION TO PAY

Those who are advocates of a free supply of ~Iater claim that water
is a god-gifted natural resource. It is vital for life and must be available for all. People who are not able to pay should be provided with
a free supply. So there are two issues - water is essential for life
and the inability to pay. There cannot be any denial that water is
essential for life, but food is also equally essential in terms of
long term survival. Strangely enough the argument for free supply is
not applied to food.
On the contrary there is a feeling that the producers of food should
have a reasonable margin of profit so that continuity in supply is
maintained. Similarly people also need shelter and clothing to live
so it may be argued that these should also be provided free, but it
is thought to be unrealistic. The attitude that water is a commodity
possessing a 'unique importance' has been challenged (Hirshleifer et
al, 1960). If the essentiality is the criterion for a free supply of
water to those who are unable to pay, the same argument may be applied
to other essential items as well. Sometimes an externality argument is
given as regards the benefit of water. According to this an external
benefit that might result from the consumption of potable water is that
the health of X might improve because he makes use of an improved supply
and thereby X may not infect Y, whose future health would also improve.
This is true but a similar justification may perhaps be given to other
factors namely, improper disposal of excreta, poor housing conditions
which might influence the spread of infectious diseases. Moreover,
'inability to pay' is perhaps a slippery concept and it appears to be
a subjecti ve assessment of those who put forwa rd thi s reason. In many
instances the issue of inability to pay is upheld even without trying
to determine the real ability of the user to pay. Evidence suggests
that even the very poor people can and do pay for water. For example,
in an article appropriately entitled 'The High Cost of Being Poor',
Adrianzen and Graham (1974) have given evidence that the poorest families
buying water from outside were spending 2.6-2.7% of their income for
water while families supplied through common water spigots or private

266

services were spending 0.4-0.7%. They studied 127 fami 1i es, from
the peripheral slums or barriadas of greater Lima, Peru, with a
very low-urban socio-economic level. Thirty-seven families had
private water and sewerage services, twenty-two used a common spigot,
and the remaining sixty-eight families had no water service and had
to buy water in cylinders. Those families with private water services
had a substantially higher income (6416 soles l per month) than those
who used a common spigot (4360 soles/month) or bought water in cylinders (3812 soles/month). The actual amount spent by the poorest families for water was two to six times higher than that spent by the
economically most advantaged families and more irrationally for this
amount they were getting as little as one-seventh the volume of water.
The unit cost of water paid by the poorest families was 25 soles per
cubic water as against 1.5 soles per cubic metre paid by the richest
families. The authors concluded that these poorest families could and
would bear the cost of at least a rudimentarY system of piped pure water
and the extension of the public water system to these people, with all
implications for a better quality of life, was not only desirable but
economically reasonable. Paul Harrison, a free lance writer who visited
Peru in December 1976 narrates a tragic story also from Lima. Briefly,
it goes as follows (Harrison, 1980: 271):
"It never rains in Lima, and piped water only recently began
reaching a few·of the barriadas. Residents in Pamplona Alta
have to buy their water from battered tankers that ply up and
down the steep streets. It costs 15 soles a barrel, at that
time 15p or 30 ots, and the average family needs four barrels
a week - another 10 peroent of family income gone ... The water
is not clean when it arrives, and after a few days standing in
the hot sun, under a flimsy covering of plastic or planks held
down by stones, the baoteria multiply. Some mothers boil the water
for their babies. Most don't, because fuel oosts money and they
dan't afford it. So stomaoh infections and diarrhoea are common".

In Bachui State, Nigeria the urban poor pay 20-30% of their income
to the vendors for water whereas higher income people with house connections pay little for their water (Courtney and Cooperstock, 1979).
The above noted illustrations provide evidence that even the very
poor people had to buy water and most tragically they had to pay heavily
in the absence of an organized water supply. Their payment for water
1.

According to the prevailing official exchange rate 1 US dollar
= 43.38 soles.
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constituted a significant proportion of their income. Yet in
exchange they obtained a meagre quantity of water which in some
cases was of questionable quality. Certainly one would agree that
it would be much better if these people were supplied with a reason-.
able quantity of safe water and they were asked to pay a reasonable
price for it. Presumably this price would be far less than what they
were paying before. On the contrary if it is assumed that these
people are so poor that they cannot pay for water and this assumption
constitutes.a formidable obstacle to the provision of a dependable
water supply that would without doubt go against the interest of
these poor people. Alternatively, if due to various reasons e.g.
social or political pressures these people are provided with a free
supply of water and the failure to generate sufficient revenue by the
supplying agency, partially due to this free supply, leads to a poor
operation and maintenance of the system with an ultimate breakdown of
the system that would also go counter to the welfare of these poor
people. These simple facts are often lost sight of among the proponents of a free supply. The argument of inability to pay needs more
cautious application and it needs a proper investigation before accepting such argument in favour of a free supply. Very often it would be
found that it is rather a question of intention to pay.
Rationally for an essential service such as water the intention
to pay should be very high because it should get a high priority in the
list of daily necessities. One should expect that an appropriate fraction of income is allotted for water. Unfortunately the reverse may be
true, and the intention to pay for water may be low (WHO, 1979c·). The
main reason for this is perhaps that traditionally water supply has
been considered as a social service and it is felt to be the obligation
of a government or those in power to supply water very cheaply and if
necessary, even free. In practice also there is a long-standing tradition of charging a very small amount for water partially due to the
low cost of production and distribution of water in the past. But the
situation is fast changing. The costs of water supply are rising and to
cope with it there is a need to raise the price of water (Brigham, 1978).
By contrast, the intention of the people to pay for water is still low.
As a result whatever price is fixed they consider it as too high (WHO,
1979c). The picture would be more clear if a comparison is made with
electricity. Many poor people living in slums or squatter settlements
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in urban or peri-urban areas have electricity and a lot of them have
electric fans or radio sets (for instance, slums in Calcutta). They
do not hesitate to pay for the electricity at the prevailing rate.
Very often these people lack piped water and statements are made in
favour of the supply stressing that they cannot afford to pay for
water. It is not questioned if they can pay for electricity, why
should they not be able to pay for water which is more essential and
far cheaper than electricity. The matter of tradition comes again.
From the very inception the power industry has always sold electricity to its customers. Consequently people simply do not expect to
get it free. That the production of electricity involves a cost is
readily recognised by the public and politicians alike. There is
therefore no strong social or political pressure for a free supply
of electricity on the grounds of inability to pay. Notably the
intention to pay for electricity has always been higher than that
for water.
The foregoing discussion tends to suggest that the 'intention to
pay' plays a more important role than the 'inability to pay' and before
taking any decision on free supply of water these two issues should be
examined intensively.
There are some other disadvantages of free supply. As regards
the conservation of water, free supply of water through public standposts is almost a permanent source of wastage of water. In some cases
wastage is very high. In Calcutta sixty percent of water supplied
through public standposts is wasted (Samaddar, 1978). Since the recipients of the standposts supply do not pay for water they hardly feel
any urge to stop this wastage. Instead, the taps provided to prevent
this waste are subject to vandalism .. Yet another serious problem
associated with free supply is that once an area receives a free supply
it is very difficult to impose any payment afterwards. Sometimes it
becomes practically impossible. Furthermore, a free supply to one
community would act as a precedence for demanding a free supply by a
similar community in the neighbouring area, especially in a democratic
political set up. Thus more and more free supplies add to the burden
of wastage of water and undue increase in total demand.
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7.4

PRICING OBJECTIVES

The primary functi'ons of a rate structure for water pricing
would be to. set price equal to marginal social costs for optimal
resource allocation reasons. Secondly, the definition of marginal
cost should be such as to recover full accounting costs or the long
run marginal costs. Long run marginal costs have two components first, the long run marginal capacity cost or in other words the
annual equivalent (interest plus capital amortization) of marginal
capacity cost and second, the long run marginal operating costs
which include costs of labour, chemicals, energy etc. Where expendi tures on waste water co 11 ecti on and di sposa 1 a re 1inked with the
water rates they need to be recovered as well. True marginal cost
pricing would result in equitable distribution of costs in that system costs would be allocated and recovered in proportion to services
provided. Other indirect issues often come into the picture while
formulating the pricing policy. For example, the social objectives
may include a subsidy to certain users of the provision of a minimum
level of service at no charge or at a nominal charge to promote good
public health. In developing countries there are some additional
issues which include the narrow revenue base, the rapidly growing
demand, and the resulting necessity to explore alternative service
levels - house connections, yard connections, public standposts etc
- and redistribution of income (Warford and Julius, 1977). The developing countries are characterized by relatively low levels of income.
In addition to low average incomes, the distribution of incomes is
generally more skewed than in the developed countries. A large proportion of the total population is often living in absolute poverty even
in countries where the average income may be moderately high. The
implication of this is that the tax or revenue base of a water utility
in the developing countries is likely to be fairly narrow. Rapid population growth is a common phenomenon in most developing countries. As
a result demands for services are increasing on the one hand, while the
growth of per capita income (and thus ability to pay) may be decreasing
on the other hand. The budget constraints in the developing countries
make it necessary to look for cost saving alternatives and often dictate
the levels of service. Manipulation of demand to minimize cost, to
avoid wastage and to restrict the use of water by high volume users is
an important aspect of pricing so long as evidence (see Table 2.2)
suggests that price changes have an impact on consumption patterns espe-
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cially at high levels. A price-mechanism can be employed both to
reduce the current demand and to control the rate of increase in
demand. Thus it has great importance in developing countries confronted with severe physical and financial constraints.
Thus the principles and objectives of a pricing policy in the
developing countries are manifold and may include the following:
i) to provide revenue to recover all expenditure in order to make
the water utility self-supporting
ii) to provide funds for future expansion so that dependence on outside capital is minimized.
iii) to distribute costs equitably amongst water users
iv) to avoid undue discrimination
v) to subsidize particular users as a principle of redistribution
of income and to ensure that even the poorest members of the
community are not deprived of access to safe water
vi) to subsidize a minimum level of service on public health grounds
vii) to control excessive growth in demand to defer or to abandon
sjstem expansion with a view to minimizing cost
viii) to discourage wastage and extravagant use of water and to encourage
user economy.
Since the pricing policy needs to be designed to meet the multiple
objectives it would in most cases involve a compromise between conflicting criteria or goals. Above all the rate structure should be easy to
understand and acceptable to the users and should be easily administered.
In practice, the selection of a price and rate structure is based on
equity, expediency and economics (Mann, 1977).
7.5

~IARGINAL

COST PRICING

Traditionally, water rates seem to be based upon the recovery of
original or historical costs and upon some sort of 'average-cost pricing'
in which case the price of water is determined by dividing the total system cos ts by the amount of water del i vered. Many economi s ts (Mi 11 iman,
1963; Hanke, 1972; Rees, 1976; Saunders and Warford, 1976; Turvey
1976; Warford, 1966; Saunders, Warford and Mann, 1977; Herrington,
1979) have long favoured an alternative approach which is 'marginal
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cost pricing' or strictly speaking 'marginal social cost pricing'.
The basic premise is that if price (e.g. P ) is greater than marginal
l
social cost it means the marginal evaluation consumers put upon marginal unit of consumption is greater than the cost in terms of society's
resources. Therefore there is a marginal net benefit on units for which
this holds and increasing consumption to a point where price (e.g. P )
o
is equal to marginal social cost increases social welfare. The opposite
holds when price (e.g. P2) is less than marginal social cost. In Figure
7.5 the optimal price is P0
for optimal output
Q. On units Ql to Q for
0 0
example, increasing output to Q means extra or marginal net benefit of
o
ABC are enjoyed. Beyond Q then extra or marginal social costs are
o
incurred; for example, at Q2 such extra social costs would be equivalent
to area COL
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MARGINAL COST PRICING

There may be in general two conditions under which marginal cost
pricing will have to be determined. These are illustrated with the help
of two hypothetical diagrams.
In the first case average costs of service may be decreasing for the
relevant range of output. Decreasing average costs of production may
arise when economies of scale in the technology of urban water service
dictate plant size and distribution mains that are large in relation to
current demands. In other words the average unit capital cost of most,
if not all, utility system components is lower for larger capacity systems.
In such cases the marginal costs of a service would be below the average
costs. This would mean that marginal cost pricing for all units of output
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delivered will provide total system revenues that would fail to cover
total costs. This would be clear from Figure 7.6 which shows that the
average cost is declining for the range of output in question even
though they may eventually rise after production is continued beyond
"some point. Average cost pricing would establish a general price level
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FIGURE 7.6:

I1ARGINAL COST AND AVERAGE COST PRICING UNDER THE
CONDITION OF DECREASING AVERAGE COST

of OX and the corresponding level of total output will be OA. Total
system revenues would just equal total costs of OXPA. This result though
may be financially sound, is clearly not an optimal situation in terms of
efficient use of the facilities already existing because water users are
more than willing to cover all of the extra costs of extra output until
an output OB is reached. Beyond OB, the marginal costs of output rise
above the demand curve which may be assumed to indicate the extra value
consumers place upon additional output. Moreover, it can be seen that
the area under the demand curve (which gives the value of water service
as seen by consumers) for the output AB exceeds the area under the marginal cost curve (which gives the value of alternatives sacrificed by this
particular use of resources). So it would be socially desirable to
expand the service up to the point where the Prices" the ~onsumers are
will ing to pay equals the extra cost of extra output. In this case the
optimal output is OB. Therefore under the condition of decreasing average
cost the average cost pricing would result in under-utilization of the
plant.
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The marginal cost pricing solution in the same case may be
examined now. Under marginal cost pricing it would be required to produce an output OB and to set the price at OY.. Marginal costs wou1 d be
less than average costs by ZY(or QR) and a deficit equal to YZQR would
result. This problem of deficit may, however, be solved in a number of
ways. One possible solution may be to use a two-part tariff involving
marginal cost prices for all uses combined with a system of fixed charge
which would cover the deficit. In this way as long as liability to fixed
charge payment does not deter anybody using the utilities water altogether optimal allocation may be achieved.
In the second case, when the average cost is increasing which may be
due to the development of less accessible or more difficult water sources,
poorer quality of water, providing a service to more distant or difficult
areas, increasing peak demands or other factors, the marginal cost will be
above average cost as shown in Figure 7.7. Clearly the marginal cost pricing in this case will produce surpluses not deficits. The price would be
OX at the optimal output of OB. Total revenues would exceed total costs
and a surplus of XRSY would be achieved. This revenue surplus may not,
in view of the extreme shortage of public funds in most developing
countries, pose a great problem.
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MARGINAL COST AND AVERAGE COST PRICING UNDER THE CONDITION
OF INCREASING AVERAGE COST

From the angle of politics it may be a problem' since it is often advocated
that public utilities such as water supply should avoid making large
profits. If that is the case, the optimal strategy might be to design a
tariff structure that would consist ofa social or 'life-line' block which
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would be sufficient to meet the basic sanitation needs that is the first
few litres supplied at a low price subsidized by the surplus revenue and
a next block or blocks where unit.price would equal the marginal cost
price. Inthe developing countries the rationale for offering lower
prices for some minimum levels of consumption would be to satisfy the
social welfare goal of providing minimum quantities of safe water for
all. Charging marginal cost pricing would also induce a sense of conservation of water among the high-volume users.
Referring back to Figure 7.7 it can be seen how average cost pricing
introduces a sort of inefficiency in the case of increasing average costs.
Equating demand prices with average costs AP would achieve an output OA.
There would not be any surplus because total revenues would equal total
costs. But the marginal cost of the service at this output level would
be AQ and it would exceed the demand price by PQ. Consumers are thus not
covering the extra costs of extra use and this obviously implies that
water supplies are not being efficiently used. Theoretically the amount
of social loss is given by the area RQP. This is the amount by which the
extra costs of producing output BA, given by the area under the marginal
cost curve, exceeds the value in use, given by the area under the demand
curve for output BA. Therefore average cost pricing under the condition
of increasing average cost would result in the underpricing of scarce
resources and over utilization of resources.
Although the principle of marginal cost pricing outlined above may
not appear to be complex there are certain practical problems in its
application. The determination of marginal cost is complicated by problems
such as capital indivisibility, shadow pricing (especially for developing
countries), consumer behaviour etc. The problems have been adequately
discussed in some literature (Chan et al, 1976; Saunders and Warford,
1976; Saunders, Warford and Mann, 1977).
In summary, marginal cost pricing allows the consumers to satisfy
their demand at a price that reflects the costs incurred to provide that
service. On the other hand the total or individual savings afforded by
conservation reflects the actual savings therefore efficiency is facilitated.
Until physical facilities are fully utilized (for instance the production capacity is yet to reach the full design capacity of the plant) the
marginal costs of additional demand are only the variable costs such as

275

power, labour and chemicals. These are referred to as short-run marginal costs. Once the existing facilities are at capacity further increase
in demand.would require discrete capital expenditures for plant expansion.
Changing prices with each capacity expansion would be confusing to the
consumers and difficult to administer. This would also create problems
for planning long term investment in facilities. Therefore it would be
easier to utilize the long-run marginal costs (the sum of short-run
marginal costs and marginal capacity costs) or the average incremental
cost l in determining the marginal price.
In the view of Chan and his colleagues (1976) a literal interpretation
of marginal pricing is not always necessary or even correct or desirable.
Such economic models do not always precisely predict the free market forces
and are therefore distorted when it comes to a commodity such as water.
Also consumers do not always act rationally, in economic terms. However
such a goal is commendable and is probably better than other pricing
policies such as flat-rate charges which may' have no economic basis and
will discourage efficiency. Any of the flow-volume based rate structures
can lead to economically efficient outcomes by designing them such that
the prices at the margin are equal to the incremental costs.
Insofar as water conservation is concerned detailed analysis carried
out by Chan.et al (1976) showed that for a typical household all of the
rate structures having unit prices (increasing block rates, uniform rate
and decreasing block rates) had lower demands than the flat rate and at
the low, medium and high rates the demand was progressively lower. At
each price level (low, medium and high) the unit price rate structures
had different demands. For example, in their analysis at the medium rate
the increasing, uniform and decreasing rates had demands of 44%, 48% and
54% of the flat rate demand which was.2120 litres per day per household.
However at the same marginal price the demand was the same, regardless
of the rate structure. This implied that the rate structure itself was
only significant to the extent that it established marginal price. It
is therefore apparent that water use can be manipulated with any of the
unit cost rate structures by adjusting the price. However the results of
1.

Average incremental costs can be calculated by dividing the discounted
value of future supply costs by the similarly discounted amount of
additional water to be produced.
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any study should always be treated with caution before being applied
elsewhere.
7.6

FREE SUPPLY AND SUBSIDIES

The demerits of supplying potable water free to the consumers
have already been explained. Apart ~rom safeguarding against revenue
loss the practice of supplying water through public standposts free of
cost especially in urban areas should be given serious reconsideration
in order to avoid wastage and to ensure water conservation. The proposal
to abandon the free supply would bring serious confrontation with the
policy of the government in many countries where access to potable water
is regarded asa social service which should be obtained at least by the
poorer sections of the population for nothing. Termination of a free
supply in such cases is more likely to be a political, decision than a
technical or administrative one. It would then be necessary to convince
the politicians that the population's ability to pay is generally greater
than is believed. In areas where private vendors operate it would be
easier to show them as examples. For example, in N'Djamena, Chad, where
water from standposts is free, water carriers sell water at relatively
high prices (Commission of the European Communities, 1978). Water collected from free standposts is sold in pitchers or tins by vendors in many
areas of the Calcutta Cityl at a high cost.
If it is ultimately decided to abandon the idea of free supply of
water, the next task will be to devise a practical means of charging for
the water through public standposts. It is relevant to mention that in
some cases water from standposts is not sold for the sole reason that the
authorities supplying water are unwilling to face the problems and drawbacks resulting from the management of standposts such as problems of
supervision, the risk of vandalism and the problems of managing every
standpost. Experience shows that these problems are, however, not so
difficult that they cannot be overcome. For example, in Port Sudan,
standpipes are situated every 40-50 houses in a number of newer serviced
areas. Each standpipe,is rented to a kiosk owner who is responsible for
the connection. The water is metered and sold at a standard rate to the
kiosk owner, who resells it at controlled prices to the public (Courtney
and Cooperstock, 1979). Water is sold from standposts in Upper Vo'-ta and
1.

Personal experience of the author.
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Niger (Commission of the European Communities,1978). In Kenya in a
few areas in rural villages, public standposts were converted into water
vendor operations in which a licensed vendor is paid a subsidized rate
for the metered standpost water and sells it by the container (debe) at
a fee slightly higher than he pays. Since the kiosks are operated by the
wife or children of the vendor whose opportunity cost is low, the difference between the kiosk operator's buying and selling price is not great.
By adopting this method of distributing water the vandalism has been
greatly reduced, a small amount of revenue has been generated and more
interestingly the rate at which the people have applied for house connections has increased. The only disadvantage was that the water authority
was to collect its sales revenue daily from the kiosk operators who could
not hold the money for a longer time (Saunders and Warford, 1976). Under
the second World Bank-financed Kenya Urban Project, the Nairobi City
Council has agreed to provide water kiosks at appropriate locations in
a number of low-income areas of the city. Operators will be licensed
and regulated. Water charges to kiosk operators will be reduced by half,
enabling them to reduce their charges to customers by about two-thirds
so that the poor can afford the cost of water (Courtney and Cooperstock,
1979).
In certain slum areas (for example, registered bus tees in Calcutta
where there. is a three-tiered system of land ownership, hut ownership
and tenancy (Maitra, 1978), metered standposts may be located within the
slums and operated by licensed water vendors as mentioned above. The
'thika tenants' (who form the middle tier) may act as water vendors.
Any of the tenants may also take up the job if agreed upon by the slum
dwellers and the authority supplying the water. Alternatively, the landlord or the thika tenant may be charged for the entire consumption who
in turn will recover the cost from the tenants along with their rents.
In the latter case the responsibility for recovering costs will rest
with the landlord or thika tenant. Of course it would need a vigilance
to safeguard against charging unduly high costs to the users.
For low-income households having house connections if it is established after proper investigation that the normal charges based on the
principle of marginal cost pricing are disproportionate to their income
or ability to pay, it might be necessary to introduce a subsidized rate
for the first few litres (for basic uses, the quantity determined by a
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water use survey) beyond which they should pay the marginal cost of
supply. Loss of revenue due to this may be recovered by way of cross
subsidy or may be met out of the revenue surplus which is generated
by the application of marginal cost pricing in specific cases as explained earlier. In the former case it would achieve social goals (water
for all) as well as the goal of redistribution of income where it is
the government policy. But from an economist's point of view crosssubsidization would negate the reason for marginal cost pricing. An
alternative would be to still set the price equal to marginal cost but
give the poor a transfer payment that is a water allowance. This could
be in the form of 'water stamps' only exchangeable for water, or could
be in the form of providing necessary funds to the individuals as part
of welfare payments where such payments exist. In the latter case the
subsidized rate for the first few litres may be allowed for all consumers
as the 'life-line' rate for the convenience of administration. The question of subsidy to the standpost users shoU19 also be dealt with in a
similar way. In devising the rate structures consideration should be
given to reducing dependence on government funds and to avoiding wastage
of water or extravagant use of water.
It has been the experience of the author while implementing water
supply schemes in municipalities and urban fringes that many families
cannot afford the initial lump sum expenses incurred in obtaining house
connections. In these cases a loan to these families for meeting the
initial expenses partly or wholly as the case may be, should be given
proper consideration. The capital with interest charges may be recovered
in instalments along with the water bills.

7.7 SUMMARY
Domestic water demand is dependent upon many factors including
price. Price can be used as a significant tool to monitor demand and
to conserve water. Metering of domestic water supply and a charge to
consumers based on water use are important elements of urban water supply
system management. The primary function of a rate structure and pricing
for water would be to recover the capital and operating and maintenance
expenditure for the water supply to make it self-sustaining .. Additionally
it may be required to generate adequate revenue for future expansion in
order to minimize dependence on outside capital. Another important function
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would be to contain demand byayoiding excessive wastage of water or
extravagant use of water. Any unit price scheme in place of a flat rate.
can equitably return adequate revenue while facilitating water conservation and encouraging efficiency. providing the unit price reflects
the true cost for that service. Evidence suggests that maximum conservation will be achieved if an increasing block rate schedule is used.
As a goal. the pricing scheme should follow the particular long term
or average incremental cost function for the utility system. In the
developing countries pricing water supply is more complicated because
it should achieve multiple objectives including providing.a reasonable
access to safe water for all and the redistribution of income. As a
part of fulfilling the multiple objectives it may sometimes be necessary
to consider a free supply of water to those drawing upon public standposts or to provide subsidies to certain users. There would often be
a strong socio-political pressure for a free supply of water to poorer
sections dependent upon communal water points on the grounds of essentiality and inability to pay, where in fact. besides a loss of revenue,
a free supply of water may be a perennial source of water wastage.
The increasing wastage of water through more and more extensions of a
free supply to newer areas may cause undue pressure on the util ity
system for capacity extension. Very often people's ability to pay is
underestimated; so before consideration of a free supply of water it
is essential" to examine very critically the issue of inability to pay.
It may be found that a lack of intention to pay is more important than
the inability to pay. Sometimes political pressures may be chiefly in
the interests of political gain. However in certain circumstances
subsidy to some sections of the population may become unavoidable. In
order to ensure equity and efficiency subsidy should be restricted to
the first few litres necessary for meeting the basic sanitation needs
beyond which it would be desirable to charge for the marginal cost of
supply. This would necessitate a two-part tariff structure which would
consist of a social or 'life-line' block that would be sufficient to meet
the basic needs supplied at a low price per unit quantity, and one or more
larger consumption blocks where unit prices should at least be equal to
the marginal cost of supply. It is important to point out that the purpose
of designing the increasing block .rate structure is not one of penalizing
the high-volume users but rather one of pricing most of the water at its
full marginal cost while allowing a subsidy for the first few litres on
public health and social grounds.
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CHAPTER 8
COMMUNITY PARTICIPATION IN URBAN WATER SUPPLY

8.1

WHAT IS A COMMUNITY?

To answer the question, what is a community is a hazardous task.
Hillery (1955) made a survey of books, and research articles dealing
with community research, and found 94 of them with definitions of
community. Hillery (1955: 117) made the comment:
"There is one element, however, which can be found in all of
the concepts, ... all of the definitions deal with people.
Beyond this common basis, there is no agreement".

Bell and Newby (1971) show, through a classification of selected
definitions of community based on distinguishing ideas or elements mentioned in the definitions and a number of definitions, that the situation is not as vague as is suggested by Hillery in the first instance.
Seventy, or almost three-quarters agree on the presence of area and
social interaction as necessary elements of community; but more than
three-quarters (seventy -three) agreed on the joint inclusion of social
interaction and common ties. They (Bell and Newby, 1971: 29) write:

a

"Thus
majority of definitions include, in increasing importance
for each element, the following elements of community: areas,
common ties and social interaction".

Commenting on Hillery's findings Havighurst and Jansen (1967) observe
. that the generic definition of community that emerged out of Hillery's
attempt was that of a group of people interacting sociallyand living in
a specific geographical area. Other elements appearing frequently in the
definitions examined by Hillery were self-sufficiency - the community
satisfies most of its everyday needs within its limits; common life the people do many things in common; common ends, norms and means the people share purposes, values and ways of achieving their purposes;
consciousness of being a community - awareness of the people that they
belong together .. The preceeding lines clearly bring out the features
of community (in a generic sense). In defining the nature of community
sociologists like Don Martindale put the accent on the context and quality
of interaction. In the view of Martindale (1964), the essence of a commu-
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nity is the capacity of members of a co11ectivity to act and communicate
and form a total system of social life capable of bringing them through
the ordinary problems of a single year or single life. Finally,
Sussman (1959: 1-2) has produced a particularly fine example of an
omnibus definition:
"A community is said to exist when interaction between individuals has the purpose of meetiYl{J individual needs and obtainiYl{J
group goals .... a limited geographical area is another feature
of the community .... The features of social interaction, structures for the gratification of physical, social and psychological
needs, and limited geographical area are basic to the definition
of community".

With some idea of the 'community' as developed in the preceding
paragraphs, the attention is now turned to 'community participation'.
8.2 WHAT IS COMMUNITY PARTICIPATION?
To define 'community participation' is an equally difficult task.
It is hard to find out a single clear definition of 'community participation' though it has been a fashionable expression, the virtues of
which are upheld in numerous discussions, conferences, reports or other
documents. This is, perhaps, due to the fact that there are a variety
of ways of securing community participation in different legal and
cultural environments. O'Riordian (1977: 159) writes:
"Participation takes many forms. It is a slippery concept easy
neither to define nor to execute and like 'democracy', it conjures up socially desirable connotations which can all too easily
be countermanded in practice".

In a similar vein Feachem (1980a:19) writes:
" ... community participation is a very vague and open concept
and is used to mean very different things. It often subsumes
other substantial concepts and approaches (such as 'self-help',
'self-reliance', 'user-choice', 'community involvement' and
'participatory pLanniYl{J and development') which are themselves
ill-defined. In connection with community participation, people
will often talk of 'felt needs', 'local perceptions', 'bottom-up
planniYl{J', 'motivation', 'latent development potential', 'catalytic development inputs', 'integrated development at the village
level', etc. Yet these concepts are each highly complex and
diffuse and their meaniYl{J in any particular concept is often
obscure ".
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Notwithstanding the great diversity in understanding and interpreting the term there appears to have been agreement among some
international development agencies on a working definition of community participation. According to the World Bank (1978) participation
has thre·e dimensions: involvement of all those affected in decision
making about what should be done and how; mass contribution to the
development effort, i.e. to the implementation of the decisions; and
sharing in the benefits of the programme.
In developed countries many an individual has felt that policies
on vital matters affecting community life " ... are acted upon, but with
no precise knowledge on the part of the majority of citizens as to how
these policies originated or by whom they are really sponsored. Much
is done, but much is left undone. Some of the things done appear to be
manipulated to the advantage of relatively few". (Hunter, 1963: 1).

Hence, the demand for making power both more. accountable (i.e. legitimate) and visible and the search for means for realising the demand and
hence the pressure for an expanded role for the public in planning.
The system of representative government found in many advanced
countries of the West works well when the interests can be identified,
when those affected can articulate their views and when channels of
communication are well known to the individuals involved. It fails to
be effective when it is difficult to determine precisely whose interests
would be affected and when people do not have the means or opportunities
to convey their views. "In recent years there has been a growing concern
that the public - or at least significant segments of it - has developed
an increasing feeling of alienation towards governmental decision making.
Sometimes there are no channels of communioation for the transmission
Of information or the expression of views, and even where they exist,
the publio may not know about them or they may seem ineffeotual".

(Derrick Sewell and Coppock, 1977: 1). These remarks are applicable,
one may say, with a vengeance, to the less developed countries as well.
Then, there are pragmatic considerations which planners, engineers
and politicians should not lose sight of. The failure of plans or decisions to identify public preferences correctly has resulted in the lack
of support of the public for them and in their rejection. "There are
numerous illustrations in both the urban field and in the development of
natural resouroes, notably in urban redevelopment (for example, when
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reLocation disrupts sociaL interreLationships or intensifies aLienation, as in high rise buiLdings}, the construction of highway networks, and in projects for water deveLopment, such as various reservoirs for urban water suppLy, in the United Kingdom. This faiLure
.•• has sometimes proved very costLy, in both economic and sociaL
terms. For exampLe, some $64 miUion was spent on the Spadina Expressway in Toronto before construction was finaUy haLted". (Derrick

Sewe11 and Coppock, 1977: 2). In reaction to all this, the developed
countries have witnessed a dramatic rise in the number of pressure
groups seeking to influence planning and policy making. Also, governments
and government agencies have respondedto the growing demands for more
public participation, through initiation of studies to assess the nature
and significance of the demands, the mounting of experiments to determine the relative effectiveness of various methods of involving the
public, and the enactment of legislation and the restructuring of
administration to provide for some future participation.
Also, several in-depth studies have been made to assess the
effectiveness of particular avenues of participation. Some of these
have i nc 1uded a ttempts to i nvo 1ve members of the public in the broad
issue of urban planning (Robshaw, 1969). Some attempts have examined
planning for water resources development (Bishop, 1971; Guymer, 1971;
Mac1ver, 1971; Wi11eke, 1974; Vindasius, 1974). The results of the
various studies seem, as observed by Derrick Sewe11 and Coppock (1977:
3 -5) "to indicate that no one technique is adequate and that a combination of severaL is usuaLLy required. A recent review by vindasius
(L974) shows that each technique has advantages and disadvantages
(Figure 8.1). The techniques presentZy in use incLude the foUowing:
1.

PUblic opinion poLls and other surveys;

2.
3.
4.
5.
6.
7.
8.

Referenda;
The ballot box;
PUbLic hearings;
Advocacy planning;
Letter to editors or public officiaLs;
Representations of pressure groups;
Protests and demonstrations;

9.

Court actions;
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Derrick Sewell and Coppock (1977)

10.

Public meetings;

11 .

Workshops

12.

Task forces.

01'

semina:I's;

While these might be ordered in several different ways, as listed
here they seem to indicate a gradual increase in comnitment of time
of those involved and increasing possibilities for intel'action between
Elanners and the Eublic, and hence increasing opportunities for mutual
education as to pel'spectives".

The last portion of the comment by Derrick Sewell and Coppock reflects
one of the basic tenets of the philosophy behind public participation or
community participation or community involvement in the management of
public utilities. An engineer, a technologist, a planner, a bureaucrat
- all these people may wonder as to what the lay people, the ordinary
members of the community at large have to offer to them for a proper
planning, design and implementation of a system of public utilities.
True, the lay people, particularly in the less developed region where
levels of literacy are low, will not, in all probability, be in a position to offer guidance in technical matters. Yet communication with the
ordinary people - the target population - may reveal the nature of their
conceptions of man and things, their beliefs and values, and may generate
new ideas because of their intimate knowledge of their own environment,
according to which plans and programmes may be varied so that they ultimately succeed. To introduce any innovation in areas like public health
is in a certain sense interference with the entire culture of the parti-
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cular group. The practitioners or students of technological change
should appreciate that significant change in any social institution
or phase of a culture cannot occur without accommodation in those
institutions or phases that impinge upon it, and the limits of possible
change are fixed by the extent to which these accommodations occur.
Foster (1962) illustrates this principle with an example from the
public health field, more specifically, with the facts related to
water supply. "The keystone of community environmental sanitation is"
according to Foster (1962: 15) "a potable water supply". In recent
times public health engineers in many countries have designed and
built hundreds of water supply systems in villages and small towns
previously served only by wells, streams, or lakes. Unfortunately,
Foster notes, many of these projects have failed to work efficiently;
breakdowns are frequent and repairs are slow in coming; mudholes sometimes develop around broken taps and provide a breeding ground for flies
and mosquitoes. In many areas whole systems· have fallen into disuse for
some reason or other. "These failures can be understood and some provision made to prevent them, if it is recognized that a water supply is not
simply a problem in engineering design, but rather a function of the total
way of life of a group. A successful water installation requires a whole
series Of preconditions, and if these preconditions do not exist, or
cannot be created, failure is probable. If water in quantity is to be
brought into a community, simultaneous provision must be made to carry
waste; this usually means a sewer system, or at least septic tanks or
soakage pits. Trained personnel to maintain pumps and other mechanical
components are essential; provision must be made for stocking spare parts
in case of breakdown; transportation must be such that chemicals and
other supplies will arrive regularly; an administration capable of collecting water bills or taxes is essential, the layout of water lines and outlets shouUlconform to local archiu;ct;ural- forms and be in harmony with the
social needs and desires of the people. Users must have the will to turn
water Off when it is not in use rather than to leave taps running".

(Foster, 1962: 15-16).
A public health engineer or a water supply engineer is thus required
to know the entire gamut of community needs and habits. To succeed, he
should be acquainted with the perspective of the community and let the
people get familiar with the perspective he bears, i.e. he should find
ways to promote community participation. In less developed countl'ies
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hamstrung by resource constraints the need for community involvement
in various projects of public utilities like water supply is all the
more urgent. Paucity of resources dictates that the available facilities are properly and efficiently utilized.
8.3

VARIOUS REASONS FOR

COM~'UNITY

PARTICIPATION

The success of a water supply scheme, especially in a rural or an
urban fringe area, will to a great extent depend on the activities at
the local level and on the interests the community takes in the scheme.
For a proper planning of the activities it is essential to collect background information about the community; its structure, culture, relationship amongst the members, the existing sources of·water and collection
methods and other environmental conditions, together with an insight
into perceptions, knowledge and behaviour. Collection of all these
information will largely depend on the successful initiation of a dialogue between the community and the engineers or planners. Those who
advocate community participation advance a number of reasons for it
(White, 1981):
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

With participation, more will be accomplished.
With participation, services can be provided more cheaply.
Participation has an intrinsic value for participants.
Participation is a catalyst for further development.
Participation encourages a sense of responsibility.
Participation guarantees that a felt need is involved.
Participation ensures things are done the right way.
Participation uses valuable indigenous knowledge.
Participation frees people from dependence on others'skills.
Participation makes people more conscious of the causes of their
poverty and what they can do about it.

For a fuller exposition of each of the reasons the reader is referred
to White (1981: 12-26) who has elucidated the points with the help of
examples from various sources in order to present a balanced view. It
is necessary to appreciate that all of the reasons may not be equally
valid or equally applicable to every situation.
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In the field of water supply the arguments for community participation may apply in four situations. First, the agency responsible
for water supply may itself ask for community participation in different stages of implementation of a project and the community is
willing to provide the assistance sought. Second, government may
stimulate community action by its policies seeking local community
initiative to solve its own problem of water supply. While communi~
ties are primarily to depend on their own resources, additional help
and necessary guidelines are provided by the government. Third, voluntary agencies may stimulate community action by assuring advice and
additional help where local communities are able to undertake improvements primarily depending on their own resources and initiative.
Fourth, without any stimulation from an external source, community
itself may embark on programmes aimed at solving its water supply
problem by raising and employing its own resources. This may happen
when no outside help is readily available or in rare cases when the
community is inclined to maintain its autonomy and does not like outside interference by government or other agencies. Although the four
situations differ, the essence is that the people concerned should
themselves participate in the planning and execution of the programming.
They should commit themselves to a common goal, say a better water
supply with or without outside help.
8.4

DIFFERENT FORMS OF COMMUNITY PARTICIPATION

Community participation may take different forms depending on the
type of participation and on the socio-political system of the country.
According to White (1981: 5), there may be ten forms of community participation and he lists them according to the increasing involvement of the
community members:
1.

2.
3.
4.
5.

Consultation
A financial contribution by the community
Self-help projects by groups of beneficiaries
Self-help projects involving the whole community
Community specialised workers.

)
)
)
)
)
)
)

Dominant
role of
external
agency
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6.
7.
8.
9.
10.

Mass action
Collecti ve corrmitment to behaviour change
Endogenous development
Autonomous community projects
Approaches to self-sufficiency

)
)
)
)
)
)
)

Limited rol e
of external
agency

The various forms have in fact been effectively dealt with by
White (1981) •. so they are only briefly introduced below.
8.4.1

CONSULTATION

In order that any water supply project in a community undertaken
by an external agency meets the real needs of the community and to
enlist its support in the successful planning and implementation of
the project as well as its long-term operation and maintenance. there
is a basic need to consult· the community. The dialogue should be twoway. Through consultation the community can express its felt needs and
may actively participate in the decision making process. Consultation
may be selective with existing community leaders and representatives or
may involve all sections of the community. The latter may be important
in situations where the voice of the specific sections (for example.
women or low caste groups or ethnic minorities or those at the foot
of the income ladder) of the community does not tend to be channelled
through the existing process of decision making in the community. The
fundamental objective should be to make the consultation as representative as possible.
8.4.2

A FINANCIAL CONTRIBUTION BY THE. COMMUNITY

The community may raise money from its members before or at the
time of implementation of a project and may contribute to the capital
cost of the project. It is necessary to distinguish between collective
contribution for a new facility and the contribution made by individual
households as an advance payment towards house or patio connections.
8.4.3

SELF-HELP PROJECTS BY GROUPS OF BENEFICIARIES

In some cases a specific group of local inhabitants may contribute
labour or other inputs for a project which also receives help from an
external agency. Those who contribute. would. in future. pay less for
the services than others not making any such contribution.
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8.4.4 SELF-HELP PROJECTS INVOLVING THE WHOLE COMMUNITY
This is similar to the above except that in place of a specific
group the whole community i.e. every family in the community, is to
give a contribution in the form of labour (usually) or other inputs.

8.4.5 COMMUNITY SPECIALISED WORKERS
Community takes an active part in the selection of one or more
community members for training and appointment to perform specialised
tasks for example, the operator of a community water supply. While
the training and technical supervision are carried out by the external
agency, the community has some control over the specialised workers.

8.4.6 MASS ACTION
This refers to collective work by a community in the advance of
a major input from an external agency or where the role of the external agency is very limited. Normally this kind of mass action is
organized to undertake simple and small scale activities like cleaning
up water collection points, protecting a spring, digging a well,
draining of waste water etc. However, under favourable conditions
mass action could be directed to larger projects.

8.4.7 COLLECTIVE COf.1MITMENT TO BEHAVIOUR CHANGE
Certain traditional beliefs, customs or habits deeply rooted in
the life of a community may stand in the way of achieving optimal
benefit from a water supply improvement. In such conditions if the
community takes a collective decision to change these beliefs, customs,
or habits and imposes social pressure to ensure the change, this may go
a long way in fulfilling the objectives of the improvement project and
securing better health for all members of the community.

8.4.8 ENDOGENOUS DEVELOPMENT
This refers to cases where the ideas and movements for improving
the living conditions are generated endogenously, that is, within the
community itself and without any stimulation by an external agency,
voluntary or government. The local people themselves decide what they
want and assign priorities to their requirements. The community may,
however, then approach external agencies for help in the matter of
implementation of the projects, or may even press for such help.
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8.4.9 AUTONOI·IOUS COMf1UN ITY PROJ ECTS

The community exercises its autonomy in the formulation, implementation and control of the project including financing it. The
idea is to have a full control to remove dependence on outsiders.
Dependence is regarded as offering scope for exploitation and an
autonomous community is reluctant to provide any such scope and
will defend itself against any possibilities of exploitation. The
community aims at 'self-reliance'. It may, however, depend on external resources, for example, materials or professional expertise not
available within the community, which will be paid for entirely by
the commun ity .
8.4.10 APPROACHES TO SELF-SUFFICIENCY

In this case there is a greater degree of 'self-reliance' than
in the previous case. The community uses its own manpower and materials to satisfy its needs. The projects are implemented by employing
community resources instead of either receiving them as help from outside or purchasing them after collecting funds. However, it may not
be possible to achieve this kind of absolute 'self-sufficiency' in
all cases. For example, in the case of water supply projects it is
unthinkable that each community could manufacture pipes for its own
water supply. The approach should therefore seek to maximize selfsufficiency and the application of intermediate technology principally
aimed at utilizing local resources to the greatest extent possible.
8.5

COMMUNITY PARTICIPATION;

RURAL VS URBAN AREAS

A United Nations report on community development in rural areas
has emphasized its components; community self-help and technical
assistance.
"The term 'community development' has come into international
usage to connote the process by which the efforts of the people
themselves are united with those of governmental authorities to
improve the economic, social and cultural conditions Of countries,
to integrate these communities into the life of the nation, and
to enable them to contribute fUlly to national progress. This
complex of processes is then made up of two essential elements:
the participation by the people themselves in efforts to improve
their level of living, with as much reliance as possible on their
own initiative; and the provisions of technical and other services
in ways which encourage initiative, self-help and mutual help and
make these more effective". (United Nations Department of Economic

and Social Affairs, 1960;

1).
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White (1981) states that given a national government programme,
it may generally be easier to organize community participation in
communities characterized by a greater degree of identification as
a community and solidarity among its members. There should be no
strong social and economic differences among the population and their
internal relationships should be more numerous and intense than their
relationships with outsiders. One can therefore assume that it will
be easier in rural rather than urban communities, in smaller·rather
than larger rural communities, in more isolated or remote communities,
in more settled communities with little change in population through
migration, in more subsistence-oriented rather than commercialized
communities, in communities with most families at a similar economic
level and in communities not divided between different ethnic groups
or castes. It will be smoother where factional ism is less marked or
where there are strong forms of organization or authority which command
general support. In urban areas these conditions are less likely to
prevail than in rural areas. The community tends to be heterogenous
mass, a mixture of races, ethnic and regional backgrounds, religions,
occupations, social classes, and in Asia and Africa, a mixture of
castes and tribal groups. Urban areas are often characterized by
considerable impersonal relations, conflicts of norms and values and
a lack of social cohesion. It should nevertheless be emphasised that
in many cities of the developing countries, the inhabitants of the
poorer sections of the city seem to be able to retain some degree of
traditional social cohesion. This in part explained by the common
origin of many urban migrants who tend to move to neighbourhoods where
th~y have some connections i.e. relatives, friends or simply members of
the home-community. As a result they may maintain some semblance of
former unity. However this unity may come under threat from increased
migration and from the socio-economic pressures of urban life. Thus in
general it can be suggested that the sense of community tends to be relatively weaker in urban than in rural communities. Nevertheless, despite
this difference, community development experience in rural areas has
increasingly led the experts and policy makers to consider the possibility of similar programmes in urban areas. For example, it has been
stated in a publication of the British Colonial Office that the 'techniques of community development can and should be used in urban areas
particularly because of the growing importance of the new towns in
developing countries~ (Colonial Office, 1958: 19-20). The growing
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heterogeneity of cities makes it increasingly important that
people discover a new sense of belonging and develop new loyalties.
Thus, on the one hand, dissatisfaction with the working of the
institutions operating on the principles of representative democracy
together with the increasing felt need for participatory democracy
and, on the other, the modest success experienced by rural community development projects have bred ideas, plans and programmes for
involving the populace in urban areas in matters affecting the urban
communities. In addition to vlOrk in rural community development, a
number of self-help projects in urban areas have also indicated the
feasibility of such an approach. Indigenous self-help organizations
in middle-class areas, particularly in the suburbs have been increasing
in the United States since World War 11. Since 1954 some citizen
participation in planning has also become a characteristic feature
of urban-renewal programmes. Other parts of the developed world are
engaged in similar experiments in the sphere of community participation in urban affairs. In many developing countries, viz. India,
Pakistan, Phillipines, Venezuela, Ethiopia·etc national programmes
are in existence for urban community development.
The ingredients of an urban community development programme are,
Clinard (l~66) points out, the people and their problems, the government and voluntary resources available to stimulate self-help and
urban community organizer,s to locate and develop leaders within the
people of the locality and to translate their problems in such a way
as they can be adequately interpreted by government and private agencies. In this sense, urban community development is the '~ollective
initiative of families living in the same neighboU:t'hood, and support of
their effort through services rendered to them by a higher level of
government" (Report by the Secretary General, 1961: 1). Urban commu-

nity development implies democratic action, stressing citizen participation, self-help and self-determination through group action~ in meeting
the problems created by city life. In urban community development,
people become involved in responsible action directed towards solving
mutual problems. Such citizen participation is a process through which
individual citizens have direct roles in the physical and social changes
affecting their lives. The approach assumes that a community has the
capacity to deal with its own problems.
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One writer (Groenman, 1961) has questioned the suitability of
community development for urban areas because economic action on
the neighbourhood level is a practical impossibility when people
work other than where they live. Groenman also doubts its applicability on the grounds that the neighbourhood has limited meaning for
its residents .and that the important role of government in various
spheres of urban life diminishes chances for real community development projects. It should however be emphasized that in slum areas
development can contribute substantially to the working capacity
and well-being of the population through the improvement of literacy,
employment skills and general living conditions.
Relationships among village people are widely regarded as
primarily intimate and personal, whereas city residents have far
more impersonal relationships (Clinard, 1966). On the other hand,
because urban people including slum dwellers, see social change around
them, it can be suggested that they are likely to be more emancipated
from traditional views and more inclined to accept some development
programmes than are village people. It therefore requires imagination and determination of the urban planners and policy makers to
utilize this attribute of the urban dwellers for urban development
schemes.
8.6

COMMUNITY PARTICIPATION IN WATER SUPPLY

An intensive review of the literature on participation and education in community water supply and sanitation programmes has already been
done by Van Wijk-Sijbesma (1979). She has also prepared an annotated
bibliography (Van Wijk-Sijbesma, 1979a). The fllajority of the literatures have addressed the issue in rural areas with an emphasis on
field studies illustrating the social aspects of water supply and
sanitation projects. Some studies are general in nature dealing with
the methodology of promoting health education and involving community
participation. Only a few studies are from urban areas, mainly from
urban fringes. It is apparent that there are two chief reasons for
this. First, the provision and maintenance of water supply, sanitation and other services in urban areas are, in general, carried out
by governmenta 1 or semi -governmenta 1 agenc i es ~Iho concen trate ma in ly
on physical aspects of planning. Their planning does not necessarily
involve community relations or citizen self-help.
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Second, the scope, suitability and methods of community participation
in urban development schemes are yet to be fully explored and developed. The necessity for a fuller participation of the public in
the planning process in the water supply field has been felt relatively recently in the development of water resources which involved
a score of economic, social and environmental issues and conflicting
interests of numerous interest groups (Bi s.hop, 1971.; Nacl ver, 1971;
Guymer, 1971). It should hO~lever be noted that "there is a continuous
ferment within, or at least on the periphery of, the planning profession which agitates for a broader conception of planning and looks
towards more consideration being given to the social aspects of
planning, as related both to the task objectives of planning and
to the process through which plans are formulated and decisions
reached". (vlarren, 1963: 326).

There can be no doubt if some attention is given to how to
involve the community in the management of public utilities like
water supply, it may yield rich dividends in the long run. Take for
example, the problem of wastage of water through public taps in the
towns and cities. It is a serious problem in many developing countries,
including India, even in areas with a scarcity of water. Public water
taps are the chief sources of ~Iater for drinking and other domestic
purposes in the slums or low income areas. In one survey of Delhi
in India it was revealed that one-third of the Katras had no water
taps and the water had to be carried some distance from public hydrants
(Bharat Sevak Samaj, 1958). The common water taps were shared by an
average of eight families or forty people. In bustees the situation
was even worse, with sixteen out of sixty-one bustees having no water
taps. In the remaining forty-five approximately 134 people used each
tap, with as many as 500 people using a single tap in some areas.
Water in the slums must often be carried for long distances in pots
by women much of which is wasted in the process. Filth and mud accumulate around public water taps, esther because the areas are unpaved
or because of a lack of civic responsibility among those who use the
taps. Despite acute shortages and high costs of filtered water, large
amounts of water are wasted particularly in the slums. In Delhi,
for example, as Clinard notes, an estimated thirteen million gallons
each day, or about 15 percent of the total supply, are wasted largely
through carelessness (Clinard, 1966: 86-87). Public water taps are
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either not properly turned off or are left open. They may be
plugged with rocks or with iron or wooden pegs to keep them running
constantly or the taps may be stolen. In either case, water runs
incessantly, thus cutting down on available supply and draining off
valuable municipal funds. In Calcutta some 8000 stand posts
constitute a source of serious wastage of water - about 60%, or
two to three million gallons of water flowing through these posts
is wasted, (Samaddar, 1978).
Even the most efficiently planned and constructed water supply
system will be inadequate in the face of the colossal waste of filtered water through public taps. Herein lies the importance of
community participation in the management of water supply systems.
If the planners, experts and administrators can patiently work out
means of involving people in the management of public utilities,
the people will be better served because of their more careful use
of them.
C1inard (1966: 213-214) notes that one of the most successful
self-help activities in certain slums in Delhi was providing addi"Frequently the areas had insufficient public
tional water supply.
outlets, and the residents had to carry water some distance. As it
was impossible for individual families to secure additional water
outlets, the only possible solution lay in cooperative ventures.
Numbers of vikas sabhas and vikas mandals, consequently did join
together to request additional water taps from the municipality,
indicating their willingness to assume the installation cost and
pay for the water cooperatively. Altogether thirty-seven water taps
were installed in sixteen of the thirty-one vikas mandal areas and
7234 people were able to use this additional water .
Although the existing and new water taps did furnish needed
water, they caused some additional problems in slum areas. From heavy
use for drawing water and also for bathing, the area around a tap often
became quite muddy and dirty, particularly if the area was not paved.
A fairly common self-help project was the building of cement flooring
around the water taps. In all, there were six projects of this type
affecting 1769 people.
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The organization of the vikas mandals helped to prevent theft
and damage to water taps, whioh result in muoh waste of water.
There were often hundreds of pairs of eyes watohing the faoility
instead of only that of an oooasional municipal offioial: when the
slum people had oontributed to the water tap, they were even more
proteotive. In several oases, the people themselves paid for the
rep~irs

of water taps; in one oase, 107 families benefited from
the repair. In some instanoes, water was obtained from wells, and
some self-help projeots involved the repair and improvement of
these wells".
It may be interesting to mention some personal experience of

the author regarding community participation while executing water
supply schemes in urban areas in the Calcutta Metropolitan District""
(India).
The first example relates to an area within the limits of the
Calcutta Corporation area. The residents of the Khudiram Bose Sarani
in North Calcutta had a long standing problem of acute water shortage
mainly due to the insufficient capacity of the water main feeding the
area. The pipe was laid at a time when the extent of future growth
of the area was uncertain. The area was fortunate in having a local
'Unnayan S~mity' (a private body looking after all matters relating to
the development of the area) with the residents of the area as its
members. The Samity through mass petition and repeated representations
expressed to the Corporation of Calcutta their felt need for a solution to the water supply problem. The executive members met several
times the high officials of the Corporation and the Calcutta Metropolitan Development Authority (after it was formed) in order to find an
urgent solution. Letters were sent to the editors of leading newspapers drawing the attention of all concerned. Finally the samity was
successful in getting approval to lay a higher diameter pipe line along
the main road. The area was once famous for the activities of wagonbreakers and other anti-social elements which was a cause for concern
among many contractors eligible for submitting a tender. The author
discussed the matter with the Samity when it pledged its full c09peration during the execution of the work. This was communicated to the
respective contractors. Ultimately a tender was accepted and the work
started. During the work the contractor was given by the Samity all
possible assistance in the storage of tools and petty construction
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materials. The cast iron pipes were left on the road side and
were guarded by the local boys under the instructions of the Samity.
The General-Secretary of tne Samity offered generous hospitality to
the construction team which created a congenial atmosphere for work.
Needless to say, the work was completed within the scheduled time
without any interruption. In urban areas storage as well as theft
of materials is a major problem and very often progress is curtailed
if costly materials are stolen. The above example clearly shows how
this problem can be solved with active community help. It also
shows how the existence of community organization can be helpful in
vocalising the community's felt needs.
The second example deals with another problem in urban areas,
namely availability of suitable vacant land for the construction of
headworks viz pumphouse, overhead reservoirs etc. In India, the
existing laws make provision for the early acquisition of private
land for emergency public works such as water supply. With this
law in view the consultants or designers sometimes try to find
vacant land which ~Iill satisfy all the technical requirements. They
then incorporate it into the plan without feeling any necessity to
consult the land owner or the community. This frequently creates
great difficulties at the time of execution of the project, especially
in gaining'the possession of the land. First, the owner is not inclined to part with his land though he is paid compensation. Second,
often an issue is made over why he was not consulted before selection
of the land. Also the community is angered by the lack of effort made
to canvas their views during the selection of land. It is not therefore surprising that on the day of possession of the land strong
physical resistance is shown by the land owner, who by virtue of his
wealth and position enjoys the support of a large section of the
community, Although police help may be obtained, in most cases it
becomes practically impossible to obtain physical possession of the
land without court proceedings which may be protracted. Moreover,
tension is created precluding the smooth execution of the work.
Both the contractor and supervisory staff become dispirited. A
situation similar to the above was faced by the author while executing
a fringe-area water supply scheme at Sultanpur on the North-Eastern
fri nge of the Calcutta City. The 1and ori gi na lly chosen coul d not be
acquired inmediately due to the resistance offered by the land owner.
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Two courses were open, either to persist with the initial claim
no matter how long it took, or to find a suitable alternative in
consultation with the local Anchal Panchyat and influential members
of the community.· In the interest of an early solution the author
started a dialogue with the community and the Anchal Panchayat.
After several meetings within a period of about four weeks, alternative land was chosen with the help of the Panchayat and the community. As a result, the owner was willing to sell his land in the
interests of the community and of himself as a beneficiary .. With a
hindsight it can be suggested that this situation could have been
averted if the community had been involved from the very beginning
of the planning of the scheme.
The third example relates to the introduction of a new material
with which the community was totally unfamiliar or had a misconception. This was the use of PVC pipes in a water supply project at
Garui situated very close to Sultanpur. The people in the area had
knowledge of Cast Iron pipes but they were very sceptical about the
quality of PVC pipes which Ivere unoloaded in the area. They did not
therefore allow the contractor to lay these pipes and the work was
held up. All attempts by the assistant engineer and his staff to
continue t~e work failed. The matter was finally reported to the
author. It took a long discussion with the 'Anchal Pradhan' and
other members of the Panchayat to convince them that these pipes if
laid properly had many advantages. The 'Anchal Pradhan' and his
colleagues then insisted that the author should speak to the community as a whole in view of the strength of public feeling. Accordingly
two public meetings were called, one in the evening of a weekday and
the other on a Sunday morning to allow maximum participation attendance. There was a free discussion, a patient hearing was given to all
the arguments and counter-arguments of the public and their queries
were satisfied in the best possible manner. The participants were found
happy and the \'Iork resumed. This demonst.rates the awareness of ordinary
people about changes in their environment and the necessity therefore
for proper consultation before the introduction of any new material.
Moreover, it emphasizes that occasionally dialogue is required beyond
the limits of established community organizations.
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Case studies carried out by social scientists in two urban
areas of Nicaragua and in one of the squatter settlements around
the capital city of San Salvador in El Salvador indicate that people
have their own perceptions about their needs, the availability and
quality of water, and the state of their living environment whether
good or bad for health (Elmendorf and Buckles, 1980). Most believed
water quality was good if the water looked clean and did not cause
sickness. Colour, taste and smell were important criteria which
were highly valued. People appreciated abundant water in close
proximity to the house and preferably individual house connections.
In the case of a supply by public taps households desired greater
accessibility through the placement of more taps at shorter distances. Crowding with consequent time loss in waiting, quarrels
and problems with neighbours were described as objectionable factors associated with the sharing of a public tap by many households.
The opportunity for socialising at the public water points was not
viewed favourably. As regards attitudes towards the cost of water
in two urban areas in Nicaragua opposite opinions were noted. In
one (La Fuente) the majority (83%) were not willing to pay more for
better quality water. Existing water charges in the area represen ted 1.5-2.6% of the total monthly income of the household. In the
other (~lasaya) 93% expressed wi 11 i ngness to pay more to obtain
better quality water. Water charges in the households surveyed
averaged approximately 2.5% of the monthly household income. People
who did not perceive their environment as healthy most frequently
cited reasons related to poor sanitation. In t·lasaya, for example,
the close proximity of a solid waste dumping site was cited as a
major cause. In Las Chacras, one of the marginal communities (squatter
settlements) there was a general willingness to work voluntarily in a
community project but most could not stipulate how much money they
would be able to contribute towards the project mainly because of
low incomes. In the view of the investigators it is necessary for
planners to specify in advance the amount of cash contributions to be
made by the community before the start of any project requiring a
community contribution in cash. In urban areas people expressed
their willingness to work in association with others to improve their
living conditions.
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The researchers applied several social science techniques
and methods to collect the above information and these proved to
be useful. This kind of information undoubtedly provides a
valuable social input to the planning and design of culturally
acceptable water supply schemes and to the assessment of the type
and extent of community participation that may be expected in
urban areas or marginal communities. Such perception and attitude
studies provide unique scope for establishing a rapport with the
community while people themselves gain an opportunity to be involved in the decision making concerning the changes in public utility
services that are likely to occur in their area.
The importance of public participation in controlling the wastage from public taps in cities has already been mentioned. An
effective community education programme can achieve a lot towards
the conservation of water at the household level. Very few water
supply agencies especially in the developing countries feel the
necessity for informing people about the value of water as a scarce
resource and the advantages of conserving water. People are not aware
of how the water rates are fixed and the courses of action they can
take in order to keep the cost of water down. There is almost always
a lack of mutual understanding of the needs and problems of the
utility as' well as those of the customer chiefly due to a communication gap. While the efficiency of public utilities can be greatly
improved by an effective public relations programme, the following
experience indicates the benefit of educating people and involving
them in programmes of water conservation. In describing a water
saving and waste reduction programme embarked upon to reduce the
volume of sewage flow to the overloaded treatment facility in the
Cabin John, r~aryland area of the United States, Brigham (1973)
writes:
"Preliminary work began in 1970 with the development of customer
flyers and pUblicity shorts on the value of conserving water
to reduce waste and customer biUs. The early, Zow.,-budget
efforts were so well received, a comprehensive water-saving
and waste-reduction program was adopted by the commission in
the fall of 1971 •••
The apparent resuZt has been the direct involvement of the
Commission's water and sewer customer population of almost
1.3 million in the bi-county Suburban Maryland Area adjacent
to the Nation's capital ....
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As an initial effort, theWSSC conducted a customer "htlter
Saving Idea Contest", which yielded more than a thousand
entries and produced conservation suggestions that ranged
from the old 'Bathe with a friend' routine to a variety of
thoughts on the 'brick-in-the toilet' approach to reducing
the amount of 'per flush' water. In between, there were
scores of excellent suggestions, which were organized into
a WSSC Water-Saving and Waste Reduction Handbook ... 'It's
Up to You' ... and distributed by direct mail to the
Commission's more than 220,000 customer services .•. another
similar Handbook was specially designed for apartment developments and distributed to an additional 150,000 customer units
through propertymanagers.
The response to the Handbooks was tremendous with a 99 and
44/100 percent 'pure' positive feedback from customers who
expressed an interest in being invited to become personally
involved in the conservation program. Dads reported they were
cutting the shower time of their teenaged sons and daughters
from 20 minutes to five minutes, housewives said they were
building a fire under their husbands to repair leaking faucets
and toilets, and whole families announced they were brushing
teeth with the water turned off".

These initial efforts \~ere subsequently reinforced by (i) watersaving workshops, (ii) slide-speaker programme (iii) preparation and
distribution of "WSSC Water-Saving Fixture List', (iv) Television and
Radio Public Service Spot Announcements featuring the WSSC's "I Save
Water" theme, (v) continuous news-publicity programme, (vi) a special
test progr~mme for checking out the performance of retrofitted water
conservation appliances in existing households, (vii) changing the
utility's plumbing code making water-saving fixtures mandatory for
new installations and replacements, and (viii) development of a range
of community relations aid on water-saving including bumper stickers
(Reduce Waste - Use Water Wisely), "I Save Water" T-shirts etc.
Later under a "Bottle-Leak Detection Kit" programme, "Bottle-Kit"
containing three plastic quart bottles for putting in a water closet
flushing cistern to reduce flush volumes and two dye pills for leak
detection in toilets were distributed to all households including
apartment units.
As a result of these efforts the daily per capita water use
dropped from 101.6 US gallons to 97 U~ gallons and the net minimum saving
was 5.4 million US gallons per day on the WSSC system. This change
represented a 4.42 percent reduction from the minimum projected average
daily consumption of 122.2 mgd that would otherwise occur without the
water-saving and waste reduction program. This had a corresponding
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effect on the waste water flow reduction as well. Although the
reduction in consumption was moderate, it should not be forgotten
that this reduction was achieved voluntarily.
The effect of further distribution of shower control insert
devices in order to reduce shower flow in households to 3 US gallons
per minute is yet to be evaluated. With a view to sustaining the
gains already achieved there was a continuous ferment of new ideas
towards the conservation of water. The sponsorship of a Water-Saving
and Waste Reduction Poster Contest, the formation of a WSSC Hater
Conservation Club, the production of a documentary film on watersaving and waste reduction and the publication of a second handbook
entitled "Keeping the Garden Green" providing information on water
conservation applied to lawn and garden care are among the new
ideas.
The above is a classic example of involving a whole community
in a water conservation programme. Certainly the community has
become more knowledgeable and more conscious of the value of conserv·ing water at the household level. The use of some of the ideas with
necessary modifications in the developing countries will not only
help in reducing the wastage of water and checking the undue growth
in water demand, but will also be effective in building up a close
relationship between the common people and the water agencies. It
will create a civic consciousness and will open channels of communication between the public and utility organization, which is really
important.
It is frequently stated that residents in cities, particularly
in cities in the less developed countries in the third world, do not
even care to report to the authorities in case of a failure in the
supply of civic amenities. They seem to be callous and this callousness is the feature not only of the poor or semi-literate urbanite
but also of the so-called educated citizens. To propose citizens'
participation or community participation in the management of public
utilities would, under the circumstances, be an idletalk. There are
facts indeed to breed this kind of pessimism. One may, for example,
refer to the findings of a survey carried out in urban Delhi (Misra
and Sarma, 1979). It is observed by the field investigators that
out of 442 people, who drew water, 342 (77.38%) reported that they
experienced breakdowns in the supply with the breakdowns occurring
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more in the Summer.

What do the people do in such cases?

'~s

for any difficu~ty with regard to regu~ar water supp~y
out of 442 respondents drawing municipa~ water, 354 (80.09%)
have stated that they do not approach anyone in this regard
and 55 (12.44%) have stated that they lodge comp~aints with
the corporation in writing. Nine respondents have stated that
they approached the fault repair office in person, 2 through
a p~wnber, 6 through a ward Councillor and 16 approached
officia~s of the Water Supp~y Undertaking, direcUy"

(Misra and Sarma, 1979: 140).
The practice of making formal complaints to the authorities is
relatively uncommon in the urban centres of the developing countries.
This may be regarded as a low level of civic consciousness. But one
should take account of what response the citizens get or expect to get
from the authorities as indicated below:
"We asked the respondents about the type of comp~aints regarding
water supp~y which their ~oca~ association had made during the
recent years. These comp~aints were reported to be regarding:
i)
ii)
iii)

No water supp~y
Inadequate water supp~y or ~ow pressure
Demand for some more pub~ic standposts inc~uding hand pumps

ivY PUrification of water
v) Permanent connection
vi) Sewerage system
These complaints were redressed main~y to PRO, Ministry of
Works and Housing, Lt Governor and Press. The resu~ts were
disappointing in a ~arge nwnber of cases (35 out of a total
respondent of 41) as nothing happened to the representation.
Three cases stated that their local association cou~ get the
required service to some extent. The remaining respondents
had no know~edge in this regard.
When asked about
or improving the
dents out of 506
not bothered and
(I~isra

the attitude of the authorities to providing
water supp~y in their ~oca~ity, 23 responstated that the concerned authorities were
42 stated that they were indifferent"

and Sarma, 1979: 140).
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If the complaints are not redressed or remain unattended to,
the complainants will, naturally, despair. The sense of fatalism
which tends to exist among the poor population in the developing
world tends to be more entrenched as a result. If public apathy
of the citizens in the less developed countries to civic matters
is proverbial, the indifference of the policy makers, engineers and
officials responsible for administering public utilities in these
countries is equally proverbial.
Speaking of conditions in India Bhattacharya (1976: 208) observes:
The administration treats the citizen as inert objects or automations that would accept anything thrust on them. Our biZUng
system tells us about the amount to be paid, but explains little
how the amount has been reached. We ask the citizen to pay
rates, but do not bother to tell him how the money is being spent
and on what. Civic plans and development are hardly based on what
the people really want ... Through different communication media
like radio, television, leaflets, brochures, journals, meetings
and group discussions, the citizens need to be informed about the
civic problems plans and developments.

Imaginative handling of the communications media might yield
important results by fostering civic consciousness, since an informed
citizen can alone prove a conscious citizen.
The studies on water and health (see Chapter 3) have raised an
important area of community participation, namely, its health education
component. The primary benefit that is sought from investments in water
supply is improved health. Empirical evidence shows that this benefit
may not be achieved if there is a lack of hygienic sense and a lack of
awareness of the significance of improved water supply to public health
among the beneficiaries. It has often been suggested that an integration
of a health education programme ~Iith the provision of water supply would
be an ideal approach for attaining a reasonable level of health (for
details see Chapter,3). Such an approach would require a great effort
to educate the public mainly in the low income communities of urban
areas who normally have a low level of general education and special
attention should be paid to the mothers and the school children. This
educational programme should chiefly include the fol1o~ling aspects:
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i) a preliminary knowledge regarding the spread of disease and in
particular the habits or practices which encourage the spread
of disease.
ii) how to make correct use of the newly provided facilities and the
adverse effects if not used properly; the economic value of the
facil ities.
iii) the benefit of using water for personal and domestic hygiene
iv) necessity of proper operation and maintenance of the facilities
and what actions should be taken if there is any breakdown.
v) the importance of community hygiene and the utility of maintaining
clean surroundings.
vi) action to be taken in the case of epidemics of water-borne diseases.
v) the benefit of avoiding polluted sources of water and the importance of preventing contamination of water, e.g. proper storage of
drinking water; instructing children not to defaecate on exposed
service pipes etc.
vi) the need for emptying stagnant water in pots and jars around
houses to avoid the breeding of vectors of human disease.
A key question in community water supply and sanitation work is the
degree of preparedness of a given community to undertake all that is
implied by participation. Isely (1981) points out that there may be
varying degrees of readiness and a systematic and continuous assessment
of community readiness for participation in water supply and santitation
projects is essential to provide a basis for a rational allocation of
national resources, and to guide field workers in appropriate interventions of both a technical and organizational nature.
On the other hand some degree of preparedness is necessary on the
part of the agency seeking community participation. One should not
expect that greater public participation will always result in greater
harmony and more willing acceptance of plans prepared by the agency .
. As poi nted out by Wengert (1971):
"It is probably axioTrrltic that while clientele and other support
groups often took their cues trom the agencies, the larger public
once it gets involved, will more often than not challenge agency
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proposals. It is thus imperative not only to urge greater.
participation, but also to develop institutions for conflict
resolution in the planning process".

He has quoted Hill (1970) to show some of the difficulties faced
by government planners. The quotation runs as follows:
"The truth is that the public or particular segments of it
fail to see things the way the expert- or administrator sees
them ...
Given some freedom to choose, the public simply cannot be
expected to react uniformly to any given set of alternatives.
Some segments will react positively and others negatively.
Some will not react at all".

8.7

COM~lUNITY

PARTICIPATION INVOLVES COST

Various forms of public participation suit different situations
and have thei r respective advantages- and di sadvantages. "A 11 methods of
public participation involve a cost, both directly in specific expenditure on the holding of meetings, the preparation, distribution and
analysis of questionnaires and the like, and indirectly as opportunity
costs in relation to the time of officials and ministers, and as costs
that may result from delays in making decisions. There may, of course,
be corresponding benefits, for example, in savings through the avoidance
of conflict and the need for public inquiries; there may also be gains
in higher levels of satisfaction, in the consideration of a wider range
of alternatives and possibly in better final decisions, though none of
these can easily be quanti fied" (Coppock, 1977: 207). In 'A Planner's
Guide' the World Bank also point out that failure to involve the community for ~Ihich the benefit is intended will almost certainly result in
the failure of the project. They give the example where sustained
government efforts to impose latrines on a Central American vi llage
had a success rate of only 11 per cent. They cite another example in
contrast with the first one. T~/O villages in the same country responded
to their own leaders with such enthusiasm that 65 and 85 percent of the
villagers now use self-built latrines. It is further mentioned that
both an East Asian and a West African city spent considerable sums to
construct sewers that remain largely unused because the intended beneficiaries have chosen not to connect to them (Kalbermatten, et al,
1980) .
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8.8

SU~l~lARY

AND EVALUATION

The usefulness of community participation in development projects
has been emphasized on a number of occasions. In some countries Acts
exist which aim at greater participation of the public in the planning
process. For example, the British Town and Country Planning Act, 1968
actually provides the citizen with a statutory guarantee (Committee on
Public Participation in Planning, 1969: 3):
" ... that he must be given information about a given situation
and an opportunity to make the views known to his local planning
authority. The authority must then consider them".
It is now

believed that some degree of community participation is one of the most desirable components of any water supply or
sanitation programme. Studies investigating the widespread failure of
community water supply and sanitation programmes in developing countries
from the point of view .of long-term successful operation and usage hint
at the need to study carefully the perceptions and attitudes of the
people towards programmes in their socio-cultural mileu. It is often
stressed that in addition to technical and financial considerations
the socio-cultural factors should also guide the choice of technology.
Direct involvement of the target population in decision making over what
should be done and how, in the implementation of the decision, in matters
of operation and maintenance and in the evaluation of benefits can provide
some guarantee of the long-term success of a project. In addition there
may be several other reasons for soliciting community participation.
Experimentation with community participation reveals that participation
may take different forms largely depending on the objectives and circumstances. It is envisaged that it would be easier to organize community
participation in smaller.,and isolated rural areas with a greater degree
of i dent i ty . as a communi ty and marked by a more intense sol i darity among
its members than in urban communities which are mostly characterized by
considerable impersonal relations and a lack of social cohesion. Moreover, the important role of government in va ri ous spheres of urban 1ife
is believed to diminish the chances of success of the kinds of community
development projects which are encountered in rural areas. Nevertheless,
some citizen participation in planning has become a characteristic of .
urban-renewal programmes in many countries. Dissatisfaction with the
working of the institutions operating onthe principles of representative
democracy have created a felt need for participatory democracy and the
~lidely
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modest success experienced by rural community development projects
have bred ideas, plans and programmes for involving the populace in
urban areas in matters concerning the civic life. Already the success
of a number of self-help projects in low-income urban communities
have indicated the feasibility of such an approach.
Although it is not possible to provide a simple recipe for
eliciting popular participation in the management of public utilities
like water supply which will suit every situation, the illustrations
given in the preceeding sections show a wide range of possibilities.
Special attention is drawn to the importance of enlisting active
participation of the community in reducing the wastage of water at
the communal and household levels as well as in the conservation of
water at the household level. While millions of people in urban areas
of developing :countries are without reasonable access to safe water
millions of gallons of filtered water are wasted daily through public
standposts. A programme which induces a community to prevent this
wastage will certainly assist in spreading the facility to larger
numbers of people in the future. Similarly by providing detailed information about the importance of water as a scarce resource and the cost
of supplying safe water there is a need to arouse a civic consciousness
regarding the benefits of conserving water among individual households.
It should be explained that by the use of many devices which are inexpensive and easy to install a saving of water is possible without running
the risk of a health hazard or without much sacrifirie of comfort and
satisfaction. Attention is also given to the importance of the health
education component of community participation· The usefuleness of
,)(
creating an awarenes~ especially among people with a low level of
education, of the significance of improved water supply to public
health and how to make the best use of available water for maintaining
good personal and community hygiene cannot be overemphasized. Past
experience suggests that it should be an integral part of a community
water supply programme.
Finally, on the part of the engineers, planners and administrators
it no doubt requires considerable flexibility and commitment to be
amenable to suggestions by others· - especially the service population.
However an effective two-way dialogue with the community must surely
contribute to finding the right solution to a complex problem. Citizens
may generate useful inputs to the planning process. Instead of government
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or other agency officials drawing up alternatives alone derived in
part from the findings of a survey of people's attitudes, people
themselves should be given an opportunity to propose their own ideas.
The value which the population attaches to an improvement in quantity
and/or quality of its drinking water is very important. A region and
its problems are known intimately to its inhabitants in ways which
differ from the expert's knowledge. A local population can be
amazingly inventive concerning improvements in their own environment.
What is most needed is perhaps to create a distinct line of communi cati on between community and admi ni strati-ve. machi nery so tha t c redi bil ity
and rapport are built into the communication process itself. Often
imaginative ideas are required to induce community participation in
the management of public utilities like water supply. Nevertheless
such involvement is required in the interests of achieving optimal
use of such scarce resources in developing countries. As a result it
is necessary to recognize not only the importance of a community's own
perception of its needs and the nature of the process thro~gh which
that perception emerges, but also to acquire a knowledge of the
community's communication pattern by which innovative ideas or new
programmes are adopted.
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CHAPTER
CONCLUSIONS AND

9

RECor~MENDATI ONS

While some summary evaluations have been made in the course of
individual chapters,. it is felt appropriate at this stage to draw
together the critical comments and evaluations already made and in
the light of them to make some recommendations which may be useful
for planning purposes.
9.1

MAIN FINDINGS

1.

The demand for domestic water is a dynamic event which changes
over space and time. An idealized model represents domestic water
use as a function of twenty-three economic, physical, social, technological, geographical, cultural and religious factors. Collective
evidence from past studies indicates the significance of all factors
though the impact of religion has hardly been studied. However,
looking at the studies individually it appears that the approaches
so far made have been on a piece-meal basis. The issue of domestic
water use has not been conceived in its complete entity until now.
The economic variables,price and income, have received priorities
chiefly in order to find out the customers' reactions to changes
in water price or in their income. Because of its comprehensive
nature any field study based on the present model is likely to provide all kinds of information related to domestic water use and to
explain much of the variations in per capita water consumption hitherto remaining unexplained.

2.

Based "on the available studies several parameters appear to have
greater influence than others. These include family size, price of
water, income, accessibility, technology of plumbing fixtures, lot
size, education, water use habits, metering and climate. However,
the inter-relationships of twenty-three parameters appearing in the
model and their relative importance would vary from one environmental
setting to another, depending on the available conditions. Consequentl)
the findings of a study in one area cannot be directly applied elsewhere. This emphasises the need to carry out domestic water-use
studies for individual areas in order to make a rational prediction
of domestic water demands.
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3.

Guidelines are provided that would be useful for undertaking field
surveys. Suggestions are also given for the analysis of data in
order to build up a residential water demand model which can be
used for predicting future water demands in collaboration with the
demographic data. Projections of per capita water demands based
on the model should also be verified for their adequacy from health
considerations before they are applied in practice.

4.

The most common basis for advocating investments in water supply
projects is that improvements in public health will result.
Although it is generally agreed that a good water supply and good
public health standards tend to go hand in hand, it is essential
as Bradley (1971) has pointed out, "to distinguish cZear~y be-tween
what is known with assurance about the effects of changing supp~ies
upon diseases, and what is uncertain or specuZative". Indeed, the

relationship between water and health is a complex one. A review
of forty-four case studies on water and/or sanitation and health
carried out both in the developed and developing countries fails to
provide firm guidelines about the minimum satisfactory quantity and
quality of ' domestic water supply calling upon more specific research to improve our knowledge.
5.

Studies dealing with cholera and typhoid highlight the importance
of the bacteriological quality of water in controlling these classical water-borne diseases. In addition many other references relate
epidemic outbreaks of cholera and typhoid to the faecal pollution of
drinking water. So any water improvement aiming at prevention of
these diseases should improve the bacteriological quality of drinking
water. On the other hand studies which investigated the inter-relationship of water and the infections of eye and skin have implied an
inverse relationship between per person water use and the prevalence
or incidence of these infections. This emphasises the classification
of these diseases as 'water-washed' diseases. These diseases are in
part diseases of personal hygiene so their occurrence is likely to be
greatly reduced with the greater availability of water for personal
cleanliness. However, the quantity of water that is required ,before
any improvement occurs is still largely unknown. This is also partially true with parasitic infections caused by protozoa and helminths.
The relationship between water and diarrhoeal diseases appears to be .
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really complicated in view of the conflitting evidence. Literature indicates that diarrhoeal diseases may be both water-borne
and water-washed. A number of studies have attached increased
importance to the greater availability of water in reducing the
incidence of diarrhoeal diseases. Other things being equal,
families with a water tap inside the house tend to have lower
infection rates than those with a tap located close to the house
and the infection rates tend to be the highest in families carrying
water from sources further away. Diarrhoea associated with Shige~la
spp, which constitutes a large proportion of diarrhoeal diseases and
is the major cause of mortality in children in the developing countries, appears to be particularly prone to reduction when the supply
of water is made readily accessible. It is indicated by a few studies that ready availability of water, good hygiene and good sanitation are of crucial importance in diarrhoeal diseases control whereas
water quality may not always be such an. important factor. By contrast
association of better quality water with lower rates of diarrhoeal
diseases in many investigations signifies the importance of water
quality. Case stUdies dealing with schistosomiasis indicate that
it is very important that the supply of water should be adequate
and reliable in order to obviate the necessity of going to the infected surface water sources even for non-drinking purposes.
6.

Overall past studies on the relationship between water and health do
not allow more than some conclusions of a very general nature to be
drawn regarding water quantity and water quality. Water should be
available in adequate quantities in order to satisfy all hygienic
practices. The supply should be such that people are not forced into
a situation where dependence on unsafe sources of water becomes
inevitable. Health benefits are significant with house connections.
In areas where cholera is endemic or oubtreaks of typhoid are
frequent, water quality is of great importance. In communities
where these diseases are of rare occurrence, the diarrhoeal diseases
are primarily water-washed, and the infections of skin and eye, or
schistosomiasis are largely prevalent greater emphasis should be
given to water quantity than water quality. The above conclusions
are of practical importance to the designer of a water supply system
because his decision on ~Iater quality and quantity may be influenced
by the diseases prevalent in that particular area. For example, in

313

the latter case as a first stage improvement in the availability
of water may be more beneficial than trying to improve the bacteriological quality of water to the International Standards
recommended by the World Health Organization (1971).
7.

Hany of the case studies carried out parallel investigation of
the impact of other factors. On the basis of their evidence it
can be said that water supply alone may not produce the desired
improvements in health. Other important inputs are safe disposal
of excreta, proper nutrition and health education. This has great
policy implications for the developing countries.

8.

It is apparent that the physical parameters of domestic water
quality such as turbidity, colour, odour, taste and temperature
are subjective characteristics. As a rule people accept the appearance of the water supply to which they are accustomed. Their
perception about quality is, therefore; a matter of consideration.
The ultimate criterion as regards the physical parameters should be
whether the water is as reasonably clear and free from objectionable
colour, odour and taste as circumstances permit and whether it would
be acceptable to the public who have to drink it.

9.

Evidence from the literature suggests that although certain chemicals
may be toxic when present in excessive concentrations, severe outbreaks of water-borne diseases due to chemical contaminants are of
extremely rare occurrence. Some' sporadic cases of death or poisoning
which are documented in the literature were chiefly due to accidental
pollution of drinking water. The chemicals which were mainly involved are arsenic, cadmium, copper, lead and manganese.
Lack or excess of certain chemicals have been epidemiologically related to some endemic diseases. Drinking water containing less than
2-3 ~g/l of iodine has been reported to be associated with goitre.
Adding iodine to water as a preventive measure was not however found
to be economic in New York, USA and was discontinued in favour of
iodine salts as a better means of protection against iodine deficiency
and goitre. Fluoride in water less than 0.5 mg/l promotes dental
caries in children, whereas concentrations from 8 mg/l to 20 mg/l
have been reported to be associated with bone damage and dental
mottling is severe at a concentration of 14 mg/l. It appears that
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fluoride in concentrations up to 3 mg/l, which is higher than
the allowable limits set by the World Health Organization (1971)
can be accepted since no skeletal fluorisis has been observed at
this concentration and mottlin9 of teeth is also reported to be
very mild. Iron deficiency in women especially during the period
of active child bearing and during pregnancy and in infants between 4 and 24 months in economically underprivileged groups in
developing countries is very common. In view of that and due to
the fact that there is little likelihood of toxicity from iron in
natural water, an iron content of 2 mg/l in drinking water, which
is twice the upper limit set by the World Health Organization (1971),
may be allowed in the developing countries and people may be made
aware of the health benefits. Based on the documentary evidence
from the published literature it appears that the problem of nitrate
in drinking water is over-stated. World-wide only two thousand cases
of methamoglobinaemia have been reported with a mortality of about
eight percent. The cases were chiefly associated with bottle-fed
babies in the developed countries. In most developing countries
breast-feeding is common in infants less than six months and especially 12 weeks old who are particularly susceptible, so nitrate
per se in water may be of less concern. Probably this may be a
reason.why in India no cases of methaemoglobinaemia were reported
even when the nitrate concentration in water exceeded 100 mg/l.
On the contrary faecal pollution that may be associated with nitrate
in water might be of more concern. Much more research is needed to
firmly establish the relationship between nitrate levels in drinking
water and human cancer rates.
Hard water has had no demonstrably harmful health effects. On the
contrary the preponderance of reported evidence based on ecological
epidemiological studies reflects almost a consistent trend of statistically significant inverse correlations:between the hardness of
drinking water and the incidence of cardiovascular diseases. In the
circumstances the practice of indiscriminately softening water for
practical and aesthetic reasons needs to be reconsidered.
Currently there is a growing recognition that the contribution of
drinking water to mineral nutrition in humans is essential in a
·balanced appraisal of drinking water quality. Evidence is available
from the European countries and the United States which shows that
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the normal intake of water can serve as a source of the body's
daily needs for a number of minerals that have specific effects
on health. Unfortunately literature is lacking from the developing countries providing information of this kind. It is
certainly an important area of research in the light of the fact
that the want of proper nutrition is one of the important causes
of deficiency diseases in the developing countries.
10.

Since biological pollution is almost ubiquitous in the developing
countries and water-borne diseases constitute a large factor in
the morbidity and mortality of the population the bacteriological
quality of water is of far greater importance than any other water
quality parameters in the developing countries. When water supply
is from polluted surface sources requiring full treatment including
chlorination the aim should always be to maintain the standards
of zero coliform and zero faecal coliform per 100 m1 as set by the
World Health Organization (1971). But for untreated water supplies
the limit of zero faecal coliform and three co1iforms per 100 m1 as
set by the World Health Organization appears to be too stringent.
For several reasons in the developing countries a more flexible
approach in standards for untreated. supplies from selected sources
would be to allow up to 10 E.Coli per 100 m1 as an intermediate
objective, the ultimate aim being to disinfect all the urban water
supplies when resources permit.

11.

Present concern about organic micropo11utants and viruses in drinking
water may be justified in the industrialized countries which have
largely solved the problem of supplying a good quality water to
their popu1ation,:but they are certainly of minor importance in
the developing countries where a vast majority of the population
does not have access to .\~ater of a reasonable quality, let alone
the quality of water presently enjoyed by the population in the
developed countries. Furthermore advanced scientific instruments
and laboratory facilities that are necessary to carry out the regular examination of water for the presence of micro-organic~ and
viruses would be beyond the reach of most of the developing countries
in the foreseeable future. The above comments however do not preclude
pursuing any research in these topics by any developing country which
has the required facilities.
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12.

In the developing countries greater stress should be given to
the choice of water sources than treatment. Where groundwater,
especially from deep aquifers is available and economically
extractable full use should be made of this source because this
water would mostly be free from disease causing organisms and thus
biologically safe. The use of surface water should be considered
after all possibilities of using groundwater have been ruled out.
Regrettably there is a tendency in the developing countries to.
build ?pectacu1ar surface water collection schemes with complete
treatment facilities without thoroughly investigating the feasibility of using the groundwater sources. In view of multiple
resource constraints viz. capital, technical manpower etc. low
technology treatment methods such as plain sedimentation and
storage and slow sand filtration should receive priority in the
developing countries.

13.

A review of available statistics shows large scale inconsistencies
in the provision of basic civic amenities such as domestic water
supply. Data published by the l~or1d Health Organization (1973c) on
the per capita .drinking water consumption show a range of 2 litres
to 1820 litres per day in urban areas of the developing countries.
Very high as well as very low consumption figures in many countries
point to a general lack of rationality employed in the design of
domestic water supply schemes in the developing countries. This is
also an indication of the widespread ma1distribution of scarce resources in the provision of domestic water supply and is surely an area
which needs serious rethinking.

14.

For rational determination of the quantit}es of water to be supplied
per person per day, it is necessary to have a clear idea of the
use of water by households for different water using activities.
A postal questionnaire survey primarily designed to collect tris
information from the developing countries, received a·very poor
response. The inability of most of the respondents to furnish
detailed domestic water use patterns indicates a poor state of
knowledge in this vitally important area and partly explains the
reason for inconsistencies in the per capita water consumption
figures. Needless to say, there is a need to reconsider the methods
that are usually employed in the developing countries for demand
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forecasting in order to make provision of domestic water supplies
on a more rational basis.
15.

A survey of domestic water use by an Asian family in Great Britain
shows the feasibility of the 'diary technique' as proposed in
the thesis in determining the use of water for various components
of household water use with the help of a single water meter.
Based on the 182 days' recor-ds the mean per person consumption
of water was found to be 72.07 litres per day. However, with an
increased frequency of bathing as may be expected in_ tropical
climates, the consumption of water by an adult living in a house
with similar multitap facilities and cistern-flush toilets (assuming an average of 4 flushes/day) is estimated to be 92 litres per
day. This compares very favourably with the observed per capita
consumption figures of 86 and 89 litres per day in urban families
with multitap facilities in the Middle East and Nigeria respectively. If pour-flush toilets, which are very popular in the
Indian sub-continent and the Far East are used in place of cisternflush toilets, a conservative estimate of the per capita use of
water would be 62.4 litres per day. This is very close t060 litres
per person per day beyond which no appreciable improvements in
health with increasing water use was observed during a study carried
out in-the town of Elobeid, Sudan.

16.

During the 1ast few years a lot of research has been carried out
chiefly in the industrialized countries on the reduction of domestic water use by the application of certain economy measures. The
developing countries may gain a lot from the results of this research
by adopting some of the ideas. In particular, low-volume cisternflush toilets, flow limiting shower heads and spray taps hold a
promise of a substantial reduction in domestic water use by the
appropri ate cl asses of users. r~andatory use of some of these
fittings (if they can be made available locally) in the new housing
constructions and the possibilities of their retrofitting in the old
houses should be given careful consideration by the water authorities
in the developing countries. The use of a mug in the bathroom and
kitchen as very often encountered in the developing countries,
offers a simple way of conserving water and should always be encouraged to minimise the use of running taps.
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17.

As already point out the developing countries are a good example
of gross inequities in the distribution of domesti~ water supplies.
How can 'one justify the high volume water uses for luxury by specific sections of the community when millions of unserved people are
to rely on minimal quantities from unimproved sources? This is
more deplorable where the state has to subsidize the water supply thus
creating a regressive form of income redistribution from the poor,
who have no piped water, to the rich. Any attempts to reverse this
trend should be welcome. Metering of domestic water supplies and
adopting a suitable pricing policy are useful tools which can
restrict the high volume uses and induceadiscipline in the use
of water.

18.

Evidence from the literature suggests that a long term reduction
in residential water use is possible with domestic metering.
Under metered conditions households take positive actions to
repair leakages and to prevent wastage. They become water conscious
and try to use water more economically than in the case of unmetered
supplies. External uses are more regulated than the internal ones.
Past experience indicates that reductions of up to forty percent
are possible following the installation of meters and introduction
of a unit price charging system. Despite suspicions raised about
the adverse effect of metering, there is little evidence which
supports the fear that metering can reduce the household consumption of water to a level which may be prejudicial to health. The
other major advantage of metering is that it makes water authorities more aware of the utilization of water after it has left the
production unit. This may ultimately influence them to investigate
the leakages in the distribution system and to initiate corrective
measures within economic limits. Thus metering would allow redistribution of water between waste and useful consumption. Nevertheless a decision to meter domestic water supplies should be based
on a sound cost-benefit analysis. The issues involved in examining
the costs and benefits of metering have been adequately discussed
to facilitate a meaningful cost-benefit analysis.

19.

Once meters are installed, price can be used as a redistributing
device. Needless to point out, metering alone will have little
result if the price set is not designed to curb undue consumption.
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Domestic metering and proper water pricing together can hold down
the overall consumption and the 'need for capacity extension. If
the reduction in consumption particularly by the high volume
users is great it may even result in surplus capacity of the
existing supplies which can be redistributed to the needy sections
of population. Various water-rate structures examined show that any
unit price scheme in place of a flat-rate can equitably return
adequate revenue while facilitating water conservation and efficiency, providing the unit price reflects the true cost for that
service. Evidence suggests that maximum water conservation will
be achieved if an increasing block rate schedule is used. As a
goal, the pricing scheme should follow the particular long run or
average incremental cost function for the utility system. Achieving multiple objectives which include providing a reasonable access
to safe water for all and redistribution of income adds a new dimension of complexity in pricing urban water supplies in the developing
countries. There would often be a strong socio-political pressure
for a free supply of water to those dependent on communal'water
points chiefly on the grounds of basic human need and inability
of the users to pay. There is a lack of recognition among the
proponents of free water supply of the fact that besides a loss of
revenu~, a free supply of water may be a perennial source of water
wastage. Very often people's ability to pay is underestimated.
It becomes apparent when one looks at people's private expenditure
when they have to buy water from water vendors in areas where no
other water supply is available.
20.

In certain circumstances a subsidy to some sections of population
may become unavoidable. In order to ensure equity and efficiency
subsidy should be restricted to the first few litres necessary for
meeting the basic sanitation needs beyond which it would be desirable
to charge for the marginal cost of supplY. This would necessitate a
two-part tariff structure which would consist of a social or lifeline block that would suffice the basic needs supplied at a low
price per unit quantity and one or more consumption blocks where
unit prices should be at least equal to the marginal costs of
'supply.
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21.

It is now widely held that some degree of community participation
is one of the most desirable components of any water supply or
sanitation project. Lessons obtained from the failures of community water supply and sanitation programmes in the developing
countries indicate the need to study carefully the perception and
attitudes of the people towards these programmes in their sociocultural mi1eu. Empirical evidence suggests that people have
;<
their own perceptions of water quantity and quality. It is
possible to know by consultation with the target population their
intention and capacity to pay for any water improvement which may
be helpful for the designer to decide the levels of servic~.
People can also contribute to the successful execution of projects
in many ways. Experience shows that involving the community in the
planning and design stage can prove to be very beneficial at the
later stages of the project.

22.

In the face of rapid growth in urban population of developing
countries, scarcity of resources especially finance and skilled
manpower, and increasing costs of water supply and waste disposal
elimination of wastage of water by all means assumes greater importance than ever. On the other hand any water conservation programme
must enlist active popular participation for its success. A programme-which induces a community to prevent colossal wastage of
water through public standpipes will certainly assist in spreading
the facility to the larger numbers of people. Similarly by providing detailed information about the importance of water as a scarce
resource and the cost of supplying safe water, people can be made
aware of the benefits of conserving water at the household level by
preventing wastage through leakages and carelessness and by using
suitable water saving devices.

23.

An appraisal of the need for community participation is not an end
in itself. Innovative ideas and research on how to involve the
community in urban water supply schemes have ever increasing impor-.
tance. It is essential to recognize that communicating with the
community is a two-way process. On the part of engineers, planners
and administrators it would require considerable flexibility and
commitment to be amenable to suggestions by the service population.
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9.2

POLICY RECOt-1MENDATIONS

The main purpose of this section is to outline some policy
recommendations which follow from the preceding parts of the thesis.
1.

In the absence of good quantitative data on the quantity of water
required by different people in different conditions, the water
agencies and local authorities in the developing countries have
mostly tended to rely on an invariably high standard setting
resulting in a lower population coverage due to resource constraints. In deciding on the per capita water supply figures it
is usual for planners and designers to employ one of· the three
methods:
a)

Future water demand is simply predicted based on the experience
and opinion of the individua1(s) making the prediction. In this
process much reliance is made on the high North American or other
Western standards. Often the judgement of Western consultants
engaged by the developing countries to design water supply
schemes is biased towards the standards prevailing in Western
countries or towards the standard engineering practice derived
from Western consumption patterns and this is reflected in the
high per capita figures suggested by them.

b)

some lower level is fixed it is normally based on rule of
thumb for which the only justification is that it has been used
before.

c)

Extrapolation of historical data on per capita water supply.

Wh~re

Since none of the methods can be regarded as very sound and the
acceptance of developed· nation.criteria has not resulted in the
necessary progress in water provision, the decision making authorities in the developing countries must rethink their approach to the
provision of drinking water supply. New criteria should be established on the basis of factual information rather than on intuition.
The present work underlines that the domestic water· use is highly
variable in nature and the per capita water use figures directly
derived from the developed countries for application in the developing
countries is just not appropriate. Nor can the method of forecasting
future water demands by applying rule of thumb or by simple extrapolation of past trends be accepted as rational. Instead, a policy
should be taken by the developing countries preferably at the national
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level for developing design standards on per capita domestic
water demand based on local conditions including a review of
disease patterns. By this it would perhaps be possible to extend
the benefits to a larger proportion of the population.
2.

-As regards the water quality in view of the limited resources
the policy in the developing countries should be to adopt a
flexible approach of incremental improvement in quality instead of
trying to strictly impose from the very beginning the International
Drinking Water Quality Standards such as those recommended by the
World Health Organization (1971). _ By adopting this policy it might
be possible to serve a larger population with a reasonable water
quality in contrast to supplying a few people with a high quality
water. It is doubtful whether a single water quality standard
should necessarily be applied to all areas under all conditions.
The water quality criteria should rather be based on a critical
appraisal of the diseases arising from drinking water that are
prevalent in the country or in the region concerned. As a pol;icy
primary emphasis should be given to the bacteriological quality of
water.

3.

Based on evidence from the literature it appears that water supply
is not the only necessary input for improving health. Safe disposal
of excreta is also very important especially when faecal-oral diseases are a major cause of morbidity and mortality in the developing
countries due to infectious diseases. The developing countries face
a great problem of finding adequate resources for development works.
Consequently the share of resources allocated for improvement in water
supply and sanitation should be used optimally. Adopting reasonable
standards for water supply may allow more resources to be allocated
for sanitation. More often than not water supply and sanitation are
dealt with on a separate basis and the planning and executing agencies responsible for these services individually fail to appreciate
the interdependence of the two ~Ihich results in poor coordination
and may in fact aggravate health problems. For example, if there
is no proper drainage facilities, water supply in large quantities
may give rise to insanitary conditions suitable for mosquito breeding
and inviting other health troubles. What is clearly most needed is
an integrated water supply and sanitation policy which allocates
resources to each on a more rational basis in order to achieve balanced
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development and rational utilization of scarce resources of
finance and skilled manpower.
4.

Besides sanitation two other important inputs have been implied
by the case studies. These are nutrition and health education.
Although these generally come under the national health policy
it is stressed here that benefits to community health which can
be expected to follow a water supply installation may be greatly
reduced in the absence of these inputs. It is of critical importance to create an awareness especially among those with a low
level of education, of the significance of improved water supply
to public health and how to make the best use of available water
for maintaining personal and community hygiene. A policy towards
a close coordination between health education programmes and public
health engineering programmes will prove to be highly beneficial.
Consideration should be given to providing health education through
primary schools, adult education and aid posts in order to improve
standards of hygiene as an integral part of a community water supply
programme. The assumption is that an educational programme will change
habits, will change water use patterns which in turn will ch0nge
patterns of health and disease.

Points 3 and 4 jointly suggest the general principle that an integrated approach, rather than pi ecemeal developments i s necessary. To
tackle water supply in isolation is liable to lead to a failure to achieve
the desired health benefits. A close liaison between the medical and engineering profession is thus called for.
5.

The acceptance of a policy to involve the beneficiaries in the
planning and design of urban infrastructural facilities like water
supply will not only bridge the gap between the public and water
authorities but will also help to ensure the long term success of
any domestic water supply programme. Involving the local population
actively in the decision-making may provide new opportunities for
the efficient use of available water supplies.

6.

A good pricing policy is just as important as a technically sound
design of a water supply scheme. Evidence from the literature
suggests that the rich pay a smaller proportion of their income
for ample quantities of safe water for health and luxury than the
poor pay for their meagre supplies of even dubious quality in many
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cases. Future provision of water supply and its pricing should
remove these ineq\lities. At the same time it is urged that the
present policy in many countries of supplying water free to those
dependent on communal water points especially in urban areas
should be seriously considered. The aim of water pricing policy
should be to make the water supply system self-sustaining as much
as possible while satisfying the needs of all.
9.3

rr~PLI CATIONS

FOR FUTURE RESEARCH

As regards priorities for the research, the following are suggested:
1.

Much less is at present known from the developing countries than
developed countries about the effect of different factors affecting domestic water use. So further research on residential water
demand forecasting would certainly help in bridging the gap. The
domestic water use model developed in this study is likely to provide stimulus to new thinking and innovative research
in this
area. Greater emphasis should be put on knowing the aggregate impact
of all the factors and their relative importance than on studying
the effect of isolated factors.

2.

A wide. range of studies has already been carried out into the general
relationship between water quantity or water quality and health.
However it appears that an approach to water impact studies which
is limited to the study of morbidity and mortality is inadequate.
It is necessary to collect data relating morbidity to specific
information on water quantity or water quality. Detailed research
is required into existing water use patterns and preferences and
into the impact of water supply improvements on these. It is
necessary to know at what point water quantity becomes insufficient
to give rise to any health benefit or at what point in water quality
the .. water becomes unacceptable to the people and/or may create
definite health hazards. Research data are also lacking on the
choice between providing many people with small quantities of very
high quality water and providing an equal number of people with
large quantities of lower quality water. Another largely unknown
factor in the relationship between health and water is the effect
of different types of provision systems on health. We do not know
what specific gains in health will be achieved in moving from the
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original sources to public standpipes, to water piped into the
house with a single tap, to multiple taps.
3.

For the formulation of standards governing the concentration of
various drinking water constituents on a logical basis, it is
necessary to estimate population exposure to such constituents.
For such estimates it is important to know the quantities of tap
water that people actually drink. Very little research data are
available from the developing countries on the actual intake of
drinking Ilater under different climatic and working conditions.
Data are also lacking from these countries on the contribution of
minerals in drinking water to body's daily needs of mineral
nutrients. Definite information on the relative intake of minerals
from water, food and other sources would facilitate a balanced
appraisal of water quality.

4.

Field research into quantifying the health risks to which people
are really exposed when the observed concentration of chemical
and biological constituents in drinking water exceeds the maximum
permissible limits set by the International Standards would facilitate decisions on the extent to which the standards can be relaxed
in the interest of serving larger numbers of people.

5.

Finally, by contrast with rural areas very little research has been
carried out into the role of community participation in urban water
supply schemes. Limited evidence indicates wide ranging possibilities
of involving the community in the various stages of water supply
programmes. Further research into hOl~ community participation can
make an effective contribution:
i)
ii)
iii)
iv)

to the determination of the desired levels of service of
domestic water supplies
to the optimal distribution of available water supply facilities
to the most efficient use of domestic water from health considerations and from the point of view of water conservation
to the operation and maintenance of built up facilities

are likely to provide significant inputs to the overall planning of
urban water supply schemes. This is an area where social scientists
can be of great help;,to the water planners and engineers.
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9.4 APPLICATION OF FINDINGS:

HYPOTHETICAL CASE STUDIES

The main findings of the thesis are primarily based on a
thorough review of a large amount of literature concerning the
various aspects of the subject and the limited amount of field
study which was possible. An attempt is made v!ith the help of
two hypothetical case studies in India (see Appendix V) to suggest
how the findings of the work can be applied to the supply of urban
domestic water in developing countries. In suggesting approaches
to the problem of urban water supply tvlO practical situations have
been considered. The first hypothetical case study relates to the
application of findings to the planning and design of water supply
system in a new township on the outskirts of an existing city
within a metropolitan district in India. The township may be
considered as a planned urban development to absorb future
metropolitan growth. The'second hypothetical case study shows
the application of findings to an existing city where, by
reducing demand in the service area, the present water supply
can be made to serve a larger population including certain sections of the, community whi ch are at present underserved or not
served.
In illustrating the approaches certain assumptions have been
made which are considered to be practical in the Indian context,
These assumptions may, however, change in the case of other
developing countries yielding different sets of results. Indeed,
no finality is claimed in the thesis. In a field like domestic
water supply in developing countries any doctrinaire approach
seems to be perverse ab initio. While'the broad approaches
suggested in the study viOuld be generally va:l id, solutions to the
varied problems in this arena will have to be worked out in the
light of available conditions.
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APPENDIX

I

SAMPLE QUESTIONNAIRE FOR DOMESTIC WATER USE SURVEY

1.

Country:

State:

2.

Name of the Head of Family:

3.

Address:

4.

PHYSICAL FACTORS:

a)

Type of house:
Single storied bungalow
Ordinary 1 storied
Ordinary 2 storied
Ordinary 3 or more storied
Single roomed flat
Double roomed flat
Three or more roomed flat

Di stri ct:

o
o
o
o
o
o
o

Total area of plot:
Total covered area:
Garden or lawn area:
Total No. of rooms:
No. of bedrooms:
No. of kitchens:
No. of toil ets:

Owner occupied 0
Private rented 0
Govt or local authority rented 0

b)

Tenure:

c)

Age of the house/flat:

d)

Density of housing:

5.

SOCIAL FACTORS:

a)

Family size (No of persons living):

b)

Composition of fami ly:

c)

Occupa ti on: Yours:
Other members':

sq.m.
sq.m.
sq.m.

Hire purchased 0

(information will be collected from census or local
authori ty)

Age
Over 60
45 - 60
21 - 44
10 - 20
5 - 9
1 - 4
Under 1

No. of peopl e:
years
years
years
years
years
years
year
Wife's:
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d)

Level of education (indicate No. of members with education at the
appropriate level).
Primary school:
Secondary school:
Co 11 ege:
Uni vers i ty:
Engineering/Medicine/Management:

e)

Do you have domestic animals?
Yes 0
i) No. of animals in each category:
Cattle
Horses

No 0

Yes 0

No 0

Pets

f)

Do you use any water for them?
What for?
i) drinking
ii) washing

g)

How frequently do you wash them?

6.

ECONOMIC FACTORS:

a)

In what range does the approximate total family income fall?
(Ranges will be specified depending on the location of field study)

b)

Value of the property:

c)

Do you pay any municipal tax?
Yes 0
How much ~ax do you pay qljarterly/annua11y?
Do you know how much you pay for water?
i) If yes, state the amount

d)

e)

(to be assessed with the help of local authority)
No 0
Yes 0

f)

Do you ever buy water from vendors?
If yes, how much do you buy and what do you pay?

g)

How many servants/maid servants do you have?

h)

Do they live in your house?

Yes 0

No 0

i)

Do you have
a refri gera tor?
a geyser?
a telephone?
a cooki ng range?
an air cooler?
a motorbike?
a car?

Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No

j)

0
0
0
0
0
0
0

No 0

C
0
0
0
C
0
C

Do you send your clothes to dhobi or laundry for washing?
i) If yes, what proportion of your clothes?

Yes 0

No 0
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7.

TECHNOLOGICAL FACTORS:

a)

Do you have a house connection?
If yes, i) total no. of inside taps
ii) total no. of outside taps

b)

i)

ii)

Yes 0

No 0

For those 'who have answered yes to the question 7(a)
(also specify how many and what type if your answer is yes)
Do you have:
Yes, type & no. 0
a washing machine?
No C
a dishwasher?
Yes, type & no. 0
No C
a shower?
Yes, type & no. 0
No C
a bath?
Yes, type & no. 0
No 0
a fl ush toil et?
Yes, type & no. 0
No 0
wash basin with a spray
tap?
Yes, type & no. 0
No 0
wash basin with a pillar
cock?
Yes, type & no. 0
No C
kitchen sink with a spray
Yes, type & no. 0
tap?
No 0
kitchen sink with a pillar
cock?
Yes, type & no. 0
No 0
a storage tank?
Yes, capacity
0
No C
Yes, type & no. 0
a sprinkler?
No 0
a hose-pipe?
Yes, type & no. 0
No U
For those who have answered No to the question 7(a)
Where from do you collect water?
Type of source
Pub 1i c stand post
Hand tubewell
Pond or tank
o
Dug well
C
Spri ng
River
Other source, specifyC

Distance from house (metres)

o
o

o
o

c)

Do you have a metered connection?

Yes 0

No 0

d)

What type of supply do you have?

conti nuous 0

i ntermi ttent 0

e)

What is the supply pressure?

f)

Do you have a sewer connection?

Yes 0

No 0

g)

Do you have a septic tank?

Yes 0

No 0

h)

If no, how do you dispose of your night soil and wastewater?
(system of disposal should be recorded clearly)

(to be determined at site)
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i)

When you collect water from outside i) Who collects it?
ii) How is the water collected?
Buckets (volume of water collected to be measured) x no. of
by the investigator
Tins
x no. of
"
Pitcher (earthen)
x no. of
"
Pitcher (brass)
x no. of
"
ii i )
iv)
v)
vi)
vii)

How many times do you go to collect water?
Do you normally have to queue for water?

Yes 0

No 0

Did you have to queue yesterday?

Yes 0

No 0

If yes, how long?

Do you take your clothes to the source of water for washing?
Yes 0
No 0
If yes, how often?

k)

Do you bathe at the source?
If yes, how often?

Yes 0

No 0

1)

Do you wash your car on premises?
Yes 0
If yes, how often and what do you use, hose or buckets?

No 0

8.

FACTORS RELATING TO CULTURAL TRADITION AND RELIGION:

a)

Do you use any water for gardening?

b)

Do you use a sprinkler?
Yes 0
If yes, how long is it used in different seasons?
Do you use a hose pi pe?
Yes 0
If yes, how long is it used in different seasons?
Do you use buckets of water?
Yes 0
If yes, tell how many buckets of water you use for gardening
different seasons

d)

e)

f)

trips/day
trips/day
trips/day

Normally what time do you spend collecti ng water?

j)

c)

trips/day

How do you wash your dishes
under a runni ng tap
in a sink-full of water
by wa ter in a bucket

Yes 0

No 0
No C
No 0
No 0
in

and utensi1es?

0
0
0

Do you wash your hands every time you go for excreting?
Yes 0

No,O

iiot necessary
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g)

h)

Do you wash your hands every time you take your food?
Yes 0
How do you bathe?
in a bath tub
under a shower
under a running tap
with bucket of water and mug

No, not 0
necessary

0
0
0
C

i)

How often do you bathe?
in sununer in winter in rainy season -

j)

Do you prefer bathing in rain water?

Yes 0

No 0

k)

Do you collect rainwater for domestic purposes?
If no, why not?

Yes 0

No 0

1)

Do you clean your house with water?
If yes, how often?

Yes 0

No 0

9.

RELIGIOUS FACTORS:

a)

Which religious group do you belong to?
Hindu
0
Moslem
0
Christian0
Sikh
0
Buddhi st
0
Parsee
0

b)

Can you think of any practices attached to your religion that require
some extra use of water?
Yes 0
No 0
If yes, please state the practices.

c)

What do you use for anal cleansing after defaecation?
water
toilet paper
ordinary paper
leaves
grass
others - specify

Note:

0
0
0
0
C
0

During this questionnaire survey full _information about geographical
factors viz temperature and rainfall will be recorded for all days
during each season in addiion to general topography of the area.
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APPENDIX II

11.1 MULTIPLE REGRESSION ANALYSIS
Multiple regression analysis is a common technique of multivariate analysis. A typical multiple regression model would be:
x0 = Cl + Sl Xl + S2 x2 + ..... + Sm xm + e
or

X0 =

Cl

+ ~ S·1 x·1 + e
i =1

(1 )

where the response variable Xo is expressed in terms of regressor
variables xl' x2' x3' ...• Xm· The constants Cl. Sl' S2' S3' ...• Sm
would be determined by collecting information on previous values of
xo' xl' x2' x3' ...• xm and then using them to set up a relationship
of the required form as we describe later. The 'e' term in the model
is usually referred to as 'random error' or residual in the model.
The residual is the difference between what is exactly observed and
what is predicted by the model. In other words. this is the amount
unexplained by the model. The residual. therefore. reflects the fact
that we cannot obtain an exact prediction equation for Xo given the
values of xl' x2' x3' ....• xm·
The basic assumptions upon which the regression model is based
are:
i)
ii)
iii)

'e' is a random variable with a mean zero and variance
0 2 • i.e.
Ee i = 0 and V (e i ) = 0 2 .
e i and e j are uncorrelated. i # j.
e i is a normally distributed random variable. e i

~

N (0.

0 2 ).

11.2 SELECTION OF REGRESSOR VARIABLES
Two opposed criteria for selecting a resultant equation are
involved (Draper and Smith. 1981). They are:
1.

To make the equation useful for prediction purposes. we want
our model to include as many regressor variables as possi~le
so that reliable fitted values can be determined.
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2.

Because of the costs involved in obtaining informati,on on a
large number of regressor variables and subsequently monitoring
them. we would like the equation to include as few regressor
variables as possible. (There are also good statistical reasons
for not including redundant variables in the model. The standard error of prediction would thereby be increased).

The compromise between the two extremes is what is usually
called selecting the best regression equation.
There are. however. many practical criteria besides the two
mentioned above. The following should be pointed out:
a)

Although regression analysis is a rigorous technique of mathematical statistics. the choice of variables is something of an
art. Common sense may provide a good guide for selecting the
best variables. Statistical tests for the significance of
variables will. of course. eliminate those non-significant
variables.

b)

Time is an important factor and the choice of variables will
have to be limited to those for which reliable data may be collected within the time schedule.

c)

Those variables are better which make a significant individual
~ontribution to the variation in the response.

We may. therefore. begin by writing down all variables which we
think might affect Xo and include all these in the model; or. if this
is not practicable. we may well eliminate some variables immediately as
being believed to have a negligible effect. Let us suppose. this leaves
us with a set of xl' x2' x3' ...• xm of explanatory or 'regressor' variables
Data on these. together with corresponding values of Xo are collected and
set out as shown below:

358

Data Matrix

~s
Variables

j

n

1

2

Xo

x01

x02

x03· .... Xoj ........... Xon

:Regressors Xl

xll

x12

x13···· .x1j ............ x1n

x2

x21

x22

x23· .... X2j ........... x2n

x3

x31

x32

x33··· .. x3j ............ x3n

xi

xi]

xi2

xi3···· .xij ............ xin

xm

xm1

xm2

xm3· .... Xmj ............ xmn

Response

3

-N.B.

The matrix may also be written with rows
posed.

~nd

columns trans-

n is the number of households from which per capita water consumption figures are obtained and m will depend on the number of factors
that are likely to affect per capita consumption of water in the
environmental setting of the area under survey. It is essential that
n is great~r than m; at least n should be equal to (m+1). Ideally, n
should not be less than (m+10). In our case, n is likely to greatly
exceed this limit.
This data matrix will, therefore, contain all the information which
is to be used in fitting the regression model.
11.3 THEORETICAL BACKGROUND OF REGRESSION ANALYSIS
The analysis consists of two parts, the estimation and the validation.
Part 1, the estimation to find the best possible estimates of
a 1 {6 i : i = 1 [l]m} and of 0 2 from the set of equations
{Xoj=a + 61 X1j + 62 X2j + ... + 6i Xij + ... + 6mXmj + e j : j = l[l]n}
m

or

{x ·=a +
OJ

L6.

i 1

x·· + e.:j = l[l]n}
lJ

J

(2 )
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using n sets of data. To do this the method of least squares is
used by minimising the total sum of squared errors in the response
variable. obtained from equation (2) as
e. 2
J

=

n

m

\' (x . - ex - \' Sl' x··)2
L
OJ
(
lJ

j

(3)

1

Part 2. the validation. to determine which of the estimates of the
Si differ from zero and so to establish which of the proposed set of
independent variables {xi: i = l[l]m} contribute to ,the equation predicting Xo and shall be included in the final model equation.
11.3.1 ESTIMATING THE PARAMETERS
For the multiple regression the estimates of the (m+l) parameters
{ex, S.: i = 1 [l]m} are formed by minimising the sum of squared errors.
1
L e/ equation (3). The minimising conditi,ons provide the necessary
set of (m+l) linear equations, called the normal equationsas below:
One equation from

as 2
-=
aex

n

m

n

L Xoj - ex n - L.' 8.1 jL Xij
j
1
A

and m equClt ions, for i

=

(4 )

0

=

1 [l]m. from

n

"n
m
n
- a Ix
..
Sl'
1.
X·
.2_ L Sk I x··
.' lJ
j lJ k
j
lJ
A

J:

Xk'
J

= 0

(5)

Solution of these normal equations will give the estimated values
of ex and Si: i = 1 [1]11). If these estlmates are ex. Sl' S2' .... , Sm then
the fitted regression model is
•

"

" "

A

(6)

The usefulness of the fitted equation is then tested. This
of deciding whether changes in Xo are adequately explained
changes in Xl' x2' ......• xm' The difference between the
mated 'by the regression and the observed values gives the

is a question
by the
values estierror. If
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the estimated values are assumed to be correct then the error is
the variation in the observation which the regression model is unable
to explain. If the observed values are not different from the predicted values, then they follow the regression equation. However, in
practice variation always exist, the observed values are, therefore,
not exactly equal to the predicted values and an element of error is
unavoidable. It is always our aim to develop a model which can
achieve the prediction with minimum error. This can be mathematically
explained by the following.
If Xoj = observed value of response or dependent var,iab1e
AO = mean observed value of response variable
'" = corresponding predicted value of response variable
Xoj
then it is proved (Draper and Smith, 1981) that
E(X . oJ

i 0 )2 = E(~ oJ.

- i )2 + E(x . - Q .)2
0
oJ. oJ

(7)

whereE(Xoj - XO)2 = the sum of squares of deviation of observed values
of response variable from the mean (SS about the mean or total SS in
response variable).
E(X . - X )2 = the sum of squares of deviation of predicted values
OJ
0
of response variable from the mean (SS due to regression)
and
. E(X OJ' - XOJ.)2 = the sum of squares of deviation of predicted
values of response variable from the observed values (the residual
SS about the regression or Error SS).
Equation (7) can be expressed in words as follows.
Total Sum
of Squares

=

Sum of Squares
+ Sum of Squares
due to Regression
about Regression
(or Error SS)

This shows that, of the variation in the Xoj'S about their mean, some
of the variation, E(Q oj - X)2 can be ascribed to the regression and
some E(x . - ~ .)2 to the fact that the actual observations are not
oJ
OJ
derived fr?m the fitted model - if they all did, i.e. Xoj = ~oj' the
sum of squares about the regression (error sum of squares) would be
zero and the total sum of squares would be equal to the sum of squares
due to regression. Clearly, the larger the first term on the right
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hand side of equation (7), and the smaller the second term, the
more useful the fitted regression model will be.
11.3.2

ACCURACY OF THE MODEL

The accuracy of the model may be determined by looking from the
three viewpoints:
Proportional Variation Explained (R2)
It is defined that the proportional variation explained is:
R2 = SS due to regression
SS about the mean

=

1: (Xoj

- x:0 )2

1: (Xoj - x:0 )2

(8)

R2, therefore, determines the 'proportion of total variation about
the mean Xo explained by the regression', and it is often called the
'Coefficient of determination'. It is a measure of how well the
fitting equation accounts for the total variation of the observed
va 1ues of the dependent vari ab 1e. As a 1ready menti oned, a way of
assessing how useful the regression line will be as a predictor is
to see how much of the sum of squares about the mean has fallen
into the sum of squares due to regression and how much into the sum
of squares about regression. One will be pleased if the sum of squares
due to regression is much greater than the sum of squares about regression, i.e. the residual sum of squares, because the smaller the latter
is, the larger the first is, the higher the value of R2 is and the
better the model is. Obviously, the value of R2 lies between 0 and 1,
and R2 = 1 represents a perfect fit.
11.3.3

THE STANDARD ERROR OF ESTIMATE (5)

Before considering this value, it is necessary to understand the
association between the sum of the squares and their degrees of freedom.
The number of degrees of freedom is the maximum number of variates
which can be freely assigned (i.e. calculated or assumed) before the
rest of the variables are completely determined. That is, it is the total
number of the variates minus the number of independent relationships
existing among them (Alder and Roess1er, 1977).
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The association between any sum of the squares and their
numbers of degrees of freedom can be found (Draper and Smith. 1981)
and shown in Table 11.1.
TABLE I I.I

Sum of
Squares

SS

About the mean
(total. corrected
for mean)

E(Xoj - XO)2

SS 0

n-l

Due to regression

E(Xoj

-Xo )2

SS'

m

Source

+
About regression
(residual)

=

Degrees of
Freedom DF

Mean
Square

F

HS R = SS~
m
F

E(Xoj

=

A

Xoj

)

2 SS"

n-m-l

S2

=

SS"
n-m-l

where n is the number of observations and m is the number of regressor
variables in the model.
Mean square (Table II~) is defined as the sum of squares divided
by its degree of freedom.
The standard error of the estimate is the square root of the mean
square about regression (residual) i.e.

5

= I

Residual Mean Square

=

,I E(

_A

)2

Xoj
Xoj
n - m- 1

(9)

It is usually expressed as a percentage of mean xo' i.e.
5%

= -

S x 100%

(10)

Xo
This value shows the variation of the estimated.:value about the
mean therefore the smaller it is the better the regression model will
be.

=

MS R
52

-
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11.3.4

SIGNIFICANCE OF REGRESSION EQUATION

A test of whether the regressor variables in a regression jointly
explain the variation in the response variable can be made through
the analysis of variance.
From Table ILl if the mean squares of the regression are divided
by the mean squares of the res i dua 1 an overa 11 F va 1ue wi 11 be
obtained i.e.:
(11 )
The overall F value is compared with F tabled value (Pearson
and Hartley, 1966) to give a joint test of the hypothesis that all coefficients of regressor variables i.e. S's (see equation 1) are zero against
the alternative hypothesis that at least one of the coefficients is
not zero that is the equation as a whole produces a significant reduction in the total sum of squares (Oaniel and Wood, 1971). In statistical terminology the two hypotheses are expressed as:
Null hypothes is, H0 : Sl = S2 = S3 =

....

Sm = 0 against
Alterna ti ve hypothes is: Hl : at least one of the coeffi ci ents
S, , S2 etc is not zero.
Since the overall F value is calculated from the mean squares
which are associated with the degrees of freedom, the overall F value
obtained should be compared with the F tabled value with, in general,
m and n-m-l degrees of freedom at a particular level of significance
i.e. ~~m~~lue from the table at a particular level of significance.
If the hypothesis is true, the ratio of the mean squares will
have the F-distribution. If the value of the ratio is greater than
the F-tabled value, then it is unlikely to be a drawing from the
appropriate F-distribution. So, one can conclude that the hypothesis is
not true, i.e. there is a relationship bebJeen the response and regressor variables. If the overall F value obtained is less than the Ftabled value, the evidence is consistent with the hypothesis, so that .
the hypothesis is not rejected.
Having established the overall significance of the regression
model, the significance of the individual contributions made by the
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separate regressors can be exami.ned .. Thi s is a 1so achi eyed by ana lys i s
of variance and appropriate F-tests.
Forward and Backward (Step-wise)regression procedures are often
used in this area, and it is often necessary to consider a number of
alternative models.
11.3.5

FITTED RESIDUALS

The deviation from the fitted model is examined for each case
(household) and the collection of such deviations - called 'fitted
residuals' - should exhibit the properties previously described i.e.
randomness, normality etc.
11.3.6

CATEGORICAL VARIABLES

These can be incorporated into a regression model by the use
of dummy 0-1 variables. For suppose we have three categories, namely
high, medium and low standard of living. Here we would define two
dummy variables xl and x2' such that

high
medium
low

1

o

o
o

1

o

These are now incorporated into the model in the usual way along
with continuous or other categorical variables.
11.4 USE OF COMPUTER
In view of the involvement of a large number of variables in the
regression model the analysis should be carried out with the aid of a
computer. Fortunately standard computer programme packages (for
example, SPSS - Statistical Package for the Social Sciences by Nie
et al, 1975) are available which can be employed for the purpose.
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APPENDIX

III

CASE STUDIES ON WATER AND HEALTH
This Appendix provides a review of all the selected fortyfour case studies relating water supply (and/or sanitation) to
health. Most of the reviews are fairly detailed. The reasons for
this are that the collection of materials is difficult and it is also
time consuming. It was therefore felt that it would be useful to provide a comprehensive picture of the contents of each work reviewed,
so that in most cases the reader will not need to refer to the complete
text.
The case studies have been grouped into three sections:
III.A:

Studies dealing with diarrhoeal diseases and other waterrelated diseases.

III.B:

Studies dealing with cholera.

III.C:

Studies dealing with schistosomiasis.

Under each section the studies have been arranged chronologically
and are numbered sequentially.
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IliA STUDIES DEALING WITH DIARRHOEAL DISEASES AND OTHER WATERRELATED DISEAsES
1.

Weir, J M et al (1952)
This is a study which is often quoted by those who are sceptical about the efficacy of environmental improvements in controlling
infectious diseases mainly due to some inadvertent remar.ks, made in
the report, which are liable to misinterpretation.
The study area comprised five villages surrounding. a new
health centre in Calyube Province near Cairo. In four of the villages various environmental improvements were carried out which included installation of wells and latrines, institution of refuse disposal service and fly control by insecticides. The villages were also
afforded preventive medical activities. No improvements were carried
out in the fifth village which served as ,a control. The project was
initiated in March 1948. During the first 18 months base-line data
were collected and in the succeeding eighteen months the various
installations and services were completed. The final year of 1951
was devoted to maintenance and evaluation of the project. The objective of the study was to define the rural health and sanitary problem
and to evaluate the effectiveness of the environmental improvement
measures and preventive medicare.
To improve water supply one simple hand pumped well was installed
for every two hundred population. The authors recognised that bathing
and washing facilities would continue to remain inadequate even after
the installation of wells.
In consideration of the availability of space, freedom from
fly breeding, ease of maintenance and cost, bored hole latrines
\~ere chosen for installation on premises.
Insecticides were used for
controlling fly populations. An organised refuse disposal service
was adopted.
A system of scoring developed by B R Dyer was used for comparing
the sanitary s.core before and after the improvements. Under this system an arbitrary score of 106.5 points per house would mean adequate
minimal requirement for sanitation. Approximately one-third (39) of
this score was related to minimum requirements for latrine (13),
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water supply, (22) and bathing and washing facilities (4). 'Table
IIIA.1 shows the average scores of five villages before and after
sanitation programme.
TABLE IIIA.1:

Average Sanitrarj Average score
for water supply
Score

Vi 11 age
Sindbis
Quaranfil
Barada
Aghour El
Sughra
Aghour El
Kubra
(control)
Source:

COMPARISON OF SANITARY SCORE BEFORE AND AFTER
SANITATION PROGRAMME
Average score
for latrines

1948

1951

1948

1951

1948

1951

19.8
19.1
21.0
21.8

46.1
44.9
41.1
31.1

6.6
6.0
7.6
7.4

16.3
15.3
15.3
15.2

2.5
1.3
1.5
1.6

6.7
7.6
7.2
2.8

23.8

25.3

7.9

5.9

2.6

2.9

Weir et al (1952)

The medical survey indicated that the burden of disease carried
by the population was heavy. Nutritional deficiencies, epidemic and
chron,iceye di seases, enteri c fevers and dysenteries, tuberculosi s,
syphillis and bilharzia were all found present at,extremely high
levels and the bulk of the conditions were the result of poor sanitation in all its aspects.
Vital statistics in respect of infant mortality rates before and
after implementation of improvement measures are presented in Table
IIIA.2.
The authors concluded that 'The installation of sanitary water
supply and latrines did not alter the infant mortality or crude death
rates and did not change the fly status in any of the villages during
1951" and "... the only service which appears to have had an effect

on the infant mortality rate was fly conbrol.

The low rates of 115

and 135 respectively in Sindbis and Quaranfil occurred during a

period of excellent control of fUes in 1950 when subsidiary servic'es
Of water supply and latrines were not completely installed.

With loss

Of fly control in both these villages during 1951, in spite of complete
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TABLE IIIA.2:

Village

INFANT MORTALITY RATE PER 1000 LIVE BIRTHS IN
FIVE VILLAGES

Improvement Measures

Sindbis

Wells, latrines, refuse
disposal, fly control,
preventive med·ical activities
Quaran- Wells, latrines, refuse
disposal, fly control
fil
Wells, latrines, refuse
El
Barada disposal
Aghour
Well s, fly control
El
Sughra
Aghour
El
No improvements
Kubra
(contro 1 )
Source:

lnfant morallty rate per lUOU
1ive births
1948
1951
1949
1950
326

. 227

115

245

123

73

135

232

159

108

241

203

80

135

223

206

162

227

273

175

Weir et al (1952)

coverage of both villages with sanitary sources of water and latrines,
the infant morality rates promptly rose to a figure comparable with
the control villages".

It may be appropriate here to review the above conclusions in
relation to the provision of water supply and latrines that was
actually made and used.
Firstly, whereas for a satisfactory water supply and latrine
facilities the scoring should be 35, the actual scoring for all the
four villages ranged between 18.0 and 23.0 which in itself is an
indication of inadequate provision of these facilities. Moreover,
no upgrading was made in respect of bathing and washing facilities
which per se are vitally important for reducing communicable diseases.
Secondly, only one tubewell fitted with an Abysin~an or
type hand pump, that delivers 260 to 300 gallons per hour was
ded for every 200 population. If the pump worked continuously
8 hours, the per head consumption comes to 10.4 to 12 gallons

Pitcher
provifor
a day.
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In the developing countries water is usually collected by women
and children who in ordinary circumstances do not go out after dusk.
So if the normal collection time is considered from 5.30 am to
7.00pm it is probably impossible for the pump to work for 8 hours
a day because apart from idle time, much of the available time is
lost for placing or collecting and rinsing of the collection vessels.
Furthermore, in the beginning ther~ were breakage or theft of pump
parts and in order to avoid the abuse, the pump handle was sometimes
kept in the adjacent house to be collected by those needing water.
Under such conditions it is conceivable that the actual collection
of water from the tubewe11s was much less than 10 gallons per head
per day. Alternatively, it may be reasonable to assume that the
villagers continued to use old contaminated wells and canals to
cover up the deficiencies in supply notwithstanding the statement
made by the authors that "it is doubtful whether any family used
other sources of water after installation of wells".

Thirdly, as already mentioned, bore hole latrines were installed
in the villages but, as the authors have put it, "the latrines were
used readily by villagers when it was convenient for them to do so.
Outside defaercation noticeably reduced but the families stated that

The provision of latrines therefore, did not put an end to the outside defaecatioD.

they conti.nued to use the fields when it was necessary".

From this study it would in fact appear that the provision of
water supply was inadequate and unreliable and the exclusive use of
~atrines was not guaranteed either. In the circumstances, it is
really doubtful whether they represent adequate environmental controls to warrant condemnation of the importance of water supply and
sanitary facilities in the control of disease or infant mortality.
As regards the second conclusion, it recognises the important
role of the fly as a vector in transmitting diseases in the Egyptian
communities studied and puts emphasis on fly control. But that does
not invalidate the usefulness of the provision of ~Iater supply and
latrines as a measure against communicable diseases. It has rather
been the experience of the authors that bore hole latrines were
effective in preventing fly breeding and in their own words, 'no
fly breeding was encountered in samples taken from the latrines".
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Apart from cost, fly control by insecticides on a regular basis
has problems due to the early development of resistance to them.
A better solution to the problem of propagation of diseases by
flies will obviously be the creation of suitable environmental
conditions supplemented by casual use of insecticides.
2.

Watt, J et al (1953)

This is one of the earlier American studies and has received
much attention of the researchers in the field of the water-health
relationship. Watt and his colleagues carried out a cross-sectional study of a sample of populations who were, for the most part,
residents ei.ther in farm labour camps or fringe areas of the cities
and towns in Fresno County, California USA.
People in these areas
were predominantly agricultural workers with a low income and had
high occurrences of diarrhoeal disease. They were compared with
families of relatively higher income and living in better housing
conditions in housing project areas within the county. The latter
group had a history of relatively few diarrhoeal diseases cases.
A group of families again with low income who attended a child
health conference, formed the fourth group. The main purpose was
to find out the prevalence of Shigella and Salmonella infection
rates amongst the different groups of population and to identify
any environmental factor which may be responsible for any difference
in infection rates between them.
Rectal swab cultures were obtained from children up to 10
years of age for identification of the pathogenic organisms.
Salmonellosis was found to be an infrequent infection with only
0.4 percent prevalence rate considering all the groups. The results
of survey cultures showing prevalence rates of Shigella are shown in
Table III~.3.
The low prevalence rate in housing project areas compared to that
in camps or fringe areas was not inconsistent with the improved.living
conditions in the housing projects. However, to understand whether
water supply or any other environmental factor had any influence on
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TABLE IIIA.3:

SHIGELLA PREVALENCE IN DIFFERENT POPULATION GROUPS

IN FRESNO COUNTY, CALIFORNIA (July-December 1950)
Population Group

Total Cultures Done

% Positive for

Camps
Fringe Areas
Housing Projects
Chil d Health Conferences

3624
2574
278

6.1
3.9
0.4

589

0.2

Source:

ShigeHa

Watt et al (1953)

Shigella prevalence rates the authors made a further assessment of

housing projects and different groups of camps. It was oserved
that all the people had a supply of pure water but there was a
difference in accessibility. The comparative picture is presented
in Table IIIA.4.
TABLE IIIA.4:

Group

A

B

C

D

PREVALENCE OF SHIGELLA AMONG DIFFERENT GROUPS OF
PEOPLE LIVING IN HOUSING PROJECTS AND CAMPS IN
FRESNO COUNTY, CALIFORNIA

Group Characteristic

Moderate income status,
living in housing projects
water supply in home

Number % Posiof
ti ve for
Cultures ShigeHa
taken
278

0.4

376

,)

Low income status living
in camps, water supply
outside home with fewer
than 15 people per water
outlet

2182

/

Low income status, living
in camps, water supply
outside home with more
than 15 people per water
outl et

1051

Low income status, living
in camps, water supply in
home

*Highly significant.

Source:

5.3

9.7

Watt et al (19!>3,

Significance
of
differences

Group
differences

p=0.08

Soci 0economic

p=O.Ol

Housing
and sanita tion

*p=O.OOO1

Water
accessibility
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It seems, there was a consistent trend of a progressive rise
in ShigeLla prevalence rates from Group A to D. The highly significant difference between C and D is mainly due to the accessibility
of water, the quality of water and other conditions being the same
for both. It was, therefore, concluded that modification of a single
environmental factor that is greater use of water by improved accessibility may significantly lower the ShigeLla prevalence by minimizing
the risk of acquiring this infection through improved hygiene.
Unfortunately, no data are available in the report as regards the
volume of water used by different groups to assess how the accessibility really affected the use of water. That 70 percent of the
diarrhoeal diseases in the camps and fringe areas was due to ShigeLla
infections was another important finding of the study.
3.

Holl ister, A C et al (1955)

A subsequent study by some of the previous authors was carried
out in migrant labour camps in the West side of the Fresno County
adopting the same procedure with Shigella as the index organism.
There were more than 350 camps which had varying degrees of water
accessibility. Rectal swabs were collected from children of 10 years
of age and.under living in 70 "selected" camps for determination of
the ShigeLla prevalence rates. The sample camps were divided in three
groups depending on the location of the water point as shown in Table
IIIA.5.
TABLE IIIA.5:

Camp
Type

VARIATIONS IN SHIGELLA PREVALENCE IN MIGRANT LABOUR
CAMPS IN FRESNO COUNTY, CALIFORNIA DEPENDING ON LOCATION OF WATER FAUCETS
(October 1952 - April 1953)

Location of
wa ter faucets
in camp

Persons (ChildrenFamil i es
10yrs of age & under'
Cul tured % Positive Cultured % Positive
for
for
Shigella

ShigelLa

I

Inside all cabins

428

0.7

208

1.0

II

a) Inside cabins·
b) Outside cabins

1245
3821

2.7
5.5

569
1702

5.0
10.2

III

Outside all cabins

617

7.2

228

17.5

373

Note:

A positive family was one in which at least one child was
found to be positive for ShigeZ~ during any month's observa ti on
Source: Hollister et a1 (1955).
Table IIIA.5 shows that ShigeZ~ prevalence rates were highest
in camps where no cabin had inside faucets and they were lowest in
camps where all cabins had inside faucets. Camps with mixed facilities fell in between the two extremes and even there those with inside
faucets had lower prevalence rates. There was, at this stage, no
readily available explanation for the difference in prevalence rates
between type I and type II(a) both of which had faucets inside the
cabins. To investigate whether any other environmental factors related
to the epidemiology of ShigeZ~ infections were contributing to the
rising prevalence rates a further analysis was carried out. In this
case the cabins were divided in three types·depending on the sanitary
and plumbing facilities available and each type was designated as a
"sub-camp".
Table IIIA.6 illustrates the prevalence rates of ShigeZ~
based on the new classification. The prevalence rates increased
TABLE IIIA.6:

VARIATION IN SHIGELLA PREVALENCE IN MIGRANT LABOUR
CAMPS IN FRESNO COUNTY, CALIFORNIA DEPENDING ON
PLUMBING AND SANITARY FACILITIES
Persons (Chi1dren-10
Families
Type of Sub -camp
yrs of age and under)
Cu1 tu red % Positive Cultured % Positive
for ShigeZ~
for ShigeZ~

1.
2.

3.

Faucet and showe r
and! or toil et I
inside the cabin
Faucet only inside
the cabi n, other
facilities outside
for commun a 1 use
No faucet ins ide
the cabin, all faci 1ities outside for
communal use

Source:

985

1.6

472

2.5

688

3.0

305

6.2

4438

5.8

1930

11.0

Ho11ister et a1 (1955)

progressively as the plumbing and saintary facilities became communal (calling upon shared uses) instead of private. In addition it
was found that there was a seasonal variation in prevalence rates
which was similar for each sub-camp type, peak rates occurring in
October-November with a drop to a low point in February-March and
an apparent increase in April. Peak coincided with the maximum
number of workers engaged in agricultural activities in October.
Since the number of cultures taken in the three types were
fairly proportionate during each season the differences in prevalence.
rates could not be attributed to disproportionate seasonal sampling.
A closer scrutiny was again carried out for 26 camps from sub-camp
types 2 and 3. They had matching communal shower and toilet facilities
serving the same number of persons per shower or toilet and had similar environment in respect of housing, flies and garbage. The only
difference was in the location of the faucet, either inside or outside
the cabin. Despite a difference in child population between the two
types there was practically no segregation between children of families living with either type of plumbing facility. The results of this
exercise· are given in Table IIIA.7.
TABLE IlIA.}:

PREVALENCE IN MATCHED SUB-CAMPS IN FRESNO
COUNTY, CALIFORNIA

SHIGELLA

Cul tures
Done

% Positive
for ShigeU-a

Significance
of di fference

2. Wi th faucet ins ide
the cabi n

245

1.2

p < 0.05

3. With faucet outside
the cabin

2147

5.9

Sub-camp Type

Source:

Hollister et al (1955)

The authors ended with the same kind of conclusion as reported in
their earlier. work. The control of ShigeZU2 infections might be significantly improved through the provision of easily accessible and adequate water for practising better hygiene. Here also no mention has
been made of the volume of water used per person per day by those
having faucets inside and the volume used by those having faucets
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outside. As a result it is impossible to judge precisely whether
it was the inadequacy of supply or just a matter of inconvenience
in getting water from outside faucets that discourages greater
use of water apparently necessary for keeping the Shige~la prevalence rates down.
4.

Stewart, WHet al (1955)

Stewart et al reanalysed the data on 28,000 rectal swab cultures
from children in south west Georgia, USA. collected in the course of
the evaluation of the effects of fly control on Shige~~a prevalence.
Uneven distribution of the positive cultures between blocks within
the towns prompted this reanalysis. The data were grouped into four
categories: poor, fair, good or very good depending upon five
criteria - (i) location and type of source of water, (ii) type of
excreta disposal, (iii) fly densities and potentials for fly production, (iv) aesthetic quality of the house and surroundings and (v)
structural quality of the house. It was found that the prevalence
of Shigella infections as measured by the rate of new infections
showed a progressive rise from the group of blocks with very good
sanitation to the group with poor sanitation. In addition, a comparison of.neighbourhoods with varying proportions of poor houses
indicated a progressive rise in the prevalence of Shige~~a infection
rates for both poor and fair premises from the neighbourhoods with a
small proportion of poor housing to those with a high proportion of poor
housing. This suggested that the surrounding neighbourhood had a
measurable influence on the infection rate for an individual house,
irrespective of its own environmental status, as measured by the
criteria already mentioned, within a neighbourhood. When the authors
tried to discover any single environmental factor that may be associated with the Shige~~a infection rate they concentrated their attention on all the premises with the poorest sanitation. They found that
the only environmental factor that varied from premise to premise was
the type and location of the source of water. All the water points
were located outside the house and varied only in terms of proximity,
either on the porch/yard or off the premises .. There were two types
of water supply - open dug wells which were subject to pollution and
the city water which ·had a comparatively superior bacteriological
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quality. The results given in Table IIIA.8 show the difference
in Shige~La Infection rates by type and location of water source.
TABLE IIIA.8:

SHIGELLA PREVALENCE IN THE PREMISES WITH THE POOREST
SANITATION IN SOUTH-EAST GEORGIA: VARIATIONS BY LOCATION AND TYPE OF WATER SUPPLY
(April 1949 - April 1953)

Type

Well Water
FCME

Source

New
i nfections

City Water
FCME

%

New
i nfections

Total
FCME

%

New
i nfections
%

Water source - close
(on the porch or
in the yard)

867

4.0

1924

4.2

2791

4.1

Wa ter source - fa r
(away from the centre of family activities or completely off the premises)

875

6.4

1920

5.5

2795

5.8

1742

5.2

3844

4.8

TOTAL:

Note:

1.
2.

Source:

FCME - Family culture months experience. A family contributed one month's experience for each month that one or
more members of the family cultured.
Probability of a difference as great or greater being due
to chance when comparing - well and city water P > 0.50,
close and far P < 0.005, well close and far .01 < P < 0.025,
city close and far P < 0.05
Stewart et al (1955)

The results highlighted that there was no significant difference
in the infection rates between the premises with well water and those
with city water, but the rates were significantly higher for premises with water sources far from the houses than those with water
sources close to the houses regardless of whether or not it was well
or city water. The proximity of the source of water appeared to have
a great influence on the availability of water for washing purposes,
(bathing and more specifically hand washing) that affected the Shige~La
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infection rates. This assumption has, of course, not been backed
by the quantitative data on actual water use by the households.
Neither the total volume of water used by respective families nor
the volume of water used for various purposes are available. Since
the infection rates were highest where water was least available
the authors concluded that the avai1ibi1ity of adequate water for
washing purposes must be considered side by side with the purity
of water in any diarrhoea1 disease control programme.
5,.. Beck, M D et a1 (1957)
The aim of this study was to determine the prevalence of Shigel~
and Salmonel~ in several population groups in Guatemala irrespective
of the presence or absence of frank diarrhoea1 diseases in them.
Twelve communities were selected. They had different proportions of
two principal ethnic groups, Ladino and Indian. The location of the
communities varied from an elevation less than 100 ft with a hot and
humid climate to an altitude of 8399 ft with a cold and dry climate.
The communities also differed in their provisions of water supply and
sanitary facilities. The usual procedure of collecting and examining
rectal swabs from children in the age group of 0-10 years was adopted
to determine the prevalence of pathogenic bacteria. Data on environmental conditions were obtained by observation and those on population
and ethnic composition were compiled from locally available statistics.
From October 1955 to March 1956 a total of 2342 rectal swab cultures
collected from children· 0-10 years of age were examined. The Shigella
prevalence rate varied from 3.7 to 16.2 percent in different communities with an overall rate of 7.5 percent. The Salmonella prevalence
rate was comparatively very 10~1 with an overall rate of 0.55 percent.
It was found that communities having 50 percent or more Indians had
a Shigel~ prevalence rate of 9.6 percent compared with 6.8 percent
for communities having 50 percent or more Ladinos. More chances of
exposure to infection rather than ethnic susceptibility appeared to
be responsible for this difference. The Ladinos had better housing,
more privies and more private water supplies than the Indians.
Although the prevalence rates were high at low altitudes where the
climate was hot and humid there was no consistent correlation between
altitude and prevalence rates. Instead, the important influencing
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factors were the availability of water and better community facilities. The prevalence of Shigella according to water and sanitation
facilities is presented in Table IIIA.9.
TABLE IIIA.9: VARIATION IN SHIGELLA PREVALENCE RATES IN 12 COMMUNITIES IN GUATEMALA GROUPED ACCORDING TO THE AVAILABILITY OF WATER AND SANITATION FACILITIES
(1955-1956)
Children (0-10 yrs)
Type of Facilities Available

Toilet Facilities
Privies and flush toilets in
50 percent or more of houses
Under 50 percent of houses·
Wa ter Supply
Private wells and municipal
supply in 50 percent or more
of houses
Community supply in over
50 percent of houses
Sewerage System
Mixed - municipal, cesspools,
open drains and none
Open drains and none
Source:

Number of
Cul tures

% Positive
for Shigella

1343
999

4.8
11. 2

1451

6.3

891

9.4

1401

4.8

941

11.4

Beck et al (1957)

The prevalence rates were, therefore, higher in groups having
relatively poor water supply and sanitation facilities. However, no
multivariate analysis has been carried out to determine the relative
importance of the different facilities.
Separate analyses carried out by the authors show that the preval.ence rates for ShigelLa by age varied from a low of 2.7 percent
in the group under 1 year of age to a high of 11.8 percent in the 1-2
year age group. The rates then decreased in each succeeding age group
studied. Also, the rate increased with age in children under 1 year
of age with the mi nimum rate occurri ng in chi 1dren under 6 months 01 d.
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The authors pointed to the various theories that had been advanced
to explain this Variation in attack rates with age. Increasing
chance of exposure of very young children with age is one possible
explanation. Presence or absence of infected or non-infected siblings
in households is an important factor. The very low prevalence rate
in children under six months is attributed to: (i) presence of
transplacental immunity (ii) reduction in exposure due to breast
feeding and (iii) improved nutritional status and increased immunity through mother's milk.
In conclusion the authors said that the organisms of the genus
Shigella caused the major portion of diarrhoea1 diseases in the
communities studied. When sanitary facilities are poor or lacking
and when water is less available for personal use, the prevalence
rates for Shigella are definitely higher.
There is no mention about the quality of water or the quantity
of per capita water use under different supply conditions for assessing the true effect of water supply.
6.

McCabe, L J and Haines, T W (1957)

During April and May 1952 the excreta disposal facilities were
improved in 178 out of 344 occupied·dwe11ings in Boston, South Georgia
USA either by constructing a new privy or remodelling the old privy.
The new design of privy was 16 inch diameter 8 feet deep bored hole
covered with a 4 ft square concrete slab and was fitted with aluminium
riser seat as well as a lid. The rest of the dwellings in the town
were connected to a sewerage system provided with treatment facilities.
Nineteenprivies in schools, churches and commercial buildings were also
improved at the same time. Boston had a total population of 1035 in
1950. Three other towns namely Pavo,Coo1idge and Meigs with an aggregate population of 2695 were chosen to serve as control. No improvement was carried out to the existing privies in these towns. There
was no difference between study popu1ations of these towns and the
study population in Boston as regards race and age distribution as
well as other environmental aspects.
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Blocks with a high proportion of children were selected for
carrying out epidemiological observations of morbidity and prevalence of Shige~~ before and after the improvement of privies. The
families were visited monthly and histories of diarrhoea were collected for all members of the family. Rectal swab cultures of children
under 10 years of age were collected for the isolation of Shige~~
organisms. Weekly observations were made on fly counts in representative blocks and the five highest grill (Scudder) counts observed
in each block were recorded. Samples of privy contents were collected fortnightly from randomly selected privies to examine for the
presence of fly larvae and subsequent emergence of insects in an
insectory. During sampling a count was made of the adult flies in
the pit and privy structure. Data collected before and after the
modification of privies showed "that there was a reduction in the
housefly breeding in rehabilitated privies but that did not significantly reduce the housefly population in the community as a whole.
This may indicate two things: improved privies have reduced the
contact between excreta and houseflies which is important in the
reduction of diarrhoeal diseases. Secondly the privies are not the
only breeding places of housefl"ies. In eighteen months following
the improv~ment in excreta disposal facilities in Boston the reported
diarrhoea rate in Boston was only half the rate observed in the control towns. The position as regards Shige~~a prevalence rate is shown
in Table IIIA.10.
TABLE IIIA.10: SHIGELLA PREVALENCE RATES IN AREAS WITHOUT MODIFIED
PRIVIES AND WITH REMODELLED PRIVIES IN SOUTH GEORGIA
(April 1951 -October 1953)
tietore prlVY remod- I After fr1VY remodType of Privy and Area
(April Tm~RDril 1952 (May f9H~8ct.1953\
No. of
No. of
% Posi% Pos irectal
tive for
recta 1
tive for
swab cul- Shige~~ swab cul- Shigella
tures
tures
Bored hole privies
(Boston)
Unmodified prlvies in
control towns
Source:

685

4.7

904

2.8

1689

3.3

2769

5.7

McCabe and Haines (1957)

381

So improvement in privies has reduced the contact between flies
and excreta and in turn has brought about a reduction in the Shige~~a
prevalence rates in Boston. The authors have advocated sanitary
improvements to avoid contact between 'excreta and flies in preference
to control of fly popu1ations by use of insecticides as a suitable
measure against the spread of Shige~~a infections.
7.

Sch1iessmann, D J et a1 (195B)

Eleven mining camps in the eastern coalfield region of Kentucky,
USA were studied extensively by Sch1iessmann and others to find out
the relationship of different environmental factors to the occurrence
of enteric diseases in the camps': Besides water supply and sanitation
several socio-economic factors such as income, family size, crowding
and education of housewife were analysed for their possible influence
upon enteric disease rates in these communities. In addition to the
determination of ShigeZ~ prevalence rates, reported so far, the study
determined Ascaris prevalence and overall diarrhoeal morbidity rates
as well. The results are summarised in Table IIIA.ll.
TABLE IIIA.ll:

.
Water and
Sani tation
Facil ities

VARIATION IN DIARRHOEAL DISEASE MORBIDITY RATES AND
PREVALENCE OF SHIGELLA AND ASCARIS ACCORDING TO WATER
SUPPLY AND SANITARY FACILITIES, EASTERN KENTUCKY
(1954-56 )
Morbidity
Rate per
1000 per annum
0-4
yrs.

Fl ush toi 1et
and water
428
inside
dwell i ng
Privy and
water in829
side
dwell i ng
Privy and
water out953
side dwelling on
premises
Prwy and
water out1320
side dwelling off
premises
Source: Schllessmann

All
ages

ShigeZ~a
Ascaris .Prevalence
Prevalence
in Preschool 2-12 Years
All ages
Children
Speci Cu1 t- % Posi- Speci - %
%
tive
mens
Posi- mens
Posiures
done
Exami- tive Exami- tive
ned
ned

139

5017

1.1

458

12

960

7

238

2195

2.4

313

42

665

25

307

1988

5.B

290

58

533

41

413

2006

6.0

273

62

505

43

et <'11

(]q~R\
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Table IIIA.ll ilqustrates that diarrhoeal morbidity rate as
well as Shige~~ and Ascaris prevalence was lowest in the population group who had a flush toilet and water inside the dwelling.
The type of excreta disposal facility appears to have a great
influence insofar as all the rates increased dramatically when a
privy was used in place of a flush toilet. The difference is also
remarkable when the privy and water, though on the premises, were
outside the dwelling instead of inside. Having the services-on or
off the premises appears to have comparatively less effect which
is not to be expected when one considers the studies by others
(Watt et al, 1953; Hollister et al, 1955; Stewart et al, 1955).
It is extremely difficult to anticipate whether closer agreement
with these studies would be achieved if the effect of water supply
was considered in isolation from the privy. The relative impact of
water supply and sanitation would be known if proper statistical
analyses of data were carried out. Notwithstanding the overall picture supports the hypothesis that the enteric diseases decreased
with increased accessibility to water and better sanitation facilities.
In this study too no data are available on the volume of water use
under different conditions of supply.
In respect of other infectious agents namely, Sa~mone~~, enteropathogenic E. Co~i, Entamoeba histo~ytica and Giardia ~mbia they were
found to be relatively unimportant as a cause of morbidity in the
study populations. Bacteriological examination (coliform determination) of water from various sources in use by the inhabitants indicated bacterial pollution of water in the majority of cases but there
were no instances in which water quality could be implicated in
disease outbreaks or correlated with seasonal differences in morbidity rates and Shige~~ prevalence. Crowding, family size and education appeared to have an effect on the enteric disease indexes studied.
A low level of education of the housewife, large families and increased
crowding were found to accompany increased prevalence of Shige~~a and
Ascaris infections.

383

8.

Schliessmann, D J (1959)

Schliessmann has drawn attention to the various environmental
factors such as water supply, sanitation, prevention of soil contamination, vector control, improved housing and milk and food
hygiene that should be controlled for the elimination of diarrhoeal diseases. He reviewed a number of past studies including his
own in Korea that were carried-out to investigate the relationship
between improvement in water supply and diarrhoeal diseases and
suggested that evidence was lacking where the quality of water could
significantly be implicated in disease outbreaks or ShigeZra prevalence. Increased availabil ity of water by way of having the supply
within the household itself would be far more effective in the
reduction of diarrhoeal disease morbidity rates and incidence of
ShigeZZa or Ascaris infections than mere provision of water supply
with improved quality outside the premises.- He presented evidence
in Table IIIA.12 to support this hypothesis insofar as ShigeZra
infections are concerned. (See next page for table IIIA.12).
9.

Peterson, N J and Hines, V D (1960)

This is one of the few studies that have investigated the role
of water quality in gastrointestinal morbidity. The study area comprised six rocky mountain communities in Colorado, USA. These communities had populations of-homogenous socio-economic condition but
three of them had treated water supplies of superior quality and the
remaining three had untreated water supplies which were found to be
consistently contaminated. All the 570 families included in the two
groups had a water supply inside the house and except 3 all had indoor
flush toilets. So the only difference between the two groups was in
the quality of water as determined by the percentage of water samples
examined positive for coliforms. Two investigators surveyed the six
communities between 4 September and 20 September on a house to house
basis usually by interrogating the housewife. Information was collected in standardised form that listed epidemiologic data pertinent to
enteric diseases. The experience of the family with gastrointestinal
illness (defined as a sudden onset of diarrhoea, watery stools, with
or without nausea and vomiting and symptoms persisting for at least
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TABLE IIIA.12:

Water
Supply and
Sanitary
Facil ities

PREVALENCE RATES FOR SHIGELLA BY DATE AND SELECTED
SANITARY FACILITIES IN KENTUCKY, GUATEMALA, CALIFORNIA AND GEORGIA,
'
Kentuckl
1954-56

Guatemalat>
1955-56

Cal iforniat>
1952-53

No .of
%
CulPositures tive

No.of
%
Cul- Positures tive

No.of
Cultures

Posi tive

Water and
flush toilet inside
dwell i ng

5017

1.1

Water inside
dwell i ng,
privy outside

2195

2.4.

Water and
privy outside
dwell ing

3994

5.9

Water on
premi ses

1988

5.8

-

Water off
premises

2006

6.0

-

..

%

-

Georgia C
1949-53
No.of
Cultures

%
Positive

0.4

985

l.6

2988

1 .451 d 6.3

688

3.0

5392

2.2

891 e 9.4

4438

5.8

5586

5.0

-

-

-

2791

4.1

-

-

-

2975

5.8

-

"

Notes:

a. Cultures from pre-school children
b. Cultures from children 10 years of age and under
c. Data from Stewart et al (1955)
d. Facilities (including toilet) in more than 50% of dwellings
e. Faci 1iti es in 1ess than 50% of dwell i ngs
Source: Schliessman (1959)
24 hours)during the past three months of June, July and August of 1957
was recorded carefully. During this period the bacteriological quality
of water was also determined. The results of the survey are given in
Table IlIA.l3.
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TABLE IIIA.13:

THE RELATION OF WATER QUALITY TO GASTROINTESTINAL
ILLNESS INCIDENCE IN SIX ROCKY· MOUNTAIN COMMUNITIES

Type of
CommuGroup nity
water
supply

Total
No.
of
people
surveyed

Total No.
Overall
of people
attack
ill in
ra te in
June, July
June,
and August Jul y and
August

(%)

I

II

Source:

Percentage
of water
sample portions positi ve for
co 1 iforms in
June, July
and August

A

Surface
untreated

199

34

17.1

100.0

B

Surface
untreated

285

40

14.0

90.0

C

Surface
untreated

352

42

11.9

72.5

D

Surface
compl ete
trea tment

313

31

9.9

0.0

E

Well
Fhlorinated

375

34

9.1

2.5

F

Surface
complete
trea tment

335

25

7.5

1.7

I,

Peterson and Hines (1960)

The overall attack rate of 13.9 percent in Group I containing
communities with an untreated water supply was significantly (P < 0.01)
higher than the rate of 8.8 percent in Group 11 containing communities
with a treated supply when chi-square test was performed. In both
groups of communities males had a higher attack rate than females
but the differences were not statistically significant (P > 0.05).
The authors noticed a greater concentration of illness among the children up to 10 years of age in Group I than in Group 11. Of course,
no explanation has been put forward by them for this difference. The
frequency of attack was found to increase in both groups of communities
as the Summer progressed. It was interesting to note that the illnesses

I
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which occurred in communities using contaminated water were more
severe and dramatic in nature than those in communities using water
with a far superior bacteriological quality. It appeared that an
immunity was developed in the people using contaminated water for
a longer time. In Group 11 the attack rate among people who lived
in the communities for more than two years was twice the attack rate
in those who lived there for less than two years. No such relationship was found in people using contaminated water and this strengthened
the logic ofacqu,iring immunity or tolerance due to longer exposure
to a causative agent or agents.
Two criticisms are obvious for this study. First, it is really
doubtful whether any woman (or man) can truly remember the occurrences
of gastrointestinal illness for all members of the family during the
past three months. It is felt that three months' recall period is too
long and any information collected in this manner may be subject to
considerable error. Second, though the main objective of this study
was to find out a relationship between water quality and gastrointestinal illness the authors did not try to investigate what proportion of
total coliforms were faecal coliforms.
10.

Zaheer, M et al (1962)

This is a review of urban water supply in Uttar Pradesh, India
which tells that the provision of safe and protected water supplies
for domestic use reduced the incidence of gastrointestinal diseases
among the beneficiaries. In order to study the effect of improved
water supply on the incidence of four common water-borne diseases
viz. cholera, typhoid, dysentery and diarrhoea a comparison was made
of the officially recorded death rates of the specific diseases for
a period of five years immediately before and after installation of
the water purification plants in 14 towns of Uttar Pradesh under the
National Water Supply and Sanitation Programme. This showed a 74.1
percent reduction in the incidence of cholera. 63.6 percent in typhoid, 42.7 percent in dysentery and 23.1 percent in diarrhoea.
Exceptions were noticed only in 3 cases. In Sandila there was an
increase in the incidence of cholera during the period of observation.
There was an increase in the incidence of typohoid and dysentery in
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Vrindaban and in the incidence of dysentery and diarrhoea in Deoria.
These increases were main)y either due to use of alternative sources for example open wells or due to the defect in the chlorination
practices. Absence of proper· conservancy and sewerage has been
implicated in some cases.
It is indicated that the average per capita supply in areas
served by the piped water supply was 60 litres per day. But no
figure has been given in respect of per capita use before. Since
there was no other environmental intervention in the towns the reductions in the incidence of diseases were attributed to the provision
of improved water supply only.
Higher reductions in cholera and typhoid imply the classical
nature of their transmission through the water route. That the protected water supply has not eliminated the diseases completely is
indicative of other possible means of spread of the diseases namely,
by direct contact or through contaminated food. Unfortunately nothing
is described by the authors as regards the sanitary behaviour of the
populations in the towns studied.
11.

Bruch, H A et al (1963)

Bruch and his colleagues investigated the role of different
environmental factors such as excreta disposal, water supply, preparation, preservation and storage of food, housing, refuse disposal
and flies in the origin and transmission of acute diarrhoeal diseases
in two rural populations of central Guatemalan highlands. The investigations were carried out over two periods of 12 and 16 months during
1956-1959. The first rural population consisted of 1164 people in
two adjacent villages of Santo Tomas Mil pas Atlas and Santa Lucia
Milpas Atlas. The second population consisted of 3147 people in
contiguous villages of San Antonio Aguas Calientes and Santa Catarina Barahona. All the four villages had a high endemic prevalence of
acute diarrhoeal disease with epidemics occurring frequently. The
synergistic action of intestinal infection and malnutrition was an
important cause of death in children. This also caused restricted
growth and development of those who survived. The most critical period
was the stage of weaning when the child was 6 to 18 months old. A
survey of various social, biological and cultural characteristics of
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the populations was conducted by a multidisciplinary team of physician, sanitary engineer and social worker. The occurrence of acute
diarrhoeal disease was ascertained through bi-weekly home visits by
local field workers to all households. A nutritional deficiency
was perceived in the village diet which mainly included corn, beans
and coffee with occasional consumption of meat. Milk was rarely drunk
by adults and consumption by children was very little. The sanitary
condition was poor. Any kind of indoor sanitary facility was nonexistent in all the study villages. There was, however, provision
for outdoor privies in 571 out of 774 families. The privies were of
varied construction from a shallow hole in the ground with or without
The percentage of families
cover to the brick lined sanitary privy.
with privies was more in large families (10 or more persons) than in
small families (1 to 3 persons). In general, the maintenance of
privies was poor discouraging their use by all members of the family.
Their location was not convenient either deterring their use at night
or in rainy weather. A sample survey of 195 privies showed only 48%
of them to be in a satisfactory state of cleanliness and order. In
the circumstances, the use of surrounding fields, village streets and
often a corner of the household compound for excreta disposal was a
familiar picture in the villages. Table IIIA.14 shows the diarrhoeal
disease rates by family size and by age in households with or without
privies.
The difference in average annual attack rates of 16.8 for families with privies and 22.4 for families without a privy was significant at the 1 percent level. The difference in case rates between
children under 1 year with and without privies when tested was not
statistically significant. This may imply two important things.
First, privies when used did contribute to the control of diarrhoeal
disease. Second, the children less than 1 year old are more vulnerable to conditions existing in the environment and are more dependent on others, specially mothers, for life's necessities which underscores the importance of the hygiene of the family as a whole for the
health of the infants.
As regards water supply, the two villages San Antonio Aguas
Calientes and Santa Catarina Barahona had an abundant water supply
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TA8LE IIIA.14:

Classification

CASE RATES OF ACUTE DIARRHOEAL DISEASE PER 100
PERSONS PER YEAR BYFAMILY SIZE AND BY AGE IN
HOUSEHOLDS WITH AND WITHOUT PRIVIES IN FOUR VILLAGES OF RURAL GUATEMALA
Wi th Privy
Rate per IOU
persons per year

Without Privy
Rate per IUU
persons per yea r

16.6
16.9
14.3
21.1

15.0
21.6
26.0
20.0

16.8

22.4

80.7
60.3
9.3
4.6

52.8
80.3
11 .7
7.3

16.8

22.4

By family si ze:
1-3 persons
4-6 persons
7-9 persons
10 or more
TOTAL:
By age:
Under 1 year
1-5 years
6-14 years
15 and over
TOTAL:
Source:

Bruch et a1 (1963)

from a nearby mountain spring and "water was never scarce. About 90%
of 580 families in them obtained water from public faucets at 16
water points. The remaining 10% had private faucets located within
their compounds. The water use by the latter group was less than the
former but it never fell below 3 to 4 gallons per person per day.
On several occasions bacterial examination of water at the public faucets demonstrated a high degree of pollution caused by frequent breaking of the pipeline apart from contamination by users. Two other
study villages shared a water supply drawn from a spring with a neighbouring village which had the right to the water and which used to
control the distri b ution. Usually the quantity of available water
was very limited and there were occasions when no water was allotted
to them. Under such constraints of supply women in these two villages
had to walk to a river about 2 kilometres away for washing clothes and
carrying drinking water home. Collection of rain water from roofs was
a practice ,that supplemented the supply during the rainy season. 48
out of 194 families had their private faucets. Time to time collection
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of river water as well as roof collection of rainwater were also
common in them. So the entire population of these two villages had
varying degrees of dependence on water subject to contamination.
The public faucets were mostly fitted to cement collecting
tanks. The individual collectors often dipped their jars into the
tanks, rinsed and filled indiscriminately, thus a risk for contamination of tank water prevailed. Moreover, almost always the water
in the collecting jars was emptied into large earthen vessels in
individual households. In most cases these vessels were never cleaned
and always contained some residual water at the end of the day which
was not emptied. Under these conditions one would expect large variations in contamination of water depending on cleanliness of individual
households.
A comparison (see Table IIIA.15) of the frequency of diarrhoea
in pre-schoo1 children from the two groups of study villages showed
that the frequency was three times higher in the popu1ations who had
a 1imi ted supply and presumably a poorer qual i ty of water than that in
the popu1ations having an abundant supply.
TABLE IIIA.15:

THE RELATION BETWEEN THE FREQUENCY OF DIARRHOEA AND
WATER SUPPLY IN FOUR GUATEMALAN VILLAGES

Vi11 ages

Water
Supply

Frequency of diarrhoea (No.of cases per
100 pre-schoo1 children aged 0-5 years)
With pri va te faucet Wi th public faucet

San Antonio Aguas
Ca1ientes
Santa Catarina
Barahona

Abundant

32.4

38.9

Santo Tomas
Milpas Atlas
Santa Lucia
Mi1pas Atlas

Limited

128.6

134.8

Source:

Bruch et a1 (1963)
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Interestingly, under both supply conditions the number of
cases was lower in those using private faucets than in those using
public faucets. Probably, greater use of water for hygiene due to
easier accessibility is the reason. No analysis was carried out by
the authors to correlate sanitation with water supply as well as to
evaluate their combined effect., As already mentioned they considered
a number of other environmental factors as well but no multivariate
analysis was done to evaluate the relative importance of each individual factor as well as to find out which factor, if taken care of,
would contribute most to the reduction of diarrhoeal diseases in the
study vi 11 ages.
However, in conclusion the authors said:
"The correlation with weanling practices and the attendant
nulnutrition is sUfficient to characterise wean ling diarrhoea as an epiderrriologic entity, as distinct among the diarrhoeas and the dysenteries as epiderrric diaY'Y'hoea of the new
born.
Transrrrission is primarily by direct contact, highly favoured
by the habits and customs of the people, and also indirectly
by jbod contarrrinated by the environment or through the agency
of other farrrily members. The index case in farrrily outbreaks
is predorrrinantly the infant or young child, and yet with a
strong indication that this does not nurk the original introduction of infection into the farrrily. Conceivably, nunifest
disease depends upon two factors. First an immunity having its
origin in a more or less universal disease occurring at an early
age protects older chiltken and adults. Secondly, the prevailing
nulnutrition conditions the immature host to invasion by infectious agents Of low pathogeneity and perhaps not numbered wrong
the nornul adult intestinal flora, as well as to infection by
recognised enteropathogens.

12.

Moore, et al (1965)

Moore et al have reported on the investigations that were
carried out in the Canton of Barba in the coffee producing area of
Costa Rica to find out the efficacy of various practical public health
programmes in the reduction of gastrointestinal disease, which was a
leading cause of death in Costa Rica. A survey was made of the sanitary characteristics and socio-economic conditions of 1202 houses
from all the six districts of the Canton. This mainly included water
supply, excreta disposal facilities, rental value of houses, crowding,

domestic animals, fly popu1ations and examination of milk and meat.
Testing of rectal swabs and stool specimens were carried out to
find out the diarrhoea1 morbidity rates and the prevalence of bacterial, helminthic .and parasitic infections.
In the Canton, 94 percent of houses had a piped water supply
served by 5 community water systems. The rest of the families without
piped water took their supply from streams and springs. In 70 percent of the houses the piped water outlet was located inside the house
and in an additional 21 percent it was "very close" within 100 yards
of the house. Only 1.5 percent of families had to carry water for
100 yards or more. There was a variation in the frequency of ownership of various water using appliances from one district to another.
Ingenera1, the appliances were found with greatest frequency in the
most urbanised areas. As regards sanitary facilities, 76.5 percent of
houses had pit privies, 11.4 percent had flush toilets and septic tanks,
mainly in the urban district. Another 11.4 percent of houses had no
satisfactory means of excreta disposal.
Two of the five community water systems supplying piped water
had an open creek as the source and the rest were drawing water from
springs. There was no impoundment in the systems as well as no other
treatment. The spring sources were protected by cement boxing only.
Samples of water from each system examiryed at intake points had
varying degrees of microbial pollution as indicated by coliform
counts. Spring sources were· superior to creeks. One creek serving
the highest number of consumers had high coliform counts ranging
from 240 to 350 MPN per 100 m1 as compared with less than 1.8 to 23 in
the case of springs. In most of the systems the quality was better
in dry seasons than in rainy seasons. As may be expected seasonal
variation in quality was more in creeks than in springs.
The rates of various enteric diseases according to water supply
and excreta disposal facilities are shown in Figures IIIA.1 and
IIIA.2. Since no difference in disease rates was observed between
the category 'none' which meant a water spigot only and 'one' which
generally indicated spigot and wash sink they were combined in one
category in Figure IIIA.1.A progressive reduction in disease rates
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was observed as the number of facil ities increased from one to three
or more. These rates were not found out for small number of houses
vlithout piped water, but 37 percent of 27 cultures taken from
diarrhoea cases in these houses were positive for some enteropathogenic organism. This rate was high in comparison to 7.1 percent
positive cultures obtained for all cases. Out of 32 stool cultures
obtained, in the sample surveys, from persons without piped water
4 (12.5 percent) were positive in contrast to overall 1.4 percent
positive for 1329 survey cultures. The cultures from diarrhoea
patients with no piped water in the house were 18.5 percent positive
for Shigella, whereas from survey subjects they were 9.4 percent
positive for Shigella.
FigureIIIA2shows that Ascaris prevalence decreased as the means
of excreta disposal improved. There was no difference in Trichuris
prevalence in houses with or without a privy but there was a notable
reduction in prevalence where a septic tank, and presumably a full bathroom, was present. Shigella organisms were not recovered where septic tanks were present. It may be interesting to note that diarrhoea1
morbidity was least where no facility (pit privy or septic tank) for
excreta disposal was present. The reason for this has not been sufficiently elucidated except that houses without privies were most
frequently' located in the most remote and least populated parts of
the Canton.
When the effect of water quality on diarrhoea1 morbidity was
investigated no consistent relationship between the two could be
found out. People served by the best (in terms of quality) as well
as the poorest water systems experienced relatively high morbidity.
The iso1ations of enteropathogenic organisms from diarrhoea cases
were lowest in the areas with the worst water and iso1ations were
higher where water quality was better. The pattern was not different
for the prevalence of Ascaris and Trichuris, also. The parasito10gic
survey indicated dissemination of G. lambia and E. histolytica through
the water route. Examination of seasonal variation in water quality
as well as diarrhoea1 morbidity showed a tendency toward slightly
higher morbidity during the period of worst water quality (high
coliform counts) when there were also episodes of higher respiratory
disease due to bad weather which might have a synergistic action.
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variations in fly counts or in the bacteriologic quality of
meat or milk, as determined, did not"appear to have a relationship
with the variations in diarrhoeal morbidity. Domestic animals,
although harboured enterpathogenic organisms did not contribute
to the origins of disease in the communities studied.
This study provides evidence that a good level of sanitation
is important in reducing the incidence of diarrhoea and preva 1ence
of Shige~la as well as other parasitic infections. Pi ped water has
been important in reducing the amount of infection with enteropathogenic bacteria but had little effect on diarrhoea morbidity per se
and parasitism due to preponderance of parasites in the community.
Increasing utilization of water favoured by greater number of water
using facilities was associated Ivith decreases in all index rates
employed in the study. A bathing facility had its greatest effect
and is recommended to obtain the best effects from piped water.
Water quality was found to be of lesser importance because water
pollution within the range observed did not have a direct effect
on diarrhoeal morbidity.
13.

Goodwin, M H et al (1966)

The main objective of this study was to elucidate the reasons
why even with better improved water supply and sanitary facilities
the occurrence of diarrhoeal disease and the transmission of enteric
pathogens continue at high levels in some families or communities.
It involved intensive observation for at least 12 weeks of 328 persons in 41 families, in the metropolitan area of Phoenix, Arizona,
who contributed data for 7610 person-weeks of observation (PWO).
The families were from relatively low socio-economic groups and
presumably were at similar risk of infection. They were homogenous
with respect to water supply and sanitary facilities. All OCCU"
piedcpremises had piped water, water heaters, a water-borne sewage
system and all families had refrigerators too. Variations in families
with respect to income, size and education were not great. To qualify
for inclusion in the study each family must have had a newborn baby
and at least two other children under 5 years of age. So the minimum
family size was 5. A staff nurse visited each family at least once
a week to collect information, usually from the mother, concerning
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illness experienced by members of the family during the previous
week. While collecting reports of gastrointestina1 illness and
episodes of diarrhoea the nurses also noted and recorded conditions
of environmental sanitation and personal hygiene which might have
an influence on the transmission of enteric pathogens. An episode
of diarrhoea was defined as at least two loose stools within 24
hours or a single loose stool containing blood or mucous. Stool
specimens were collected from all members of the family including
children. Faecal samples were obtained routinely by rectal swabs
from a 11 chil dren under 5 yea rs of age. Attempts were afso made
each week to obtain specimens with rectal swabs from animals on the
premises. Isolation and identification of bacteria were done by
standard procedures. Specimens were examined for protozoa and helminths during the first 3 weeks and at varying intervals thereafter,
depending on the prevalence of parasites.
The experiences of families varied widely with respect to the
frequency of diarrhoea and occurrence, spread and persistence of
organisms. Rates of diarrhoea in individual families ranged from
o to 10.3 episodes per 100 PWO. Rates of isolation of Shigella found
in members of 12 families ranged from 0.6 to 15.2 per 100 specimens
examined.
Escherichia coli (EEC) were isolated from 32 families for which
infection rates varied from 0.4 to 22.4 per 100 specimens examined.
Salmonella was isolated from 14 families and from animals only at 4
other premises. The highest rate of infection was 1.8 per 100 specimens examined. The only parasite found with sufficient frequency was
Giardia lambia. Giardia was found in 30 families with infection rates
of 2.6 to 37.9 per 100 specimens examined. It should be noted,
examinations for protozoa were not made with the same regularity
as bacterial specimens and some persons with Giardia were treated.
Analyses of data did not indicate any correlation between rates of
diarrhoea and rates of isolation of Shigella, enteropathogenic
E.Coli or Giardia Zambia. Occurrence of diarrhoea and pathogens did
not appear to be related to crowding, family size, age of family members or socio-economic status. Differences in rates of diarrhoea and
rates of infection among the various families were largely attributed to the differences in behavioural characteristics of the families.
There was wide variation in the ways the available physical facilities
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were used and evidences of misuse were found in families with
high rates of infection. For example in one family the handles
were removed from the water fixtures to prevent wastage of water
by children. In another instance, baby's formula, though prepared
properly, was stored in unhygienic conditions. In some families,
it was thought unnecessary to use soap in the washing machine.
In another situation, a toddler was allowed to play·with nursing
bottles with a risk of contamination. There were many instances
which hinted at a lack of hygienic sense which influenced the introduction and spread of pathogens in a family.
This study illustrates that technology is not enough, the
human factor is also important. Mere provision of water supply
and sanitary facilities that will enable maintenance of adequate
personal hygiene does not ensure their effective use for control
of diarrhoeal diseases. What are additionally needed are an awareness of personal as well as domestic hygiene and a right appreciation of the need for them.
14.

Van Zijl, WJ (1966)

Van Zijl presents a summary of the studies carried out by the
WHO Diarrhoeal Diseases Advisory Team in Ceylon, East Pakistan, Iran,
Mauritius, Sudan, United Arab Republic and Venezuela between 1960
and 1965. Except only one instance (Ceylon) in which children up to
10 years of age were included the studies mainly concentrated on preschool children. Instead of the country as a whole, a part of each
country was covered in the study and the survey was carried out during
the hottest part of the year. During the cross-sectional survey which
normally took about a month to complete each child was examined only
once. Several environmental factors namely water supply, sanitation,
fly population along with nutrition and health education were considered to find out their effect on diarrhoeal diseases in children.
Some countries were found to have a high incidence of diarrhoeas whereas others such as Ceylon and Mauritius had an extremely low incidence.
In the latter two countries many of the children always used the field
instead of toilet facilities for defaecation and therefore the possibility of a number of cases escaping the attention of the mothers,
who were the principal spokesmen reporting diarrhoeal cases is not
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ruled out. Many of the diarrhoea cases were certainly of parasitological or probably of viral origin· and the remainder were
of bacteriological or other origin. Simultaneous multiple infections in children precluded a valid judgement about the exact
etiology of diarrhoea in many instances. Detection rates for
Salmonella were generally very low and rates for enteropathogenic
E. Coli based on children under 3 years of age were not high
either. Shigella was found to be the major cause of diarrhoea
caused by bacteria. Table IIIA.lfi provides a summary of· the incidence of diarrhoea in children and the rates of Shigella isolation
according to the provision of water supply. Due to differences in
factors like religion, race, socio-economic standards, sanitation
and personal habits a straightforward comparison between countries
was not poss i bl e but withi n the same country compari son bebleen
communities that did not differ much in other respects except water
supply and sanitation was thought feasible and resorted to. The
impact of the availability of water alone was mainly studied because
in many countries drinking water collected from taps was stored in
earthen jars which were without exception faecally contaminated. As
a result whatever may be the quality of the source of supply water
became polluted afterwards.
In Sudan in water-supplied areas all. the houses had piped water
onto the premises instead of into the premises, shower facilities
were available in only half of the houses, all had pit privies and
no kitchen facilities. In areas where there was no water supply
other conditions were similar to those in water supplied areas but
at a much lower level. It was found that between two areas the difference in incidence of diarrhoea and ShigeZla detection rates was not
statistically significant. Accessibility of water appeared to have a
positive effect; the less readily it was available (on premises)
the smaller was the effect. In the UAR, in areas without piped water
supplies people had to collect water from a few standpipes which reduced the ready availability of water.
Sanitation was also most basic. In water-supplied areas, on the
contrary, people had in-house bathrooms with flush toilets, showers,
and kitchen facilities, a water-carried sewerage system as well as

TABLE IIIA.16:

INCIDENCE OF DIARRHOEA AND RATES OF ISOLATION OF SHIGELLA IN CHILDREN IN SEVEN COUNTRIES STUDIED
(Data collected over a one-month period)
No. of children examined

Country

Mauritius*
Sudan
UAR
Ceylon
Iran
East Pakistan
Venezuela

Age-grou
(years)
<5
<7
<6
<10
<7
~

7

<7

,Area with
water supply

Area without
water supply

Incidence of diarrhoea (%)

550

iso1~rion

of ShigeZLa

Area without
water supply

Area with
water supply
7.6

2
26.6
3B
2
48.7

6.4
3.4
2
4.7

14
9.4
4
7.5

-

20

-

<1

39

43

3.0

239
174
460
453

211
317
50B
425

21.B
10
2
36

-

668

656

526

* No separate data from two types of area
Source: Van Zijl (1966)

Area without
water supply

Area with
water supply

Rate of

7.6

W
\0
\0
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facilities for garbage disposal. Comparison of the two areas
indicated a substantial reduction in the incidence of diarrhoea
as well as about one-third reduction in the Shigella isolation
rates in the water-supplied area. The difference in diarrhoea
incidence rates between two areas was significant at 0.1 percent
level and that in Shigella detection rates wassignifica!)t at
5 percent level. In Iran, the water-supplied area had water piped
to the premises and had basic sanitation but the non water-supplied
area lacked all facilities and water had to be collected from a
dug well or ghanat. The rate of detection of Shigella in the watersupplied area was about half ofthatinother areas and the incidence
of diarrhoea from all causes was reduced but was still high in the
area. The difference in the reduction of diarrhoea between two
areas was statistically significant at 0.1 percent level but the
difference in the Shigella isolation rates was not significant.
In Venezuela, in a comparison of the two major study villages as
a whole, Pampanito had a central water supply serving 100 percent
population and 70 percent had a supply inside the house but incomplete sanitation. Monay had an old dilapidated water supply serving a few houses on1y,~lhi1e others depended 'On a tank-truck supply.
Sanitary conditions were similar to Pampanito. It was found that
there was a significantly lower rate of isolation of Shigella in
Pampanito. Whereas the difference in the incidence of diarrhoea
(from all causes) was not great, 39% in Pampanito and 43% in Monay,
a further comparison of two areas in Pampanito itself, one having a
water supply and incomplete sanitation and the other, a housing
scheme, which had water supply as well as full sanitation, showed
that the diarrhoea incidence was 43% in the former and 33% in the
latter area and this difference was statistically significant.
Ih Cey10n (Sri Lanka) in the water-supplied area water was piped
into the houses which had kitchen facilities and water-sealed latrines but no waste-water disposal system. In the non-supplied area
people had to draw water from dug wells and they had no modern sanitary facilities. But in both the areas the incidence of diarrhoea
was the same, although the rate of iso1ation'of Shigella in the watersupplied area was about one-half of that in the other area. In Nauritius, the incidence of diarrhoea and the rate of isolation of Shigella

401

was more when the water supply was off premises than on premises.
They also differed when the water supply was inside the house or
on premises, the rates being lower in the former case (See Table
IIIA.17). This emphasizes the ready availability of water in
reducing the incidence of diarrhoea. How the method of disposal
of excreta influenced the spread of diarrhoeal disease is shown in
TABLE IIIA.17:

No. of peopl e
examined
Under 12
All
ages
years of
age

Location
of
water
supply
In the
house
On premises
Off premises
Source:

EFFECT OF LOCATION OF WATER SOURCE ON DIARRHOEA
INCIDENCE I'N MAURITIUS
Incidence of diarrhoea
Rate of
(%)
isolation
Under 12
All
of Shigella
ages
years of
(chil dren
age
under 12
Yea rs of age)

371

97

0.5

0

3.1

942

222

1.5

5.0

3.6

820

170

2.9

8.8

6.5

Van Zijl (1966)

Table IIIA.18. The rate of diarrhoea in people using no toilets
(sugar-cane fields) was significantly greater (at 0.1 percent level)
than the rate in those using outdoor toilets. On the other hand
TABLE IIIA.18:

EFFECT OF TYPE OF EXCRETA DISPOSAL ON DIARRHOEA
INCIDENCE IN MAURITIUS

Type of excreta disposal
Indoor toil ets
Outdoor toil ets
Water-carriage system
Sugar-cane fields (no toilets)
Source:

Van Zijl (1966)

No. of persons
examined

Incidence of
diarrhoea (%)

194
1603
114
207

0.5
1.9
0.9
4.8
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sanitation applied in the wrong way may pose a danger. In
Sudan, in an area without a water supply the reported diarrhoea
rate duri ng a one-month peri od was 3.2% in famil i es ~Ii thout toi 1et
facilities, but it was 16% in the case of families using an unsanitary privy. The difference between the two incidence rates was
statistically significant at 0.1 percent level. In East Pakistan
the study carried out in a rural area only showed a low isolation
rate for enteropathogens although the reported incidence of diarrhoea in children was 20%. However, the rates of isolation of
protozoa and helminths were high, which accounted for some of the
reported cases of diarrhoea.
Considering the various environmental factors studied the
following general conclusions may be drawn:
1.

The availability of water reduces the incidence of diarrhoea
as well as the rate of detection of Shigellae but without
further sanitary improvements it probably does not reduce the
incidence of diarrhoea sufficiently to solve the problem.

2.

Shigellae infections constituted the major bulk of the
diarrhoea1 diseases of bacterial origin.

3.

It appears that the incomplete sanitation in the water supplied
area prevents a substantial decrease in the overall incidence
of diarrhoea. Whereas basic sanitation adds only a little to
the reduction of diarrhoea incidence, complete sanitation can
reduce it markedly.

4.

Sanitation applied in the wrong way poses problems. The unsanitary condition of simple privies as noted in several areas had
a.significantly adverse effect.

5.

It is generally believed that flies play an important role in
the spread of diarrhoeal diseases, especially shigellosis,
but high fly counts in the very first instance indicate a low
level of sanitation, which is a factor much more directly related
to the spread of diarrhoea. In one instance, during this study,
for areas with high and low fly counts diarrhoea rates were
found to be almost the same.
Further subdivision of houses
in the high fly count zone according to water and sanitation
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facilities showed that the reduced rate for diarrhoea was
mai nly due to improved sanita ry conditi ons.
6.

The investigations reveal that the parasitic infestations
are an important cause of diarrhoea in the countries studied.
The extremely high infestation rates and in many instances,
the heavy load of parasites (helminths and protozoa) must be
considered as a potential threat to children as they weaken
their general state of health. Routine examination of parasites should, therefore, form an integral part of the examination of diarrhoeal diseases.

7.

The group of children of age one suffered more frequently
than children in other age groups and this was the most vulnerable age under 3 years.

8.

The type of food given to the children. under 2 years of age
was related to the incidence of diarrhoea. Breast fed babies
are significantly at a lower risk than the children receiving
bottle feeding or any other type of food or a combination of
foods.

Although it was found that the incidence of diarrhoea varied
depending on the location of water source it is disappointing that
no action was taken to record the actual per head consumption of
water under varying conditions of availability to determine at what
level of supply. hygienic practices suffered most. Furthermore, a
number of confounding variables were found ;to influence diarrhoeal
disease but the relative importance of them has not been established.
15.

Kourany, M and Vasquez, M A (1969)

In Panama, a cross-sectional survey was carried out of the
dwellings of 1819 infants suffering from diarrhoeal disease. On
the basis of home visits the dwellings were classified according to
the type of construction, availability of water supply and excreta
disposal facilities. The location of the dwellings and the socioeconomic standards of the occupants were also recorded. The examination of children was earlier carried ouFat clinics for the pre-
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sence of enterobacterial pathogens.
are presented in Table llIA.19.

The results of the survey

It may be seen that the infection rates for enteropathogenic
bacteria did not vary greatly between various types (type 2 through
type 6)'of dwellings having inadequate water supply and sanitation
facilities. They ranged from 6% to 10.2%. Moreover, the rise and
fall did not follow any definite inverse relationship with socioeconomic status. But if dwelling type 1 is considered as one group
and the rest another group the difference in infection rates is
sharply contrasting. A complete absence of diarrhoea in infants
from type 1 dwellings is largely attributed to the high level of
services in respect of water supply and sanitation. This emphasizes the importance of an adequate and readily available water
supply along with a complete sanitation in the control of diarrhoeal
diseases. However, it would have been much'more explicit if detailed records were taken in respect of the services available to individual families on a per capita basis.
Other variables which were found to be associated with diarrhoeal disease were improved housing (negative) better socio-economic
condition (negative) and the density of the (urban) population
(positive):
16.

Wolff, H L et al (1969)

During a longitudinal survey in six villages in the State of
Trujillo, Venezuela to ascertain the relationship between houseflies
and incidence of diarrhoeal diseases it was found that an increase
or a decrease in fly population was not necessarily followed by
corresponding increase or decrease in the number of cases of diarrhoea.
There was no correlation between high levels of fly population arid
high incidence of diarrhoea either. Instead, overall sanitary
measures had the greatest importance in the reduction of diarrhoea
and the system of excreta disposal seemed to be correlated with the
fly indices;
The availability of water had its greatest influence
on thereducti on of di a rrhoea.

TABLE IIIA.19:

PREVALENCE OF ENTEROBACTERIAL PATHOGENS IN INFANTS WITH DIARRHOEAL DISEASE BY DWELLING TYPE

Dwelling Type
Panama Ci ty
1. si ng1 e family
houses and
apartments

Water Supply and Excreta
Disposal Facilities

Socioeconomic
Status

Piped city water service, indi Middle
vidual family toilets connecto
ted to city sewerage system or high
septic tank
Inadequate shared toilet and
2. Multi family
tenements
sink facilities. Piped water
Low
available but water for cooking to be carried to individua 1 fl ats
Shared improvised pit privies
3. Squatter
in inadequate numbers. Hater
Very
to be carried from a few publow
lic faucets available to every
20-30 famil i es
4. Rustic houses In majority of cases poor and
Low
in semi-rural inadequate toilets; usually
areas within pit privies shared by many
to
city limits
families. About l/3rd dwelMiddle
lings have piped water
supplies, rest are dependent
on private or public wells
and unprotected surface sources. Most houses with piped
water have flush toilets and
septic tanks

/Continued ...

No. of % Pos iti ve
Infants for Enteri c
Examined Pathogens

%Harbouring Particular Pathogens
EEC a
ShigeUa
SaZmoneZZa

52

0.0

0.0

0.0

0.0

828

8.6

5.7

1.8

1.1
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6.3 b

3.9.

2.2

1.0

118

lO.2 c

7.6

2.5

0.8

TABLE III:A19: continued

Near Panama
Clty

Piped water from local aqueducts or from drilled wells
~aried, single on or near premises. Septi c
and multitanks most common and few have
family struc- flush toilets
tures, urban
and semiurban
Hater supply inadequate or
6. Rustic and
lacking in some communities.
varied dwellings, rural
Hater to be carried from a
few private or public drilled
wells. Alternative sources unprotected surface waters.
Toilets almost non-existent.
Few pit privies shared communally

Low

67

6.0

3.0

1.5

Very
low

343

9.0

6.4

0.9

Notes:
a.
b.

c.

Enteropathogenic Escherichia Coli
Two infants had EEC and Salmonella;
One infant had EEC and SalmoneZla

Sour~e:

Kourany and Vasquez (1969)

another had EEC and Shigella

1.5

1.7
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The study results are presented in Table IIIA.20 and
Table IIIA.21 below. The casesof diarrhoea were registered on the
basis of a house-to-house survey repeated on a monthly basis.
TABLEIIIA.20:

Vi 11 age

INFLUENCE OF SEWAGE DISPOSAL SYSTEM ON FLY POPULATIONS
AND THE OCCURRENCE OF DIARRHOEA IN THE STUDY AREA
::,ewage Ol sposa 1
system
% Open
% Closed

Pampanito a
Pampanito b
Nonaya
b
Monay
Ki 16metro
17
Ki 16metro
12/14

Fly
index
in
1965/66

Percentage of aiarrhoea
in 1965-66
>7 years
0-7 years
age-group age-group

39
84
3
35

61
r
16
97
65

6.47
0.95
9.17
6.62

17 .9
l1.B
27.4
24.2

2.1
l.8
5.6
7.3

6

94

8.40

12.5

1.8

2

98

10.02

12.0

5.1

a - Old town; b - Viviendra rural (rural housing scheme)
Source: Wolff et al (1969)
TABLE IIIA.21: AVAILABILITY OF WATER IN THE STUDY AREA AND OUTBREAKS
OF DIARRHOEA
Vi 11 age
Pampanito a
Pampanito b
Nonaya
Monay b
Kilometro
17
Kilcimetro
12/14

Water Water outside house Quantity Percentage of diarrinside
(% )
hoea in 1965-66
of water
On
Off
house
unl imited u-/ years >/ years
Premi ses Premi ses
%
age group age group
28
66
6
2.1
Yes
17.9
3
14
83
Yes
11.8
1.8
13
10
77
No
27.4
5.6
0
0
100
No
24.2
7.3
1

2

97

Yes

12.5

1.8

1

1

98

Yes

12.0

5.1

a - Old town; b - Viviendra rural (rural housing scheme)
Source: Wolff et al (1969)
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The results show that the highest occurrence of diarrhoea
was in Monay where sewage disposal was poor and the availability
of water was limited although the fly indexes were not highest in
these two villages. Low diarrhoeal case rates in Kilometro with
an even poorer sewage disposal system but adequate water supply
is an indication of the importance of the availability of water
in sufficient quantity in the reduction of diarrhoeal diseases.
Other interesting findings were that (i) the number of pathogenic
organisms normally transmitted by flies was too low to be a direct
danger to the community but transmission of micro-organisms like
Shigella and Salmonella by flies to food and their subsequent
multiplication in food when kept at relatively high temperatures,
may give rise to food-borne diarrhoea; (ii) flies are partly responsible for the circulation of these organisms in the community;
and (iii) the age group 0-7 years was more vulnerable than older
age groups for diarrhoeal attacks.
17.

Rubenstein, A et al (1969)

Based on hospital records Rubenstein and others compared the
diarrhoeal rates in infants who had completed at least 1 year of
life during the period of investigation from two sections of the
population in Moenkopi, a Hopi Indian Village in Arizona, USA of
about 700 people. There was a difference in political ideology
between two groups who were also divided geographically. The people
in the upper Moenkopi were progressive and cooperated with the government in its programmes but those in the lower Moenkopi relied heavily on traditional social control and did not want to get involved
in government projects to avoid political influence. Both the sections were dependent,ona common source of water, a spring, and a
common hospital, but the use of the latter by the lower Moenkopi
people was sometimes influenced by their values and socio-economic
conditions. In 1964, under Public Law 86-121, the Indian Sanitation
Facilities Act indoor plumbing facilities were installed in the
houses of upper Moenkopi but the inhabitants of the lower Moenkopi
refused to :cooperate with this programme and continued using their
outdoor taps and privies constructed by themselves long before 1964.
A comparison of hospital records before and after installation of
the indoor water supply in the upper Moenkopi houses brought about
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a statistically significant (at less than 5 percent level) reduction in. the rate of hospital visits by infants for all causes as
well as for diarrhoea. During the same period the hospital visits
by lower Moenkopi infants increased for all causes but decreased
for diarrhoea though this increase or decrease was not statistically
significant. The comparisons are shown in Table IIIA.22.
TABLE IIIA.22:

AVERAGE OUTPATIENT VISITS PER YEAR OF INFANTS IN
THE FIRST YEAR OF LIFE BEFORE AND AFTER INDOOR
WATER LINES HERE INSTALLED IN THE UPPER MOENKOPI
VILLAGE

Areas and reason
for hospital
visit
Upper Moenkopi
All causes
Diarrhoea
Lower Moenkopi
All causes
Di a rrhoea

Before indoor
water supply
Number Average
visits
of
infants

After indoor
water supply
Number Average
visits
of
infants

20
20

9.5
2.0

20
20

6.0
0.85

41
41

8.6
3.1

40
40

9.5
2.6

Significance of
Di fferences·
P < 0.05
P < 0.05
n.s.
n.s.

n.s. = no~ significant
Source: Rubens tei n et a 1 (1969)
It may be recalled that both the groups had the same quality of
water at source since both of them used a common spring which was
protected during the government improvement programme. Findings
of this study are entirely based on hospital records of visits;
whether these records represent the true epidemiological picture
may be disputed especially when the use of hospitals by the lower
Moenkopi inhabitants was limited by various extraneous factors including mother's education.
18.

Trivedi. B K et a1 (1971)

This was an investigation carried out in three villages in
Kanpur. India to study the relationship between water quality and
incidence of water-borne diseases. The villages had a total population of 2022 persons in 265 families. 48 shallow wells in 3 villages
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served as the sources of potabl e water. Out of these 12 tubewe 11 s
in Khera served as control. The remaining 36 wells in Bairi and
Naubasta served as experimental liells which were divided into 4
subgroups each containing nine wells and serving a specified
population. During the first two months of the study period (January 1, 1968 to July 15, 1968) water samples were collected from
each of the 48 wells fortnightly to determine the bacteriological
quality of water on the basis of colony count and MPN index.
In the course of the remaining period the experimental wells as
subdivided in subgroups I, 11, III and IV were chlorinated with
different dosages at weekly intervals so that the residual chlorine
levels after one hour contact period were 0.5, 0.4, 0.3 and 0.2
parts per million (mg/l) respectively. At the same time samples
of water were also collected from all the 48 wells to compare the
bacteriological qualities. Throughout the study period the incidence of water-borne diseases viz. gastroenteritis, dysentery,
typhoid and infective hepatitis was computed from the records of
the Rural Field Training Centre, the Primary Health Centre of the
area and from weekly domiciliary enquiries. No cases of cholera,
poliomyelitis or any other water-borne disease was found during
the period of study.
Of the 192 water samples collected from 48 wells before chlorination 46.3 per cent had colony counts above 500, 32.7 percent had
counts between 201-500 and only 7.3 percent of water samples had
colony counts below 50. The maximum colony count was 2033 and the
minimum was 15. Presumptive coliform tests showed that in 73.9
percent samples the MPN index was above 1800 per 100 ml and in only
4.1 percent samples it was. below 50. In the post-chlorination period
63.4 percent of water samples from the control wells (without any
chlorination) showed an MPN index above 1800 per 100 ml and 6.48 percent below 50. The highest and lowest HPN indexes per 100 ml of
water samples from experimental wells (with chlorination) were 51.1
and 4.8 for subgroup I, 103.7 and 8.2 for subgroup 11, 131.5 and 19.1
for subgroup III and 218.2 and 34.5 for subgroup IV. The highest
overall incidence rate of water-borne diseases during the study period
was 185.6 per 1000 for village Khera (control) followed by 63.2 per
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1000 and 43.3 per 1000 for the experimental villages, Naubasta
and Bairi respectively •. The majority of the cases were gastroenteritis (46.5 per 1000) followed by dysentery (30.6 per 1000).
The rates for typhoid and infectious hepatitis were very low.
There were only 2 cases of typhoid in Khera and only 2 cases of infectious hepatitis in both Khera and Bairi.
The incidence rate of water-borne diseases (gastroenteritis
and dysentery) amongst the inhabitants served by the control"wells
and four subgroups of experimental wells are shown in Table IIIA.23.
TABLE IIIA.23: MONTHLY INCIDENCE RATES (PER 1000 OF POPULATION) OF
WATER-BORNE DISEASES
Experimental Wells
Control
Wells

Month

Subgroup I Subgroup I I Subgroup III Subg roup IV
(0.5 ppm RC) (0.4 ppm RC) (0.3 ppm RC) (0.2 ppm RC)

January
February

21.1
16.9

21.3
18.6

~larch

25.31
23.2
33.75
40.08
25.31

-

April
May
June
July*

-

2.7
2.7

Pre-chlorination period
25.0
20.34
20.34
19.44
Post-chlorination period
5.54
-

I

2.77

8.72
2.9

12.78
8.52
6.39
6.39

8.52

ppm = parts per million
* Up to July 15
RC = residual chlorine
Source: Trivedi et al (1971).
In the post-chlorination period, there had been an increase in
the incidence rates for control wells but the rates fell appreciably
for experimental wells. There was a direct relationship between the
average MPN index and the incidence of water-borne disease. Although
different chlorine dosages gave rise to a variation in the fall of
incidence rates, this variation was not statistically significant.
On the other hand the inference that the chlorination of water lowered
the incidence rates of water-borne diseases among the population dependent on experimental wells was statistically significant at far less
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than the 1 percent level. Chlorination at the dosages applied
did not, however, have any influence on viral infectious h~pa
titis as evidenced by the equal number of cases for contr01 and
experimental wells.
This study concentrated only on the microbiological quality
of water and the effect of chlorination in improving the quality.
It is unfortunate that they did not determine the faecal coliform
density to be sure about the faecal nature of pollution nor did
they investigate the sources of pollution. Whether any other
environmental factors had any influence on the incidence of waterborne diseases was not looked into either. Nevertheless this study
indicates the importance of the quality of water in the reduction
of gastroenteritis, and dysentery.
19.

Kourany, M et al (1971)

In this study, which was carried out in the Republic of
Panama for primarily determining the prevalence of pathogenic
enteric bacteria in children, no definite correlation was obtained
between isolation of enterobacteria and different environmental
factors such as water supply, excreta disposal facilities and
crowding of children in bed. 1178 children under 11 years of age
from seven hundred selected families living in Panama City and 30
rural and semi-rural communities were studied from January through
March 1967. During epidemiological survey information was collected
by a physician on age, sex, number of family members and siblings
under 11 years of age, availability and quality of water supply,
method of disposal of faeces and wastes, and the number of children
sharing the bed with the child under study. By interviewing the
mother or the person responsible for the family, data were collected
about the absence or presence of diarrhoea during the ~Ieek including
the day of survey and about the presence of blood and mucous as well
as consistency of faeces on the day of examination. The overall diarrhoea prevalence r.ate was 17.8%. Rectal swab cultures were taken from
each child for identification of specific organisms. Only 43 children
constituting 3.7% of the total number of children studled were found
excreting enterobacterial pathogens. None of the commonly recognised
pathogens (Shigella, Salmonella and enteropathogenic E. Coli) was
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found in children under 1 year. old. The infection rate was highest
for Shigella (2.8%) followed by Edl<X:lrdsiena E. Tarda (0.42%).
Salmonella and enteropathogenic E. Coli were found less frequently;
the infection rates were 0.2% and 0.3% respectively. Shigella
isolations were more in children with .diarrhoea than in those
without diarrhoea. Surprisingly, the frequency of infection was
slightly more among the children who drank water from faucets
(piped water) and had access to flush toilets than among those
who did not have such sanitary facilities (see Table IIIA.24).
On further investigation that included 'visits to the children's
houses it was found that the majority of children who reported
using piped water and flush toilets were'from Panama City and lived
in sub-standard dwellings or multifamily tenement slums where these
facil ities were "notoriously" inadequate and shared communally.
In addition, the general lack of knowledge in respect of personal
hygiene stood in the way of deriving expected benefit from these
facilities.
TABLE IIIA.24: PREVALENCE OF PATHOGENIC ENTEROBACTERIACAE IN CHILDREN
ACCORDING TO SELECTED SANITARY FACILITIES IN 31 COMMUNITIES OF PANAMA, 1967

..

~

Water supply and
sanitary facilities
Source of drinking
water
Piped
Well
Stream
Rain
No information
TOTAL:
Excreta disposal
site
Ground
Pit pri vy
Fl ush toi 1et
River or sea
No i nforma ti on
TOTAL:

*

Children
examined
No
%
372
640
129
27
10

1178
189
727
161
88
13
1178

Children with
Percentage
pathogens
pos iti ve for
No
% Shigella Others*

31.6
54.3
11. 0
2.3
0.8
100.0

18
19
4
2
0
43

4.8
3.0
3.1
7.4

16.0
61. 7
13.7
7.5

5
28
8
1
1
43

1.1

100.0

4.3
2.0
1.5
7.4

0.5
0.9
1.5

3.7

2.8

0.8

2.6
3.8
5.0

1.0
2.9
5.0

1.6
1.0

1.1

1.1

3.7

2.8

-

-

-

-

-

-

0.8

Salmonella,enteropathogenic Escherichia coli or Edwardsiella tarda

Source:

Kourany et a1 (1971)

i

i

,

The study as reported does not provide any details regarding
the levels of consumption of water by different groups dependent
on different sources of water so as to make a valid comparison in
respect of adequacy or inadequacy of water supply and its effect
on disease incidence. Also, no data on water quality have been
presented though it is mentioned that the physician collected
information on this. In,spite of'these deficiencies the study,
in its reported form, is an example which tells that inadequate
provision of service facilities fails to yield desired health
benefits especially when health education is lacking.
20.

White, G F et a1 (1972)

White and his colleagues have reviewed some past studieS on
the relationship between water supplies and health and have drawn
attention to the technical deficiency in sampling and analysis of
data carried out in these studies. According to their definition,
water-related infective diseases are those which are 1ike1y to
change in incidence or severity as a result of changing water
supplies. The diseases may be primarily divided into four categories - 'water-borne', 'water-washed', 'water-based' and 'waterrelated insect vectors'! In discussing these four types of waterrelated diseases they have focussed on the experience of past
researchers in different parts of the world and have explained their
relevance to the East African context. Much would have probably
been known if they had carried out a detailed investigation of the
relationship between existing or improved water supplies and health
in all their study sites in East Africa. In view of limited resources
in terms of time and money this was not possible. Nevertheless, some
reference is available to the relationship between accessibility of
water and the cases of diarrhoea in households. Each household was
asked the number of cases of diarrhoea that had occurred in the preceeding week. A comparison of diarrhoea1 cases was made between
families with and without a piped water source which is shown in
Table IIIA.25.
1.

These are clearly defined in Section 3.2 of Chapter 3.
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TABLE IIIA.25:

REPORTED CASES OF DIARRHOEA PER HOUSEHOLD IN THE
WEEK PRECEEDING INTERVIEW
Cases of Di a rrhoea

Water
Source

Number
of
Households

None

1

2

3

Piped
water

325

314

8

1

0

Percent of SignifiHouseholds
cance
with a
Over 3
of
case of Difference
Diarrhoea
2

3.38
p

Unpiped
water
Source:

342

277

43

15

5

2

=

0.1

19.0

Wh,te et al (1972)

This difference was mainly due to difference in the source of
water and was not accountable on the basis of differing family size.
Also, 6.4 percent of families lacking a pipe connection had two or
more diarrhoea attacks as compared with less than 1 percent of those
having piped water. Of the various water related diseases the
diarrhoeal diseases were both common and severe, the children being
most vulnerable, in all the areas without piped water supplies. There
was difficulty in precisely diagnosing the bulk of diarrhoeas, but
both bacillary and amoebic dysentery occurred. Typhoid was a problem
in upland areas. Ascaris in excreta increased on the mountain slopes
while 5-10 percent of the people were infected in other areas. In the
hot and arid sites superficial sepsis - inflammation of the eyes from
trachoma and bacteria, and ulcers and infected wounds of the skin was extremely common. Skin infections with scabies, mites and ringworm
fungus were readily seen. While the intestinal \~orms were widespread,
schistomiasis was confined to a few sites. Except for diarrhoea, as
already mentioned, the authors did not make a detailed investigation
of the specific relationship bet~leen water supply and the above mentioned diseases in the sites studied.
As regards quality, water from almost all sources was found to
contain faecal pollution in varying degrees with the exception of
treated supplies from municipal waterworks in urban areas which were
generally free of coli forms. Ground water was less polluted than water
from surface sources. Public supplies from kiosks were found to contain
a few (numbers not reported) faecal coliforms per 100 ml. Pollution at
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the household level during storing i'n water pots was very common.
Various sources of water were found to be infected with mosquito
larvae or potential snail hosts of schistosomes. Chemical analysis
of some water samples showed that the mineral quality of water
was not bad except in one instance (a swamp near A1emi) where iron
content was very high, 20 mg/1. However, the specific relationship
between water qual ity and the occurrence of diarrhoea1 or other diseases has not been looked into properly.
21.

~ah1,

M R (1976)

Examination of the hospital records (1970-75) for typhoid and
the records (1972-75) for urban health centres and clinics for diarrhoea1 diseases provided evidence that the provision of a piped
drinking water supply through public standpipes in "self-help"
settlements in the urban and semi-urban areas of Lusaka, Zambia in
1973 was helpful for a marked reduction in the incidence of typhoid
and diarrhoea1 diseases in the city as a whole as shown in Table
IIIA.26.
TABLE I I lA. 26:

CASES OF TYPHOID, FEVER AND DIARRHOEAL DISEASES IN
LUSAKA

,Year

City s
Population

1970
1971
1972
1973
1974
1975

278,000
330,000
, 363,000
400,000
420,000
450,000

0

No. of cases I nc i dence
No. of cases
Incidence
of Typhoid
per
of diarrhoea 1 per 1000
notified* 100,000 of
diseases
of
popu1 ation
population
24
42
22
10
4
4

9
13
6
3
0.9
0.8

N.R.
N.R.
122,833
103,076
98,850
95,244

N.R.
N.R.
338
258
235
212

N.R. = not recorded
* In Zamiba, typhoid is a notifiable disease
Source: Bah1 (1976)
It may be noted that the people in the self-help settlements had
their own pit latrines and with the exception of water supply no other
environmental improvements were carried out there. Since there was
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free movement of people between "self-help" settlements and the
city proper, and the hospital as well as the medical centres were
open to all, the reduction in typhoid and diarrhoeal diseases was
attributable to the provision of piped water supply (implying
improved quality) in the former area.
A proportionately higher reduction in typhoid than diarrhoeal
diseases probably signifies the greater dependence of typhoid on
the water quality. However, in the absence of more data no rigid
conclusion is possible in this direction.
22.

Levine, R J et al (1976)
See Study No. 3 under Section III.B

23.

Rajasekaran, P et al (1977)

Rajasekaran and his colleagues studied five villages with similar
socio-economic status in Madurai, India to determine the impact of
water supply on the incidence of diarrhoea and shigellosis among children. Three kinds of water supply were available - (i) dug wells
with bucket and rope, (ii) treated water delivered through public standpipes and (iii) treated water piped into individual households. For
a period of 12 months from January to December in 1972, 1041 children
under 5 years from these villages were visited bi-weekly to detect
the occurrence of diarrhoea and to collect diarrhoeal specimens for
subsequent culture in order to identify specific pathogenic organisms
particularly Shigel~. There was no attempt to isolate E. Coli or
Salmonella and the reason for that is not explained. For detection of
the presence of protozoa and helminths stool specimens of 983 children
were examined once. The incidence of diarrhoea by age and source of
water is given in Table IIIA.27. The diarrhoea was defined "as a condition charucterized by more than J passges a day of unformed stools,
watery, semi-solid, liquid or frothy, with or without blood or mucous,
often and not necessarily accompanied by abdominal pain".

The difference in the incidence of diarrhoea for children depending on well (21.51) and standpipe (36.78) as also between those depending on standpipe (36.78) and tap within the household (23.52) was
statistically significant at 1 percent level. But there was no signi-
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TABLE IIIA.27:

Age

INCIDENCE OF DIARRHOEA BY AGE AND SOURCE OF WATER
(PER 100 PERSONS PER YEAR)·
Well

Standpi pe

0-5 months
6-11
"
1-2 years
2-3
"
3-4
"
4-5
"

34.71
19.59
42.99
19.36
9.76
1. 76

TOTAL:

21.51 (81 )

(14 )
(11 )

(34)
(14 )
(7)

(1)

53.76
33.67
59.99
53.39
19.80
4.43

(25)
( 18)
(39)
(38)
(15 )
(3)

36.78 ( 138)

Tap wi thi n
the household
36.57
18.42
43.71
26.52
15.98
5.50

(11 )

(8)
(31 )
(16 )
(10)
(4)

23.52 (80)

Total
42.76
24.89
48.35
33.36
15.23
4.50

(50)
(37)
(104 )
(68)
(32)
(8)

27.38 (299 )

Note:

Figures in parentheses indicate the actual number of diarrhoeal
cases.
Source: Rajasekaran et al (1977)
ficant difference between the well group and the group having a tap
within the household (P > 0.1). ShigelLa organisms were isolated from
32.11 percent of 299 diarrhoeal specimens. The annual incidence of
Shigella infection per 100 persons per year was found to be different
in the three groups even at 0.1 percent significance level; 8.76
(well),12.52 (standpipe) and 4.72 (tap within the household), and for
the whole group it was 8.79. Shigella isolation rates were consistently
high during the prevailing monsoon (October to December). Specifically
in December ShigelLa organisms were isolated in 94 percent of diarrhoeal stools. Parallel examination of water samples collected at
the source as well as from domestic storage vessels were carried out
to determine the microbial quality of water. Out of 88 samples collected from wells 97.73% had MPN index of coliforms from 11 to 1800 and
no sample had 0 MPN. Out of 110 samples from standpipes 47.27% had
r~PN not exceeding 10, 24.55% had MPN between 11 and 1800 and 28.18%
had zero MPN. For 88 samples collected from taps within the households
the respective percentages were 62.50%, 15.91% and 21.59%. Tests for
E. Coli I introduced during the last 4 months indicated the presence
of E. Coli I - nine times in 40 samples from standpipes, 6 times in
32 samples from taps within the households and 25 times in 32 samples
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from wells. At the domestic storage points water in all cases
was found to be contaminated further irrespective of the source of
water. 100% of samples from households storing well water had MPN
index between 11 and 1800, the corresponding figures for standpipe
and tap within the household were 85.80% and 87.88% respectively.
None of the samples was found to contain zero coliform. From the
households where there was a diarrhoeal attack out of 122 samples
collected from the domestic storage points, 118 showed MPN of coliforms ranging between 11 and 1800.
The other important findings of the study were: (i) the highest
incidence of diarrhoea as well as Shigellosis was in the age group
of 1-2 years, which might be associated with the infant weaning practices, (ii) there was no difference in incidence by sex, (iii) in
general, protozoa infection was heavy and helminthic low. The study
does not provide any details regarding excreta disposal facilities
to correlate with the incidence of diarrhoea except a stray comment
made by the authors stating that the existence of latrines in the
houses did not make any difference in the incidence among children
dependent on taps within the households.
Although it has not been explained by the authors it appears
that the hi-gher incidence of diarrhoea among standpipe users in comparison to well or within house tap users points to the restricted
availability of water from standpipes which might have jeopardised
the hygienic practices. However, in the absence of specific data on
the location and number of standpipes as well as figures of water consumption by different groups it is not possible to draw any-further
conc 1us ions.
24.

Feachem, R G A (1977c)

The relationship between water and disease among the Raiaipu
Enga from a Tombeakini clan in the Saka Valley of Papua New Guinea
was intensively researched by Feachem. Extremely low level of
water use was a characteristic of the Raiaipu as revealed by the
examination of the behaviour of 38 domestic groups. The water usage
per domestic groupl varied from 0.60 litres to 4.99 litres per day
1.
A domestic group is defined as one which meets for its evening
and morning meals and its members are usually close relatives.
Approximately 40% of domestic groups were also households.
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with a mean of 2.46 litres per day. These figures refer only to water
which is brought to the dwelling and do not include any extradomiciliary water usage which, when happened, was also very minimal.
79% of the water collected was drunk, and of the remaining 21%,
47% is used for cooking, 36% for pigs, 40.% for washing, 2% for dogs
and chickens and 11% is thrown away. 29% of domestic groups studied
used water only for drinking. The per capita water use ranged from
0..19 1 itres to 1. 27 1itres with a mean of 0. .68 1itres of whi ch 80.%
was used for drinking. Drinking water away from home was very rare
except during heavy work 'or hot weather and the author estimated
that the mean figure for the total amount of water consumed throughout the day would be close to 0..7 litres per capita per day. This,
together with the water (1.38 litres) used in food and the water (0..36
litres) of oxidation of food was near enough the clinical norm of
2.5 litres. The Raiapa had little concept of hygiene and did not pay
much attention to their personal cleanliness. They never washed
their bodies at home; occasional bathing of all or parts of the body
in the river on hot days was noticeable but was rarely practised
by the adults of either sex. Water use within the home for other
hygienic purposes was also scanty, only 1% of water collected was
used for washing utensils and this use was limited only to 16% of
the domestic groups surveyed.
When the above observations regarding the water use were related to the morbidity data from various epidemiological surveys previously carried out in the New Guinea Highlands as well as to the
data collected by the author and his team during a 22-week morbidity
survey of the Tombeakini clan, the preponderance of water-\~ashed
infections seemed to be quite logical. Even the diarrhoeal diseases
which may be both water-borne and water-washed was considered primarily to be water-washed for three main reasons. First, as already
explained very little water was used by the Raiapu for personal and
domestic hygiene. As a result, the hygienic standard was so low
that direct faecal-oral contact was undoubtedly the primary route for
the spread of most infections and the small impact of the use of polluted water from available sources was obscured by the overriding factor
of poor hygiene. Second, drinking of a very little amount of water
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reduced appreciably the risk of ingesting an infective dose of
pathogens. Third, the great majority of faecal polluting matter
in the water sources was probably of non-human origin and was
thus less potentially pathogenic than an equal amount of human
pollution. During the survey by the author the weekly period prevalence rate for diarrhoea was 35 per 1000 and that for dysentery
was 3 per 1000. The corresponding rates for eye and skin infections
were 74 and 271 per 1000 respectively. There was no occurrence of
classical water-borne disease like cholera; similarly the waterbased infections such as schistosomiasis and guinea-worm were absent
in the Saka Valley. Of the diseases caused by water-related insect
vectors only Malaria was found and it was one of the major disease
problems of Papua New Guinea. Prevalence of balantidiasis which is
commonly transmitted from pig to man was attributed to the close association of the people with the domestic pigs in the life of the Raiapu.
Leptospires were reported to be isolated from rats, pigs, humans and
a bandicoot in Papua New Guinea. A mild infection of giardiasis was
prevalent in the Highlands. Although often asymptomatic, infectious
hepatitis appeared to be prevalent in Papua New Guinea and water-borne
transmission was feasible.
Poor ~ygiene, low volume water use and poor excreta disposal
were clearly responsible for the prevalence of four helminthic infections like ascariasis, trichuriasis, enterobiasis and hookworm. The
author concludes if water in abundant quantities is made readily
available, preceeded by a health programme that will change the
Raiapu's attitude to water in such a way that they appreciate the
benefit of increased water use for hygienic purposes and really make
more use of water for personal and domestic hygiene, then there is
a prospect for an impressive reduction in the water-related diseases
in the Saka Valley. This improvement in health will occur even without
any change in the water quality. The author's conviction that the
quality variable is of least importance in the situations prevailing
in the valley comes from two important findings: (1) There was no
significant difference in hea1th 1 between those who use the Punate
water exclusively and others who use the Tobaka water or the Tobaka
1.

For details the reader is referred to the author's PhD dissertation on "Environment and Health in the New Guinea Highlands
Communi ty", November 1973.
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and Punate water both except in mild skin infections (the reason
for this difference being poorly understood) a1 though the qual ity of
Punate water was far better than that of Tobaka water in terms of
turbidity and faecal contami nation. (2) Most of the water-re1 ated
diseases in the area were primarily water-washed rather than waterborne.
The author has, however, expressed concern about the uncertainty
of the effect of any· introduction of a new water-borne pathogen (for
example, cholera vibrios) to which the Saka people have little or no
immunity. In the light of past history of the first outbreak of
dysentery (the disease was believed to be imported in the area by
the;whi.te man) in the Highlands which took an epidemic form in 1941
when 7% of the Saka population died it may be reasonable to associate
a high risk of life with a new infection like cholera. The author
is also not sure, whether the spread of such infection will primarily
be caused by person-to-person contact during the Kurmanda (a ritual
that follows a death in the community when there is a congregation
of people who may temporarily live and sleep together) or through
the water-borne route. If the spread through the latter route has
a greater impact then his assumption relating to the unimportance of
water quality may not remain strictly valid.
25.

Raman, V et a1 (1978)

The quality of water was implicated as one of the causes of
recurrent outbreaks of enteric diseases in the town of Aurangabad,
India. In an investigation of such outbreaks it was noticed that
the water which was relatively pollution free at the source of supply
was faecally polluted afterwards in the distribution system and service pipes due to back siphonage of extraneous polluted water through
leaky joints in the distribution 1aterals, house service pipes, ferrule
connections, and corroded perforations in GI pipes during non-supply
hours of an intermittent supply system. In 1972, when an epidemic
of infectious hepatitis and gastrointestina1 diseases occurred which
initiated the investigation, everyday 13.5 to 15.8 million litres
of treated water were supplied to the town population of 1,550,000.
On the basis of the relative incidence rate in different areas of the
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town four distribution zones with a total population of 15,000
and covering an area of 1.51 square kilometres were selected for
pilot investigation. In one of the zones, zone 4, the recorded
cases of infection were low and the other three zones, 1, 2 and
3, were so-called 'affected' areas .. The average per capita consumption of· water in the latter zones was found to vary between
43 to 57 litres per day and for zone 4 it was 89 litres. During
the' sanitary survey it was found that the branch pipes or 1atera1s,
many of which were GI pipes providing connections to house service
pipes, were running parallel to and below the drains carrying sewage
and sullage. Many of the service pipes also went across open drains
carrying domestic wastewater at the surface or below the drain bottom
and children were seen defaecating over the exposed service pipes.
In the circumstances undoubtedly the conditions were favourable for
pollution due to the ingress of faecal matters through leakages in
the pipelines. An epidemiological survey carried out by interviewing
one family in every fourth house~old in each zone about the history
of incidence of disease and'symptoms revealed an attack rate of 5.0,
8.0, 18.0 and 5.0 per 100 population surveyed in zones 1, 2, 3 and
4 respecti ve ly for i nfecti ous hepa titi s. The corres pondi ng attack
rates for gastroenteritis and typhoid (together) were 5.0, 3.0, 4.0
and zero in the respective zones. The total cases of infectious
hepatitis recorded in Aurangabad till April 1972 were 719 for a
population of 1,500,000 which works out at 0.4 percent. The uneven
distribution of cases and the low overall attack rate were significantly
hinting at the pollution occurring in the distribution system and not
at the source of supply. Chemical and bacteriological assessment of
water quality at the sources and from selected taps and public standposts in the four zones proved this apprehension to be true. This
was reinforced by the physical survey of pipes in the distribution
system. While the waters just leaving the treatment plant and reservoir.s did not show the presence of indicator organisms, high counts
of co1iforms and faecal co1iforms (sometimes 500 to 5000 or more per
100 m1) were present at samples collected during first flush in zones
1 and 2. Watersco11ected 10 minutes after the first flush were also
In addition, few of the samples from these
found to be contaminated.
zones were positive for SalmoneZla. Surpris'ing1y, coliform and faecal
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counts were low in Zone 3, where the attack rates were highest,
in comparison to those counts .in Zone 2. Zone 4 had the least
pollution, as evidenced by least counts of coliforms, faecal
coliforms or streptococci. It may be recalled that this zone had
the least number of cases of infectious hepatitis and gastrointestinal diseases.
This may serve as an evidence of a linkage between the quality
of water and the incidence of disease. On the other hand the
absence of a definite correlation between the intensity of pollution
and the number of reported cases in the three other zones probably
indicates the role of some other factors viz. the quality of living,
personal hygiene and the transmission of pathogens through other
routes in the spread of disease. In any case this study draws attention to two important things. First the quality of water needs to
be improved to prevent infectious hepatitis.and enteric diseases.
Second, any treatment to improve the quality of water before supply
will have little value if the integrity of the distribution network
is lost, especially where there is an intermittent supply.
26.

Bannaga, S E I and Pickford, J (1978) 1

A survey of 235 households was carried out to determine the
relationship between the per head consumption of water and the incidence of water related diseases in five different classes of areas
in the town of Elobeid, Sudan. These areas had diversified housing
conditi ons with different soci o-economi c conditi ons of inhabitants
and had different levels of water supply. Past records from hospital,
health centres and dispensaries showed a high morbidity in the town
due to water-related diseases. Hospital records for 1974, the year
before this survey, showed that 63% of patients attending outpatient
departments were suffering from water-related diseases and the percentage of indoor patients suffering from these diseases was 45%.
40 percent of total deaths in the hospital were due to water-related
infections. Examination of children by the School Health Division
of the Elobeid General Hospital demonstrated a fair relationship .between
1.

While reviewing this paper a reference was made to the PhD dissertation on "Study of Water Supply for Elobeid, Sudan", SEI
Bannaga, Loughborough University of Technology. June 1977.
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eye infections and personal cleanliness which partially depended
on water supply. The present survey was carried out for a period
of six months from April to September 1975. Information was collected on social and economic conditions of the households and daily
consumption of water with its cost. Information on specific diseases was collected by the interviewers with the help of a predesigned questionnaire. Each household was asked to tell the number
of cases of the diseases that had occurred in the preceeding month.
Return visits were made at suitable intervals not less than one month
to ascertain the incidence of illness, their duration and any changes
in the household.
To determine the number of child deaths, the
householder was asked about how many of his own infants and other
children died before reaching the age of 20. Table IIIA.28 summarizes the incidence of some water-related diseases, as reported by
the householders during the survey, together with the conditions of
water supply.
It may be noted that the cases of disease per person, the days
illness per person and the child deaths per household increase as
one moves from 1st class areas to 4th class areas. Statistical
analysis of the survey findings proved a negative correlation between
per capita.water use and different types of water-related infections
viz eye and skin diseases, diarrhoea and dysentery, malaria and fever
other than malaria. The relationship between water consumption and
these diseases were highlY'significant statistically.
A curve is drawn (Figure IIIA.~ based on least squares fit method
showing the relationship between the number of days illness per person
during the survey period and the average daily water use per person.
The equation of the curve is:
d -- 237.5
w + 2 . 571
where d = the number of days illness per person
w = daily water use per person in litres.

TABLE IIIA.28:

ILLNESS REPORTED DURING EL OBEID HOUSEHOLD SURVEY

Class
and
Area

Provision of Water
Supply

1st Class

House connection from
publ ic su~ly
ditto

Cases of diseases per person
Water
use in
Eye
litres per
Skin
Diarrhoea Malaria
Diseases Diseases
person
and
and
Fever
per day
Dysentery

Days
ill ness
per
person

Child
deaths
per
Household
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None

None

0.0

0.2

2.0

0.01

95

0.3

0.0

0.2

0.5

3.8

0.03

3rd Class A Piped water to the
Petro 1
compounds
(19 uba
Quarters

58
68
66

0.1
0.1
0.1

0.0
0.0
0.0

0.4
0.3
0.5

0.8
0.6
0.6

5.6
6.0
8.2

0.7
0.12
0.16

3rd Class B
Falusteen
El Radeef Mixed supplies
El Mayrum
Fe11ata 3

42
41
48
17

0.5
0.3
0.2
0.8

0.3
0.1
0.1
0.5

0.8
0.7
0.7
1.2

1.2
0.9
0.6
0.8

13.2
10.8
10.1
19.5

0.24
0.17
0.16
0.43

3rd Class C
Elnazir
Radeefex
Public standpipes
Elashara
Mayrumex

18
22
26
18

0.5
0.4
0.4
0.3

0.3
0.2
0.1
0.3

0.9
0.7
0.7
1.0

0.7
0.4
0.5
0.8

14.4
12.1
11 .2
13.1

0.33
0.21
0.17
0.26

4th Class
Fe11ata
India
Kareima

16
14
19

0.6
0.5
0.4

0.5
0.3
0.2

1.1
1.1
0.8

1.0
0.7
0.7

19.4
19.7
15.5

0.50
0.38
0.39

2nd Class

Public standpipes, unprotected 1oca 1 sources or
water vendors
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FIGURE IIIA.3:
DAYS OF ILLNESS PLOTTED AGAINST WATER USE
Source: Bannaga and Pickford (1979)
The curve had a high statistical sig'nificance (p

=

0.001).

It is concluded that there is little improvement in health when
water use is greater than about 60 litres per person per day. The
authors accordingly have advocated adopting this figure for urban
supplies to towns similar to Elobeid. Such a recommendation solely
based on thii'curve is subject to criticism. The curve is helpful
for visualizing a relationship between days of illness and water use
but drawing definite conclusions as regards the desirable level of
water supply is probably not justified. The number of days illness
does not depend on the sole variable of water use per person per day.
It also depends on other variables e.g. waste removal facilities,
income per person, standard of living, level of education, hygienic
practices of water users etc" On the other hand it would have been
more useful if the authors investigated how the supplied or procured
water was already used for individual components of water usage within
the households and which were the areas of extravagant use in the households getting a per capita supply more than 60 litres per day. or which
usages suffered most due to shortage of water in those households
having a supply less than 60 lpd and related these findings with the
incidence of water-related diseases.
There are several other weak poi nts in the survey as reported.
There is no mention about the number of return visits made during
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the period of six months after the initial enquiry of households
about diseases. Recall information is usually not very accurate.
Moreover, a recall period of one month or more means a heavy strain
on human memory which can fail. It has been reported that for
obtaining the records of water-related diseases in some villages
estimates by the clinic nurses have been relied on which sounds
very optimistic. Ascertaining the number of child deaths based on
the replies to the question - how many children died before attaining the age of 20 seems unrealistic.
27.

Freij, Let al (1978)

Like other areas in Africa diarrhoeal diseases were found to
be a major cause of morbidity of children, particularly under 2 years
of age, in a community in the Kirkos area of Addis Ababa, Ethiopia.
Adequate housing and sanitation were lacking in a large proportion of
households in this 'underprivileged' community. A sample survey of
·600 households showed that 10 percent of households had private water
taps, 65 percent had shared water taps or carried water from neighbours and 23 percent had to fetch water from a community standpipe.
The consumption of water varied between 1.7 litres to 120 litres per
person per day with a median consumption of 11.4 litres. The situation as regards sanitation was even worse. Only 5 percent of households had a private flush toilet, 11 percent had a private pit latrine
and the rest were dependent on shared pit latrines or a communal pit
latrine. Morbidity data on 749 children under 12 years were collected
by fortnightly home visits for a period of one year. Instead of
relying on recalled information mothers were interviewed about the
illness of children on the day of the home visit and the children
were recorded as ill or not ill. The illnesses were classified into
three main groups - gastroenteritis (at least four loose stools or
one watery stool during 24 hours and/or vomiting), respiratory infection and 'other illness'. Children under the·age of 2 years had an
average illness of 59 days in a year due to diarrhoeal disease, the
morbidity from all causes being 104 days per year. In contrast,
children over the age of 4 years had a diarrhoeal illness only for
4 days per year. From the analysis of survey data relating to the
children under 5 years morbidity in gastroenteritis was found to be
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closely associated with weight for age, hygiene and sanitation.
The interactions between standard of latrine, source of water and
water consumption in their effects on morbidity in gastroenteritis
were recognized. When per capita daily consumption of water reached
10 litres or above there was less morbidity due to gastroenteritis
with private latrines as compared with non-private latrines. Socioeconomic characteristics such as income and education had their roles
to play as well. The study indicated the importance of water quantity
for the occurrence of diarrhoeal disease but the influence of water
quality was not investigated. The authors inferred that the provision
of private latrines and at least 10 litres of water per person per day
to all households would result in a substantial reduction in the rate
of gastroenteritis if the causal assumptions hold good. Additional but
smaller reductions would be achieved if all the children were well
nourished and if all the houses had proper floors. The study also found
that the children under the age of 2 years were the main introducers of
infection in the family and this group was most susceptible to secondary
infection. Simultaneous outbreak of diarrhoeal disease in one or more
siblings was low which implied that food and water were not playing a
major role in the transmission of these infections. The spread of
infections rather appeared to be more dependent on a low general level
of personal hygiene and improper use of water. If the latter conclusion
is true, it is felt that 10 litres of water per head per day as earlier
suggested by the authors are not adequate for the maintenance of a
. reasonable 1eve 1 of personal hygi ene.
28.

Shaffer, R et al (1978)

This is a preliminary report on a pilot study which was star.ted
in Southern Kenya to assess the relationship between water and health
in a pastoral semi-nomadic setting. The subject population was the
Amboseli Masai living in the flat lands around the northern slopes
of Mount Kilimanjaro. In 1975 a piped water supply of good quality
and abundant quantity from springs was made available within a few
kilometres (in place of 6-12 km previously) of the majority of the
population. In addition, there were existing sources of water which
included boreholes, rivers and surface sources like rain ponds. It
was hoped that the increased accessibility of clear water might induce
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more use of water by the Masai and would result in a signif.icant
change in the prevalence of water-related diseases. Unfortunately
it was not so. Due to the migratory nature of the population use
of multiple sources of water according to convenience was continued.
The authors believed that the perception of the Masai about quality
and quantity of water were very poor. From pre1 iminary responses
they inferred that their water use for domestic purposes was extremely low - an average figure well below 5 litres per person per day.
Water was principally used for cooking maize when there was any shortage of milk. Body washing was rare. Cattle occupied the central
position in the life of the Masai and cattle grazing seemed to be
their principal occupation. Milk was the predominant diet. Within
a boma (a circular thorn fence) there was a peaceful co-existence of
cattle and men, but the accumulation of dung and their attractiveness
to flies gave rise to poor environmental conditions with abundant flies.
The flies were found to migrate freely between the cattle dung and the
faeces of children with their attractive collections of mucous, pus,
milk and tears. Due to lack of prepardness the authors could not make
any 'pre-pipe1ine base line' prevalence study. Nevertheless an attempt
was made to relate each boma's water status with its pattern of morbidity. There was no consistent relationship between the use of water
from piped and non-piped sources and the morbidity of children under
five years of age, though there was a wide variation in the quality of
water from different sources. The piped water from springs was exceptionally good while the water from a rain pond used by both man and
beast was of doubtful quality. Sometimes the water from the latter
source was virtually a sludge. Regretfully, these descriptions with
regard to quality appear to be based on the physical appearance of
water. The study does not report any scientific examination of water
quality either in the field or laboratory. The morbidity of children
under 5 due to trachoma varied between 76% and 94% and it varied between 31% and 70% for fungus infections. Parasitic ova, principally
ascaris, were found in the stools of 13% of children under 5. The
morbidity caused by_ parasitic infections ranged between 20% and 33%.
On the other hand in response to a general questioning survey for
"health complaints" headaches were most often mentioned (49% of responses) followed by a cough (32%) with eyes and diarrhoea each having 7%.
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The authors mentioned the poor perception of quality and
quantity of water used by the Masai which'may be interpreted quite
differently. Itis hard to believe that they cannot distinguish
'between clear water and dirty water or high and low volumes of
water. They may not have the scientific idea of pollutants in water
or may not have the conception of what makes a gallon or litre. Probably, to understand them it is necessary to communicate with them
in terms of their language and of their own .conceptions of quality
and quantity. However, from the information so far collected by the
authors it appears that much of the morbidity in children is for want
of personal hygiene primarily due to a low volume of water use
« 5 lpd) for domestic purposes. The explanation for this may lie
in the cultural bias of this semi-nomadic pastrolists and is worth
investigating.
29.

£ournadeali, E and Tayback, M (1978)

The authors stressed the need for improved water supply as the
primary prevention in the control of enteric diseases in developing
countries. Based on the hypothesis that water contaminated with faecal matters is a principal means of the transmission of organisms
causing gas~roenteritis in the rural population they examined the
type and location of sources of water and the bacteriological quality
of water for a sample of 50 selected villages in Fars Province in Iran.
Other aspects of the study included the effect of village size and
the presence of an auxiliary health worker on quality and type of water
supply. The microbial quality of drinking water from different sources
was determined by the total coliform counts. With only one exception
(a village with a spring as the source)'all the waters had high coliform counts (over 100 coliforms per 100 ml) and 82 percent of the
villages had waters containing more than 1000 coliforms. Piped water
was found to be less polluted than non-piped water (for example, open
wells and spring water distributed through canals). This study as
reported has several shortcomings. Water samples for bacteriological
examination were collected at the sources only. The deterioration in
quality which might occur during distribution through canal and pipe
was not looked over. In spite of high coliform counts, the samples
were not tested for faecal coliforms to determine the exact nature of
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pollution and if faecal, to what extent. No effort was made to
measure the consumption of water per person per day. No epidemiological survey was carried out to find out the incidence of gastroenteritis to relate with the quality of water analysed.
This could
have tested their hypothesis that the quality of water was primarily
responsible for gastroenteritis occurring in the village populations.
The influence of any other environmental factors, viz housing conditions, personal hygiene, role of animals (sheep and occasionally
donkeys living within the compounds) etc on the spread of enteric diseases was not studied either.
30.

Feachem, R et al (1978)

Feachem and others carried out an intensive study of the relationship between water and health in Lesotho. Available health records
from the St Joseph's Hospital were used to highlight the disease
pa tterns na ti ona lly . On the other hand to make a useful compari son
between the health of the people and water supply, improved or unimproved, detailed studies were done in Tsa Kholo and Mokhotlong where
medical records were collected from clinics and a hospital (in Mokhotlong alone). Lesotho had no schistosomiasis, malaria, cholera, sleeping
sickness and filariasis. Past records of 1971-74 showed that the ratio
of water-related diseases to non-water-related diseases was 1:7.85 for
all ages. The ratio for children up to 4 years was 1:4.13 in 1974.
Water-related diseases accounted for 11 percent of patients (indoor
plus outdoor) of all ages reporting to the hospital and 19 percent
of patients (indoor plus outdoor) under 5 years of age. Amongst the
various water-related diseases detailed investigations were carried
out for diarrhoeas, typhoid and infections of eye and skin. Some
checks were made for polio and infectious hepatitis. Gastroenteric
and diarrhoeal diseases were the most prevalent water-related diseases,
the next was infectious skin disease followed by equal prevalence of
typhoid and eye infections. Reported occurrences of polio and infectious hepatitis were rare. There were seasonal variations in the
reported cases of diarrhoeal disease and typhoid, the peaks, generally,
coinciding with the wet season. For establishing the relationship
between water-related disease and improved water supply the villages
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from the two regions, Tsa Kho1o and Mokhot1ong, were grouped in
four categories - Conditions A, B, C and D (see Table IIIA.29).
An idea of the bacteriological quality of water under different conditions is given in Table IIIA.29:
TABLE IIIA.29:

BACTERIAL CONCENTRATIONS PER 100 m1 OF TRADITIONAL
AND IMPROVED SUPPLIES IN VILLAGES AT TSA KHOLO
FC

FS

10
1
200
10,000

30
5
350
16,000

Conditions
A
B
C
D
Source:

Feachem et a1 (1978)

Table fiIA.30 shows the ratios of water-related diseases to other
clinical reportings.
It is apparent from Table fi1A.30 that there was no significant
difference in ratios for the four groups of villages for each waterrelated disease category in the two study regions except for diarrhoeas in Mokhot1ong area where the difference in ratios was significant
at less than the 10 percent level (x 2 value> 6.25). Inspection of the
values of the ratios shows that there were in fact more diarrhoea1
diseases in the villages with improved supplies (Condition A) than
in those without (Condition D).
By integration of these findings with the FC and FS counts in
water samples from different supply conditions the authors arrived
at the conclusion that there was no difference in the incidence of
reported water-related diseases between villages with and without piped
water supplies, although the bacteriological quality of water was far
superior in Condition A villages (improved supply) than in Condition D
villages (traditional supply). They were convinced that the diarrhoea1
diseases were not primarily water-borne under the conditions prevailing
in Lesotho. The analysis further showed that an improvement in water
quality was not helpful in altering the reported incidence of skin and
eye infections either. When the number of reportings per month in the

TABLE IIIA.30:

RATIOS OF WATER-RELATED DISEASES TO OTHER CLINIC REPORTINGS IN VILLAGES WITH DIFFERING WATER SUPPLY
PROVISIONS AT TSA KHOLO AND MOKHOTLONG
.

Ratios of named
reported disease
to a 11 others
reported minus
water-related
disease, VD,
Trauma, fami 1y
planning and
pregnancy
Diarrhoea
Skin disease
Eye di sease
Notes:

(i)

(ii)
(iii)

Source:

Tsa Kho10

A

B

All Ages

C

D

x2

0.24 0.28 0.25 0.23 1.62
0.28 0.21
0.23 0.24 3.35
0.026 0.048 0.037 0.024 3.09

A

B

0.48 0.64
0.29 0.28
0.038 0.101

Mokhot10ng

0-4 Years

Tsa Kho10

C

D

x2

0.61
0.52 2.63
0.36 0.25 1.94
0.066 0.032 5.31

All Ages

A

B

C

D

x2

0.14
0.20

0.18
0.18

0.09
0.22

0.08
0.13

8.32
3.76

-

-

-

-

-

A; improved water supply, reliable results
B ; improved water supply, less reliable results
C ; no improved water supply, less reliable results
D ; no improved water supply, reliable results
x2 values of less than 6.25 (the 90 per cent point) are taken to indicate that there is no evidence
of Significant differences between groups A, B, C and D
At Tsa Kholo, the total number of clinic reportings from the case study villages in the period considered
was 2100, of which 341 were for diarrhoea, 334 for skin disease and 46 for eye disease. The equivalent
figures for Mokhot1ong were 1100, 98, 147 and 14

Feachem et a1 (1978)
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diarrhoeal disease category for each village in the Tsa Kholo was
examined it was noticed that the diarrhoeal disease (including
typhoid) was seasonal in all villages including those which had
"always had a reliable improved supply. The peak occurred during
December and January for diarrhoea and during March and April for
typhoid. In Lesotho the first heavy rains usually occur in October
or November. The seasonal variation was also noted in the records
from St Joseph's Hospital and was inconformity with the findings
from another city (Bloemfontein) of the Republic, where reportings
of gastroenteritis amongst non-Europeans were significantly more
in the wet season than in the dry season although all used a chlorinated supply. Since peaking did not coincide with the first heavy
rains normally believed to carry more faecal pollution with the flushings
and since there was no major difference in water quality between wet
and dry seasons the authors were reluctant to consider diarrhoea and
typhoid as truly water-borne in Lesotho. When they critically studied
the two outbreaks of typhoid in Lesotho in 1971 and 1974 they found that
the outbreaks were fairly protracted and the cases were widely scattered. The villages with piped water supply were not better off than
other villages without improved supply. All these findings were conducive to regard typhoid as non-water-borne in Lesotho villages. A
discussion by the authors on the improbability of ingesting an infective dose of Salmonella typi by drinking contaminated water in Lesotho
seems to reinforce their hypothesis of non-water-borne transmission of
typhoid. The possibility of transmission of pathogens through another
faecal-oral route, for example through contaminated food, was implicated
strongly. Looking at the improvements in water supply carried out in
Lesotho the authors found that there had been a substantial improvement
in quality but very little, about 16%, increase in the volume of water
use per person per day (see Figure IIIA.4). Contamination of water
between collection and use was important. The improvements had no
fundamental influence on patterns of domestic and personal hygiene.
The authors have given several explanations for wet season peaking
of diarrhoea and typhoid. Greater survival of pathogens in moist
and warm environments, and their better survival, even multiplication,
in food in warm summers enhance the probability of their transmission
through faecally contaminated food. Unhygienic preparation of powdered
milk, available free from relief organisations, by many mothers in
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SUPPLIES
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range

X

mean
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20

:J)

40

50

Volume used in litres per capita per day;
(range and mean of village usages)
Source: Feachem et al (1978)

FIGURE IIIA.4:

PER CAPITA WATER USE FROM IMPROVED AND UNI14PROVED
SOURCES

Lesotho and possibly, rapid deterioration of milk in the summer might
be a cause of more diarrhoea in children during the summer. An
increase in fly population by many folds in the summer raised the
chances of fly borne transmission of disease. Despite an improvement
in personal.hygiene in the wet season, due to an increased tendency
to bathe in 'the warm weather, the village environment became less
hygienic in the wet season and the overall wet and muddy environment
was favourable for spreading of faecal (human and non-human) material
in the community.
For reductions in water-related diseases inr Lesotho the authors
laid stress on the increased use of water for personal and domestic
hygiene which may be possible through a well designed programme of
health education. Due attention should be paid to food hygiene.
They also emphasised the necessity of major improvement in excreta
disposal practices; during the study under 10 percent of households
had latrines. Since the quality of improved water supplies was far
better than unimproved supplies and diarrhoea or typhoid were not
primarily water-borne the authors upheld the existing policy of not
disinfecting the village water supplies in Lesotho in view of the
enormous complications that may arise with the introduction: of disinfection practice. In their opinion the pollution that was occurring
to the improved supplies from ground water sources was largely due to
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poor construction and maintenance. So for improving quality
tive measures should be applied to these aspects only.
31.

correc~

Mujibur Rahaman, M (1979)

In this paper, the author introduces the salient features of an
experimental design for a Shigella control study in Teknaf, a village
in Bangladesh. Teknaf is characterised by high population density
(> 463/sq km), low literacy rates and poor socio-economic conditions.
There was a low level of awareness of the causes of diarrhoeal diseases and a dysentery rate of over 500 or more per 1000 children under
5 years per annum was common. Pre-design studies indicated four
important steps of control of shig~llosis. (1) Intensive health and
sanitary education to mothers as well as to others looking after children regarding the mode of transmission of diarrhoeal disease, the
benefit of using latrines instead of indiscriminate defaecation outside, proper washing of hands after defaecation, and hygienic measures
to be taken when there is any case of diarrhoea or dysentery, were
found to bring about a notable change ;n the knowledge of the mode of
transmission of diarrhoea in a small community. (2) Introduction of
odourless and fly-free water-sealed latrines built in a way that
ensures pri~acy (a very sensitive cultural element in a conservative
Muslim community) along with health education proved to be much useful
in raising the percentage of people, particularly adult men and women,
using these latrines. Consistent use of them especially by men and
children was yet to be achieved. '(3) Provision of shallow (12m or
less) tubewells at the rate of one for every 3-4 families located
at a negotiated position with an appropriate arrangement for regular
maintenance encouraged greater use of tubewell water for all purposes.
Tubewell use was ensured by the filling up of other sources of water
like the ditches and ponds. This was very effective in reducing the
overall attack rate of dysentery as shown in Table IIIA.31. There was
a decrease in attack rate as well as in Shigella positive cases with
increasing consumption of water.
,Although the tubewell water was often found to be contaminated
by coliforms (number of coliforms not reported), particularly during
the monsoon, the quality of this water was far superior to those obtained
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TA8LE IIIA.31:

RELATIONSHIP BETWEEN THE ATTACK RATE OF DYSENTERY
AND PER CAPITA CONSUMPTION OF WATER (FOR ALL PURPOSES)
IN A TEKNAF VILLAGE
Attack rate/l OOO/year

Water use in
1i tres/person/
day

No

20
21-29
30+

1034
857
674

<

Source:

Clinical

Shigella positive

312
234
193

54
39
28

Mujibur Rahaman (1979)

from surface water sources. Ready availability of tubewell water reduced time and energy spent on fetching water from previously distant
sources and increased water use which, in turn, was helpful in the
reduction of water-washed diseases like shigellosis. The reason why
with the similar provision of tubewe1ls water use varied from less
than 20 litres to over 30 litres per capita per day is not available
in the description.
(4) The fourth step was aimed at prompt therapy and isolation of
patients from others to avoid spreading of the disease by contact.
Particularly children should not be allowed to come in direct contact
with the patient till one week after the disappearance of the symptoms.
Prompt treatment of the patients with diarrhoeal symptoms with an
effective antibiotic will reduce the large load of ShigeZUl organisms
entering the environment.
In the light of the experience gained from the above noted pilot
observations, the author indicates that four comparable communities
in Teknaf have been chosen for a long term study where different types
of environmental intervention measures will be introduced, probably
to find out their relative effectiveness. There is no significant
difference between these communities in the morbidity or mortality
rates for diarrhoeal illness. Community I will be provided with a
water supply at the rate of 1 tubewell for every 7 families. Each
family will get one latrine and health education, particularly relating
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to sanitary practices, will be maintained throughout the programme.
Community II will be provided with a water supply at the rate of 1
tubewell for every 3 families but no other intervention measures.
Community III will be provided with water-sealed latrines only.
Similarly, Community IV will receive sanitary education only. For
comparison all the experimental communities will have parallel
control communities where no such improvements will be carried out.
It is expected that the results of this experimental study will in
the course of time throw some new light on the alternate ways of
controlling unnecessary loss of lives due to dysentery and diarrhoea
in most developing countries.
32.

Skoda, J D et al (1979)*

The primary purpose of this study was to assess the impact of
the tubewell installation programme of the Government of Bangladesh,
UNICEF and other agencies like WHO on improving the health of the rural
populations of Bangladesh. The findings of this nationwide survey
provide evidence of a Significant negative relationship between the
drinking of tubewell water and the diarrhoeal morbidity. A six-week
cross-sectional survey of 120 randomly selected villages covering a
population of 68,155 in 11,489 households distributed throughout
Bangladesh was commenced on 7 Novermber 1976 with the help of a predesigned questionnaire. Twenty-seven trained survey teams made single
home visits to enquire about the incidence of diarrhoea/dysentery in
the family during the preceeding week and other relevant points.
Apart from the sources of water used for drinking and other domestic purposes the questions were related to various factors that were
thought to have some influence on diarrhoeal morbidity. These included
socio-economic status represented by the covered floor area occupied
by a household, accessibility to available health services and their
usage, relative average annual water deficit in different geographical
zones, urban influence using population density as the yardstick,
chemical quality, mainly iron content, of water, and the type of
excreta disposal. It was found that the use of tubewell water for
drinking decreased with increasing distance to the nearest tubewell.
This relationship also held good for uses like washing cooking utensils,
and bathing when they occurred. The use of tubewell water was important
*Also refer to the first report by Skoda et al (1977)
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in lowering the diarrhoeal morbidity as can be seen from Table IIIA.32.
JABLE IIIA.32:

Dri nk i ng wa ter
source
Ri ng well
Tubewell
Other (surface)
Source:

PERCENT REPORTING DIARRHOEA/DYSENTERY IN THE WEEK
PRECEEDIN"G THE INTERVIEW
Age Groups
Less than 1 year 1 to 10 years
4.3
3.4
9.1

4.7
5.8
11.0

Over 10 years
3.5
3.1
5.9

Skoda et al (1979).

The overall diarrhoeal disease prevalence rates regardless of
age were, therefore, lower among persons drinking tubewell water than
among those drinking surface water. Ring well water drinkers were
also better off than surface water drinkers. The age group of 1 to
10 years was most vulnerable. This mi9ht be due to the inconsistent
nature of their water use and other habits. The greatest benefit
occurred in the less than 1 year age group. This may seem to be
anomalous in the light of the evidence from Bangladesh villages where
it is not the practice to give cold water to the babies of this age
for drinking. Any fluid that is given contains boiled water and breastfeeding is common in babies up to six months. The probable explanation,
afforded by the authors, is that the diarrhoeal attack rates of these
babies are very dependent on the health and hygiene of their mothers
and the mothers drinking tubewell water are healthier and/or practice
better hygiene than others drinking water from other sources. The
other findings which may be mentioned included the following. With
only one exception (Zone Ill) the diarrhoeal prevalence rate increased
with increasing water deficit (dry climate) in different zones. The
entire country was divided into four zones, I and IV with water deficit ranging from less than 5 cm to over 15 cm. Persons belonging to
the highest socio-economic category (Class III with a floor area of
over 65 sq.m) had the lowest morbidity and the attack rate (diarrhoea
or dysentery) had an upward trend as one moves from Class III to
Class I (the lowest socio-economic category with a floor area of up to
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32.5 sq.m per household). It is relevant to mention here that the
distribution of tubewells was such that those belonging to class III
had a better accessibility to tubewell than others. However, within
anyone class tubewell water drinkers had a lower attack rate than
those using either ring wells or surface sources. The existence of a
rural health centre within a thana (police station) was found to have
some influence on diarrhoea/dysentery morbidity. The prevalence of
diarrhoea/dysentery was significantly (p < 0.05) lower among the population living within the thanas having rural health centres than those
living outside these thanas although the use of a government health
facility by people was very limited. Only 10% of the surveyed population used this facility when they were last ill. Yet this significant
difference may be due to some confounding variables (socio-economic
or others) which were not only a.prerequisite.for the provision of a
rura 1 hea 1th centre in a thana, but had an i nfl uence on di sease pa tterns as well.
In respect of excreta disposal the situation, in general, was
very poor as presented in table IIIA.33.
TABLE IIIA.33:

Water seal
latrine

User
Adul ts
Chil dren
Note:

USE OF DIFFERENT TYPES OF LATRINES

198
130

Pit
1atri ne

Open
1a tri ne

No fixed
place

349
29

5310
1312

5625
9881

Total
11 ,482
11 ,352

1.
2.

Figures in the table refer to the number of households.
The difference in total households represents "No response" to the question
Source: Skoda et al (1979)
Thus, in 87% of households the children did not use any type of
latrine. Adults in less than 2 percent of the households used a water
seal latrine. Even amongst the adults it was the women who used a
latrine. Regarding the urban influence there was a statistically
significant difference in diarrhoea or dysentery morbidity rates between
the villages lying within the zones of urban influence and the villages
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lying beyond. The high iron content, close to or above 5 ppm, in
ground water was found to have a deterrent effect on the use of
tubewell water even for drinking, although the bacteriological quality
of tubewell water was far superior to the quality of water from any
other sources. This, in turn, had an adverse effect on diarrhoeal
morbidity. Ten of the villages covered by this survey fell into
areas with iron content exceeding 5 ppm of which 8 were in the two
districts of Comilla and Sylhet.
The attack rate was 4.9% in these 8 villages as compared with
3.2% in all of the 19 villages surveyed in these two districts.
Survey showed that only 17% of the households in the 8 villages used
tubewell water for drinking whereas 51% of the households surveyed
in the two districts reported drinking tubewell water. While the
above noted observations relate to the effect of the various individual factors, multiple regression analysis was carried out to find
out the relative contributions of some of them to the incidence of
diarrhoea and dysentery at a community level. The four predictor
variables chosen were the percentage of households in the village (i) using tubewell water for drinking purposes, (ii) with floor area
less than 32.5 sq.m (representing the poorest socio-economic class),
(iii) with adults using an open latrine or no fixed place for defaecation, and (iv) within 1.6 km of a government health facility. There
were ten criteria variables. Nine variables represented the total
cases of (i) diarrhoea or (ii) dysentery or (ii) both per 1000 of
population in three different age groups - (i) under 1 year, (.ii) 1-10
years and (iii) over 10 years. The tenth criterion variable was the
total dysentery and diarrhoea cases per 1000 of population regardless
of age. Among the ten equations only one which showed the relationship between diarrhoea in adults (over 10 years) and the four predictor variables had a statistical significance. Moreover, out of the
four predictor variables only one, the use of tubewell water for
drinking purposes, had contributed significantly to the reduction
of the incidence of diarrhoea in adults. The remaining three variables had no significant effect under the conditions prevailing at
that moment. It was also found that the weekly prevalence of diarrhoea
in adults per 1000 of population decreased with an increasing percentage
of households drinking tubewell water. Further analyses of data revealed
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that the degree of protection afforded by the drinking of tubewe11
water against dysentery or diarrhoea varied with the population
subgroups defined by social class or latrine usage. Protection
against dysentery was greatest in the lower social class not using
sanitary latrines; and protection against diarrhoea was greatest
in the higher social class using sanitary latrines. On the other
hand the analysis of the effect of latrine sanitation suggested
that sanitary latrines had a relatively greater effect on the prevalence of dysentery than on the prevalence of diarrhoea. The section of the population which would benefit most from the provision of
sanitary latrines would be the lower social class not drinking tubewell water.
Results of the intergroup and intragroup correlation analyses
indicated an inter-relationship between the incidences of diarrhoea
and dysentery. The incidence of diarrhoea in a given age group (there
were three age groups - less than 1 year, 1-10 years and over 10 years)
was significantly correlated with the incidence of diarrhoea in any
other age group. Similarly, the incidence of dysentery in any age group
was significantly correlated with the incidence of dysentery in any other
age group. Diarrhoea in adults was significantly correlated with dysentery in any-other age group, and diarrhoea in children was significantly
correlated with dysentery in children or dysentery in adults. But
diarrhoeas in infants were not correlated with dysenteries in any age
group, nor were dysenteries in infants correlated with diarrhoeas in
any age group, except, marginally with diarrhoeas in adults.
Another interesting finding of the study was that the number of
persons using a tubewe11 was very important in maintaining the integrity
of tubeweN water. There was a definite increase in the number of tubewells producing contaminated water as the number of users increased
beyond 225.
The authors concluded that the use of tubewe11 water for drinking
played a significant role in maintaining better health (lower diarrhoea1
morbidity). This, in other words, emphasises the importance of water
quality in reducing the incidence of diarrhoea. Bacteriological examination of water samples from different sources was carried out once to
determine the microbial water quality. Seventy percent of tubewell
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water samples were satisfactory «lco1iform per 100 m1 or > 4 co1iforms per 100 m1 in two consecutive samples) according to national
standards and only 25 pereent of unsatisfactory samples had more than
30 co1iforms per 100 m1. Nevertheless, this quality was far better
as compared with 1800 or more co1iforms per 100 m1 for ringwe11 water
and 350 co1iforms per 100 m1 for lake water. No effort was made to
examine the presence or absence of faecal col iforms. The tubewell
programme (i.e. the provision of water with a better microbial quality)
seemed to have had a greater impact on diarrhoea and the use of latrines
(pit or bore hole or water seal latrine) appeared to have-had a greater
impact on dysentery. However, the authors have called for further
research for making these relationships clear.
if
33.

It is felt that this study could make more useful contributions
the aspect of water quantity was studied side by side.
Oworkin, 0 and Dworkin, J (1980)*

Diarrhoea declined substantially when an improved source of water
was piped to the patios of most homes in a Guatemalan village. All age
groups except infants less than a year and adults over 45 showed significant differences in rates when compared to a control community.
Two communities, Guanagazapa (experimental) and Florida Aceituna
(control) comparable in size (each having a population slightly over 1000) and
in age and sex distribution were selected from the rural lowlands of
Guatemala to study the impact of various environmental interventions on
the health of beneficiaries. The improvements in the experimental community included a filtered and chlorinated water supply to the patios
of most houses, a health education campaign aimed at altering the sanitary practices and a community development effort to encourage the
building of latrines. No improvements were carried out in the control
community, the inhabitants of which obtained their water from shallow
wells and a river. Several indicators such as waste of food through
intestinal malabsorption, diarrhoea, skin infections, respiratory
disease and a number of infectious diseases were chosen to serve as
indicators for an assessment of the impact of improvements in the
experimental community. This report by Dworkin and Dworkin is concerned
only with any reduction of diarrhoeal di£eases in Guanagazapa due to
*

This study has been reviewed in conjunction with the study by Shiffman
et al, 1978. Field studies on water sanitation and health- education in
relation to health status in Central America. Progress in Water Technology 11: 1/2: 143-150. The latter is regarded as one of the 44 case
studles revlewed.
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improved access of the population to a chlorinated piped water supply.
The physical environments viz rainfall, temperature, soil conditions
and housing were similar in both communities. The important difference
between the two communities was the absence of men in the experimental
community, who sometimes left to do farm work for extended periods.
In addition to the existing piped water system which had been serving
only 13 families an improved water supply was introduced in the
experimental community in 1973. This comprised the piped chlorinated
water from protected spring metered to individual yards of 164 homes.
The old and new supply together served 70 percent of the experimental
community. An intensive health education programme was introduced in
this community half-way through the project in April 1975 with five
objectives: (i). to reduce faecal contamination of the area; (ii) to
keep animals out of the homes; (iii) to promote construction of
latrines; (iv) to improve water and food storage; and (v) to increase
water use for hygienic purposes. Durin9 seven successive six months'
periods (chosen to coincide with the rainy and dry seasons) commencing
from May 1973 to August 1976, data on the incidence of diarrhoea were
collected by female investigators. They visited each family in Guanagazapa and Florida Aceituna usually each month and enquired normally an
adult female in the house about fanli ly hea lth over the two preceedi ng
weeks. A 1~ck of knov/l edge of the i ntervi ewee about the hea lth of the
adults not in the home during most of the day was suspected as a cause
of low adult morbidity rates. On the other hand the first six months
of the study indicated high rates of morbidity in both villages for all
diseases which may be attributed to over-reporting on the part of the
villagers due to the new experience. Data on water use, health attitude
and practices were collected from randomly selected households. Once
selected the same group, designated the longitudinal sample, was retained
for the period of the study. Water samples were collected periodically
for bacteriological examination. The results in terms of faecal contamination is shown in Table IIIA.34.
These results, therefore, imply that final-use quality is inferior
to the source-quality. Regarding water use two improvements were noticed
in the experimental village. The families having piped water supply
used about two and a half times more water than the families in the
control village without piped water supply. The mean per capita use was
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TABLE IIIA.34:

BACTERIOLOGICAL WATER QUALITY EXPERIMENTAL AND
CONTROL COMMUNITIES (LABORATORY ANALYSES)
Experimental Community

Most probable No.
Faecal Colifonn
Range
Faeca 1 Coliform
Percent Satisfactory
Faeca 1 Coliform
Source:

Control Communi ty

Source

Domestic
Container

Source

Domestic
Conta i ner

484

393

1205

1304

0-5420

0-2400

5-2400

79-2400

75

50

0

0

Oworkin and Oworkin (1980)

26 litres per day in Florida Aceituna and 68.4 litres per day in Guanagazapa. The other improvement was an increase in the use of water at
home instead of at source. The survey of attitudes relating to sanitation and knowledge about hygiene showed a significant (p = 0.05)
improvement in the experimental community as compared with the control
community which may be attributed to the health education programme in
the fonner. However, there was very little improvement in the frequency
of bathing and clothes washing, but washing hands more frequently was
reported. A previous analysis of data by the original investigators
(Shiffman et al, 1978) did not demonstrate that a safe and available
water supply brought about a reduction in the diarrhoeal morbidity.
They used a regression model to examine the effects of a number of
variables on the morbidity rate due to diarrhoea as well as other causes (respiratory disease, skin infections, otitis and conjunctivitis).
There were 63 variables concerning village, family size, month,
sanitary condition and longitudinal sample membership. Access to piped
water and monthly water consumption were two additional variables for
the experimental community only. Using such a method, the study found
a significant (at 5% level) reduction in diarrhoea and skin infections
in one age group (children aged 13-24 months) only. Because it was not
matched by reductions in other groups of different ages the study
regarded this as a possible 'random variability'. On the contrary,
a re-analysis of data by the present authors showed a highly significant (at 0.5% level) difference in diarrhoeal morbidity rates between
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the two corrmunities. They employed a.different statistical approach
which involved contingency tables and chi-square tests. In comparing the communities by age groups, by sex and by family size the
diarrhoea rates for the experimental community were significantly
lower. The average rates of diarrhoea reported over the study period
were 51 cases per 1000 in the control community and 38 cases per
1000 in the experimental community. Within the experimental community
volume of water use was inverse~y related to the rate of diarrhoea
for the season. The correlation coefficient between the rate of diarrhoea for the entire community and the average water use per capita
was very high (rL = 0.97). This relationship was statistically signigicant at 0.1 percent level. The rates of diarrhoea were higher
during the rainy season as compared with the dry season in both the·
conrnunities.
There was an agreement between the two separate findings. Children in the age-group of 13-24 months were the most vulnerable group
and the group from two to seven were responsible for the majority
(more than 50 percent) of diarrhoea cases in each community.
It is noteworthy that with the same set of data two conclusions
have been drawn which are contradictory. While the previous analysis
did not find any significant reduction in diarrhoea associated with a
piped water supply the subsequent analysis indicated a highly significant relationship between the two and came to the conclusion that the
improvement in water supply certainly brought about a reduction in
diarrhoeal morbidity in the experimental community. It is claimed that
improved and reliable water supplies have a significant health benefit.
As is evident, the difference between the two approaches was in the
methodology of carrying out the statistical analysis of field data.
In the previous analysis water use was one of the many regression
variables which influenced the response variable, say, diarrhoeal
morbidity. Obviously the contribution of improvements in water supply
was a proportion of the total contribution of all variables that are
likely to engender the decrease in morbidity. The analysis showed
however that .this contribution was small and not very significant.
In the latter analysis, on the other hand, the water supply variable
has been singled out of all variables to relate it to the diarrhoeal
morbidity which can only be done under the assumption, either the other
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variables have no effect or have a'very in;ignificant effect in comparison to the effect of water supply. To what extent these assumptions are true and to what extent this approach is likely to measure
the true effect of improved supply on diarrhoea1 morbidity are
arguable though the result was highly significant (statistically).
In other words, this is a kind of statistical dilemma.
34.

Ihacker, S Bet' a1 (1980)

As a result of severe drought in many parts of Haiti there was
a sharp fall in the generation of hydroelectricity in the winter and
spring of 1976-77. The situation was aggravated by the mechanical
breakdown of supplementary diesel electricity generation equipment
in 'early February 1977. This power shortage affected the public water
supply in many parts of the city of Port-au-Prince for about ten weeks.
Under normal conditions the city as a whole did not have satisfactory
water supply, most people obtained all water for domestic use from the
limited number of municipal standpipes. Only a few percentage of
houses had a single or multiple taps within. In view of this the
volume of water use was low in most households. This study is concerned with the assessment of health effects of further water restriction
owing to the power shortage on the people who already had low levels of
water use.
Within the city two areas were chosen for the study - one, Area
A, depended on the gravity fed mountain springs and was not affected
by the shortage in electricity and the other, Area B, was supplied with
water from deep we11s.run by electrically driven pumps which were affected by the power shortage. People in the latter area' had, therefore, to
face severe water restrictions. The two areas were otherwise comparable
except for water availability and a higher percentage of people in
Area B having some formal education. 400 households from each area
were randomly selected for a door-to-door survey in order to assess
the morbidity and mortality of children born since 1971 and to collect
other relevant information. The study period was from November 1, 1976
to June 30, 1977. A case of illness was defined as the occurrence of
anyone or any combination·of the diseases namely, diarrhoea, scabies,
external otitis, conjunctivitis, febrile illness and malnutrition.
Comparison in disease rates between the two areas did not yield any
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significant difference but in both areas four variables seemed
to be related to morbidity. They were: (i) unemployment of the head
of the household, (ii) socio-economic status of the family, (iii)
large family size, and (iv) per capita water use of less than 18.9
litres (one 5 US gallon can) per day. The difference in disease
rates according to water us'e is shown in Table IIIA.35.
TABLE I I lA. 35:

DISEASE RATES At~ONG CHILDREN IN FAMILIES DIFFERING
IN PER CAPITA WATER USE

Chil dren from:

Disease Rates in Percentage
Diarrhoea Scabies Conjunc- Febrile
ti viti s
Illness

Malnutrition

Group I: families
with per capi ta
water use <18.9
1 itres/day

28.7

8.4

8.0

32.5

8.5

Group I I : famil ies
with per capita
water use >18.9
litres/day

27.5

5.0

7.2

27.4

4.7

Note: The differences between the two groups were not statistically
significant
Source: Thacker et al (1980)
The authors concluded "that diarrhoea which is related to both
water quality and quantity, occurred in the same pattern as scabies
and conju:nctiviti,s

- conditions related only to water quantity -

suggests that a major determinant Of illness in this study was a

Unemployment of the head of the family
did not have any significant contribution to the difference in the
illness of children between two groups. In families of low socioeconomic status, 39.5% children in Group I had one or more illnesses
and 19.5% of children in Group 11 had been ill. This difference was
not statistically significant. In large families with more than 4
members, 51.6%,of children in Group 1 had illness and 33% of children
in Group 11 had illness. This difference was statistically significant
(p < 0.02). Educational status was found to be inversely correlated
with water-related morbidity and mortality. More people in the
reduction in water quantity",
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water-shortage area were found to have had some formal education
which tended to minimise the differences in illness rates between
the Areas A and B. This was thought to be one reason for failure
to demonstrate area-specific differences between th'e two areas in
spite of the fact that overall a raised illness rate was related to
reduced water usage.
In the study, as reported, no suitable explanation iSavailable
as regards choosing a water use figure of one can or 18.9 litres per
person per day as a basis for comparing the families. Furthermore
there is no indication as to the upper limit of consumption for
families using morethan.18.9 lpd nor has there been any effort to
break down this 18.9 litres to individual components of domestic use
of water so as to determine which activities suffered most due to
shortage of water and their health implications. The authors said
"knowledge of the point at which increasing water use ceases to
improve health is of profound importance to pUbUc health planning'.

This is quite right but it is doubtful whether this study has much
to contribute to this knowledge.
IIIB:
1.

STUDIES DEALING WITH CHOLERA
Sommer, A and Woodward, WE (1972)

Based on a study in Meheran, a crowded Hindu fishing village in
East Bengal (presently Bangladesh) Sommer and Woodward came to the
conclusion that the provision of safe supplies of drinking water, which
was found to be useful in controlling the spread of classical (Inaba
strain) cholera, might not be very effective against the spread of
El Tor (Ogawa strain) cholera. Randomly selected children living in
identical housing and environmental conditions were divided into two
groups according to their proximity to the tubewe11s. Houses lying
within 15.24 m radius of one of the six operating tubewe11s in the
village formed the inner zone and those lying further away constituted the outer zone. During the two successive epidemics of classical
(1958-59) and El Tor (1959-70) cholera daily rectal swabs as well as
pre- and post-epidemic sera were collected from the selected children
up to 11 years of age for examining the presence of V. Cholera El Tor
or the classical variety. To compare each child was assigned to one
zone either inner or outer as mentioned above, depending on the location
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of his house under the assumption that people living close to the
tubewells were more likely to use them than those living further
away. It is stated that although people generally understood the
importance of using tubewell water for drinking and cooking, drawing
water for similar as well as other purposes from open tanks subject
to faecal contamination was not uncommon. During the first epidemic
of classical cholera the children living· in the inner zone had a lower
rate of infection - lout of 27 or 3.7% than those living in the outer.
zone - 19 out of 75 or 25.3%. The difference between the two rates
was statistically significant (p < 0.02). During the subsequent
epidemic of El ·Tor cholera there was very little difference between
the two groups - 16 out of 54 or 29.6% and 37 out of 140 of 26.4%
respectively. According to the authors these observations suggest
that in the case of the first epidemic contaminated non-tubewell water
was the principal route of transmission, whereas drinking water was
not the major route of vibrio transmission during the second epidemic,
thus pointing towards two inherently different patterns of transmission of the El Tor and classical biotypes. Furthermore, the infection
with the El Tor cholera results in a longer period of vibrio shedding
and the vibrios are hardier than the classical vibrios and remain.
viable in water for a much longer time as compared to others. Because
of the more' persistent nature of the vibrios El Tor cholera has the
potential for far heavier contamination of the environment than
classical cholera. The ubiquitous.practice of washing and bathing in
the local rivers and tanks greatly enhanced the scope for contamination
of these sources. It is believed that the regular contact with these
contaminated waters were the main transmission route in the case of El
Tor cholera.
The authors have, therefore, stressed the need for
avoiding the contamination of the waters by the installation of adequate systems of waste disposal for its control.
This study, as reported, has several weaknesses. It has been
assumed that people living close to the tubewell will more likely use
it, but this assumption has not been verified by proper investigation.
There was no effort to determine the water collection practices by the
people living close to the tubewells or away from them. Findings are
also lacking in respect of relative use of tubewell water and water
from open sources for different components of domestic water use by two
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groups of people from the two hypothetical zones. Moreover, children (the infection rates relate to children up to 11 years) may
behave differently from adults in the use of water. Lastly, no
data have been reported in respect of microbiological quality of
tubewell water and of water from other sources to ascertain the specific role of water in the transmission cycles of both types of cholera.
2.

Azurin, J C and Alvero,

t~

(1974)

This study was carried out for about five years (1968-1972)
in Bacolod City, an endemic cholera area in central Phillipines, to
eva 1uate the rel a ti ve effect; veness of improved wa ter supply or
improved waste disposal or both in reducing the incidence of cholera.
The four communities which were selected within the jurisdiction of
the Bacolod City were similar in size, geographic characteristics and
demographic composition. The majority of the inhabitants were
squatter families belonging to the poorest socio-economic classes.
One of the communities, West Visayan had poor water supply and no
toilet facilities which were not improved so that it could serve as
a control community. The three other study communities had different
levels of improved water supply and sanitary facilities. Dawis was
provided with improved water supply which was of reasonable quality
and available in adequate quantities throughout the day, but had no
toilet facilities. Magsungay was provided with communal water seal
toilets at the rate of 1 toilet for every 25-30 residents, but had poor
water supply both in quantity and quality. Sibucao was provided with
improved piped water supply which was adequate, safe and readily
accessible and with commun,al flush toilets at the rate of 1 toilet
for every 28-30 inhabitants. During the period of surveillance (from
1 June 1968 to 31 December 1972) all the houses in the four communities were visited daily and a rectal swab was taken from each patient
found to have diarrhoea. The specimens were sent to the project
laboratory on the same day to examine for cholera vibrios. If the
diarrhoea was severe repeat swabs were taken again the next day.
If the diarrhoeal case was confirmed as cholera, swabs were taken from
all members of the household and close social contacts of the case.
The water was sometimes sampled in the cluster of houses surrounding
the index household. A "cholera case" was defined as one with gastro-
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TABLE IIIB.l:
Community
(Population)

RELATION BETWEEN SANITATION AND CHOLERA IN BACOLOD
CITY, 1968-72
Sanitation
Category

1968

1969

1970

1971

1972

Total

No. of bacteriological1yconfirmed cholera infections
West Visayan
(743)
Dawis
(803 )
Magsungay
F87)
Sibucao
(765)
TOTAL:

Control

31

44

64

14

18

171

Water

10

19

9

5

7

50

Toil ets

13

17

10

10

8

58

Toil ets
and Water

17

5

12

7

0

41

71

85

95

36

33

320

Inci dence ra tes per 1000 population
West Vi sayan
(743)
Dawis
(803)
Magsungay
(787 )
Si bucao
(756)

Control

41 .1

59.2

86.1

18.8

24.2

230.2

Water

12.4

23.7

11. 2

6.2

8.7

62.3

Toil ets

16.5

21.6

12.7

12.7

10.2

73.7

Toil ets
and Water

22.5

6.6

15.9

9.3

0

54.2

Effectiveness of sanitation measures
West Visayan
(743)
Dawi s
(803 )
Magsungay
(787)
Sibucao
(756 )
Note:

Source:

(%)

-

-

-

-

Water

70.2

60.0

87.0

66.9

64.0

72.9

Toilets

60.4

63.5

85.2

32.5

58.0

68.0

Toilets
and Water

46.1

88.8

81.6

50.5 100.0

76.4

Control

-

-

Control·; poor water supply, poor sanitation; Water = improved
water supply, poor toilet facilities; Toilets = poor water supply,
improved toilets; Toilet and Water = improved toilets, improved
water supply
Azurin and Alvero (1974)
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intestinal symptoms and a rectal swab positive for cholera vibrios,
even if the symptoms were not so severe as to require treatment.
The results of the study are summarised in Tables IIIB.l and
III B.2.
TABLE IIIB.2:

FREQUENCY OF INTRODUCTUON OF CHOLERA INFECTION INTO
FOUR COMMUNITIES, BACOLOD CITY, 1968-72

r

Community

West
Visayan
Dawis
Magsungay
Sibucao
Source:

No.of
introducti ons
that
spread

Proportion
of i ntroductions
that spread
(%)

31

22

71

162

7.4

24
26
17

12

50
50
53

38
45
33

3.2
3.5
3.7

No.of
times
infection
was
introduced

13

9

No.of
cases
invol v'ed
in
spread

Average No.
of
cases
per
spread

Azurin and Alvero (1974)

It has been concluded that the provision of waste disposal facilities can.reduce the incidence of cholera by as much as 68% while
the provision of a safe water supply can reduce it by 73%. Where
both toilets and water supplies are provided, the incidence can be
reduced by as much as 76%. Some other findings are worth mentioning.
Evidence from the pattern of spread of cholera, once it gains an
access to a community, suggests that secondary spread is less likely
where sanitation is good and even if it spreads, the number of cases
involved is considerably lower in the communities with improved sanitation. There is a gestation period between the introduction of
improved facilities and achieving desired benefits. The effect of
improved sanitary facilities increases with time as more and more
people appreciate the importance of these facil ities and use them regularly. The very young children (0-4 years of age) are the most vulnerable group. The rate of incidence of disease was highest among
them and it was lowest in the age group of 15 years and over.
This study is a good example which shows that environmental
sanitation measures are an effective means of controlling cholera even
in communities which are situated in endemic areas.

--- -

---~==--=
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3.

~evine,

R J et al (1976)

Levine and his colleagues studied the relationship between the
use of high quality tubewell water, as opposed to inferior quality
'water from other sources, and the prevalence of cholera and noncholera diarrhoea in an area with a high incidence of cholera in
Bangladesh. They mainly observed the water collection practices
of 88 famil ies from cholera.-affected 'baris' to correlate them with
past 11 year's incidence data.
During January, 1975, the activities
of every person using a water source was recorded from 6.00 am to
9.00 pm for 2 days. For 4 more days individuals using each source
were identified and enquired about intended water use, if water was
carried away. Use of multiple sources of water viz tubewell, canal
or tank was a common feature and no source was used exclusively for
a single purpose. Based on past hospital records a comparison of
case rates was made between the users and non-users of the tubewell
as shown in Table IIIB.3. It is to be noted here that the user
TABLE IIIB.3:

TUBEWELL USE AND DIARRHOEAL DISEASE
Cases

Chol era
Tubewell users
Tubewe11 non-users
Non-cholera
di a rrhoea
Tubewell users
Tubewell non-users
Source:

Person Annual
-yea rs
rate/
1000

Rate
Ratio

Rate
Ratio· (2 taPi 1ed)
90%
exact
Confidence
Limits

53
13

3725
1545

14.2
8.4

1.7

1.0-2.8

0.08

28
5

3725
154.5

7.5
3.2

2.3

1.0-5.2

0.07

Levine et al (1976)

classification was not exclusive and a family was defined as a tubewell user if it made 5 times more use of this source (tubewell) than
other sources, canal or tank. Furthermore, the tubewell users used tubewell water predominantly for drinking. 92 percent of them claimed to
drink only tubewell water, but all of them used surface water for other
purposes.
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The comparison showed that the tubewell users had as much or
more cholera and non-cholera diarrhoea than the tubewell non-users,
and it was concluded that the tubewell use did not protect against
these diseases. In affected baris annual rates for canal and tank
users were almost equal - cholera 11.9 and 10.4 and hospital cases
of non-cholera diarrhoea 4.0 and 3.8 per 1000, respectively. On
bacteriological examination tubewell water was found ,to be free of
coliforms whereas canal water had over 1800 coliforms per 100 ml.
Although the microbial quality of tank water was not determined,
because of the connections between tanks and canals specially
during the monsoon, it was quite likely that the tank water was also
contaminated. There seemed to be no correlation between the distance
of tubewell and the use of tubewell. The incidence of classical or
El Tor cholera was not significantly different for persons living
within 15.24 m or up to l22m from a tubewell. There were fewer
cholera and non-cholera diarrhoeal cases amo'ng the families having
high schoo,l graduates, regardl ess of thei r use or non-use of tubewell,
as compared to other unschooled families. The former group also contained a higher percentage of wealthier families. Based on these facts
the authors stated that the protection associated with education or
wealth was not related to water use but might be related to personal
hygiene, nutritional status and crowding.
The study, as reported, is subject to criticism from a number
of viewpoints. Firstly, the term "tubewell user" is a misnomer insofar
as those referred to as tubewell users also used contaminated surface
waters for bathing, washing,and preparing food. As already mentioned,
even some tubewell users made use of surface waters for drinking.
Secondly, there is no mention about the amount of water used per person per day so as to check the adequacy of the number of tubewells in
the area. Apparently three tubewells for 88 families with an average
size of 6.7 persons seems to be inadequate if the low output of
hand operated tubewells is considered. In addition, an average breakdown of each tubewell twice or thrice annually forced even the socalled tubewell users to use alternative sources of inferior quality
until the'tubewell was repaired. According to the villagers, the
average repairing time was 3 weeks which is surely a long time.
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The main difference between the tubewell users and the tubewell
non-users, thus, remained in that the former group drank predominantly
the tubewell water while the latter group used the surface water for
drinking. Thirdly, it appears that the authors made a priori assumption that the cholera and diarrhoeal diseases could be avoided only
by drinking bacteriologically.pure water which is misleading. Since
these diseases are transmitted by faecal-oral route they may be
contracted while bathing or washing foods and utensils in surface
waters which are subject to faecal contamination. There is evidence
of such contamination of canal and tank waters going on in the area
because urination and defaecation into the water and manual washing
of the perianal region were visible at these surface water sources.
Transmission through non-water-borne routes namely via food or direct
contact (hand to mouth infection) is another possibility where hygienic practices are not observed properly. Hence the likelihood of
direct spreading of the disease among the users and non-users of a tubewell cannot be ruled out. Fourthly, since the tubewell water was bacteriologically pure one can conclude that the pathogens were not being
transmitted through the tubewell water but via the other possible
routes as indicated above. Probably this is the reason why the use of
tubewell water mainly for drinking did not have any effect on the
reduction of cholera and non-cholera diarrhoea. In order to control
these faecal-oral diseases what was really needed was the exclusive
use of tubewell water for drinking as well as for other non-drinking
purposes in quantities adequate for maintaining a good level of personal and domestic.hygiene. But this was not possible mainly because of
the insufficient number of tubewells and their poor maintenance which
made use of other contaminated sources of water almost compulsory.
In the light of the above discussion it follows that the failure
of sanitary wells (tubewells) to protect against cholera and other
diarrhoeas as highlighted by the authors in the title of their paper,
cannot be attributed to the tubewells per se but to the inadequate
provision of sufficient quantity of quality water with guaranteed
reliability.
There are some interesting observations which are worth mentioning.
The behavioural attitude of the people was important. Even the tubewell
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users had a preference for surface waters for bathing. washing and
preparing food. As mentioned by the authors this was due to
convenience. temperature of water. superstition and ideas of disease
transmission as well as due to high iron content of tubewell water
giving rise to unpleasant taste and discolouration of food. clothes
and teeth (!). So the physical and chemical properties of water
influenced the choice. The only way to get rid of superstition is
probably to educate people regarding the mode of transmission of
diseases. the utility of maintaining personal and domestic hygiene
an.d the danger associated with the use of contaminated sources of
water. The necessity of improved maintenance of tubewells and immediate repairing of breakdowns to discourage use of alternative
sources of water needs serious consideration while designing tubewell schemes.
4.

Mendis. N M P et al (1977)

This article presents an account of the first outbreak of El Tor
cholera during October 1973 in Jaffna district in Sri Lanka. and its
progressive spread to the city of Colombo and other parts of the
country. During January to December 1974 a total of 4559 cases were
recorded with 333 deaths. The incidence rate was 33.7 per 100.000
population. Water was incriminated as a vehicle of transmission of
the vibrios. the major mode of spread being the contact infection or
case to case spread. Several sources of water were in use by the
people in different areas. These consisted of piped supply. individual
or shared wells. irrigation channels. streams. rivers. tanks and
spouts. An inquiry of 683 patients regarding their source of water
supply at the time of onset of the illness revealed that 63.1% of the
patients obtained their water from open wells. 31.2% used surface
water sources such as irrigation
channels. rivers. streams etc and
5.7% had piped water. Only 14.2% of patients reported that they used
boiled water. Those using surface waters boiled their drinking water
least. 53% of the patients used surface water sources for bathing
while 38% used own wells or common wells. The excreta disposal facilities were not satisfactory either. According to the 1971 census for
the country as a whole. 34.3% of the houses did not have any toilet
facilities. In the rural sector. latrines were not available in 41% of
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houses. Among the cholera patients enquired 70.6% had no toilet
facilities. It was generally found that the high incidence areas
were the ones that were poorly sanitated. Moreover, the most
. severely affected areas were all in the dry zone with an average
annual rainfall of about 50 inches and with the poorest excreta
disposal facilities. These were mostly agricultural areas with
irrigation systems. The water supply in these areas was mainly
from irrigation channels, streams or rivers which were subject to
pollution due to the habit of the people defaecating in close proximity to these sources of water. There was 1ittle doubt ~hat the
prevailing poor environmental conditions in these areas were largely
responsible for the high incidence of cholera.
The overall picture shows that the males had a higher attack
rate (36.6 per 100,000 population) than the females (19.9 per
100,000). The case fatality rate was 8.4% for males and 7.6% for
females, while the average combined attack rate was 8.1%. Unlike
an endemic cholera area where the highest incidence is normally in
the 0-5 years age group and the attack rate declines with age, in
Sri Lanka a progressive rise in the attack rate with age was noted.
The old people with 60 years of age or over had the highest rate.
The fatality rate was also highest among them.
The majority of people affected were from the lower socio-economic
group. In most cases where the first case of cholera occurred in an
area, there was often a hi story of the person havi ng returned from a .
previously infected area or his contacts having been to such an area.
Sometimes the disease occurred for the first time in a person who
had never left the area. This was an indication that carriers had been
responsible for the dissemination of the disease. Although there was
not a single large outbreak implying a common vehicle spread, a protracted pattern was seen with a few cases per day or per week. This
might have been due to the contamination of a large body of water with
a low dose of infection. The characteristic distribution of cases
along water courses from where the people obtained their drinking water
provided a presumptive evidence of water-borne transmission. In the
absence of proper laboratory facilities it had not been possible to
undertake bacteriological examination of water from all sources.
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Only in the case of Kelani River which was receiving the untreated
sewage from the greater part of Colombo the cholera vibrios were
isolated from the river water sample as well as from the untreated
. sewage when examined in the nearby laboratory. The contaminated sewage
was primarily responsible for the spread of infection among those
using the river for bathing and washing. In slum areas and other
congested situations, especially in the fishing community, contact
infection or case to case spread might be the principal mode of
spread of the El Tor cholera. Besides, 25% had developed the disease
while they were travelling or outside their homes. Only 5.3% of
affected families had multiple cases. The authors felt that the case
fatality was high (7.3%) because of the fact that the medical personnel had no previous experience of the disease. In the conclusion
they have laid stress on the improvement in environmental sanitation
especially in the safe disposal of wastes as a means towards the
elimination of cholera and the only way, in their opinion, to bring
down the case fatality rate is to achieve perfection in the treatment.

IIIC:
1.

STUDIES DEALING WITH SCHISTOSOMIASIS
Pitchford, R J (1966)

Pitchford has criticized the Report of the Informal Meeting of
Investigators on Molluscicide Screening and Evaluation that suggested
inter alia "there is little doubt that, for sevepal years to come,
molluscicidal measur>es against:.the snail intepmediate hosts will fopm
the main spearhead Of attack at interpupting transmission of disease".

He describes this approach as sterile as it can never overcome the fundamental problems. In his opinion environmental and water conservation
measures are sufficient in themselves and may be more effective than
molluscicides in reducing schistosome transmission. This study by
Pitchford consists of three parts. In Part I he has shown that a
reduction in schistosome transmission can be achieved by covering the
canals with cement slabs and in the case of control by molluscicides
it is necessary that they should be applied at intervals commensurate
with the shistosome/snail incubation period which varies from month to
month. In Part 11 he reports on the schistosomiasis survey of the
Pongola Irrigation Scheme in Northern Zululand and compares it with
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three other irrigation schemes in Swaziland Lowveld having similar
climatic conditions and crop patterns. There was a remarkable reduction in the transmission of S. mansoni in the former scheme. Exami~
. nation of stool samples from school children showed that 4.1 percent
of samples was positive in 1961 but the percentage of samples positive
in 1965 was zero. Whereas in the other schemes the prevalence of
S. mansoni increased by 35 to 39% between 1958 and 1962-63. The
improvement in Pongola was attributable to some measures taken under
the irrigation scheme not with the specific idea :of preventing
schistosomiasis but to reduce general pollution of water and to
protect canals. These measures included provision of storm water
drain~ and fencing of primary and secondary canals, siting of villages
below and not within 30m
of canals, preventing the use of storage
dams by the labour force and their families for washing and swimming
and thus reducing the chances of faecal pollution. In addition,
cement lining of canals though introduced a' a water conservation
measure, prevented seepage streams which are a potential habitat of
snail populations. There was a slight increase in the prevalence of
S. haematobium from 15.6% in 1961 to 20% in 1965 in Pongola, still the
rate was low as compared to 53% to 81% in other areas even after 8
years of the irrigation schemes. In Part III Pitchford reports on
the benefit-of the environmental control programme that was introduced
in 1959 in the Crocodile Valley estates which were established as an
irrigation scheme in 1920. The estate residents lived in brick houses
with precast concrete roofs in five model villages - Mayfern, Union,Thornhill
Goodluck and Blakes. They had communal laundry facilities, showers,
latrines (water borne) and standpipes since about 1950 or subsequently.
Children used to play and swim in the small streams and storage dams
on the estate and to a lesser extent in the Crocodile River, which
was a bathing place for a few adults. At least 2 of the small streams
were used by women for washing clothes. Although the general set up
was similar, there were certain variations from one village to another
in terms of population and facilities. Some environmental control measures
with a view to controlling schistomiasis were introduced in 1959 and
completed as early as possible. These included a swimming pool for
each village with a provision for changing the water at least once a
week; additional shower facilities in the deficient village, Goodluck;
fencing of storage dam, cement piping of secondary canals running through

462

or adjacent to villages; and provision of protected screens at all
inlets of swimming pools and reservoirs for village water supplies
to prevent the ingress of adult snails. All these measures were of
a permanent nature but without involving high cost. The reductions
in the prevalence of s . . haematobium and S. mansoni mainly due to
these control measures are shown in Table IIIe.l.
It may be noted that the greatest reductions have occurred in
the age group of 1-4 years. There was some reduction in the prevalence
of S. haematobium in the age group of 10-19 years but very little
reduction in the prevalence of S. mansoni. The reasons for these
differential reduction rates are not elucidated by the author.
Nevertheless, it is interesting that these reductions were achieved
without any use of molluscicide or chemotherapy of the population.
Provision of safe and adequate water for bathing, swimming or washing
and measures for preventing pollution of surface waters and reducing
contact with suspected waters were found to have a positive impact
on the reduction of transmission of schistosomes.
2.

Siegal, F M (1968)

This study was carried out in a hyperendemic area of Ibadan,
Nigeria to determine the age and sex distribution and the epidemiology
of Schistosoma haematobium infection in pre-school children (usually
under 6 years). Out of 202 single- and multi-family houses in Abimbola-Araromi section of the OdD Ona area 100 houses were selected
randomly for the investigation. In 25 percent of these houses there
were no pre-school children. During the rainy season urine specimens
were collected from 275 out of 279 pre-school children in the remaining
75 hours to examine how many of them were passing S. haematobium ova
in their urine. These specimens were collected between 10.00 am and
1.30 pm to coincide with the peak counts of ova near noon. The houses
were classified into two categories - Area A containing 29 houses
immediately bordering the river and Area B with 71 houses located more
than 3 houses or 137 metresaway from the river to find out whether the
proximity to the river had any influence on infection. In both areas
some houses had private taps in the courtyards while others depended
on public taps. Apprehending that the difference in water supply might
influence the prevalence of infection a comparison was also made between
houses with and without private taps. The study results based on these

TABLE IIIC.1:
Age of
children/
adolescents
(years)

PREVALENCE OF S. HAEMATOBIUM AND S. MANSONI IN CHILDREN AND ADOLESCENTS OF CROCODILE VALLEY ESTATES BEFORE
(1959) AND AFTER (1965) ADOPTING ENVIRONMENTAL CONTROL MEASURES
Prevalence of S.haematobium
Vi 11 age

Positive

No.
Examined

(D)

28
21
31
238

46.4
33.3
29.0
34.2

(E)

-

19
31
37
157
59

15.8
25.8
16.2
15.9
23.7

23
23
15
213

E

-

91.3
87.0
60.0
75.1

12
20
24
207
36

A

5
7
11
97

100.0
85.7
100.0
90.7

8
20
15
224
40

A
B
C

5 - 9

D

B

10 - 19

Note:
Source:

C
0
E
1.
2.

1959

1965

No.
Examined
Thornhil1
Union
Good1uck
Mayfern
Blakes*

1 - 4

1959

Prevalence of S.mansoni

(A)
(B)
(C)

-

%

-

-

-

1965
Positive

No.
Examined

Positive

28
21
31
238

46.4
38.1
29.0
29.4

20
32
37
131
60

10.0
28.1
21.6
31.2
36.6

66.7
70.0
29.2
56.5
52.7

23
23
15
213

91.3
82.6
66.7
71.8

12
20
22
208
37

91. 7
100.0
59.1
71.1
70.2

50.0
70.0
73.3
79.4
72.5

5
7
11
97

100.0
100.0
90.9
84.5

8
20
15
223
39

87.5
100.0
86.7
90.5
76.9

%
No.
Pos iti ve Exami ned

-

-

%

-

-

-

Popu1ations: A-170; B-170; C-180; 0-1500; E-250
* A new village built in 1961-62 populated mainly with families from Mayfern and newcomers
Pitchford (1966)

%

...
'"w
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environmental factors are given in Table IIIC.2.
TABLEIIIC.2:

PREVALENCE OF S.RAEMATOBIUM INFECTION IN PRE-SCHOOL
CHILDREN ACCORDING TO THE LOCATION OF THEIR HOUSES
AND WATER SUPPLY FACILITIES

Houses
with
water
taps (%)

Area

Children in houses Chi1drein in houses
with taps
wi thout taps
Total No. % Passing Total No. % Passing
ova
ova

Area A(29 houses
bordering the
river)

13.7

10

0

66

39.3

Area B (71 houses
located away from
the river)

14.0

49

6.1

149

16.6

Both Areas

14.0

59

5.0

215

20.9

Source:

Si ega 1 (1968)

The prevalence of infection was less in the houses away from the
river than in those close to the river and this was mainly due to less
contact of the mothers as well as their children in Area B with the
river. The difference in prevalence between areas A and B was significant (p < 0.005) which demonstrates a close relationship between
infection and the proximity to the river. The lower rate of prevalence
of infection in children in houses with private taps in both areas indicates
the usefulness of ready availability of-water as an incentive for keeping
people away from infected water. There were other important findings.
The difference in prevalence between the sexes was not statistically
significant (p > 0.05). The earliest age of infection was 2 years.
Since the Yoruba women in Ibadan carry their children until they are
about 2 years old, this was not.·unexpected. 9.8% of 2 year old children
were infected and the percentage of infection increased with age up to
7 years of age after which the rate declined. Crowding of children within
a dwelling had an effect. There was a trend of increasing prevalence of
infection with the increasing number of pre-schoo1 children per house.
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3.

Barbosa, F S et a1 (1971)

This paper is concerned with the results achieved after seven
years and seven months in a small village of Pontezinha in the state
of Pernambuco, north eastern Brazil where schistomiasis control was
effected by sanitation and health education measures through a
community organization programme. The village had a population of
1041 in 1961. During a period of 3 months from November 1960 to
January 1961 a household survey was carried out to collect data on
the prevalence and morbidity of schistomiasis as well as on sanitary
standards and socio-economic conditions of the people. A sample of
106 residences were chosen from 204 residences in the village for
this pupose. In addition the general condition of the physical
environment was noted. The snail breeding places were located and
the snails were examined for infection. Wild animals trapped and
autopsied for infection. From September 1, 1961 to 31 December 1962
monthly snail collections were made in 10 breeding places within or
around the project area to estimate the number of snails. Small
mammals were examined for infection with Schistosoma mansoni. In
January 1963 control measures were initiated with the establishment
of a small out-patient clinic in the village and a programme of health
education by means of individual interview, post-consultation health
guidance, group discussion, formal talks, posters and films were
introduced. The main idea of this community health programme was to
make the population aware of the problem of schistosomiasis and to
ensure their cooperation in the implementation of the sanitation and
medical controls of the project. Construction works for improving
sanitary facilities were taken up during 1964 which included construction of latrines (soak away type) for each house; construction of a
central community building that contained laundry faci1ities,drinking
water taps, showers and latrines; and installation of 9 dug wells
and hand pumps distributed throughout the village. Between 1963 and
1968 the study area was afforded some routine control measures consisting
of medical attention, health education, monthly collection and examination
of snails, trapping of small mammals for evidence of infection and a
periodic inspection of installed sanitary facilities. Faecal examinations
of the population in the study area were made in ~961, 1966,1967 and
1968 for comparing the infection rates before and after implementation
of the programme. Three other villages viz. Urucuba, Lago do Carro and
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Tracunhaem with comparable populations and socio-economic conditions
were selected from the same state as control areas where no such direct
control measures were undertaken. They were surveyed in 1963 and
. re-surveyed in 1969. Faecal examinations were carried out to determine the S. mansoni infection rates for comparison with the rates in
the study area. The results are shown in Tables IIIC.3 and IIIC.4.
TABLE IIIC.3:

Age
Groups

HUMAN INFECTION RATES WITH S. MANSONI IN PONTEZINHA
BASED ON FAECAL EXAMINATIONS

General population (sampled)
1961
1966
,
a:;
,;;:;
"0
"0
~

OJ

""o
...,"''''
x·~

I-OJE

0-4
5-9
10-14
Overa 11
Source:

73
85
75
233

c...,

~·u

OJ

.... '<--

6.8
27.0
56.0
30.0

'" ...,u
...,,,,,,,
""

~

OJ

~

{:!.

~ _'E_

123
110
74
307

Same population as 1966
1967
1968
~

"0

OJ

...,"'c
""
ox',..

,

"'...,uOJ

~

~~

I-OJE

.........

2.4
6.4
28.4
10.1

98
95 .
58
251

0.0
4.2
12.1
4.4

OJ

OJ

~

"0

OJ

""
...,"''''
ox·,..

I-OJE

,

"'...,uOJ

~

.........

106
94
64
264

OJ

0.0
4.3
9.4
3.8

Barbosa et al (1971)

TABLE IIIC.4:

HUMAN INFECTION RATES WITH S. MANSONI (50% OF POPULATION
EXAMINED) IN PONTEZINHA AND THREE CONTROL AREAS
URUCUBA

PONTEZINHA

LAGO DO CARRO TRACUNHAEM

Age
Groups

1951

1961

1968

1963

1969

1963

1969

1963

1969

0-4
5-9
10-14

6.8
23.9* 27.0
56.0
-

0.0

20.9
73.8
95.5

17.0
76.6
83.7

11.4
54.8
84.1

5.2
12.1
39.1

5.2
23.1
63.3

1.6
6.8
17.1

-

4~3

9.4

* Based on partial survey made in 1951
Source: Barbosa et al (1971)
There was a gradual reduction in S. mansoni infection rates in the
study area. A comparison between 1961 and 1968 figures, however,
(Table IIIC.3) shows a dramatic reduction. Reductions in infection rate
occurred in the control areas also, especially in Lago do Carro and
Tracunhaem, although no control measures were adopted in these areas.
These findings probably suggest that the improvements occurring in the
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social and economic conditions of the populations during the periods
of observations may per se be responsible for lowering the infection
rates of S. mansoni in all these communities. Still further reductions
-in the project area may be attributable to the well-organized sanitary
and educational programme carried out there at an affordable cost.
The most important was the prevention of contact of the people with
the infested waters. Medical treatment appeared to have little
influence. Only 18 persons in the project area completed the treatment. No decrease in infection rates was found in animals. Prevention of animals from catching infection from outside the project
area was the main difficulty. The snail infection rates decreased
regularly from 1962 (6.9%) to 1968 (0.1%) inside the project area
but the rates varied a great deal outside the project area with a
slight increase in the last three years. The infection rates in
snails were lowest in the dry season (January to April) and were
generally higher during the post-winter period (September to December).

4.

Jordan, P et al (1975)

In St Lucia, an endemic area for Schistosoma Mansoni, a study was
carried out by Jordan et al (1975), to find out the effect of domestic
water supplies on the reduction of S. mansoni transmission. Five
rural settlements with 400 houses and a population of 2000 were chosen
in Riche Fond Valley to serve as a study (HWS) area. Individual households were provided with a water supply during 1970-72. Six other
settlementsin the valley which also had a combined population of 2000
and a public supply distributed through 16 standpipes situated at 350
metres interval along the main road served as a control (comparison)
area. The water supply scheme in this area was introduced in 1969.
Before the introduction of the water supply in both areas the valley
residents obtained water from the nearest stream or river; washing
of clothes, bathing and swimming were other activities that involved
contact with these waters which appeared to be the main transmission
sites of S. mansoni particularly in the dry season when snail populations increased in the slow flowing rivers. Sanitation was poor except
some -encouragement being given by the government for the construction
of pit latrines. Three indices were chosen to evaluate the effect
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of improved water supply on children under 14 years of age they were
(i) point prevalence rate (ii) incidence and (iii) intensity of
infection of S. mansoni. They were measured by examination of stool
.cu1tures before, during and after installation of water supplies.
Pre 1imi na ry study results showed tha t before the introduction of
a water supply all indices of infection were slightly greater in the
study (HWS) area, but the pattern of change from year to year was
the same as in the control area. By 1973, all indices had fallen in
the study area but all had increased and were higher in the control
area. The change in the status of infection among groups of children
in both the areas is shown in Table IIIC.5:
TABLE IIIC.5:

Before Installation
Age group (years)
Year 0-4
5-9 10-13

Area
HWS
No. exami ned
Group pre- ,
valence
COMPARISON
No. examined
Group prevalence
Source:

CHANGE IN STATUS OF SCHISTOSOMA MANSONI INFECTION AMONG
GROUPS OF CHILDREN IN THE HWS AND COMPARISON AREAS
EXAMINED IN 1968 AND 1970 (BEFORE INSTALLATION OF HOUSEHOLD VlATER SUPPLIES) AND At~ONG SIMILARLY AGED GROUPS FROM
THE AREAS EXAMINED IN 1971 AND 1973 (AFTER INSTALLATION)

1968
1970

138
16%
41%

142
58%
74%

1968
1970

176
6%
21%

213
37%
52%

47
70%
89%
124
61%
71%

After Installation
Age group (yea rs)
Year 0-4
5-9 10-13
1971
1973

150
19%
17%

172
52%
48%

1971
1973

160
9%
43%

268
32%
66%

91
80%
80%
120
78%
86%

Jordan et a1 (1975)

So, the percentage infected in various groups of children increased significantly from 1968 to 1970 in both the areas. Vlhen similarly
aged groups were followed from 1971 to 1973 there was no increase in
the percentage of children infected in the study (HWS) area but there
was a significant increase in the control (COMPARISON) area. The reduced
infection and increased loss of infection in the study area wer.e associated with a reduction in the intensity of infection, which in conjunction with the lower prevalence, resulted in a reduction in the potential
contamination that was largely possible with the availability of household water supplies. The achievement was also partly due to a health
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education programme which with ready availability of water brought
about changes in the customs:'of the inhabitants. The children were
taught to stay out of the rivers. Studies of water contact in the
'HWS area showed a 95% reduction in the number of persons going into
the rivers. Any such reduction in the control area provided with
public standpipes was not reported, so direct comparison is not
possible in this regard. Whether the government's encouragement of
pit latrines had any influence on the decreased transmission of
schistosomes was not determined either. The study laid stress on
the provision of adequate, safe and convenient water supply as a
substitute for the infective rivers and streams to control schistosomiasis. It also appeared that control measures adopted had their
greatest influence in the reduction of schistosomiasis among the
children aged 0-9 years.
In a recent paperla member of the present authors indicates
that 400 households in the study area are provided with individual
latrines to measure the effect of the water supply plus individual
household latrines. A new type of water seal unit made of high density polyethylene incorporating the riser (to satisfy the local preferences for a riser with a seat), bowl and S-trap has been developed
for use wit~ pit latrines. It has received a wide community acceptance due to easier cleaning, better flushing and the absence of
smell and flies. The installation of latrines was completed in early
1978 and the combined effect of water supply and latrines can only be
evaluated after a reasonable period of monitoring these systems.
5.

Jordan, P and Unrau, G 0 (1'978)

Provision of water supply mainly for drinking and cooking does
not give rise to a perceptible benefit in the control of schistosomiasis because the infection through drinking infected water is a
rare occurrence. On the other hand, a properly designed, not necessarily extensive, water supply ~Ihich in addition to the above two purposes
1.

Unrau, G 0, 1978. Hater seal pit latrines.
In: Sanitation in Developing Countries Ed. A. Pacey, John
Wiley and Sons, Chichester.
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provides facilities for bathing and laundering besides paddling
pools for children, has a much .better prospect of reducing schisosomiasis in a community. This was the experience of·the authors
in St Lucia. The water supply design adopted there consisted of a
'Fordilla' tap in the yard of individual houses, and communal laundry
and shower units. This eliminated the need of the women and the children accompanying them· to go to the infected surface water sources
for bathing and washing clothes etc. These were the principal sites
where the children were exposed to schistosomal cercarie and rapidly
became infected. Though some form of immunity might provide some
protection to the mothers, still a risk of re-infection was not
ruled out. Separate provision of swimming pools for older children
was a means of keeping them away from infected waters, but this had
a moderate success in St Lucia. In the opinion of the authors, in
some situations the favourite play pool could perhaps be kept snail
free with molluscicide to provide a safe play area. Use of springloaded taps (Fordilla) which shut off automatically after delivering
a fixed volume of water, was found to be an ideal way of avoiding
wastage of water. besides keeping the cost of distribution,lines to
a minimum. The average per person use of water was between 40 to
50 litres per day. Health education was another important component
of the programme. The people were made aware of the usefulness of
improved sanitary habits by proper use of water and the reasons for
not having contact with infected waters so as to avoid schistosomiasis.
The authors are in favour of pursuing such a programme in school and
among adults with lessons' being geared to the intelligence of the class.
The main advantage of health education lay in keeping people out of
transmission sites to reduce the intensity of infection which was more
important than reduced prevalence of infection in the community. Reduction in the use of natural water bodies greatly minimized the risk of
the waters being contaminated with human excreta. The control of
schistosomiasis was thus secured at two points on the parasite's life
cyc 1e: preventing the contami nati on of the wa ter and preventi ng i nfection of man, the host.
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6.

Unrau, G 0 (1978 a)

This is an extension of the study previously reported by the
author. with others (Jordan et al, 1975) insofar as additional
two years' observational data have been included. The project site
is in the same five rural communities of Riche Fond Valley at St
Lucia who were provided with individual household 'water supplies
and communal laundry and shower facilities along with simple
swimming pools located at strategic points "to provide the children
with an alternative to river play. They are designed as water supply
areas. Six other settlements in the same valley which were provided
with communal standpipes served as comparison areas. Figures IIIC.l "and
2' show the changes in incidence and prevalence of infection of
Schistosoma mansoni following the improvements in water supply in
the study villages. Fig llIC.3 makes a comparison of the prevalence
of S. mansoni infections in water supply areas and comparison areas.
It may be noted that the overall incidence of new infections in chil~
dren up to ten years old living in the water supply areas fell from
31 per"cent before the provision of water supply to 12 percent in 1975
after 5 years of water supply (FigureIIIC.l). Similarly the prevalence
rate for all age groups in the study areas fell from 72 percent to
36 percent. between 1970 and 1975 (Figure IIIC.2). It is interesting
that the peak rates normally occurred in the second decade of life.
It is evident from Figure IIIC.3 that prevalence rates dropped from
1970 to 1975 for all age groups in the water supply areas whereas the
rates increased in children under 10 years of age in the comparison
areas. It is appropriate to mention here that water supply by means
of public standposts was installed in the comparison areas in 1969
and during the next few years some of the households had private
house connections on payment. In 1976 the prevalence of S. mansoni
was significantly lower among all age groups living in the houses
having private connections than among those dependent on a standpipe
supply, especially among children. With improved supply in the water
supply areas the chan~es of someone becoming infected by water contact also reduced greatly due to 70 percent reduction in the index of
potential contamination (Figure IIIC.4). This was largely possible
owing to reduction in prevalence as well as reduction in the intensity
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(geometric mean of egg counts expressed in number of eggs per ml
of faecal material obtained for stool examination) of S. mansoni.
The index of potential contamination is defined as the sum of the
prevalence multiplied by the intensity of different age groups and
the percentage of each age group in the population.
Domestic water consumption in the study areas was measured by
water meters installed on the main lines and at laundry-shower
unit. The average per capita consumption of water was very close
to 45 litres per day including the water used at laundry-shower
units. Consumption increased three-fold from pre-supply use and
there was a wide acceptance of the communal laundry and shower
units. Use of 'Fordilla' type faucets kept the wastage to a
minimum. Some reluctance was noticed in the use of swimming pools
at the initial stage but that ended in the course of time. That
the children stayed out of rivers was partly due to the mothers
no longer washing and bathing in the rivers. On the contrary the
inhabitants of the comparison areas continued to use the rivers
even after the introduction of a public standpipe supply of water
for all domestic purposes and consequently there was little reduction in the transmission of S. mansoni infections. No per capita
water use figure is available for these areas to examine the deficiency of standpipe supplies.
In contrast to other familiar measures for control of schistosomiasis namely, use of molluscicides for reducing snail populations and chemotherapy of the population this study lays emphasis
on the vector role of the human host which carries the infection
to the snail habitats. The most useful way of minimising the human
role is to keep the population out of infected waters which will also
reduce the chance of further contamination of water bod·ies by the
carriers of infections. This task can be effectively achieved by
the provision of a convenient, adequate and reliable water supply
~tith some ingenuity such as constructing swimming pools near the
community play fields. The author has advocated 60 litres per capita
per day as a suitable design figure for a water supply in developing
countries. It is indicated that this figure has been successfully
adopted in two other settlements·in St Lucia as well as in Guatemala.
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APPENDIX IV
lovfi1~»ovg'" l,;-\i~ilyo~ 1.ch~~y

D.-po,t me !"I I 01 Civil Enpin.erinlji

RESEARCH PROJECT
MI~IMUM SATISFACTORY QUA~TITY AND QUALITY
FOR COMMUNITY WATER SUPPLIES IN
DEVELOPING COUNTRIES
WATER SUPPLY AUTHORITIES

QUESTIONNAIRE

Waler and wasle Engineering
lor Developing Counlrie',

Name of the authori ty . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . • . . . . . . . . .
Correct address
Name and office of person
providing information ................................................................................................................. ..

Population

Total . . . . . . . . . . . . . . . . Urhan ••••••••••..•.•. Rural

For what state/district/region does tbis population refer?
If you have public/community piped water supply system,

..............................................

a)

What percentage of urban population is served by it?

b)

What percentage of urban population bas house connections? ..................................

c)

What percentage of urban population

d)

What percentage of urban population depends on their own tubewell/
dugwell supply?
....................

depends

on

stand

pipe

supply? . . . . . . . . .

What is the source of water for. public supply? (PLease tick /the appropriate

box/es) .
Source

Is this treated?

River

Yes

CJ

No

c:J

Groundwater/deep tubewells

Yes

CJ

No

Cl

Lake

Yes

CJ

No

Spring

Yes

D

No

CJ
c::::J

Others, please specify
What is the domestic supply of water in litres per person per day (lpd)
a)

For piped water supply system providing house connections

. . . . . . . . . . . . . . (lpd

How did you arrive at the above figure?
Total supply
population served

c=J

Total supply-Losses

c==J

population served

Determined by actual
survey

D

b) For piped ,,-ater supply system through public stand posts . . . . . . • . . . . . . . . . . (1;
How did you arrive at the above figure?
Total supply
popUlation served

CJ

Total supply-Losses
population served

Do you have any metered supply?

o

Determined by actual
survey

Yes

0

No

0

If yes, a) Percentage of urban popUlation served by meters . . . • . . . . . . . . . . . . . . . . %

b) Per person supply

in metered area.

. . . . . . . . . . . . . . . . . . . . I pi

2

,.

!.

I.

APPENDIX IV .. continued
QUESTJOI\I\AIRE

WATER SUPPLY AUTHORITIES

Yes

Do you have any idea of detailed domestic use patterns?
I f yes. please indicate the foIl owing:

o

Ipd

No

CJ

Percentage

of total use
a) Drinking, food preparation and cooking

b) Washing of clothes
c) Washing of utensils
d)

BatbiDg/sho~'eriDg

and other personal w,,'Bshing

e) Toilet (water closet) flushing/or use of
water while defaecating and urinating for
personal cleaning and washing sway the
faeces or urine
f)

House cleaning, (cleaning of rooms. corridors,
stairs, verandahs etc)

g) Garden watering
h) Car washing
Total

100

Has any lI.'ork been carried Qut to find the actual domestic water use?

Yes

CJ

No

c::J

If yes, please attach references of the work or send us copies.
What standard do you follow in respect of water quality?
World Health Organisation Internationai Standards

c=J

World Health. Organisation European Standards
USPBSjEPA (US) Standards
Your own standards. If possible, please ~upply a copy.

c=J
c=J
CJ

Which of the following concerns you most 'a.'hen you think in terms of

water quality and public health in your area?
Nitrates
Manganese

Cl
CJ

Fluorides t I
Hardness 0
Sulphates

Sodium

Cl

Trace metals

c=J

Bacteria

Iron

D
c::J

CJ
Chlorides
Vir.us

0

0

Do you have any immediate programme under way for improving your present
urban water supply?

In quality
In quantity
Would you be

willing.~o

Yes
Yes

o

o

c=:J
c:=:J

furnish more information by replying to a

second questionnaire?

Yes

Da te: .............••.

No
No

No

CJ

Signature of person providing information

Office Seal.
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APPUIDIX

V

APl'LICATIOll OF FIllDDlGS TO THO HYPOlmmCAL CASE S'iUllIES
A. CASg S'lUDY

1:

m

DUllA

A New Township

Suppose a new township is proposed to be developed at about 15 km
south-east of the centre of an existing 13ctropolitan city in India.
The total area of the project site is about 152 hectares. The basic
objective of the project is to provide new areas to absorb f\lture
metropoli tan 5t'owth by creating an integrated t01-n1ship ",i th arldi tional
employment Dp),ortuni"bJ. It is decided to develop the site w:i th necess?ry
infrastructural se:rviceo for residential accommoo?tion for 1'eople
of different socio-economic groups. The distrimltion of the design
population (2001) in different socic-economic grrups is shO\-m in
Table VA.1.
TABLE VA.1:

DISTRIRfTlON OF DESIGN POPULATION III 'filE YEAR 2001 A. D.

Socio-Econanic
Grcups (monthly .
family income 1 in Rs)
Economically Weaker
Section (upto 350)

Percei1tage of
total
population

Population

31

12400

2 480

20 400

4080

6000

1 200

Lower Income Group
(351 - 600)

51

}liddle Income Grrup
(601 - 1 5(0)

15

-

Estimated
1'0. of families

,

Higher Income Group
(above 1 5(0)
Total

3

1 200

240

100

40000

8000

A I1aster Plan prepared in 1966-67 for t.1-te Hetropolitan District
proposed that the area ",i thin the city limit shruld get a per capita
supply of 227 litres per day till 1980 and 273 litres beyond that date.
For the areas contiguous to but rutside the city limit it was
proposed that a supply ,of 182 litres per capita per day should be

Hole: 1. The income figures are at 1983 price level. All estimates for
calculatil1G the cost of water later are also based on 1983 price
level to provide a Uniform basis.

---------.

------~~=~---",.....".,
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given to those areas where gross population deni ties exceed 25 persons
par acre. Since the population density of the proposed to\m will
exceed this limit the town should gat a supply of 182 lpcd as per
Master Plan standards. These standards appear to be
li~t

hi~

in the

of available resourcea, Viz. finrmce, and no sound basis was

available in the l1aster Plan for setting these standards. It was
therefore felt that a study of domestic water use should be carried
rut in order to decide the levels of service on a rational basis.
Assume that such a survey has been carried out and a regression equation
is available ,.fuich gives the desired per capita supply of water based
on the appropriate variables influencing the dor.lCstic water use. Using
this equation, revised sta.n::lards of per capita water supply are assumed
to be determined for the respective socio-economi'c grrups as shown in
Table VA.2.
TAffi,E VA.2 : REVISED STANDA...'IDS O}' pm CP1'ITA HATER SUPPLY FeR
DIFFERENT SOCIO-ECCN<l'lIC mcups

Per capita
supply in
litres/day

~antity of
water in
litres/day

Remarks

SocioEccncmic
Grrup

Population

EvlS

12 400

60

LIG

20 400

70

MIG

6 000

110

660000

Provision of house
cOIDlection (12 mm
ferrule size).The
household ,,01.11 have
multitap facilities.
(This group ',.:ill use
cistern-flush toiletn)

HIG

1 200

140

168 000

Provision of house
cOnnection (15mm
ferrule size). The
household ,,1111 haye
multitap facilities.
(T'nis grrup will UGe
rist"rn-'fllIsh tOil~tB)

Total

, 40 000

744 000

1 428 000

3

000 000

Provision of
yard connection
(6mm ferrule
size)with selfclosing tap.(This
grrup ",ill use
p=-flush latrines)
Provisicn of hruse
connection (1Omm
ferrule size).There
Hill be two taps-one
each in the kitchen
and bathrocm. (This
grrup ~r.i11 use pOllrflush latrines).

479

The difference in the total quantity of watcr to be s1.:p),lied as
per H:Ulter Plan and as per Revised Standards is shOl·m in 'l'able VA.3.
TABLE VA.3:

DIFFEREllCE 1lI TarAL WATffi D~'!ANDS AS Pill j·1AST"l'.'R PLAN
AND llliVISED STANDARDS (Litres per dp,v)

As per Haster Plan

As per Re·...il3ed Standards

Residential dem~~d @
182 Ipcd - 7 280 000

Residential. den":1d

Industrial demand @
14 603 11 tres/day/hectare far
7.59 hectares of inmtstrial
- area - 110 837
Total

3 000 000

15%

450 000

Industrial demnnd

110 837

Loss

@

3 560 837

7 390 837
Difference = 3 830 000

A survey of available sources of "ater indicates the availability
of both surface water and ground Hater in required quanti ties. The
sur1'ace 1<ater available from the nearby river is h01-1t."\'& polluted and
it "ould require full-scale treatment to make it fit for lnunan consumption. On the other hand ground water of acceptable quality is available
from an a/quifer of medium to coarse sand located at a depth bet'leen

160 m and 200 m. Construction of boreholes upto this depth can be
conveniently carried out by drilling rigs available with the local
cbntractors. Since Hater is dralo/ll from well below the top layers 01'
soil theHater would be bacteriologically safe but records from other
bareholes in neighbouring areas suggest a l~el of 2.0 mg/l of iron
in the water. To comply with the WHO standards (as adopted in the

l">.SSter Plan) it "ould -theref.ore be necessary to install iron-elimination
plants to bring down the level of iron to 1-1ithin penniss1ble limit.
1!00;ever in consideration of the variOlls factors explained in Ch8Jlter 4
it is decided not to install iron elimination plants but to supply
ground water 1-1i th 2.0 mg/l of iron.
PrOlTision of System Conponents as per ReVised Standards
Considering the yield of a tube well prOlTided with a 200 mm
diameter 30 m long strainer as 114 cubic metres/hoor and hours of
pumping per day :Ul 16 hours,
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No of tubewells required Cost of tubewellR
tubewell

~Ti th

3561
114 x 16

= 1.95. S ay 2 tubewells.

pumpine; maohinery

@

Rs 175 000

1

per

= Rs 350 000

Cost of two pwnp hooses

@

Rs 15 000 eac..'l = R3

= 25%

Required capaoity of overhead reservoir
demand per d~'

=3

561 x 0.25

= 890.3

30 000 ..
of the total water

cubic metres

PrOV"iae two R. C. C. overhead reservoirs with a capacity of 454.6
cubic metres each.
Cost of R.C.C overhead reF.l€:tVoirs
~s 1 100 per m3) = Rs 1 000 000

@

Rs 500 000 eac..'l (apprax:.

Provision of System Components as per }!aster Plan Standards
No of tubewells required
Cost of

tube,~ells ,~ith

=

7391
114 x 16

= 4.05. Say

pumping machinery

Cost of four pump hooses

@ Fs

=7

391 x 0.25

Rs 175 000 per tubewell = R, 700 000

15 000 each = Rs 60 000

Required capacity of overhead reservoir
demand per day

@

4 tubewells.

=1

= 25%

of the total \/ater

847.8 cubic metres.

Provide fo..tr R.C.C ovemead reservoirs with a oapacity of
Cost of R.C.C ovemead reservoirs

@

454.~

m3 each.

Rs 500 000 each = Rs 2 000 000 .

The difference in the total cost between the two systems is shown
in Table VA.4.
TABLE VA.4 : COHPAlnSION OF TOTAL COSTS OF SCHEl'iES DESIGtIED ACCCRDlllG
TO }!ASTm PLAn AND llliVISED STANDARDS
System Components

As per }!aster Plan
standards of supply
Cost in Rs

Tubewell including
PUIll])ing machinery
Pump hoose
<Nemead reservoir
Distribution System
Total

-

2

As per revised

standards of supply
Cost in Rs

700 000

350000

60000

30000

2000 000

1 000000

6 440000

3 220 000

9 200000

4 600 000

Note: 1. '!his and other cost figures used hereinafter are based on
1983 price level.
2. Assuming cost of the distribution system as 70 percent of
the total cost of the sche!lle (Chaudhuri and &attacharya, 1979).
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Thuo there would a oaving of

as

4 600 000 in capital cost which may

be utilised far provision of water supply in other unserved areas. In
addition, there would be a saving of about Rs 340 000 in cflllital costs
due to non-installation of iron elimination plants, sump-cum-hi/#l lift
pump house and pumping equipment (based on the quantity of water to

be' supplied as per Revised Standards). This money can also be used
far water supply in other needy areas.
Pricing of water in the Revised System
The basic assumption in the pricing of water is that no f1'ee supply
of water will be provided to rmy household. "'atar Charges should be
fiXed in consideration of the affordabili ty by fue consumer. For Indian
conditions, 2 narcent of the monthly household income is considered
the affordable limit of expendi ture for water par month. If necessary,
intemAl, cross-aubsid1sation among the various grcups of domeatic
oonsumers and industrial consumers will be resorted to.
Capital Cost of the Project
Civil works (pump houses, OII'emead reaervoirsand
distribution system) with 30 years of effective life

Rs 4 250 000

Installation ,and equipment (tubewellS~ pumping
ma.chinexy etc.) with 15 years of effective life

Rs

350 000

Al ternative 1
Assume annuity payment cm capital
maintenance cost/1 OOO,litres

@

@

7%

and operation and

30 paise.

Annuity payment on capital cost

=4

1

+ 350 000 x
0.10 979 = 342 465.0 + 38 426.5
= Rs 380 891.50

Capital oast per litre of net supply =

250 000 x 0.08 058

380891.5
3 110 837 x 365

= Rs 0.034

Capital cost per 1 000 litres

34 paise

o &:

M cost per 1 000 litres

30 paise

Total cost per 1 000 litres

64 paise

Total cost of water per day = 3 110.837 x 0.64 = Rs 1 991
Note : 1. This and other compoulJl. interest factors used afterwards
can be obtained from discotmt tables available in
standard textbooks (for Elltample, see PilCher, 1973)
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TABLE V1..5:

Al"F'JltD.4BILITY LIHIT OF THE DIFE'Io:REllT GROUPS OF
DCl!-IES'l'I C COl SUNl!RS

Soci c>-Econ anic
Group

Percentage of
total population

I-lean

Noot,,~y

income (Rs)

Mfordable Hat!f
Bill per mc:nth (p.s)

-

EHS

31

175

3.50

LIG

51

475

9.50

MIG

15

1 050

21.00

RIG

3

2000

40.00

TABLE VA. 6:
Socio
Economic
Grrup

REQlTIRElolEl:lT OF SUBSIDY FCR ALTERHTIVE 1
Per Capita
"ater
COnsumption
litres/day

Total monthly Actual Cost Affordable
of Water @ 'later Bill
cmsnmption
per Hrusehold Rs 0.64 per
Kl
litres
Rs
Rs

Requirement
of Subsidy
per Nonth
per Family
Rs

EIS

60

9 000

5.76

3.50

2.26

LIG

70

10 500

6.72

9.50

Nil

MIG

110

16 500

10.56

21.0

Nil

RIG

140

21 000

13.44

40 • 0

Nil

Thus only the E)!IS group requires a subsidY of Rs 2.26 per hrusehold
per month under tl-Je assumed candi tions. This subsidy will come fran
the other grrups of danestic consumers and from the industrial consumers.
Far the sake of equity it is decided that the first 9 000 li tres/
month will be supplied at a subsidized rate to all the groups of
domestic conswners. 'rhis rate "Iill be fixed in consideration -of the
affordabili ty limit of the DfS.
Far the f"irst 9 000 litres cost per 1 000 litres shruld therefore be

=

= Rs 0.39
9
Income per da,.v :!'rom the
3 50

sale of 2 400 000 litres of water

@

Ps 0.39 per

1 000 litres = Rs 936
Cost of water per litre beyond t.l-Je limit of 60 li tres/ capita/day

=

1 991 - 936
3 110 837 _ 2 400 000

= Rs

-3
1.48 x 10

Note: 1. 2 percent 01 monthly incCllle.

Therefore cost per 1 000 litres
It may nO'" be examined

= 1:5

1.48

far these rates satisfy the afforUnbili ty

hOlI

limi t of all the errups of domestic consumers (see Table VA. 7)
TABLE VA.7 : FINAL

SodaEconomic
Grrup

Honthly
Consurnp
-tion
per
hO.lsehold
litres

RECVIH~mlT

O}' SIlBSIDY Fm ALTERNATIVE 1

-

Cost of Water
Total Affordable Su"oGidy
Honthly
Requi:::-ement
1st 9000 }'or addi tion
litres @ -al consumpEY.:pend i ture
tion ~ Rs 1.4~
Hs 0.39
per K1.
per Kl
Hs

Rs

Rs

Hs

F:;

EI'IS

9 000

3.50·

-

~.50

3.50

Nil

LIG

10 500

3.50

2.22

~.72

9.50

Nil

111G

16 500

3.50

11.10

r

4 • 60 21.0

llil

HIG

21 000

3.50

17.76

~1.26 40.0

lIil

'!bus the cost of \{ater far all socio-economic grrups remains
wi thin the affordabili ty limits of the respective grrups.
Total. proceeds per day from the sale of Hater

=

~O

.?OD

( 2480 x 3.50 + 4080 x 5.72 + 1

+ 110 ~J60~ 1.48 = 1 828 + 164

= P.s

x 14.60 + 240 x 21.26)

1 992) Ps 1 991, the total cost

per day.
AI ternative 2
Assume annuity payment on capital
maintena'1ce cost/1 000 litres

@

@

10% and operation and

30 paise •

. Anrui ty payment on capital cost = 4 250 000 x 0.10 607 + 350 000
x 0.13147

= 450

797.5 + 46014.5 eRs 496512

Capital cost per litre of net supply =

496512
=Es 0.0437
3 110 837 x 365

CaT'ital cost per 1000 litres

44 paise

o&

1'1 cost per 1 000 li tres

30 paise

Total cost pro;' 1 000 litres

74 paise
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. Total oost of water per day .. 3 110.837 x 0.74 = As 2

~2

Al ternative 3

Assume annul ty payment on capital @ 7'16 and operation and maintenance
coat/1 000 11 tres

@

40 paise.

Annuity payment on capital cost = As 380 891.50
Capital cost per litre of net supply-

cO

Rs 0.034

Capi tal cost per 1 000 litres

34 paise

O&M cost per 1 000 litres

40 paise

Total cost or water per day .. 3 110.837 x 0.74 .. As 2
'!he cost or water is thus slllfte for al ternativBs 2 and
TABLE VA.8

I

REQUIR~T

SocioPer
Economic Cap1ta
Water
Group
COD8UIII
ption

~2

3.

OF SUBSIDY FCR ALTERNATIVES 2 AND 3

Total
Monthly
Consump
-tion
per
Household
litres litres

Ac1nal cost
of Water@
As 0.64 per

Afrordable
Water Bill

IQ.

As

/dlq

As

Requirement
of Subsidyper Montil
per Family-

..

P.s

EWS

·60

9000

6.66

3.50

LW

70

10500

110

16500

9.50
21.0

Nil

MIG

7.77
12.21

BIG

140

21 000

15.54

41.0

Nil

-

3.16
Nil

Thus' only- tile EWS grrup requires a subsidy- or As 3.16 per montil
per ramily. '!he conditions regarding tile supply or rirst 9 000
li tres/month to all the domestio occsumers apply here aB well.
For tile rirst 9 000 11 tres cost per 1 000 litres should
tilerefore be .. 3.50/9 .. As 0.39
Income per day from the sale or 2 400 000 11 tres or water

@

As 0.39 per 1 000 litres .. As 936·

Cost or \later per litre beyond tile limit of 60 litres/capita/day
..

2 ~2 - 936
-3
3 110 837 - 2 400 000 .. As 1.92 x 10

'lhererore oast per 1 000 11 tres .. As 1.92
'!he nert step is to see wheiher these rates satisfy the arrordabilitylimit or all the groups or domestio consumers (see Table VA.9).
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TABLE VA. 9 : l'Il!!.L

RE[~mE!·jEHT

OF SUBSIDY }U( ATll'ElU1ATIVES 2 Alm

3

--SocioEconomic
. G1.'oop

I'ionthly
ConsuID;l

-tion
per
Hoose-hold
li tres

-

Cost of "ater
1"t 9000 For additional
litres CD consnmption @
P.s 1.92 per Kl
fs 0.39
per Kl
n~

El,S

9 000

3.50

LIG

10 500

3.50

HIG

16 500

HIG

21 000

Total Affordable Subsidy
Honthly
llequireE>cpendi tu- ment
re

Rs

Rs

-

Rs

F.s

3.50

3.50

Nil

2.88

6.30

9.50

Nil

3.50

14.40

17.90

21.0

Vil

3.50

23.04

26.54

40.0

l<il

Thus the cost of water for all the socio-economic groups reInains
wi thin the afford:lbility limits of the respective groups.
Total proceeds per day from the sale of water

= ;0 (2480 x 3.50 + 4 080 x 6.38 + 1 200 x 17.90 + 240 x 26.54)

+ 110 837

x 1.92
1 000
. cost per day.

= 2 085.3

+ 212.8

= P.s

2 298.1 !'=< P.s 2 302, the total

Al ternative 4
Assume annuity payment on capital

@

10% and operation and maintenance

cost/1 000 litres @ 40 paise.
Capital cost per 1 000 litres

44 paise

O&M cost per 1 000 litres

40 paise

Total cost per 1 000 litres

84 paise

Total cost of water per day

=3

110.837 x 0.84

= Rs

2 613

TABLE VA.10 : REC!1JDlE"!l£l;T
Ol!' SUBSIDY FOR ALT1,;:mATIVE 4
. ,

Affordable
Per ca.pita Total
Actual
\fater
Bill
Economic "Iater CO!l- monthly cost of
\later
@
GrOllp'
sumption
con.c;ump
-tion
Rs 0.64
per Kl
per
Ho.lSehold
P.s
litres/d?-Y litres
Rs
Soaia-

-

RequireTIJ9nt of
Subsidy per
Honth per
Family

Rs

£IfS

60

9000

7.56

3.50

4.06

LIG

70

10 500

8.82

9.50

Nil

HIG

110

16 500

13.06

UT~

1A{)

"'1

{)I1n

17_~A

21.0
AO_O

Nil
Nil

486

AGain, only the E}IS group requires a subsidy 01 R3 4.06 )'er

household !>er month. This subsidy Inll come from the other groops
01 domestic consumers and from the industrial consumers.
Once ""ain Iran equity considerations the fust 9 000 litres/
month I,'ill be supplied to every groor of domestic consumers at a
subsidized rate, the rate being fixed in terms 01 the paying ability
of the E'dS.
Fen' the lust 9 000 litres, cost per 1 000 litres should therelore
be 3.50/9

= Rs

0.39

Income per day from _the eale 01 2 400 000 1i tres 01 water

@

R, 0.39

per 1 000 litres = P.s 936
Cost of Hater per litre beyond the limit 0160 litres/capita/day

=

2 613 - 936
= 1 677
-=;:-'1-:-'1:-:0""'-="8=;7="""'-~2-4:-::0~0-'0:-::0:-:-0
710 812
-Therefore, cost per 1 000 li tree

-3

=Rs 2.36 x 10

= F.s

2.36

The requirement of subsidy in c;,se the abave rates are charged is
examined in Table VA.11.
TAIlLE VA. 11 : FIN.4L REQUIREI·IENT OF !>1J:!lSIDY FOR _4L'l'J.RlJ ATIVE 4
SocioEccnomic
Group

Nonthly
Co!lSWllp
-tion
per
Household
litres

Total Aifordable
Cost 01 water
Honth1y
1st 9 000 For addi tioIllitres @ al consuJl1l'tioE>cpendin @ Rs 2.36 per
ture
Pcs 0.39
per Kl
Kl

-

Rs

Ps

Subsidy
Requuement

.

P.s

Rs

F.s

EMS

9 000

3.50

-

3.50

3.50

Nil

LIG

10 500

3.50

3.54

7.04

9.50

l!il

HIG

16 500

3.50

17.70

21.20 21.0

0.20

HIG

21 000

3.50

28.32

31.82 40.0

Nil

-

----------

The cost 01 Hater for all the socio-economic grrups there lore
remains within the afford abil i ty limits of the respective Brollps
e,xcept for the MIG in which case the >",ter charges will marginAlly
exceed the affordable limit by 20 paise per month. Being in the
middle-inc_ome category this grrup may be >lUling to pay the extra
20 paise per month (beirig a very small a)Jaunt) lor a bilsic service

like water supply. If the hooseholds are unwillil:)C to pay this extra
amount, the loss in revcrme per month would be 1 200 x 0.20 = p, 240.
This amoont may be rel3liaed by charging additional one rupee to the
householdFJ belonging to the JUG which woold then pay F, 32.82 per
month, the anmmt still remainitlB "i thin the affordabili ty limit
of the groop. Al tenlatively, this amo,Ult may be recO'lered from the
industrial consumers b'J chargitlB a slightly enhanced price of
p"

2.43 per Kl instead of R5 2.36 per Kl.
Total proceeds per day fro:n the sale of Hater

-- 130 ( 2480 x 3.50 + 4 080 x 7.04 + 1 200 x 21.20 + 240 x 31.82 )

+ 110 837 x f...J6
1 000
cost per day.

= 2 349.63

+ 261.52 =' 2 611.15 ~

F"

2 613, the total

Rationally the water bills should be prepared on the b8Sis of the
mea.'mred . quanti ty of water use but this Hould require metering of
domestic Hater supply. In the .absence of metering the charges may be
based on 'ferrule' size varying from 6 mm to 15 mm as sho",ri in Table VA.12.
,-

TABLE VA.12 : FEllmJLE SIZE VS HONTHLY vIAT];}, BILL 'Piill ROUSNIOLD
Ferrule
size

1----- ---Alternat ive 1 Al ternative

Roo sehold \Iater bill per month in F"
2

--

-

Al temative 3 Alternative 4

mm

--

,

6

3.50

3.50

3.50

3.50

10

5.72

6.38

6.38

7.04

12

14.60

17.90

17.90

21.20

15

21.26

26.54

26.54

31.82

In many cities of India it is customary to charge for Hater baBed
on ferrule size 1{hic.~ is rel?ted to 'the valuation 'of property. AlthouGh
the size of a fermle partially detennines the quantity of water that
can be dra;1ll throogh a hcuse connection, this Method of charging is not
adequate to check WaBtaBe or extravagant use. For instance, a 10

Imll

diameter opening in the service pipe ,·,Hh the design terminal
pressure of about 12 m "ill result in a supply of about 4 litres per
minute at a velocity of 1 metre per second. A family of 5 l<ith70 lpcd
aB the design supply can draw their quota from such a cQnnection in

4BB

about 88 minutes of contimlClllS runni.l1/' of the tal'. If the consumers
do not close their t"ps durinG the period that they are not ,lr""ing
water for useful purpose, there will be H"sta<;e of
total

H<\tG~'

since the

quanti ty dra\m per cormection per day is lIlUch hiOlcr than

the desiened quota of the household. As total supply is limited this
may lead to Hater scarcity at points furthest from the service
reservoirs.

To avoid this,

effo~,ts

should be made to check \·ranta!,s by

educating l'eople And enlistine their active

c6-oper~tion

in reilucine

the wastage or extravagant use. The consumers should be r.:ade aHare
of the importance of water as a scarce resource and tha C03t of
supplying safe Hater at the doorsteps. They should be informed
about the implications of wastage of water and should be provided
with information as rer,A.rds hO'.-1 to prevent the wastage of Ha.ter and
how to economise

Q1

water use. A continuing l'ro6t"aCL"l<? of sending

printed leaflets should be carefully considered. The l'c.illet should
contain information reear(ling the production and (listrilmtion of water,
costs involved and method of fixing Hater rates as well 'afl tips for
conservation of water. ':i'here should be indications about hml the costs
"ould go up unless wastage is prevented or extravagant use is curtailed.
The lePSlets may be sent Hi th the \mter bills for convenience and cost.
For a better involvement of the public, suggestions mc,y be soul';ht
!'rom them regarding their ideas

hOl~

th-e costs can be kept dOlm and how

they would c<>-operate in the conservation of water. T'ne consumers may
be iwi ted to group discussions for !'ree exchange of ideas bet\;een
them and the authorities supplying Hater. l'ublic media viz. radio,
television,

ne\~spapers

etc. should be used as far as possible. In

order to ensure better. utilization of supplied water for health
purposes a sui table health education progr8!!lllle should constitute an
essential part of these ventures. ;;astage can 8lso be c.'1ecked by
>laste inspectors ",it,,, provision of stiff fine. andlor discmnection
for repeated offence.
If, in the long run, these actions do not prevent, Hast2.ge or

control the extrava,sa'1t use wd tl)e domestic

~Iater

dem2l1d is four,d

incre"J3ing at a fast rate calling for system exprulsicn it may be
necessary to introduce domestic metering. Once the meters are installed.
it \'..:Juld be easier to charge for Hater as the charees can be
directly rp-lated to the quantity of Hater used. Intro6.uction of
metering \·11 th unit commodity charges would bring abC>.lt a discipline

489

in '''ater use. \lastage would 'be reduced and the extravagant use \ifOllld
be curtailed such that per

"""i ta

consumption WC\lld lie within the

desirable levels. Horeovr;r, canestic meterinB "Iould help in identifying
system leakages and takinG corrective meHSUre.s. HCl'.rever, before
introduction of metering a con ',;-bene fi t analysis as shown in the

•

next c",ae-otudy should be carried rut.
B. CASE SWIJY' 2 : An E>:istinc Ci ty
Suppose an existing oi to' has a total population of one nillion
beloI1i1ing to variOlts socio-ecollo;;uc [?:oups,

sha...m. in Table VB.I.

aB

TABLE VB.1. DISTilIBUTIOJl OF FOl'ULA'I'IOH AHOHG VARIaJS SOCIO-EC01J(llIC GHCu}'S

Socio-Economic
Grrup

Percenta,:-;e of Population Average Humber of
family fmnilies
total po!,ulasize
in the
tion
grcup

Average
family
incroel
per month
Es

Economically
"leaker Section I
(E',{S I)

12

120 000

9

13 333

300

16

160 000

9

17 778

400

Lawe.r Income
Group (LIG)

50

500 000

9

55 556

875

Niddle Income
Group (HIG)

18

180 000

7

25 714

1 500

Higher IncC!Jle
GrOllP (m:G)

4

40 000

5

8 000

2000

Economically
Section
~I (EMS II)
~leaker

Total

100

-

1 000000

120 381
and.

The city' is sUpplied by a 204.6 IU/ d "ater treatnent plant.llill be
forced in the short term to launch an investment prol7'amme for
expandine; the present capacity by installing a 45.5 J'U/d ",ater
treatment plant to keep abrest of t.1->e demand for domestic "Iater that
has been growing at 2 percent per al1J'Um.
Assuming a 10 percent SystP.lD loss the 'pres€l1t net supply is 184.1
I'U/d. Out of 184.1 i'U/ d, 27. 3 Hl/ d is supplied to the irons tri al
and cOOlJ!lercial sector and the rest f;oes to the. domestic sector.
Note: 1. The income figures are at 1983 price level.
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Therefore the !1'Jerage per capita supply of danestic water is
around 157 litres per day. While the supplies to commerce and
industries are metered, the danestic supply is UIlIDetered.
Al tho.l@l the !1'Jera[J,e per cRpi ta domestic consumption in the city
is 157 litres, it is reported that 50 percent of the fAmilies
helonging to the EMS I grrup consistine of peOple living in slwns
or sqnatter settlements do not have hruse connection and they
depend upon public standposts. On an average they get about 20
litres per capita per d"y. Tne rest of the families of this
group are not served by piped water supply. They chiefly depend
upon a small number of shallow tubeHells for their drinking and
cooking \later requirements and on unsafe sources of water such
as ponds. for other purposes. The aVailable heal t.ll records of the
ci ty and a general survey of health coOOi tions
tl%

sho\~

that these

groups are the main victims of water-related diseases

(especially diarrhoea and infections of skin and eye) a.'1d the
latter grrup is the worst affected.
The present conditions of water supply are thus considered
unsatisfactory insofar as some sectio!'.s of population are either
uOOerserved or unserved. A decision is taken at the policymaking level that all sections of peOple should have reasonable
access to safe water for dO!!lestic purpcses and also that before
investing in the proposed capacity expansion there is a need to
examine whether the expansion can be substituted by better use
of the exisiting facilities. It is ffilggested that in order to
assess the per capi ta requirelnent of \·rater by different socioeconomic gro.lPS a ffitrvey of domestic water use shruld be carried
out. Accordingly, a suNey of domestic water use is conducted
and a regression equf'.tion is obtained which gives the desirable
per calli ta supply of domestic water based on the appropriate
variables influencing domestic 'later use. Hi th the help of this
equati on the desirable st;mdards of per cRpi ta water supply are
asslUlled to be determined for the respective socio-econoori.c
grOllPS as ShOlffi in Table VB.2.
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TABLE VB. 2 : DJi;SIHAJ3I,E STANDARDS Cl}' PEH CAJ'I'fA WAT;;R SlJl'PLY
FOR DL··~";.-,mlT SOCIO-ECmOnrG ffiaJPS
SocioEconanic
Group

Population

Per Capita
'rIater
Sup:oly

Q,lantity of
Water

litres!
de.y

litres/day

Remarks

EWS I

120 000

45

5 400 000

Standpost supply at
the rate of ten
families per standpost.(This groop
nses com;nunru.
latrines).

EHS II

160 000

60

9 600000

Yard connection with
self closing taps.
(This eroup uses
poor-flush latrines)

LIG

500 000

80

40 000 000

Hoose-connection
with two taps - one
each in the kitchen
and bathroom. (This
grrups uses pO'.lrflush latrines).

1-1IG

180 000

130

23 400000

Hoose-connectim
wi th Tlul ti tap
faciHties.(This
group uses cisternflush toilets).

BIG

40000

150

I

-

Total

1000 000

6 000000

House-connection
with nultitap
facilitics.(This
group uses cisternflush tOilets).

B4- 400 000

The present supply of .156.8 1-11/d to ·dornestic sector is therefore
well in excess of the desirable supply of 90 I'U/d (including
wastaee at the cO!lnected households and

5%

30i6 wastaBe at the public

standposts). Ironically eVen with t.l,is excess cap~ci ty some sections
of the population are deprived of reasonable access to safe water.
There may be two reasons for this. First, there are high levels of
wastaBe or extravagant use of water at the household level. Second,
the true system loss is more than the assumed loss. Significant
\;astage of ,,'ater at all levels and extravagant use of water chiefly
by those in the BIG and BIG were noticed during the .Iater-use
sUNey. "'astage of \;ater Was also Seen occurring at the puhlic
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Stffil0)10StS

which were nostly

\~i thO'llt

"'12.t~:!.~

taps. Since the domestic

supply is unmetered t!lere is little mo/areness among t;!e users as
regArds the value of \mter mainly due to prevailing flat-rate charg"s.
No chare;e·s whatsoever are paid by those drro;ing >later from Gtannpo:;b
due to political pressure

U1

so-cdled humani tp.rian groo.nds. A pilot

study urrlertaken to determine the system leakaGe indicates a

leaL~.';e

of about 25 percent instead of 10 percent assluned before. It is
proposed to meter dO!!lestic su»ply ann to introduce t:ni t commodity
chare;es ",hich "oula mean that the consumers wruld pa,': for \la<;er l;Clsed
on t.1-.eir metered consumption. Heters :U'e first installed in those
households having hC>J.se-comections.
With the introduction of metering al<mg Hith unit COml10dity
charges the domestic consum))tion of the connected

hO~lsehold8

is

assumed to reduce by 25 percent. At the same time a progra'!lllle of leal:
detection and repair of the distribution system is undertal:en by·the·
>later supply authority. This programr1e is assumed to reduce the system
leakage from 25 percent to 10 percent resul tine; in 15 percent Hater
saving. To calculate the total water savings it is necessary to
examine the p;resent allocf'.tion of "ater (assumed and true) as sho.m
below.
Present Allocation of Vlater

Present Allocation of "ater

('fro e)

(Assumed)
Total production
Less system loss

@

204.6 mid
10%(-) 20.5 Nl/d
164.1 I'U/d

Net available supply
Supply to c=erce and
industries
(-)
Available supply for
domestic consumption

Total production
Less system 10s8

Supply to commerce
and in<lustri es

27.3 m/d·

AVailable supply for
d0@8stic con~~ption

Supply thrOUWt public
standposts (assuming
30% wastage)
1.30· (60 000 x 20) litres
Supply through
house-connections

153.45 m/d

Net ·available supply

156.6 Iil/d

(-)

@

204.6 I.n/d
2556 (-) 51.15 m/c.

126.15 I'il/d

Supply throug.'1 public
standposts (assuming

30;'0

~lastage)

(-)

1.56 mid
155.24 mid

Supply through
house-conriections

124.59 El/ d

Thus the total "ater savings due to metering and system le?]:: re:rar.ing
"ould be (5145 - 20.5) + 0.25 x 124.59

= 30.65

+ 31.15

= 61.80

].11/d. <;:'1e
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revised allocation after metering \wlud be as follOl'1S :
i)

S;{stem loss

ii)

Supply to ca:nnerce and industrial';

@

10;j of total production

20.5

J'o./ d

27.3 m/d

iii) Sul'Ply to oomestic sector (1.5(, + 93.44)'

95.0 Hl/d

Total

142.8 !-il/d

Since the total production cal'acity is 204.6
excess car>acity of 61.8 l'u/d or 30.21;'~

0:

J'o./ d

t},is Gives an

the 'present capAcity, whic."

is capable of meeting the increase in ue;'l2-'1d far some 18 years. It
is \wrthmentioning here that the present allocation

0: 95.0

Hl/d to

the danestic sector is not only adeQuate to l,rovide the desirable
levels of supply to all sections of population in the city, including
those underserved ar \Ulserved, but also contains an excess capacity
of about 5 m./d \~hich can be distributed to :my other area on the
rutskirts of the city where people do not have reasonable access
to safe water.
Cost - Benefit Analysis of l1eterin/l
It is su,ggested in Chapter 6 that a metering decision shruld
al\~ays

be based on a cost-benefit analysis. The analysis is carried

rut below for the conditions considered in this case study.
'Ihe cost of Hetering
Capital costs 1 (per meter basis)

A)
i)

ii)

Rupee/s

Cost of preparatory works

1

Cost of uater meter (15 mm domestic) and
other fittings

iii)

200

,Cost of installation

50

Total

251

"lhile calculating the cost of [;eneral maintfmance of mete:t's ,the
follouing asumptions are made.
1. The avera/le life of meters is 10 years.

2. DurinG its

life-tL~e

a meter will be repaired three times. The

average cost of .repair "orlc is F.s 12 per meter repair "hich will
give a per annun cost of Rs 3.60 per meter.

3. It is assmned that the cost of spare parts will come to -abrut
lis 10 per 'repair of each meter. '1'hi8 gives a per anllum cost of
P.s 3 per meter.
note

1. Tne cost figures used here and

th~oueh

the rest of the
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The cost of equipm,mt to be instru.led for re"';"'in" ~')Hl teGting

4.

of abon t 12 000 meters anru.ally is t,u{en to be [,; 30 000. The
depreciation is n.ssessed considerinG the life of the equipment
as 15 years. Interest on imestment is taJ,en 2.s 10)" per anrrum.

'This gives per annum cost of Rs 0.41 per meter.

5.

The cost of re!TIOV'.?l and replacement of a meter for repair is
taken as Fs 12 eve..rytime a ineter is replaced. '?"is Gives per
anrum cost of Ps 3.60 per meter.

6.

The OV'erhead cost (bnilding,,,arehouse rent and electricity) is
taken as Ps 2 for each re;1aix of meter. This Gives Rs 0.60 per
meter per annu.'I'Jl.

The costs of meter rearlinG, billing etc. are cnlculated an the
basis of the follm'linG :
One Heter Reader will look after 50 meters a dflY and he "ill
work on an average 20 days a month. His sru.ary "ill be Ps 600 per
month. It is estimated that additional OV'erhead costs fdt billing,
collection a.'lrl dealing '1ith additional queries from conSU!!lers per
50 meters p.er day will ,be Ps 1 500 per month. Based an these asSU!D]Jtions
the cost of meter reading, billing" collection etc. works out to be
Ps 2.10 per meter per month. This Gives per arurum cost of P.s 25.20
per meter.
B)

Annual Operation and HaintenoTlce Costs (per neter basis)

. i)

Cost of general maintenance of me ters
Rupees per anruun
a)

Repairs

3.60

h) Spare parts

3.00

c) Removal of defective neter and
installatim of meter in uorJr.ing order

3.60

d) Building, warehouse rent and electricityO.60
e) Depreciation and interest on meter
repair and testing equipment
Total of (i) 11.21

ii)

Cost of meter reading, billint;;,
collectim etc.

25.20
Total of (i)
and (ii)36.41
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In addition to the aeave the .leak detection and repairing \/orJr.s
undertaken by the water ""thority to reduce the system leakage "o.D.d
also involve some costs. The ca;,it?..! costs involved are the cost of
equipment and the cost of civil HOrY.s. For calculating the costs the
city is assumed to be divided into three 'later districts each
comprising. about 120

ZQlOS.

A) Cost of 3'luipment fo:,: Lea}: Detection

i) Waste
ii) 80

IJlI!l

now

Rupees

recording meter: 3 nos. Q P.s 20 000 each

revemle meter: 3 nos.

@

P.s 1

iii) Sounding rod (aqua scope) : 3 nos.
iv) Electronic leAk detector : 3 nos.

ono
@

@

Rs 1 000 each

vi) Electronic valve bo;: loca.tar : 3 nos.
!

3 nos.

@

3

each

F.s 50 each

v) Electronic pipe line detector : 3 nos.
vii) Pi tometer assembly

60 000

@ Fs
@

9 750 each

Ps 6 000 each

Rs 8 000 each

150
3000

29 250
18 000
24 000

viii) Polythene swabs : 3 sets £) P.s 200 each

ix)

Jeep '~ith trailer: 1 no.

600
125 000

Total ::

B) Cost of Civil

000

290 000

~lorks (for one zme of 300 housecoonections)

Rupees

i) Earthwork in
e.xcavation, rOad restoration
.

200

"

ii) Replacement of defectiVe boondary sluice. valve
(assuming 4 nos. to be replaced)

2000

ili) Replacement of stop cocks (asuming" 30 nos.to.
be rp.placed)

1 000

iv) Repaicing defective boundary sluice valve and stop cocl:s

1 400

v) Installation of mobile Haste meter including bye-pass
800

arrangroents with valves (excluding cost of meter)
vi) Reparing defects found. on testing

1 000

300

vii) Retes:tine of pipe lines Md f:inishing
Total per zone

.6700

Total cost for 360 zmes = P.s 2.412 million
After the initial works of leal< detection and reparing it Ho.l1d
be necessary to maintain a preventive maintenance cell for round
the year operation in order to keep the system leakage \.ithin 10
percent. The" main object of this cell Hill be monitoring and lea}:
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detection Md undertaking the immediate repairs. Tbe nnnu31 cor,ts for
maintaining the cell is calculated as

follm~s

:

Annual Operating Costs
Avera.{!,e salary
per month
Rupees

Cost per a)'mum

1

1 500

18 000

No/s

Rupees

1)

Assist~~t

ii)

Technical AssistMt

3

1 000

36 000

iii)

Pipe line inspector/
Le ale ' de tec tor

3

800

28 800

iv)

Valve opera tor

9

600

64 800

v)

Helper

450

48600

vi)

Unskilled l"b=

9
18

350

75 600

Engineer

Total

271 800

Additional 35~~ for office,
mapping and st"ff operation

95 130

Additional 16% leave reserve

43 488

Spares and stores

50 000

Total .

460 418

Say Rs 460 000 per al1J'J.lIll.
It is decided 't.""t meters ,·,ill be pr.ovided to those househOlds
which have their mm house-connection. This would mean all the
households except those belonging to the E\{S I group. Total rnunber
of meters to be installed will thus be 107 048 as shmmin Table VB.3.
T.AJ3f,E VB.3 : HEqJDtED NUHBffi OF .IATER HEIi'atS
,-Socio-Economic
Group

POJ1Ulatian

----~--------------

Avera.ge rrumber"
of users per
c"":1ecti on

----- --

ReQuired nunber
of Hater meters

----t-------------

E\fS II-

160 0(10

9

17 778

LIG

500000

9

55 556

JUG

180 000

7

25 714

HIG

-40 000

5

8000

Total

107 048

Therefore the ca)Ji tal costs involved in domestic metering \,ootlld
be 107 048 x 251

= Rs

26.869 million. Ca:ri tal costs for leak detection

and re)'Jairing progranmo for reducine the sJ'stef.l

leak~e

would be

0.29 + 2.412 = fs 2.702 millim. 'l'ims total capital costs IolOUld be
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26.869 + 2.702

= p.,

29.571 reillion. }.s reeards the recur""nt costs, the

anrru.al costs for r.eneral maintenance of the r.1cters a.Yld <U11rual costs for
meter readinG, billing etc. I-.'ill together be 107 048 x 36.41 = fis 3.898
million. To this must be added the annual costs of maintaining the
preventive rnaintena'1ce cell for

lc~k

detection and repairing

~Ihich Ho~ld

be Fs 460 000. nence the tot21 ?J1nual costs of domestic f2eterincr and
prevention of system leakage Hould be 3.898 + 0.46 = F; 4.358 million
per annum. AlloI'Tin£ a 10 O'ercent cisc",mt rate the net J>rese."lt value
of the totnl anrmal costs HcnleJ be 9.20 x 4.358

= F.;

1j0.094 million (the

factor 9.2 corresponrls to peridlic ",ayIncnts durin(! 18 years and can be
obtained fran discrunt tables).
Tne total costs of metering including leak detection ,md repairing
~Iould thus be 29.571

+ 40.094

= l\s

69.665 million.

The Ecnefi ts -of Hetering
The savine;s from rnetering

~Iould

come in two areas. First, - since

consU1!lption would be Im-rered by 30.21%, the illVestment l)rograrnme for

-

-

'later supply can be postponed some 18 yeaxs. Assuming a 10;.6 discoont
rate and, for simplicity, a one-year construction period the savincs
would be (1.0 - 0.179) x 30

= R;

24.63 million, 'Ihere fis 30 nillion is

the capital investment far a 45.5 I-n/d water treatment plant and allied
works such as heroil.orl,s, r8)-1 water rising rnain eto. Second, sinoe less
water would hrore to be produoed there ',cYelld be savings in marginal
productiC!l oosts which would a!Ilrunt to about P.s 63.422 million as shot-m
in Table VE.4.
Thus the total benefits of metering ,.. ",lid be 24.63 + 63.422 = fis 83.052
million)"5 69.665 million. The benefit

of metering is therefore much

in excess of the cost of metering.

In the abcwe calculations I-.'hile nete:rminin(! the cost of metering
no allo\o/ance has been made for the costs that "oold be incurred by th!l
consumers for reducing the consumption due to meterinG in the absence
of data on repairing expences to put the household system in o::.'<ler,
which are likelY to vaxy from one consmner to another and on ",rice
demand relationship. Ho\{ever, at the prevailin(! costs of labour and
rnateriru.s the re:)air costs are not likely to be much. Similarly,
"hile calculating ilhe benefi ts of meteri:1S no allo'lance has been

TAJ3LE VB.4 : SAVINGS DT HJlRGINAL FRODUCTIUl - COST OF WATER

Year

Consumption
if metering
ia not take
-n up
IIQ./ d

0
1
2

3

4·
5
6
7
8
9
10
11
12
13
14
15
16
17
18

204.6
208.3
212.5
216.7
221.0
225.4
229.9
234.5
239.2
244.0
2413.9
250.1
250.1
250.1
250.1
250.1
250.1
250.1
250.1

,

Consumption i f
metering ia
talcen up

Hater
saved

MarBinal cost of
production @
Rs 0.105 million/
megal! tre per day
/year

}ll/d

11l/d

Rs million

111-2.8
145.6
148.5
151.5
154.5
157.6
160.7
163.9
167.2
170.5
173.9
177.4
180.9
184.5
188.2 .
192.0
195.8
199.7
203.7

61.8
62.7
64.0
65.2
66.5
67.8
69.2
70.6
72.0
,
73.5
75.0
72.7
69.2
65.6
61.9
58.1
54.3
50.4
46.4

6.489
6.583
6~720

6.846
6.982
7.119
7.266
7.413
7.560
7.718
7.875
7.634
7.266

6.888
6.499
6.100
5.701
5.292
4.872

Present ,{orth
factor (1056
discount rate)

Net present value

Rs million

1.00
0.90
0.82
0.75
0.68
0.62
0.56
0.51
0.46
0.42
0.38
0.35
0.31
0.28
0.26
0.23
0.21
0.19
0.17

000
909
644
131
301 .
092
447
315
650
409
554
049
863
s>66
333
939
76:>.
784
985

Total: :

6.489
5.985
5.554
5.143
4.769
4.420
4.101
3.804
3.527
3.273
3.036
2.676
2.315
1 .~'.'
Or)~
~

1.711
1. ,)60
1.241
1.0,17
0.876
63.422
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made for the capital costs involved in creatine facilities fo::: the
dispo[lal of andi tional unsteuater that would be generated due to
the proposed all/Yllentation in "Iater supply. Ho allO\!?.nce has been
made for the margin.u ruJ"Uling costs of disposal of wastewater ei mer.
These t"O costs tOllether axe likely to fat' e."<ceed the cons\uner
costs.

The foregoing cost-bencH t analysis suggests that domestic
metering is quite justLfied B-'1d, therefore, the decision of domestic
metering should be impleme!1ted in this case.

