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Technology and Child
Survival: The Example
of Sanitary Engineering

John Briscoe

This paper focuses attention on conceptual models in a
specific sector, namely, water supply and sanitation, that has played a fun-
damental role in reducing infant mortality in industrialized countries
(McKeown, Brown, and Record, 1972), and from which a similar contribution
is expected in underdeveloped countries. The analysis has two major objec-
tives. First, it is intended to demonstrate how conceptual frameworks arise in
response to specific challenges, how they are modified to meet different chal-
lenges, and how such modifications and revisions must continue to be made
when facing relatively new challenges such as those posed in underdeveloped
countries. Second, through discussion of specific examples, a general meth-
odology is presented for determining priority research needs when there is
uncertainty about the values of many relevant parameters. Although concerned
with the field of sanitary science, the paper illustrates how the neglect of
socioeconomic dimensions of a problem can greatly compromise the effec-
tiveness of a health intervention.

Sanitary _engineering_in
industrialized countries

The modern history of sanitary engineering begins with the Industrial Revo-
lution and, in particular, with three facets of that revolution. First, urban
settlements of unprecedented size and concentration were created in a short
space of time. In London, for instance, the size of the land area supporting
10 persons per acre expanded from 43 square miles in 1837 to 75 square miles
in 1858. Second, a central tenet of the Industrial Revolution was that practical
material problems could be solved through the development and application
of scientific principles. And third, the wave of unrest that swept Europe in
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238 Technology and Child Survival

the late 1840s and culminated in the revolutions of 1848 led to an increasing
concern with the economic and social conditions of the working class.

The development of sanitary engineering, in direct response to the chal-
lenges arising from these three factors, arose out of a world view formed by
both social and natural scientists. Engels (1845), Virchow (see Ackerknecht,
1953), Chadwick (1842), and other social reformers of the nineteenth century
drew attention to the critical role of environmental conditions in mediating the
relationship between social and economic factors, on the one hand, and mor-
bidity and mortality, on the other. Through the development of the ‘‘germ
theory’’ by Pasteur, Koch, and others and the imaginative collection and
analysis of epidemiological data on cholera in London by Snow (1854), and
on typhoid in the Elbe Valley by Koch (1894) the biological link between
water, sanitation, and health was established. In short, the conceptual frame-
work of sanitary engineering was originally holistic, taking account of the
social and economic antecedents of environmental conditions, of the engi-
neering problems of facilities’ design, and of the biological mechanisms link-
ing exposure to disease.

Guided by this conceptual framework, sanitary engineers first tackled
the development and testing of technologies to reduce the number of bacteria
in drinking water. While sand filters had been used for centuries to improve
the aesthetic quality of drinking water, the role of filtration in improving
bacteriological quality had never been recognized. A number of experiments
demonstrated that the number of bacteria in drinking water could be reduced
by one or two orders of magnitude through slow-sand filtration.

A particular problem not solved by slow-sand filtration was the treat-
ment of highly turbid waters. Building on the chemical-coagulation process
(patented in 1884), the Louisville, Kentucky, Experiment Station demon-
strated that so-called mechnical filters, preceded by coagulation and sedimen-
tation, could solve the problems posed by these waters.

By the early twentieth century engineers were confident that good qual-
ity water could be produced by pretreatment followed by filtration. The most
significant advances in water treatment, however, came with the introduction
of chlorination in 1908. Not only was calcium hypochlorite a cheap and widely
available chemical, but chlorination consistently eliminated pathogenic bac-
teria in drinking water.

Accompanying these scientific advances were simple but convincing
demonstrations that use of these technologies resulted in the anticipated effects
on public health. For example, a study in the Ohio River Valley recorded
typhoid death rates per 100,000 of 76.8 and 74.5 in 1906 and 1914 respectively
in 11 cities with untreated water supplies. By contrast, typhoid death rates
dropped from 90.5 in 1906 to 15.3 in 1914 in 16 cities with untreated water
supplies in the former year and treatment in the latter year (Maxcy, 1941).
The Mills—Reinke' Theorem, postilated in 1910, held that, for every death
from waterborne typhoid, there were several deaths from other diseases for
which the causative agents were transmitted by water (Sedgewick and
MacNutt, 1910).
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The founders of sanitary engineering realized that the benefits of these
advances could be enjoyed by everyone only if appropriate design rules and
standards were developed for the guidance of engineers. In commenting on
water quality standards in 1914, Alan Hazen reflected the comprehensive grasp
that these pioneers had of the economic, engineering, and epidemiological
factors that must underlie such design criteria:

There is no final reason for such standards. They have been adopted by consent
because they represent a purification that is reasonably satisfactory and that
can be reached at a cost which is not burdensome to those who have to pay
for it. . . . There is no evidence that the germs so left in water are in any way
injurious.

This early period of modern sanitary engineering was thus one of dra-
matic advances. Indeed, by the early part of the twentieth century the scientific
bases of all of the processes of conventional modern water treatment—coag-
ulation, sedimentation, filtration, and disinfection—were understood, and
technologies were developed for the practical application of these principles.

This success meant that the initial conceptual framework rapidly became
outdated. It was modified in two fundamental ways. First, the study of the
relationship between water and infectious diseases was no longer of much
practical interest to design engineers, and, second, the achievement of any-
thing but the complete elimination of bacteria from water became unsatisfac-
tory. From its original broad conceptual framework sanitary engineering was
thus rapidly reduced to the narrow technical dimensions characteristic of the
““mature’’ profession. However, since the sanitary revolution was as much a
social as a scientific revolution, this task was not simply a technical one, but
was simultaneously an economic one, for water treatment had not only to be
effective, but also to be sufficiently inexpensive so that high quality water
could be supplied to and paid for by all urban residents in industrialized
countries.

The effective and inexpensive preparation of water for disinfection has
been the single most important water treatment challenge facing the mature
sanitary engineering profession. Indeed, any textbook on water treatment is
predominantly a book on water clarification; the bulk of the capital and oper-
ating expenses of a water treatment plant are those connected with clarification;
and for a water treatment plant operator ‘‘good’’ water is equivalent to ‘‘low
turbidity’’ water.

Simultaneously, developments were proceeding on the treatment of sew-
age. In the present context it is unnecessary to trace the history of this enter-
prise in similar detail. Suffice it to note that, as the conceptual framework of
water treatment engineers was narrowed to concern with preparing water for
disinfection, so the conceptual framework of sewage engineers was narrowed
to the dominant concern of reduction of the Biochemical Oxygen Demand
(BOD) of treated wastewater.

The ‘‘mature’’ conceptual model of the sanitary engineering profession
thus represents a drastic simplification of the holistic perspective that char-
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acterized the original conceptual model. With this loss of holistic perspective,
the discipline has undergone a process akin to the ‘‘involution’” described by
anthropologists in which human cultures, after developing a pattern for
responding to an initial challenge, meet all new challenges by ever-increasing
internal sophistication and differentiation rather than by developing creative
new systemic responses (Geertz, 1966). In sanitary engineering the pre-World
War I period was one of creative response and rapid fundamental progress,
but in the subsequent 70 years there have been, in the words of the National
Academy of Sciences (1977), ‘‘many refinements in engineering techniques
but no basic changes in concepts of water and wastewater purification.”’

The objective of the application of scientific principles to any frequently
encountered problem is the development of a set of simple ‘‘rules’’ that may
be applied easily by someone with only a rudimentary understanding of the
process by which the rules were developed. The degree to which such an
objective has been achieved is a measure of the ‘‘maturity’’ of that particular
application of scientific principles. Familiar examples in medicine would be
the use of oral rehydration therapy for the treatment of diarrhea, or the use of
penicillin for the treatment of pneumonia. In environmental engineering, such
‘‘maturity’’ was reached in the early part of this century with the development
of simple design rules for deciding on the quality of water to be supplied and
the price to be charged for it.

In the following paragraphs we outline what these water supply ‘‘design
rules’’ are, how they were developed, and how their validity is dependent on
the specific behavioral and epidemiological conditions prevailing in the indus-
trialized countries.

In the design of a water supply system, the quantity, or ‘‘design flow,”’
required by a population is simply determined by multiplying the population
to be served by an ‘‘average per capita requirement’’ (in liters per capita per
day) and multiplying this figure, in turn, by a factor that accounts for the fact
that peak flows (which the system has to be able to provide) exceed the average
quantity of water required. Once the capacity of the system is specified, the
engineer is free to devote his attention to the detailed hydrologic and hydraulic
design of the reservoirs, pipelines, and other components of the water supply
system.

The second major system decision, the price to be charged for water,
plays no part in determining the capacity. This is because the demand for
water for domestic purposes in industrialized countries changes little as the
price of water changes—in the economist’s jargon, the demand for water is
inelastic with respect to price (Howe and Linaweaver, 1967). Given this fact
and the fact that utilities typically face no competition in providing water in
a certain area, utilities could make enormous profits by setting prices very
high. For this reason the prices that utilities can charge are usually regulated.

Finally, it should be noted that although public water supplies are con-
sidered a cornerstone to the maintenance of public health, consumers demand
levels of service that far exceed those required for public health purposes, and
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thus the engineer and economist can make their decisions on capacity and
price without concerning themselves with the epidemiological consequences
of their decisions.

To the water supply engineer in an industrialized country these ‘‘golden
rules’’ specifying the quantity of water to be supplied and the price to be
charged for the water are entirely satisfactory. They have served the profession
well for many years, and the engineer correctly feels little need or desire to
explore their behavioral, epidemiological, or economic underpinnings. Indeed,
paradoxically, the ‘‘maturity’’ of the science of water supply may be measured
by the degree to which practitioners can remain ignorant of these underpin-
nings and yet continue to design (more or less) satisfactory systems.

Sanitary engineering in
underdeveloped countries

What of the sanitary engineering response to the challenge of reducing water-
related diseases through the provision of improved water supplies and sani-
tation facilities in underdeveloped countries?

First, consider the outlook inculcated during the training of the sanitary
engineers who practice in these countries. Many of them are expatriates, rec-
ommending, where they are conscientious, ‘‘exactly what I would recommend
for my own home city (in North America or Europe).’” Where there are local
sanitary engineers, they have virtually all been trained either in industrialized
countries, or by teachers trained in industrialized countries. The textbooks
used are those written for industrialized countries, the curricula are similar,
and thus the conceptual framework drawn on in addressing the problems of
underdeveloped countries is that of the ‘‘mature’’ sanitary engineering profes-
sion in industrialized countries.

Second, consider the challenge faced by sanitary engineers in under-
developed countries. From a bacteriological point of view this challenge is
different from that in an industrialized country not only because of the much
lower proportion of the population served by adequate facilities, but also
because a typical person in an underdeveloped country excretes many orders
of magnitude more pathogenic organisms than a person in an industrialized
country (Feachem et al., 1981). Economically, too, the situation is different.
While paying off the capital cost of a multiple-tap piped water supply (typically
about $700 per household) and a waterborne sewerage system (about $1200
per household) may not impose an intolerable burden in an industrialized
country, the ability to pay is drastically different in an underdeveloped country,
where annual household income often is less than $500. Finally, the demo-
graphic situation is different, since the underdeveloped world is still predom-
inantly rural, while most people in industrialized countries live in towns and
cities.

A hint of the inadequacy of the conventional sanitary engineering
response to this challenge is evident in the fact that in the rural United States,
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where people are often poor by national standards but wealthy in international
terms, many households— 200,000 in North Carolina alone—have inadequate
water supply and sanitation facilities, and outbreaks of waterborne diseases
are not uncommon (National Demonstration Water Project, 1978; Craun and
McCabe, 1973). In the underdeveloped countries conditions are a great deal
worse, with water-related diseases endemic. WHO estimates that 23 percent
of urban and 78 percent of rural inhabitants in the Third World do not have
access to water supplies of adequate quality within easy walking distance,
while far fewer have access to adequate sanitation facilities (McJunkin, 1983).

The anomalies arising from the application of the ‘‘mature’’ conceptual
framework to this set of problems are numerous and can be illustrated by the
following example. In Kenya, just 2 percent of the population are served by
waterborne sewers (Mara, 1976). The majority of the wastewater treatment
units are either trickling filter or activated sludge plants, that is, plants using
a technology designed for use in industrialized countries. Few of these plants
operate effectively. These simple facts notwithstanding, an enormous effort
has gone into the drawing up of entirely unrealistic ‘‘master plans’’ for pro-
viding waterborne sewers and wastewater treatment plants to serve every urban
inhabitant in Kenya.

It is thus no exaggeration to describe this situation as a crisis, since the
contrast is so great between the magnitude and characteristics of the problem,
on the one hand, and the conceptual models and tools available to address the
problem, on the other hand.

The history of science shows that in impasses of this sort it is often
from outsiders, and usually outsiders not deeply schooled in the techniques
and ideologies of the ‘‘relevant’’ profession, that fundamentally new
approaches may be expected.! It was thus surprising to engineers (but not to
historians) that it was a biomedical scientist and not a sanitary engineer who
stood back from the accepted ‘‘mature’’ sanitary engineering conceptual
framework and asked, afresh, about the relationship between sanitary engi-
neering and health in a rural Third World setting. As with many revelations
of this sort, David J. Bradley’s classification scheme, published first in 1968
(with Emurwon), at first appeared to simply systematize what was already
widely known. In fact, however, Bradley’s scheme for classifying water-
related diseases raised questions that were quite different from those consid-
ered by the sanitary engineers who design water supply schemes in underde-
veloped countries. In particular the classification scheme brought to the fore
questions of behavior (‘‘How does the quantity of water used vary as distance
to the source increases?’’; ‘‘How can people be induced to change the habit
of bathing in schistosomiasis-infected streams?’’); questions of economics
(‘“What is the cost of achieving supplies of a given quality and quantity?’’);
and questions of epidemiology (‘“What are the effects of improving drinking
water quality?’’; ‘“What are the health effects of increasing the quantity of
water used for domestic purposes?’’). While questions of technology (‘‘What
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are appropriate supply and treatment technologies under Third World condi-
tions?’”) were by no means dismissed as unimportant, the classification scheme
showed that the ‘‘new sanitary engineering’’ had to draw on four conceptual
bases—behavioral sciences, economics, epidemiology and technology—
rather than on the one—technology—on which the ‘‘mature’’ profession of
sanitary engineering had come to rely.

Bradley’s scheme has become familiar to most engineers working in
underdeveloped countries and has already had an impact on the design of
water supply schemes in these countries. As this paper will show, however,
it still remains unclear exactly how to translate the concepts embodied in the
classification system into practical design rules.

The conventional design procedure
in underdeveloped countries

As indicated earlier, in industrialized countries it is possible to consider the
fundamental engineering decision (viz., the capacity of the system) and the
fundamental economic decision (viz., the price to be charged for the water)
independently, and it is possible to ignore health considerations. In underde-
veloped countries the situation is different.

First, because of the economic realities of these countries, the level of
service, which is not a decision variable in industrialized countries, becomes
a critical decision variable. In particular, the distance between the home and
the point to which water is delivered both determines the monetary cost (and
thus the price) of the supply, and affects, over a certain range at least, the
quantity of water that will be used. Furthermore, the quantities of water used
are such that there are generally increased health benefits to be reaped if
increased quantities of water are used for domestic purposes. It is thus evident
that in underdeveloped countries the engineering and economic decisions relat-
ing to water supplies and the health aspects have to be considered jointly. For
instance, the price levied for water will affect the demand for water (and thus
the capacity that the engineer should design for) as well as the health of the
people because price will affect both choice of source (and thus choice of
water quality) and the quantity of water used in the home.

The convention in designing a rural water supply scheme in an under-
developed country, however, is to follow precisely the procedure developed
for use in industrialized countries, ignoring these major systemic differences.
Thus, for instance, the engineer just assumes some arbitrary figure to be the
‘“‘requirement’’ for water. (WHO recommends 30 liters per capita per day as
the minimum, while others have recommended 50 liters per capita per day;
MclJunkin, 1983.) No account is taken of the fact that demand may not reach,
or alternatively may exceed, this ‘‘requirement,’”’ and no systematic account
is taken of the fact that by increasing the quantity of water that will be used,
health may be improved.
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Incorporating household behavior into
the design process

Data from around the world suggest that the quantities of water used for
domestic purposes vary considerably from culture to culture and from group
to group within any particular society. Furthermore, field studies in rural
Africa suggest that the demand for water is inelastic with respect to distance
over a certain range, but elastic when the distance is greater than about 1
kilometer (White et al., 1972; Feachem et al., 1978).

It is thus incorrect to assume, in any particular setting, that there is a
‘“‘standard requirement’’ for water. The critical policy question, however, is
not whether the conventional procedure is correct or not, but whether the cost
of being incorrect is sufficiently great to justify the collection and analysis of
additional data and the modification of conventional design procedures.

To indicate how one might go about specifying this cost of using incor-
rect demand information, consider the following simple didactic model for the
design of a rural water supply project.

The objective of the rural water supply project is to maximize health
benefits. It is assumed that there is a monotonic relationship between health
benefits and the quantity of water used by the population for domestic pur-
poses, a reasonable assumption in many rural communities (White et al.,
1972). A limited sum of money is available for constructing the project. The
source works are already in existence, and the source is capable of providing
more water than can be used by the community to be served.

The dilemma faced by the engineer is that there is a direct trade-off
between the design capacity of the system and the distance at which water
can be supplied. That is, if the engineer chooses to build a system that is
capable of supplying large quantities of water, the standposts are going to be
far from the homes of the villagers, while if he chooses to build a system that
delivers less water, the water can be provided closer to the home.

The problem can be formulated in a mathematical model:?

Objective: Maximize Q
Subject to:

(1) behavior constraint: Q = «, SP1; and
(2) budget constraint: K = a, SP2 QP3

where
Q = total consumption of water,
S = distance from household to standpost,

K = available resources,

and the as and Bs are parameters estimated from field data.
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If complete and precise information is available on both behavioral and cost
relationships, the ‘‘optimal’’ values of the design parameters can be calculated
and two different types of ‘‘sensitivity analyses’’ carried out. First, the effect
of including behavioral information in the design procedure can be assessed
by calculating the quantity of water actually used when the design procedure
takes account of the information on the relationship between distance and
demand for water, and comparing this quantity with the quantity of water used
when the conventional method is applied. Second, assuming that detailed
demand information is to be incorporated into the design process, the model
can be used to determine the sensitivity of the quantity of water actually used
to errors in the parameters of the behavioral and cost relationships. In this
way, information is gleaned on the value of collecting additional data on each
of the parameters. Where the output is insensitive to a particular parameter,
a coarse estimate of that parameter will suffice; where particularly sensitive
parameters are identified, subsequent research efforts and data collection exer-
cises should concentrate on obtaining precise estimates of these particular
parameters.

For a range of ‘‘standard water requirements’’ (all of which have been
advocated in the technical literature) the inefficiencies due to neglect of the
actual demand information are presented in Table 1. The usefulness of col-
lecting detailed demand data and incorporating these into the design process
obviously cannot be assessed definitively with so simple a model. Neverthe-
less, the model suggests that incorporating such demand information leads to
substantially higher estimates of the quantities of water used by the population
than if such data are ignored. That is, the model suggests that the validity of
design decisions is seriously impaired by the conventional practice of ignoring
the elasticity of demand with respect to distance.

TABLE 1 The effect of simple demand assumptions on
water use

Assumed requirement?®

Optimal
design 15 30 50
Distance to standpost 1,430 1,170 2,680 4,950
Liters of water used
per capita per day 17.9 15.0 14.8 12.3

Percent reduction in
consumption due to
inefficient design 0 16 17 31

2 Liters per capita per day.

Assuming that demand information is to be incorporated into the design
procedure, the question arises as to the amount of effort that should be
expended on estimating the parameters of the behavior and cost functions. To
answer this question, the second sensitivity analysis is carried out as follows.

The value of more precise information on any particular parameter, say
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B,, may be determined by comparing the quantity of water that will be con-
sumed when the system is designed using the true value of 3; with the quantity
of water that will be consumed when the system is designed using an estimated
value of ;, namely, ﬁl. That is:

o @B) - 2@
Q By

In Table 2 the inefficiencies due to 10 percent over- and underestimates
of each parameter value are presented.? As before, no definitive conclusions
on the relative importance of information on the different parameters can be
drawn from so simple a model. Nevertheless, it appears that the inefficiencies
due to errors in estimates of some behavioral and cost parameters can be
serious, and, second, precise estimates of the parameters in the exponents of
the behavioral and economic functions (i.e., the $s) appear to be more impor-
tant than precise estimates of the scaling parameters (i.e., the as). Since
engineers have devoted a great deal of attention to the estimate of cost func-
tions, the errors in the cost parameters are likely to be relatively small. The
errors in the behavioral parameters, however, are likely to be much larger and
much more serious.

Loss of efficiency =

TABLE 2 Reduction in quantity
of water actually used due to
errors in parameter estimates

Percent reduction if
parameter value is

Underestimated Overestimated
Parameter by 10 percent by 10 percent

Behavioral
oy 8 3
By 6 14
Cost
a, 2 4
B, 16 6
B3 9 22

This example has several implications. First, the model strongly sug-
gests that the validity of decisions made in designing rural water supply proj-
ects is seriously affected by the conventional engineering approach toward
estimating required system capacity. Specifically, the model suggests that
‘‘standard water requirements’’ should not be used in designing these systems,
but that detailed information should be collected on the effect of distance on
demand and such information incorporated into the design procedure.

Second, the model indicates that the inefficiencies resulting from errors
in the parameter estimates can be substantial, implying that detailed data
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should be collected on actual water demand functions in any specific area in
which a water supply program is planned. The cost of such data collection is
not likely to be great, while the benefits of incorporating such information
into the design procedure appear to be substantial.

Incorporating epidemiological considerations into
the design procedure

Bradley’s classification scheme, by directing attention to the relationship
between quantity of water used and health, demanded that health consider-
ations be restored to a central role in the design process. Over the past ten
years some attention has been given to ways of doing this. The emphasis has
been on trying to define ‘‘threshold values’’ beyond which further increases
in the quantity of water used have little impact on health, and in using such
values to define ‘‘targets’’ for water use.

Several problems have arisen in the course of this work. Different ana-
lysts have arrived at quite different target requirements, varying from 15 liters
per capita per day (led), to 20—30 Icd, to 50 and even 60 lcd (Cuny, 1983;
Hughes, 1983; McJunkin, 1983; Bannaga et al., 1978, respectively).

There are serious problems, moreover, not just with the definition of
a ‘‘magic number,”’ but with the behavioral, epidemiological, and decision-
making assumptions implicit in such efforts. Because of the great importance
of finding ways of translating this epidemiological knowledge into practical
and appropriate guidelines for the design of water supply systems, these prob-
lems and some tentative steps toward solving them are outlined.

First, the behavioral problem. As indicated earlier, it is insufficient to
simply specify that the capacity of a system should be such that the population
served can draw a ‘‘target’’ amount of water from the system each day, even
if that target is based on sound epidemiological data. It is essential that the
determinants of water usage by any particular population be understood, and
that such knowledge be used in designing the water supply system.

Second, the epidemiological problem. The most obvious difficulty with
operationalizing the water quantity—health concept in any particular area is
that it is prohibitively expensive and difficult to carry out the required epi-
demiological studies in every such area. For this reason there have been
attempts to define, using existing epidemiological studies, ‘‘target’” water use
figures at which water-washed diseases (i.e., those diseases the prevalence of
which is affected by the quantity of water used for personal hygiene) are
greatly reduced. Yet, of all of the epidemiological studies on this issue, not
one has collected data on the quantities of water used for personal hygiene,
the explanatory variable in Bradley’s scheme. Rather, surrogates have been
used—most commonly, distance to the water source and total quantity of
water used for domestic purposes. This use of surrogates without validation
of the relationship between the surrogate and the explanatory variable may
well account for the large variation observed in the overall levels of water
usage necessary to reduce the incidence of water-washed diseases. Because
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water-use habits are an integral part of an overall pattern of culture, the quan-
tity of water used for hygienic purposes by, for example, a family that uses
15 lcd in the New Guinea Highlands may be quite different from the quantity
of water used for hygienic purposes by a Bengali family that uses the same
overall amount of water.

Third, there are decision-theoretic problems with the present method of
incorporating epidemiological considerations into the procedures for allocating
resources in the water sector. As indicated earlier, the consensus of analysts
interested in this problem is that water supplies should be designed to provide
water to a threshold level beyond which there are no further reductions in
water-washed diseases. Indeed it has been argued that it may be better to
supply fewer people at the threshold level than to spread resources around so
that more people can be supplied at a lower level (Shuval et al., 1981). This
decision-making process is examined using Figure 1, which shows the hypo-
thetical relationship between investment in water supply and health benefits.

Investment

A quantity of money is available either to improve the water supply to
a community from level A to level A’, or to ensure that a second community’s
supply is improved from level B to the ‘‘threshold level,”” B'. The proponents
of the threshold theory would argue that the effectiveness of the investment,
measured in health terms, would be maximized by ensuring that community
B was moved to the threshold level. Given the relationships shown in Figure
1, this would be an incorrect decision, since (H, —H,) > (Hyz —Hp). In more
general terms this example suggests that the whole notion that supplies must
be built so that at least the threshold level of supply is available to the com-
munities served is incorrect, and that the correct decision rule is rather the
economist’s rule, namely of targeting investments to those communities where
the marginal benefit of the investment is greatest.

The fact of the matter, then, is that while most water supply planners
in underdeveloped countries recognize the desirability of including epidemi-
ological factors into the resource allocation and design procedures, in the
absence of sound practical methods for doing so, these considerations are
largely ignored in practice. In light of these many difficulties is there any way
to transform the conceptual framework implicit in the above discussion into a
set of practical procedures to be used by planners and designers?

One procedure might be to develop detailed information on the effect
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of investments in water supply programs on health in each of the potential
project areas. However, there are serious methodological difficulties with such
an approach (Briscoe, 1984). Measurement of the direct effect of the invest-
ment ignores the degree to which the investment affects the health impact
of subsequent, complementary programs. Furthermore, the scale and com-
plexity of the required field studies make this option impractical.

A feasible alternative is to try to operationalize Bradley’s explanatory
variable, ‘‘the quantity of water used for hygienic purposes.’’ It is more dif-
ficult to measure this disaggregated variable than to measure the total quantity
of water used for domestic purposes. Upon closer examination, however, this
does not appear to be an insuperable difficulty, and the following is proposed
as a first step in developing a practical operational procedure.

In any area in which water supply programs are being considered, two
baseline behavioral studies would be carried out. First, the relationship
between the quantity of water used for hygienic purposes and the total quantity
of water used for domestic purposes would be specified (as in Panel 1 of
Figure 2). Second, the relationship between distance to the source and the
total quantity of water used would be specified (Panel 2). Using the infor-

FIGURE 2 Conceptual model for measurement of investment
decisions related to water supply programs
Panel 1 Panel 2

Total quantity of water used

Water used for personal hygiene

Total quantity of water used Distance to source

Panel 3 Panel 4

Total quantity of water used
Water used for personal hygiene

Investment Investment
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mation in Panel 2, the engineer would determine the relationship between the
level of investment and the total quantity of water used (as in Panel 3). Then,
combining the information of Panels 1 and 3, the engineer would develop a
curve relating the quantity of water used for personal hygiene to the level of
investment (as in Panel 4). Then, rather than trying to compare investment
opportunities by comparing the marginal effect of investments on health, the
marginal effect of investments on the quantity of water used for hygienic
purposes may be used.

The use of this surrogate appears to be defensible on both theoretical
and practical grounds, and the procedure outlined would appear to represent
a reasonable first step in incorporating epidemiological considerations into the
planning and design of water supply projects in underdeveloped countries. In
the medium and long run, of course, it is essential that the validity of the
choice and use of this surrogate be tested in several settings and that the
necessary procedural adjustments be made as the findings of such research
become available.

Conclusions

This paper illustrates some generic concerns with the conceptual frameworks
used in research on child survival by examining these concerns in a specific
sector, namely the water sector. This analysis is based on two major premises.
First, it is assumed that the water sector has a significant role to play in
reducing child and other mortality in underdeveloped countries. Second, it is
assumed that this role can be carried out efficiently only if the resource allo-
cation and design procedures used in underdeveloped countries are based on
an assessment of the problems faced in these countries, and not by adopting
willy-nilly the procedures developed to deal with sanitary engineering prob-
lems in the quite different setting of the industrialized countries.

A striking general conclusion from the analysis presented in this paper
is that, if the effectiveness of water supplies in enhancing health in underde-
veloped countries is to be maximized, the priority area of research is the
development of methods for collecting and analyzing data on water-use behav-
ior and on methods for incorporating this information into planning and design
procedures.

This research must necessarily be carried out by an interdisciplinary
team. Anthropologists, social psychologists, and other behavioral scientists will
play an important role in identifying the factors that affect water-related behav-
ior. Economists will play a central role, for the major objective of the research
would be to collect data on behavior and to deduce, from these data, the effect
of each factor that affects choice. Sanitary engineers, too, would play a central
role, since the ultimate product of such research must be a set of planning and
design procedures that will be implemented primarily by these professionals,
who have traditionally been encharged with these tasks. And, finally, health
educators would play a central role given their task of developing the ‘‘soft-
ware’’ components of water supply projects.
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Although the analysis in this paper has focused on the need to expand
the conceptual framework used by sanitary engineers, similar analyses could
be undertaken for many other areas that are likely to play a role in increasing
child survival in developing countries. In developing expanded immunization
programs, for instance, the critical constraints are not strictly problems of
medical technology but are those that deal with the effectiveness of the delivery
systems and the utilization of the available services by the population (Foster,
1984). In sum, as stated by Tekge and Shorter (1984), a critical task in for-
mulating effective strategies for improving child survival in developing coun-
tries is ‘‘to recapture and reformulate the early concerns with the social aspects
of health and disease’’ in light of the conditions prevailing in the developing

countries of today.

Notes

1 An outstanding example of this occur-
rence is Darwin, a man who had no more than
a rudimentary understanding of physical and
chemical principles but who was, neverthe-
less, able to produce a new and higher level
of understanding of material phenomena. This
understanding had eluded those much better
schooled than he in the physical and chemical
principles that biology both incorporated and
transcended.

2 Solution of the model: Since both con-
straints will be binding, the optimization prob-
lem can be solved using Lagrange’s meth-
od, i.e.,

L(Q.S A M) = Q + M(Q — o SPY)
+ MK — a,SP20P3)

and

oL

0Q

L
aS

1+ A — BAa,8P20P3-1 = 0

= — BN SPI-1 — BN\ a,SP2-1083 = 0

oL
— Bl —=
31—Q o SPt =0

oL

K — o,SP20B3 =
o, ,8P20 0

Solving the 4 simultaneous equations in 4
unknowns, the optimal values of the design
variables are found to be:

1

o = ( K )B2+BIB3
o,y
and
B
B, +B,B
Q* — (x1< K ) 2 M3
o, Py

It is assumed that the supply will serve
1000 people, that $15,000 is available for the
project, and that the parameter values are

o, = 158 x 10°
B, = —0.30

a, = 1600

B, = —0.5

B, = 0.6

For these values, S* = 1430 meters and Q*
= 17,900 liters/day = 17.9 led

Some typical values for calibrating the
mathematical model are:

Behavior Empirical data from East Africa
(White et al., 1972) suggest that the effect of
distance on water use is of the form shown
in Figure 2. It is assumed that for the 1000
people: O = 20 X 103 I/d for § < 1000
mand Q = 158 X 105793 I/d for § >
1000 m (whence @ = 10 X 10°l/d at § =
10,000 m).

Costs (a) The effect of scale: For water

distribution systems a typical scaling factor is
B; = 0.6 (Thomas, 1971). (b) The effect of
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density of standposts: Under a set of simpli-
fying assumptions it can be shown that a rea-
sonable value for B, = —0.5, which implies
that, for a given supply, as the average dis-
tance to a standpost is halved the cost of the
distribution network increases by 41 percent.

Average cost A representative cost for a
rural water supply delivering 20 Icd is $20 per

Technology and Child Survival

Qdes1gn = C"ISBl
These are the design parameters on which the
system design is based.

(b) When the system is actually construct-
ed, however, it is found that after the system
of capacity Qe is laid to Sy, the funds are
exhausted, where

capita (Saunders and Warford, 1976). Cali-
brating the cost equation thus yields a value 1

of o, = 1600. k \&
Sactual - azQB3>

3 Procedure for determining the cost of
calculated with the true parameter values.

incorrect parameter estimates:
(a) Using the incorrect value of the esti-

(c) At this actl}al distance, S,.,,, the

demand for water will be

mated parameter and the correct values of all
other parameters, values of Syeqz, and Queqen
are estimated from:

. Quemand = @1 S
P ( K )Bz"'BlBs calculated with the true parameter values.
design a,Pa, (d) The amount of water actually used

will be the lesser of the design flow (Qyeqgn)

and and the demand (Q 4. ana)-
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