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on appropriate technology
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the village level
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1530-1700 Plenary

4.2 Studies on operational and
behavioural problems and

constraints (community aspects
including motivation) in the
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Day 2 - Tuesday, 17 October 1973

0900-1015 Plenary

4.2 Studies on operational and
behavioural problems and
constraints (community aspects
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wastewater disposal systems
including fish pond latrines

1330-1515 Plenary

4.4 Studies on integrated water
supply-excreta disposal systems
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4.5 Studies on impact on health
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0900-1015 5. Formulation of criteria for
I setting research priorities
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research areas
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INAUGURAL ADDRESS BY DR V.T.H. GUNARATNE, REGIONAL
DIRECTOR, WORLD HEALTH ORCANIZATION, REGIONAL OFTLCE
FOR SOUTH-EAST ASIA, AT THE RESEARCH STUDY GROUP
ME."TING ON APPROPRIATE TECHNOLOGY FOR IMPROVEMENT OF
ENVIRONMENTAL HEALTH AT THE VILLAGE LEVEL, SEARO
16-20 OCTOBER 1978

Distinguished participants to the Research
Study Group Meeting on Appropriate Technology
for the Improvement of Environmental.Health
at the Village Level,

Ladies and Gentlemen:

First of all I would like to thank you for accepting my
invitation to participate in the Research Study Group, and to,
welcome you to this very important meeting. I am especcially
glad that the Group is composed not only of experts from Member
Countries of this region and from internatiomal agencies but
also includes specialists from private institutions. The Group

is multi-disciplinary in cowposition; I am, therefore, hopeful

that a broad perspective of the problems referred to you will’
be synthesized and priority research areas realistically

identified,.

At the outset, I would like té draw your atteantion to two
historic resolutions approved by the World Health Assembly last
year:

- Resolution WHA 30.43 decided that the principal
social targets of Member States of WHO in health
should be the attainment by all the citizens of
-th; world by the year 2000 of a level of health

that will permit them to lead socially and

economically productive lives. | 55536 o
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- Resolution WHA 30.33, endorsed the recommendations
made by the United Nations Water Conference held
at Mar del Plata in 1977, giving priority to théh
provision of safe water supply and sanitation
for all by the year 1990 and designated the decade
1981-1990 as the International Drinking Water Supply

and Sanitation Decade.

Y~

An imp:rﬁént linkage between these two Health Assembly
Resolutions should be recognized, namely: the primary \ "m
importance of environmental health, especially safe water
subply and sanitation, together with other basic health care,

services, in the attainment of health for all by the year

2000,
Last month, the International Conference on Primary
Health Care was held at Alma-Ata, USSR. The Conference adopted

what is already known as the "Declaration of Alma-Ata". The

Declaration, approved unanimouély'by the delegates from 140
nations and numerous nen-governmental organizations, calls fo'}'
urgent and effective action to develdp and implement primary |
health care throughout the world and particularly in developing
countries. Article VII-3 of the Declaration states:

"Primary health care includes at least: education

concerning prevailing health problems aﬁd methods

of preventing and controlling them, promotion of

food supplies and proper nutrition, an adequate 0
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supply of safe water and basic sanitation, maternal
and child health care includiug family planning,
immumnization againat the major infectious diseasés,
prevention and control of locally endemic diseases,
appropriate treatment of common discases and injuries

and provision of essential drugs."

4

Thus, the provision of safe water supply and sanitation is a
?

central activity in primary health care, which reaffirms the

linkage betwecen the two historic resolutions of the World

Health Assembly.

"Safe water supply and sanitation for all by 1990";
"health for all by the ycar 2000". These complementary and

mutually reinforcing declarations will require determined

political will in each and every nation if the targets ure
to be realized. In addition, there is need for planning,
organization, community pdrticipation, coordination, funding
and international cooperation.

During recent yeare, the development of environmental

~health services in the Region has more than doublad the actual

- coverage of the rural population with reasonable access to

safe water supply and uearly doubled the coverage with

adequate excreta disposal. Some countries in the Region have

~already exceeded the targets of the United Nations Second

Development Decade (1971-80), for water supply and excreta

disposal *in 1975. The Region as a whole has yet, however, e

-3



- Nations Second Development Decade targets for rural water 3

-4 -

to cover a substantial gap in order to meet the Developuent
Decade targets in the rural areas as the following statisties

ghow:

- Eight out of ten inhabitants of the rural areas
in the Regiocn did not have reasonable access to
safe water supply as of the middle of the decade
in 1975, 1In absolute,numbers.this proportion

represents some 605 million without safe water

supply.

®

- Nearly 95%, or some 708 million, of the rural
population in the Region did not have adequate
disposal of human excreta with some countries
reported as having less than 2% of their total

population with adequate excreta disposal.
Available information indicates that, to meet the United

supply and sanitation, countries of the South-East Asia |
Region need to iunvest about 1.5 billion US dollars between ‘¥
1976 and 1980, at 1975 price levels. I would point out here J
that this vast sum is to meet relatively modest targets:

35 per cent coverage for rural water supply and 15 per cent

for rural excreta disposal.

For the developing countries, including Member countries
of the South-East Asia Region of WHO, the targets of the
Iuternationnl Drinking Water Supply and Sanitation Decade

hppear'formidable. To meet the International Drinking Water



Supply and Sanitation Decade (1981-1990) turgets, it is
roughly estimated that the South-East Asia Region wvould neced

to expand its 1975 rural water supply facilities by 6 tine

4]

and its 1975 excreta disposal facilities by sowe 20 iiwes.
These are very large expansion requirements to provide safe

water supply and sanitation for all gural populatiuas by 1990.

Furthermore, the requirements of urban areas should be added,

v1ich, incidentally, are much'more costly to provide than

sanitary facilities for the rural areas.

with the limited resources available in developing
countries, there is a mneed to make every input as clifective
as possible. This will require, in addition to the afore-
mentioned conditions, a careful review of the techuaulogy
applied in each activity to ensure that it is approepriate
to the situation. This means, there is a need for vater

supply and sanitation technolopy that the villagers

themselves can build, operate and maintain in working

condition without much assistance frowm others. ‘Tthere is a

need for technology that they can cdsily afford te buy if

they cannot build it themselves. Technolopgy is neecded that

the village families are willing to usc, We need water

supply and sanitation technolopy appropriate to thce local
setting. In recognition of this need, the Twenty-ninth
world Health Assembly in 1976 in the Resolution WHA 29.74

specifica. ly considered it necessary to prowote rescarch

for the development of appropriate and effective wmethods

and technologies.
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The Advisory Committce on Medical Research of this
-Region, in its Teurth Session held in April this year,
recommended that rescarch in the development of appropriate
technology for lmprovement of environmental health at the
village level should be added as a priority area for

research in the Region and that a research study grcup

be convened. This is being rcealized with this meeting.

Two components of apﬁropriate technology are beginning
to be recognized. The first is appropriate technology
"hardware" which refers to the products, tools or equipment,-.)
methods or processes and systems or combinations of processes
and equipment; and the second is appropriate technology .
"software', which refers to the organizational fories,
analytic;fapﬁ& evaluation techniques, community approaches,
etc. Environmental health at the village level requires

"software".

both the appropriate technology '"hardware" and
Generally, at the village level, the technology "software"
which differs more from that with which we are already familiar

and it requires multi-disciplinary expertise. ‘,
7

Most countries in the Region cpted for tubewells fitted

with handpumps as the first step in providing adequate supply

of safe water to a significant percentage of the rural
population. It is estimated that there are at present nearly
- 450 000 handpump tubewells with an installation cost estimated
at some 80 million US dollars. The handpumps prcbably have

an installation value of 10 million US dollars. There are



feed back reperts that between 20% and 70% of the handpump
tubewells are not in operation at any one time due to pump
breakdown. These reports indicate a need to improve the
handpumps in use and/ecr develop appropriate operation and
maintenance systems. Turther, a sipgnificant percentage of
the population expected to be served by the tubewells,

<

continues to use sourcea of questionable quality.

Inadeyuate disposal of human excreta continues to be a

major environmental health problem in the countries of the.
ﬁegicn: Simple and low cost excreta disposal systems have

been developed. However, rural populations continue to use

the open ficlds and open bodies of water for excreta disposal.
Some countries, notably Thailand, appear to be succeeding in
this regard but most of the countries in the Region expcrience
negligible progress, even in the presence of geportedly
successful pilot projects. There is need to study thisc problem

to develop further appropriate community approaches in order

that every community, every family, every man, wouen and
child can participate in the global effort to have safe water
supply and sanitation for all by 1990 and attain the geoal of

health for all by 2000.

There 1s no doubt that safe water supply and sanitation
have a valuable contribution to make to the prevention of
gastro-intestinal infections and have a positive effect on
health and that investments for the improvement of water

. q

supplies and sanitation are beneficial. With the increasing
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use of economic justification for investment projects there
is é growing need to bring up more solid evidence on the
impact?gqﬁﬂealth of safe water supply and sanitation. While
it is trﬁe that priorities at the country level are decided
on political grounds, it is recognized that. evidence based on
sound data concerning the impact on health of safe water
supply and sanitation would facilitate decision-making on
investments in this sector. There is, therefore, an
increasing need to undertake studies that could provide a

measure of the impact con health of safe water supply and '\‘

sanitacion.

In addition to safe water supply and sanitation, there
are other important areas of envirommenta! health at the
village level that nced to be looked into for .hich we are
confident you will share your knowledge, experiences and
insights.

The South-East Asia Region must take pioneering steps
to solve the problem of providing the basic need of drinking
water supply and sanitation for a billion people ‘}'
wvho inhabit this region. The task is stupendous and
success will to a great extent depend on the development of a
technology appropriate to the needs of our people and the
socio-economic situation of the countries. I em sure your
concerted effort during the coming few days,aided by your

accunmulated experience and wisdom,will lead to the developmen

of puidelines and protocols for a series of fruitful

research activities in the field of appropriate technology




for envivonmental health. T can assure you that there will
bé no dearth of funds to support a well formulated rescarch
programne, particularly in this field. I am therefore eagerly
waiting for your recomnmendations for developing a sound
regional rescarch programme on this vital subject. With

this hope in mind, I sincerely wish. you success in your

deliberations.

Before closing, I am requesting Professor Seneviratne of

Sri Lanka to serve ag Chairman of the Research Study Group

and Dr Surin of Thailand to be Rapporteur. I am also requesting

Dr Cvjetanovic to assist the Rapporteur. !

Thank you.



WORLD HEALTH
ORGANIZATION

Research Study Group Meeting on
Appropriate Technology for Improvement
of Environmental Health at the Village
Level, New Delhi, 16-20 October 1978

H sm@gj i;\&/

REGIONAL OFFICLE FFOR @/h)
SOUTH-EAST ASTA

Restricted

SEA/EH/RSG Meet.l/4 . 1a-

HAND PUMP TECHNOLOGY FOR THE DEVELOPMENT OF GROUNDWATER RESOURCES

By

F. Eugene McJunkin

and

Ebbo H.A. Hofkes

=560

The opinions expressed in this paper do not necessarily reflect

those of the World Health Organization.



Py

HAND PUMP TECHNOLOGY FOR THE DEVELOPMENT OF
GROUNDWATER RESOURCES

F. Eugene McJunkin

Environmental Services Corporation, P.0O.Box 2427,
Chapel Hill, N.C. 27514 U.S.A.

and

Ebbo H.A. Hofkes, WHO International Reference Coentre

for Community Water Supply, P.0O.Box 140,

Leidschendam, The Netherlands

Abstract

Reviews present state of the art, including rationale for
use of hand pumps, their history, types of hand pumps,
operating principles, and technical analysis. Discusses
problems of hand pump selection, testing, manufacture,

. . vm .

operation and maintenance. Briefly summarizes recent
. M

developments.

BACKGROUND
A recent survey by the World Health Organization (WHO) found that over
one billion people living in rural areas of developing countirics lack
reasonable access to safe and adequate drinking water. The importance
of water supplies in transmission and control of enteric disczase is
well established; in the countries surveyed by WHO, waterboruno discases
are generally among the three leading éausés of sickness and death,
particularly among children. Even the unsafe water supplies now in
use frequently require many hours daily toil ‘and travel for their
collection.

To bring ready access to safe drinking water by 1990 for these
rural peoples would require a capital investment of over 40 billion
U.S. dollars at SUS 26 per capita. Alternatively expressed, the cur-
rent rate of investment would have to be multiplied fourfold and sus-

tained through 1990. These estimates prepared by WHO, in ccllaboration
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with the World Bank, indicate that use of low cost water supply tech-
nology will be mandatory for many years to come.

Many knowledgeable observers agree with a recent analysis by the
World Bank (1) that "In areas where groundwater is readily available
at moderate depth, constructing a number of wells fitted with hand
pumps is by far the cheapest means of providing a good water supply".
Although community water systems piped under pressure to households
and public standposts may be an ultimate goal, many of the unserved
billion will realistically have to seek hand pumps as an interim if
not an ultimate measure. .\‘

Unfortunately the record of many (probably most) hand pump pro-

grammes is not good. Serious problems exist in hand pump technology,

design and selection; quality of manufacture; installation, operation,

and especially maintenance; and organization and administration of
hand pump programmes generally. The number of existing successful
hand pump programmes for community water supplies is very small. The
hand pump "solution" to rural water supplies is deceptively simple;

it poses some major problems on a worldwide scale.

TECHNOLOGY /.'
Hand pumps have an ancient history. Reciprooating types were known
to the Romans, in widespread use in medieval Europe, and in mass pro-
duction in the late 1800's. At the turn of the century there were
over 3000 hand pump manufacturers in the United States alone. (Now

there are fewer than a half-dozen).

Reciprocating Pumps

The most ubiquitous and numerous hand pump is the common reci-

procating type (Fig. l). The operating principles are oatlined else-
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where (2) but certain features should be noted:

(1) Transfer of the work on the handle lever to the reciprocating
plunger or piston requires a fulcrum pin (pivot) and one or two other
pins. These are sources of friction, and thereby wear, and require

lubrication. Rotary crank and wheel operated reciprocating hand pumps
have similar requirements.

(2) The hand pump handle or crank is a lever which provides mechanicai
advantage in raising the plunger. The mechanical advantage is re-
strained by the strength and the anthropomorphic geometry of the
human power source - man, woman, or child. .\
(3) As the plunger lifts the water to the pump spout there is fric-
tion, and thereby wear, of the cups or seals between the plunger peri-
meter and the cylinder casing.

(4) The discharge and suction check valves open and close and thereby
wear, during each pumping cycle.

’ These inherent features of the reciprocating hand pump have baen
the focus of much research and development on hand pumps and explain
many of the differences in currently manufactured hand pumps. For
example: ’.
(1) Replacement of pivots with sliding friction (journal bearings)
with pivots with rolling friction (ball bearings). Also redesign of
the pump handle linkage to reduce the number of pins, as in the Shola-
pur and Mark II hand pumps in India. Other alternatives include better
quality of manufacture (closer fits and tolerances), larger pins (less
gnit stress), and material substitutions, e.g., wooden bearings. Less
dramatic, but the quintessence of a successful programme, is the re-

duction of friction by proper lubrication, i.e., better maintenance.
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(2) Reduction of friction between cup seals and cylinders by using
smoother cylinder walls, e.g., brass rather than cast iron. Souwe
synthetic materials show promise as a substitute for the traditional
leather cup seals.

(3) Better quality valves.

The forces and wear on reciprocating hand pumps are often under-
estimated. The average theoretical tensile force in the pump rod of a
pump with a 3~inch (75 mm) cylinder diameter and only a 50-feet (15
meters) pumping head is over 150 pounds (70 kg). Peak forces may be
several times higher. To serve a population of 500 with only 10

liters per capita per day, this same pump would require over 3 million

pumping cycles per year.

Diaphragm pump

Another type of positive displacement pump is the diaphraga
Jpump. This pump also uses inlet and outlet check valves. However
its "cylinder" is flexible, expanding to draw water in, ccntracting
to force it out, much like a heartbeat. Althcugh invented in 1730 the
diaphragm pump has not been widely used for water supplies. Its
merit is, vis-a-vis reciprocating pumps, that it eliminatces the neces-
sity for the moving plunger and its sliding, wearing cup seals. A
recently developed diaphragm hand pump is the Swedish-made Petro Pump
which uses a reciprocating lever handle to actuate the diaphragm.
Another new diaphragm hand pump is the French-made Hydropompe Vergnet.
This pump uses a groundlevel, pedal operated hydraulic piston to actu-
ate the diaphragm pump immersed in the well, thereby eliminating the
usual handle lever linkage. These pumps are potentially promising

but more operational and cost data are needed.
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Rotary pump

A rotary type pump, the helical rotary (often termed the pro-

gressive cavity pump, consists of a single thread helical rotor turn-

. ing within a double thread helical stator. The meshing helical

Ne

surfaces push the water up the drop pipe (riser) with a uniform move-
ment similar to a slow moving piston in a cylinder of infinite length.
This pump requires no valves, no cup seals, and - in place of the
reciprocating lever linkage of the pump head - it uses a rotary crank
with a right-angle gearbox to turn the rotor. Although relatively
expensive, 1t has given good deep well service in parts of>Africa]¥ii
Asia where it is known as the "Mono" pump after its English manufac-
turer. A newly developed pump of this type, known as the "Moyno", 1is

now available from Canada and the USA.

Appropriate technology

Appropriate technology has been defined in part (3) as technology
that "is not only scientifically sound but that 1s acceptable to users,
providers, and decision-makers alike; that it fits within local cul-
tures, that it is capable of being adapted, furtherv develouped, and
manufactured locally wherever possible at low costs; and that it i.‘
sufficiently simple in design and execution for local use". TFurther
it "means not just a device but any association of techniques, nethods,
and equipment which together can contribute toward solving a

« v ..

problem"”.

In the context of this paper, interest in hand pumps focuses on
their manufacture and, in a later scction, their maintenance. In
addition to production of a more appropriate hand pump tailored to

local conditions, the desirability of local manufacture is based on

© ot e ———————— <y oy et



possible opportunities for:
(1) lower capital costs of production.
(2) transportation savings.
(3) reduction in foreign exchange requirements.
(4) stimulation of local initiative, industry and labor.
(5) better availability and access to repair and replacement parts.
There are two types of local manufacturg. The first is mass
production in foundries, machine shops, and factories of cast iron
or steel pumps similar to those in the international export market.
Such manufacturing is practical and practiced in many devcloping
countries, notably India. The appropriateness of a particular toch-
nology will vary widely. For example foundries are widespread in
Southeast Asia. They are rare in West Africa.
Local manufacture does not guarantee "appropriateness™.  Foay
LDC-manufactured hand pumps are not indigenous but are poor qualily
himitations of imported pumps. Further, lack of competition our com=
petition solely on the basis of price are institutional shortcciiings
detrimental to evolution of appropriate technology. Vieble techalical
specifications are needed. Unfortunately there are as yo¢t no inter-
national hand pump specifications or testing procedures for guid.nce.
Some large hand pump programmes have established their own nhaad
pump factories to manufacture pumps and parts of their own design.
The Shinyanga Project in Tanzania is an example. The Shinyange pump
is assembled for the most part from standard galvanized iron and poly-
vinyl chloride pipe fittings, machine parts, drilled and chamfoiod
standard lumber, and a welded steel base plate. ‘Thus far it wosis

well in its milieu.
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A second type of local manufacture requires a lower level of
technoiogy and lends itself to production in small quantities by
village artisans. These are sometimes termed "off the shelf" assem-
blies. Many examples of these types of hand pumps are available
through private voluntary organizations such as the Intermediate

Technology Development Group (U.K.), Volunteers for International

Technical Assistance (US), et al.

MAINTENANCE

Background

Hand pump technology and maintenance cannot be evaluated indepen-
dently. Indeed one of the important issues in hand pump technology
is the degree to which . the pump should be maintenance free. The argu-

ments for labor-intensive technology for developing countries imply

.use of hand pump technology with a high labor component, i.e., with

high maintenance costs, relative to initial capital investment. A
direct correlation between pump prices and pump reliability may be
theoretically valid but is difficult‘to éstablish in realiﬁy.

On the other hand the institutional difficulties and frequent
inadequacies of maintenance programmes (thirty to eighty percent of
hand pumps out of operation at one time is a not uncommon experience)
have stimulated the search for maintenance free pumps, even if they
cost more.

Many authorities contend that maintenance 1s the critical ele-
ment of hand pump programmes. The possible causes of poor maintenance
nay provide some insight into improvement of maintenance.

(1) Poor quality of hand pump design and manufacture. To a consider-

able extent this condition is also the result of many years of
trimming weight, bearing sizes, etc. in seeking low bids (tenders)

ey C e



(2)

(3)

(4)

(5)

(6)

(7)

Y (8)

(9)

in the absence of definitive specifications. Much hand punp
procurement has an inherent bias towards low initial capital
cost and ignores life cycle costs.

The technology in use makes frequent lubrication mandatory.
Iron and steel journals and bearings, poor fits and large clear-
ances, lack of lubricant reservoirs, exposure to weather, etc.

Underestimates or lack of appreciation of the structural and
bearing loadings in deep well pumps.

Large variety of hand pumps in use with accompanying need for

many different spares. Little parts interchangeability, sometimes
even between the same models of the same manufacturer. Even for
fasteners, e.g., bolts and nuts.

Lack of feedback from maintenance to engineering and procurement
personnel. Little analysis, for example, of the most common
failures. Inadequate record keeping.

Poor maintenance skills, lack of training, inadequate tools, (for
example, few village maintenance men have a clevis for pulling up
pump rod, drop pipe, and cylinder), lack of transport, and lack
of supervision are characteristic of many programs.

Invisibility of maintenance and lack of urgency. Users return
to their pre-hand pump source. Maintenance supervisors are far
removed from scene or need.

Lack of glamor or peer status. "Deferred maintenance" is often
first action in a budget crisis. Maintenance rarely the path to
promotion or financial reward.

Lack of appreciation of preventive malrtenancg Mailnienance too
often seen as repair function.

Maintenance systems

Most hand pump maintenance programmes can be characterized cs a

one level or a two level system. The one level system is one where

all maintenance is the responsibility of the central organization.

In the two level organization, maintenance is sharad with local vil-

lages or communities.

The central organization in both systems usualiy installs the

pump. The well may be its task or that of another central agency.

For duy wells the village may provide labor under central agoncy
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supervision. The central agency usually handles major repairs or
replacement of the pump in both systems. It maintains stores of
parts and lubricants and provides transport, warehousing, and train-
ing. When the central agency provides routine maintenance, it often
uses a roving maintenance man or team who may or may not have a vehi-
cle and who services from 20 to 200 pumps (the numbers varying with
circumstances) on a repetitive basis. | )

In joint central and local systems the local community (or a
resident employed by the central agency) assumes responsibility for‘;
ail lubrication and minor repairs, for example, replacement of shallow
well cup seals ("leathers"). Where villagers deal only with the basic
maintenance tasks requiring frequent attention, then the back-up ser-
vice may visit the pump at regular intervals for a thorough servicing.

In some programmes certaln villagers may be given a thorough

vtraining in pump maintenance and virtually all responsibility left in
their hands. These approaches are being tried in Kenya and in Tan-
zania. Each village 1is required to nominate a person before the well
is sunk who will go to the district office for two weeks to learn
about shallow well construction and maintenance, particularly of tg!'
pump. He will then be responsible for the well once it is sunk, and
will carry a small stock of spare parts in his house. If a major
breakdown occurs he will go back to the district water office and
either get the parts needed to do the repairs himself, or else get
the district water engineer's fitters to do the job. (4).

Some people have argued that if a pump could be designed capable
of being made by a village craftsman using simple tools and off-the-
shelf local materials, then the maker of the pump would always be on

hand to repair it when necessary and the village would be entirely
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self-sufficient in its pump requirements. This argument is sunuvorted
by the observation that many low-1lift, animal-powered irrigation pumps
of "traditional" design are built and maintained by village craftsmen.
These pumps are not much used for community water supplies even in
their own milieu. Other designs, more suitable to drinkingy water
supplies, have been proposed, built, and used, but not wicely. They
have been apparently functionally or structurally inadequate for in-
tensive, deep well use, lacked durability, been too expensive, Or been
unacceptable to local users or markets.

When hand pumps are installed subject to unusually strenuous and
isolated conditions, and their failure is of vital impact to their
users, very expensive, nearly maintenance-free hand pumps may be used.
These use fly wheels, crank shafts with antifriction beariags, proes-—:
sure lubrication, etc., and have been successfully used for long per-
iods with only annual maintenance. Their expense however limits their

use severely.

New Construction and Maintenance

The relationship between new well ceonstruction and hand puiup
maintenance frequently receives insufficient attention at the time when
new projects are planned. A hand pump well construction project re-
quires a long-term commitment to maintaining hand pumps and providing
spare parts. Whether the financing for new construction comes from
internal or external sources, the relationship between construction
and maintenance exists and should be considered from the start if the
investment is not to be wasted.

There are many reasons for overlooking the relationship betucan

construction and maintenance costs. Sometimes the organization

o o ey e e
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responsible for well construction is different from the organization

responsible for hand pump installation which is again different from

the organization responsible for hand pump maintenance. Sometimes

without any real justification it is hoped that the local community
will somehow maintain the well. International donor agencies fre-

quently have funds available for new construction but are not pre-

pared to finance hand pump maintenance, con§idering this to be a

responsibility of the recipient country. For their part, the countries

receiving assistance have a legitimate need for additional wells, q‘.

also find it difficult to make adeguate provision for the maintenance
of existing hand pumps. It happens therefore, that new construction
is sometimes used to replace existing wells and hand pumps which could
have been repaired at much less cost.

This bias towards new construction at a high cost instead of hand

.pump maintenance at a lower cost is clearly unsatisfactory and as a
P Y

result there 1s an increasing trend by donor agencies to link noew
construction with adequate provisions for hand pump maintenancce. The
objective of these provisions being fo aQoid the inadvertent generation
of maintenance expenditures which cannot be raised within the country
assisted. Recent assistance projects by UNICEF, India (Tanil Nadu)

and Bangladesh are examples of this trend. (5).

SELECTION OF HAND PUMPS

Costs
Only the larger hand pump programmes can afford to design and
develop new hand pumps. Other programmes must necessarily select

from hand pumps already on the market; for larger orders some design
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modifications of current pumps may be possible. In either cv.nt hand
punps are compared and selected on the basis of relative total coust,
capital costs of purchase and installation plus costs of cperaticn
and maintenance.

Inasmuch as all pumps do not have the same service l.fe expec-
tancy, capital costs must be placed on a common basis - usually dis-
counted to equivalent uniform annual cost; making possible the addi-
tion of annual operation and maintenance (O E M) costs to obtain com-
parative total costs on an annual basis.

. The following much simplified two pump examplc 1s illustrative
and could be extended to a larger number of pump alternatives. A dis-
count rate of 10 percent is assumed.

Given: Two pumps, A and B, which nmeet the necessary rovguirernonts

for discharge, head, power, handle force, user accepta-
bility, sanitation, etc.

Pump A Vanp 5
Capital Cost, P 300 5500
Service Life, n 5 years 10 years
e Operation and Maintenance $120 $100

Cost Per Year, M
Find: Which is the "cheaper" pump?

Solution: Annual capital cost R of a present single payr nt o. ¥

dollars over n years at compound annual intercst i:
¢ i1+ 3)"°
- 3 w = T
R P x Capital Recovery Factor = P x 1+ DT
For Pump A
Pa = §300, 1 = 0.10, and n = 5
and Ra = $300 x CRF = $300 x 0.26380
Ra = $79
For Pump B Pb = $600, i = 0.10, and n = 10

I}

and Rb $600 x CRF = $600 x 0.16275

pre.
i

$98



Total Annual Costs C = Annual Capital Cost R +
Annual O & M Cost M

For Pump A

C_ = R_ + M

a a a
Ca = $79 + $120 = $199, say

= ¢
Ca $200
For Pump B _
Cb = Rb + Mb
Cb = $98 + $100 = 3198, say
Cb = $200
. Answer: On an annual basis, the pumps are equal in cost.

e g g

Suppose a Pump C was available at a purchase and installation éust
of $600 but with a service life of 15 years. Discounted at 10 per-
cent, its annual cost would be about $79, the same as the annual cost
for Pump A - even though its initial capital co§t was $600/S$300 or
twice that of Pump A. The useful life expectancy of various hand
pump models is difficult to predict with much accuracy and varices with
the conditions of service and with levels of maintenance. Neverthe-
less, as the example shows, catalog unit price or cven bid or tendered
unit price should not be the sole criterion in comparing hand pumps.
Also price and cost are not necessarily idem;ical-. ’

Data on hand pump malintenance costs are sparse. These costs are
difficult to predict a priori and depend primarily on local circum-
stances. They are invariably underestimated; estimatcs based on his-
torical data sometimes fail to recognize that these data coften repre-
sent costs of inadequate maintenance programmes. Any programme with
estimated annual maintenance costs less than $50 per hand pump is

suspect. Some deep well programs may require $150 or more per pump.

i e p s - *



15

Other cost considerations include:

(1) Cost of well development: the cost of the hand pump should be
related to the cost, yield, and reliability of the well.

(2) Conditions of service: stress and wear on a hand pump is directly
proportional to the number of people it serves and to the depth
from which the water must be raised. Many people and deep water
tables mean greater stresses and justify greater costs per hand
pump; for example brass rather than cast iron cylinders.

(3) Reliability: where the population is solely dependent on hand
pumps for water, additional investment in hand pumps is merited,
either per each or in duplicate installations (e.g., two or more
hand pumps per well). A cheap pump is no bargain when it is not
working.

(4) Local versus imported hand pumps: hard currency costs may re-
'. gquire weighting in comparing costs.

(5) Distribution of payments: social objectives may weight selection
toward high maintenance/low capital cost hand pumps in order to
distribute income within the area served rather than transfer pay-
ments to the capital or abroad.

Specifications

The specifications should be oriented towards a limivcd muber of
L
hand pump models based on pre-qualification, preferably throuygh iizld
testing or proven experience under local conditions, supoicucnicd by

component by component review of the design. Proliferaticnr of Liand

. pump models in a single program can lead to difficult mai.tenanc:
problems -~ inventories, spares, purchasing, lubricants, traininy, et al.
Use of a single hand pump model would be the ultimat. in standard-

ization but should be avoided inasmuch as few pumps are fully suited
to all installations and dependence on a single supnlier is hazardous
to price competition and to factory service.

The performance requirements of hand pumps within the programme
should be identified, tabulated, and categorized.

With the needed inventory established, the ergonomic (sirength,

power, etc.) and anthropometric (height, reach, etc.) requirements can
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be matched with the appropriate ranges of cylinder diameters,
mechanical advantage, handle dimensions, stroke lengths, and pumping

speed as described earlier in Hand Pumps (2). This information

should then be summarized and specified for each pump as an allowable
range of discharge (Q) for é stated pumping head (H), pumping speed
{(N), and stroke length (S). Maximum slip and minimum mechanical
efficiency can be specified if a means of verification is available.

The dimensions and threading of pump réds, drop pipes, cylinders
and cylinder caps should all be standardized and interchangeable even
between pump models. (They can also be bid separately from the tOp.'
of the well pump stand assembly). These dimnensions must be compatible
with the wells to be used.

The minimum bearing sizes can be calculated for each pump. The
number of different pin sizes should be limited and a unified thread-
ing system used. A standard cotter pin should be adopted. For small

“orders the manufacturer's standard bearings and pins may have to be
accepted.

Fits, tolerances, and allowanceg should be established. Guidance
is available from standard sources (2 et al.); however local manu- .
facture may require interim compromise.

The construction material for each coﬁponent should ke gpecified.
Allowable alternate materials if any should be specified. Any special
treatment such as hardening or galvanizing should be described.

These should be cross referenced to widely accepted commercial stan-
dards and practices.

Other requirements to be specified include:

(1) Type of cylinder - open or closed, liners or inserts.

(2) Types of valves.
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(3) Spout requirements for thread and valve, if any.
{4) Stuffing box reguirements.
(5) Spares required.
(6) Lubricants required.
No international standard hand pump specification is extant.
No widely accepted standard or "protocol"” for evaluation or comparison
of hand pumps presently (1978) exists. Sucn a protocol is now under

development.

. CURRENT RESEARCH AND DEVELOPMENT

Historical and recent (through 1976) hand pump research and

development were reviewed in the handbook, Hand Pumps, by Mcjunkin (2).

The hand pumps and studies reviewed therein included the AID/Buattelle

pump; the All India Institute of Hygiene and Public Health studias of

. five Indian hand pumps; the WHO/UNICEF/India deep well punp then

known as the Bangalore pump: the UNICEF/Bangladesh "New No. 6" unollow

well pump; ﬁhe Hydro-Pompe Vergnet earlier described; the Sholapnur

or Jalna-type pumps from India; the U.S.T. or Kumasi pump f{rowm Giiana;
‘. the Swedish Petro pump earlier described; the Shinyanga pump carlier
mentioned; the Dutch Kangaroo pump; et al. These are not recpeated
here. Several developments since 1976 merit attention howcver.

Field testing of the AID/Battelle hand pump is proceeding in
Costa Rica and Nicaraugua under an agreement involving the governments
of those countries, the U.S5. Agency for International Deveclopment
(AID), the Central American Research Institute for Industry (ICaLWI),

and the Georgia Institute of Technology (U.S.). The AID/Battellc

pumps under test were manufactured in Costa Rica and Nicaraugua.
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Thirty AID/Battelle deep well and shallow well hand pumps are being
evaluated in the field. For comparative purposes, four other, im-
porﬁed pumps are also being tested, including the Dempster (U.S.),
Kawamoto Daiichi "Lucky" (Japan), Marumby (Brazil), and an experi-
mental pump developed by the International Development Research
Centre (Canada). (Also see Moyno below).

A comparative testing programme for hand pumps has recently
been initiated by the Harpenden Rise Laboratory (U.K.) with support
from the Overseas Development Ministry (U.K.). Some 12 different
pump models are under test in the laboratory at Harpenden Rise un&J!l
a scientific protocol, perhaps the most complete yet implenmented.
The pumps under test include most of the "best sellers"” in the intexr-
national export market, several with wheel-type handles, a helical
rosary type, the DPHE/UNICEF "New No. 6", developed in Bengladesh,
the AID/Battelle, and four of the most novel newcomers to the market.

The extensive comparative field tests of hand pumps undertaken
in northéfn Ghana by the Ghana Water and Sewer Corporation, assisted .
by the Canadian International Development Agency and Wardrop Associates,
Consulting Engineers, described in Hand Pumps, have been completed."
Unfortunately this report is not publicly agvailable.

Development of the "Bangalore" pump described in Hand Pumps has
proceeded and field tests are immiment. The latest model has been
renamed the "India-Mark II".

Development of new, novel pumps by manufacturers has greatly

accelerated. In addition to the Vergnet, Petro, and Kangaroo models

described in Hand Pumps, a new helical-rotary tvpe, the Moyno, has
been developed by Robbins and Myers, Inc. (U.S. and Canada) and

cable-driven cylinder and two-cylinder models by Briau (France).



Prototypes of the Moyno are under test in Nicaraugua, Ghana, and

Indonesia.

The International Development Research Centre (Canada) has
several projects underway which concentrate on use of diffcrent
materials, particularly plastics; improvement of valves and scals,
and wooden bearings. The World Bank is also sponsoring scudies on
wooden bearings.

McJunkin's general observations in Hand Pumps (2), based on an
extensive review of hand pump research and development thiough 1476,
are reproduced below (updating in brackets):

(1) Pump improvements that seem obvious in the office or laboratury
often do not work in the field. A corollary is that cuccess.ul
performance in the laboratory does not quarantee succdss in the
field.

(2) Many investigators seem unaware of the work of others on Land
pumps. Literature reviews are virtually non-existenl nd oo

munication between investigators is poor. Cormmunicac. b Bl a
are inadeguate. ((Publication of Hand Pumpe has lmproved ciing))

“(3) Cost data are generally insufficient for operational docis’icns.
Life cycle costs arennever analyzed. (( Ixception in uheia, 1973)).

(4) Comparison and evaluation of hand pumps on an interaa: lonal (.ogis
will reguire common definitions, criteriz, and nethoduolooi_g
which are presently unavailable, ‘cveh as a chechklisi. sowme o

vestigators have even failed to measure the pumping hooad, wLaers
to count the cycles in their tests. ({ Under developinent by [RC)).

(5) Experimental methodology 1is rarely stated, often even ihe hyg o=
thesis is only implicitly stated. Scientific objectivity leuves
much to be desired. Conclusions are awesomely extrapolated rrom
limited, short-term testing of sirngle, handmade prototypes.

(6) Many basic assumptions are untested. For examp.e, no thorough,
fully conclusive, definitive study of wear and abrasion of pvC
pipe for use as pump cylinders has yet (1976) been published.

({ Some work underway, 1978)).

(7) Cross-disciplinary studies have been rare. With a fou notralic
exceptions, modern findinygs from such subjects as Qrgoaolics,
anthropometrics, metallurgy, lubrication, friction, n.oicciiig
science, et al., have been ignored.
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(8) Many investigators have grossly underestimated bearing wear and

(9)

loading common to deep well hand pumps for community use. Many
hand pump handles (and other working parts) receive over 5 mil-
lion strokes per year. The average pump rod tension for a
3-inch (approx. 75 mm) cylinder under a head of 100 ft. (30 m)
is over 300 1lbs. (140 kg):; instantaneous loading may be much
more.

For all but the largest, most research and development pro-
grammes should start small with improvements to existing models,
locally available; and concentrate on improved maintenance,
larger bearings, better cup seals, and smoother cylinders.

¢

@
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1. RURAL WATER SUPPLIES : PROBLEMS AND APPROPRIATE TECHNOLOGY

1.1 Introduction

1'1&1

1.1.2

The supply of water in less developed countrics, particularly in
rural areas, has long »:2n a serious problem, A supply of clean,
potable watexr is the largest single contributory factor to the
reduction of the high mortality rate encountered in such countries;
nevertheless it was estimated that in the S.E. Asia region in 1975,
eight out of ten people did not have reasonable access to a safe
water supply.

In many countries much effort has bheen expended in atteunpts to
alleviate the problem, The use of handpumps in either dug or tube
wells provides perhaps the cheapest and most widely used forwm of
water supply. Even so, the problems have not diminished, but are
perhaps even accentuated. This is evidenced by the high percentage
(sometimes» 50%) of pumps in some areas (India has been particularly
cited), which lie broken or fail to function properly. On the other
hand there are pumps in other parts of the world which have given
reliable sexrvice for decades, Further, hand pumps have becen
avallable for at least 200 years, and the technology is very well
established, Why then do such problems persist one might ask?

The visible causes of these problews arise from several scurces -

a., A pump used for a rural water supply may be used by as wany as
1000 people. Many of these puuwps were designed for uce on
farms in vural areas of industrial countries and siuply cannot
tolerate the intensive use required.

b. The manufacturing guality, particularly of cast iron puups made
in developing countries, is oftcn peor.

c. The capital available for purchase of pumps is frequently severely
limited. As a result, cheap puwmps, which may ke less relialie,
are likely to be purchased,

d, There is often very little or no naintenance carried out on the
pumps, resources to carry it out being severcly limited. This
is perhaps the major problem since others would be relatively
less important if maintenance wc¢re carried out,

The reasons for improper maintenance vary considerably but are usually
due to one or more of the following -

a. Poor availability of imported spares, and lack of skills to make
spares locally.

b. Lack of local technological knowledge sufficient to provide adequate
maintenance, often coubined with ranotencss of the puup from any
servicing centre.

Ge Difficulty of apganising mainlenance services,

d. Lack of awareness among villapers of the iwportance of clean water
and the consequent vandalizing or neglect of pump installatious,

e. Laci of clearly agrecd and accepted regponsibility for the puap.
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The problems are thus well known and yet, despite much discussion, ‘
expense and new pump design they vemzin rife. One common answer

is that the technology involved in the manufacture and wmaintenance

of the pumps is.not suited to the pump users. An appropriate
technology must be used,

Before discussing what is meant by an appropriate technology 1t
will be useful to consider the differences between the envivonments
in which hand pumps were used in the nineteenth century in Western
countries and those prevailing in many developing countries today,

When the Industrial Revclution swept through most countries in the
western worldin the 1&th and 19th centuries, it had one characteristic
trait: progress was achieved by the invention of new technologies.
For example, a steam engine could not be built until its principles
of operation were fully undeystood, and’ the necessary materials
developed., An electric wotor could not be made before the intev-
actions between magnetic field had been determined experimentally,

In brief, the uses of a new technology, and people educated to use
it, were both known and available before the technology was applieb\
Thus, when a new machine was introduced, there were peopie whe
appreciated its value and could also maintain it. No machine can

be utterly reliable and, however good and sophisticated the
technology, sowme maintenance is always necessary.

This situation is as true for pumps as {or any other technological

product, Hence, even in the 19th century, pumps could be made
using the then comparatively new technologies of machining, casting
and forming metals, particularly wrought and cast iren, These

pumps were freguently very reliable in the situations where they were
used and wany puwp designs have changed little since then,

The situation in less devecloped countrics today is very different;

in particular, the level of technological expertise is gencrally much
lower. The introduction of pumps made in the industrialized world to
such countries immediately gives rise to a problematical situation,
Firstly, and most importantly, .the technology is not understood and

thus it may not be possible to provide effective maintenance. Secondly,
the need for a pump (as opposed to e.g. a dirty water hole or a s"a i)y
may net be understood; this, in turn, will lead to neglect of a pumrp

if other water sources are available, pavticularly if the attitude

of the villagers is very conservative.

There seem to be two answers to these problems, The first is to
educate the people to understand the basic principles of the need for
clean water, to appreciate the benefits of a puap and to ensure that

at least some of the usetrs understand its operation and can maintain it.

The second solution which is often propoused is that mentioncd previously
i.e. the use of a technology approoriate to the pump users. As this is
perhaps the solution most commonly suggested we will consider this

for the moment.
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1.2 Appropriate Technology

1.2.1

1.2.2

1.2.3

1.2.4

Appropriate technology can be described generally thus (cf WHU
Document No,ATH/77.3).

“The word technology means not just a device, but any association of
techniques, methods and equipment which together contribute towards
solving a problem, ‘Appropriate’ means that the technology is not
only scientifically sound but acceptable to uscrs, providers and
decision makers alike; that it fits within local cultures and that
it is capable of being adapted, further developed, and maunufactured
locally wherever possible at low cost'.

In this context, therefore, the hypothesis is that a pump should be
made locally, of locally available materials, and of such a design
that it is culturally, acsthetically and socially acceptable. 1t
should also be cheap. This hypothesis however involves three
(hidden) assumptions.

a. That appropriate technology is that which solves the problem of
providing safe water supplies in the communities under consideration.

b. That the community appreciates the neced for safe water sufficiently
to provide the motivation, and hecnce the nccessary community
structure and organisation, to deal with the problems. This
may mean arranging manufacture of a locally made pump, or siwpiy
ensuring that maintenance can be done and is done (not nccessarily
by someone in the village).

E

c, Perhaps the most important assumption is thal there is alvecedv in
existence an appronriate technolovy which can solve tho TT-_
within the community that will use the puep (or that, at ieast,
such an "appropriate techuological'’ solution can be found).

—

In many places in the world these three assumptions are undoubtedly
true, and there have been several cxamples of locally made pumps
proving successful. In considerable aveas (serving hundreds of
millions of people) however one or more of these assumptlions is
probably not truec. For exawple a rural aprarian community may be able
to make basic farming implements from local materials (such as wood

and rope) and may have an extensive knowledge of the flora and fauna

of 1its region. The manufacture of a wooden boat would perhaps
present no problem, but nowhere could the teclinology be found to
manufacture a hygienic and efficient water punp, Morcover, ii there
are abundant rivers and streams, the need for & water pump would never
make sensc to {t despite expericnce of ill-hcalth (caused by polluted
water) because it probably would not appreciate the connection,

(The London Broad Street pump case is not much more than a centuyy old).

Local manufacture of pumps or the designing of a pump to fit existing
local skills may be unnccessary. There is no reason why a pump Lought
from abroad cannot be used with success in a less developed country,
providing the conditions laid down in the 1.2.2.b are satisfiedl,

In a sensc the technology can be appropriate even vhen there are no
facilitices to manufacture the pump in the couniry concerned, The wvords
"appropriate technology' very often seem to be misused in referring
only to technclogies which are currently available in the local
community.
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1.3 The Water Supply Problem - Conclusions and Recoumeundations

1.3.1

1.3.2

In the final analysis therefore, there wmay be no answer to the .
problem as it stands, i.e. there is no 'appropriate' technolopy.

Every area of the world has its own peculiar cultural and socio-
logical patterns and there cannol be a single, simple, all-ecmbracing,
definitive answer to the water supply problems. Some schemes have
been reasonably successful aud others have been almost complete
feilures. Indeed a prime veascn for this paper and the numcrous
seminars and discussions around the world is that, despite wany
studies, trials, surveys, experiments and new pump designs, therc

is still no clear, common statcment of direction. The reason perhaps
is that studies have concentrated on only a part of the total
situation and have failed to place the questions being asked and theirx
answers in an agreed multidisciplirary framework (cf Mcjunkin, WHO
IRC Technical Paper No.10, 1977;'"Cross disciplinary studies have been
rare. With a few notable exceptions, modern findings frowm such
subjects as ergonomics, anthropometrics, metallurgy, lubrication,
friction, materials science etc., have been ignored').

We stress the need for a common way of evaluating the problems of g
. ST, . . . . |
pumps-in-use-in-environment-in-conmunity in order to point the way '

successful practical solutions. The main points may be summarizad thug,

a. There must be the motivation amongst the pump users, both to use
the pump and see that it remains usable. A good reliable pump
which is relatively maintcnance-{ree may give good service for a
time even wherc this wmotivation is lacking, but it can never be
completely satisfactory. If therc is no motivation no technology,
‘appropriate’ or otherwise, can coupensate for the education
necessary to instil it in the users.

b. The pumps to be used in any water supply scheme must be carcfully
chosen to be compatible with the cultural and social habits of the
users., They should be reliable, reasonably easy to maintain and
perform acceptably. Manufacture within the developing countyy
should be encouraged wherever possible as it contributes to the
independence, sclf-sufficiency arid educational level of the
country concerned; 1t will alsc reduce the likelihood of poox
availability of spare parts and prove cheaper, provided qual.ity.
can be maintained, ' '

c¢. The organisational infra-structure for installing and maintaining
the pumps must be well defined and appreciated and made to work
by those who are responsible for it,

At present however therve scems to be a dearth of couparative
information on the brands of pump available and we feel such
comparative tests arc very important,



2-

2.1

A\

24.9977

THE PHILOSOPHY OF PUMP EVALUATION

Approach to Pump Evaluation

2.1.1

201.2

2,1.3

The basic need is for a common statement of the way to evaluate pumps
in the context of their environment and the community which uses them,
This must include developments in the pumps themselves, and the
relationship between the pumps and the socioclogical, econouwic,
cultural, anthropometric and geological parameters which influcnce
their use. Any such statement must be wide enough to include all
known influential paraweters and yet not so definitive that it can
only be applied in a few areas of the world. The real situation

is extremely complex, and moreover is disturbed by observation.

The best approach to the problem should include three studies viz.
comparative testing of pumps available under the controlled envirouwents
available in a laboratory, field trials, aud surveys. These three
are inter-linked and should be organised in such a way that the
results are comparable across the boundaries of each study.

Comparative tests on as many brands of pump as possible are important
for several reasons,

a. These tests show up differences bectween various pump designs aud
hence conclusions can be drawn as to which type of pump might Le
most sultable in any given geolopical setting,

b. The pumps' ergonomic aspects can be evaluated and heuce judgemcnts
made as to which might be easy Lo use,

¢. Tests can highlight design features which ave both sound engivicving
and have been proved in tests, and hence may be recowmuended for
incorporation in existing pumps.

d. Pump characteristics which would cause problems under certain
operating conditions, or could clash with cultural traditions
or habits, can be enumerated.

e. An idea of the likely reliability of a pump can be cblaiucd.
The main advantage of such laboratory tests is that tiosc factors
which are random and varying in practice, such as clirate and
hydrology, can be closely controlled; i,e. results are truly

comearativo.

Field trials are difficult because they disturb the situation they are
trying to test, They are necessary to test the conclusions reached by
laboratory tests and to discover how theory corresponds to practice
when the actual usage - environments arve more complex than can be
simulated in a laboratory. By their very nature the results obtained
are only completely true when applied to the area(s) in which trials
were conducted.



2.1.4 Surveys in the reglon where pumps are to be installed are cssential

to enable meaningful conclusions to be drawn from comparative tests,
They are of three types -

a. Ceological surveys to determine particularly (from the point of
view of the pumps) the acidity of the water, the type of
impurities present and the characteristics of the aquifer
throughout the year,

b, Surveys to determine the cultural - sociological habits of the
users so that -

(1) The most efficient maintenance procedures
can be formulated.
+
(ii) Due consideration can be taken of any socio-cultural
habits which could affect pump perforwance. e,g.
patterns of water usage, of water collection, other
uses of the pump or its emplacement.

Many of these individual users and user group varilables can only.

studied in similar neighbouring communities which have pumps
installed.

c. Surveys to determine the socio-technical situation so that the
production engineecring, production management, quality assurance

possibilities for local manufacturc of pumps, pump parts, or spares,

can be evaluated.

—~ L

In less developed areas, the answers may be that little manufacturis

capability exists but, in more industrially developed arcas, such
surveys could point the way towards gearing available finnes,
resources and skills to the successful manufacture of puups. (For
an expanded view of the concept presented here we refer readers
to the work of Miller and Rice in Ahmedabad

in the 1950's-1960's; "The Enterprise and its Environment',)

2.2 Comparative Testing and the Inplications {or Water Pumps

2,2.1

In any comparative brand test careful design of the test procedure’
essential to make the results as reliable as possible. 1t is wuot
intended here to go into a detailed discussion of comparative

testing philosophy as this is the subject of a separate paper;

in addition several booklets have been written on the subject

(ISO Guide 12, IOCU Cuide to Comparative Testing).

The more important principles are sunmarized below -

a. Testing must be independent of manufacturers, politics and any
other external influence which could affect either the results
or the conclusions drawn. ‘This may be particularly difficulz
when the work relates to products for LDC use which are likely
to be purchased in very large numbers by a few goverrnmental and
international agencies.
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b, Testing must be objective as far as possible and unbiased i. e,
independent of either the person carrying out the tests, or
any previous test results,

¢c. Results of tests on any range of products must be comparable
and be derived from realistic tests such that they can be used
to draw useful conclusions,

d, Testing must be designed with the requircments of the product
and its market in mind, and such that the significance and
usefulness of the test results can be undcrstood by the users.
For example, a complex array of technical tests is of little
use to a non-technically educated user unless their cffect is
shown by simple practical tests to back them up.

2,2.2 Designing a suitable test programme for hamd-and-foot operated water
pumps for use in developing countries presents some problems e.g.

a. The pumps vary widely in design so that comparison in some cases
is difficult e.g. in comparing the comfort in use of a hand-
‘ operated and a foot-operated pump.

b. The physical, sociological and cultural environments in which the
pumps are installed vary so that it is difficult to envisage aud
foresee every kind of problem which couid ¢fcur and hence to test
for it,

c. The interchangeability of components on some pumps makes it
difficult to decide which combination to test. For cxample nany
pumps are supplied with several sizes and types of cylinder, and
pumping depths quoted by manufacturers vary considerably even for
one cylinder size on equivalent pumps., Ideally when testing
a series of puwps, they should all be designed for a similar depth,
In the authors' experience this has proved impossible and
allowance has had to be made for this when testirg. 1n our own
tests we limited ourselves to deep well pumps to avoid compariscn
difficulties and because of fun@ing limitations,

2.2.3 The next section explains the philoscephical approach to the testing o
. pumps and section 4 how the tests have been carried out in practice.
‘ Some of the tests may require modification in the light of further
knowledge, but most of them have been fully substantiated.

It is felt that the folleowing are requirements if the pumps are to
be tested successfully.

8. A wide knowledge of prevailing customs and cultural and socio-
logical backgrounds in developing countries.

b, Experience of comparative testing and tried and proved
* methodologies for obtaining valid conclusions based on various
usage/environment profiles,

c. The ability to call on a wide range of scientific and techuical
.skills in the practical testing o! the pumps.
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The pumps can then be ranked according to their total scores. In
practice it will probably be fcund desirable to examine also the
ranking orders obtained by concentrating on the particulax attributes
specified by the "branches". 1In this case the score is the sum of
(rating x weighting) for one 'branch' only.

In general, conclusions can be drawn from the analysis described
above, and although it is here applied to the comparative laboratory
tests, the principles can be applied much more widely. In particular
the analysis can only be as good as the weightings supplied, and to do
this the results of surveys are necessary; those of field trials

are a great help,

Having therefore shown briefly the main requiremants of a pump,
the next step is to consider in more detail the actual tests
recommended. The next two sections deal with the details of our
comparative laboratory tests and proposed field trials,



2.3

LTV

Requirements for Laboratory Testing of Puumps

In testing the pumps themselves, there are three particular areas for
examination.

2.3.1

2.353

A thorough expert examination of the pump design, with confirmatory
tests to establish -

a. Manufacturing quality and suitability of materials selected, .

b. Adequacy of design to withstand the intensive use often
encountered in LDC's,

c. Suitability of design for manufacture in LDC's; an assessment
of the skills, facilities and materials required.

d. Likelihood of any corrosion or degradation due to the environment.

e. Foreseeable problems associated with the peculiarities of the
mechanical design.

f. Feasible ways in which the product could be improved and/or made
simpler and cheaper to manufacture and maintain,

. The skills, facilities, tools zand materials nccessary for
' s ¥
preventative maintenance and/or repair of probable breckdown
or wear.

Testing by a variety of users in practical situations simulating norviizl
use to establish the convenience and euse of use, and how thirse vary
with the user's height, sex, age, fitncss etc..

Thorough endurance testing in simulatcd environment and varying watcer
qualities to revcal any arcas likely to causc poor reliability,

Once the tests have been done, it is necessary to use the results to
predict the likely cost eifective perforisance of a pump in auy

given situation, In the final analysis it can only be done by the
organisation buying the pumps, as such factors as price, spares
availability, likely ease of maintenance etc., must be taken into
account and these will vary both from country to country and also
within various regions. The testing organisation, thercfore,
should report its results in such a way as-to wmcke this analysis

as simple as possible for each water programme installation agency,
Thus, though all results should be prescented clecarly and concisely,
preferably in tabular or graphical form as appropriate, a further
stage is desirable. The authors propose that at present the most
suitable method is SMARY (Simple multi-attribute ranking technique)
a system where different weightings are given to a list of attribusks
combined with scores for each pump in the tests to given an overall
score, The weightings can be supplied by the pump user purchasing
agency to evaluate the most suitable pump for the situaztiou where it
is to be installed. The testing orgenisation should prescnt typical
weighting "trees', describing the kind of conditions in which thay
apply and give guidance to enable readers Lo selcet the weightings
which apply in their own casc,



Analysis of Results

The first stage in any multi-attribute utility analysis is to devise

a weighting "tree', which effectively shows the features and test

results to be considered when evaluating the pumps. The major arcas of
importance arc decided first, which in this case.are : design, ergonomics
and user tests, performance, durability and safety; these are the
“branches' which are subdivided into 'twigs'', and can then be further
subdivided into "twiglets". The authors' suggested weighting tree for
Harpenden Rise Laboratory's present tests is given in Fig., 1-3.

This is a design mainly for deep well pumps, but would requive only slight

modification for suction pumps. For each individual item on the trce whict

is not further subdivided, a rating must be assigned for each puup.
Normally this is on a 1-10 scale, 1 being poor and 10 very good,

This rating is fixed and is dependent only on the test results or
subjective assessments of experts based on corroporated data, In certain
circumstances where one pumnp is exceptionally good or bad, it is
permissible to give a larger positive or negative rating so as to bias
the whole evaluation of that pump. TFor example, the efficiency of a

pump would normally be rated on a2 1-10 scale. 1f, however, it was found

1.
L

that one pump could only operate efficiently at a very fast speed, indeed alt

such a speed as would cnable only the strongest men to use it, and that

it was inefficient at the lower speeds at which it would rormally be used,
a large negative rating, say - 100, would be awarded and this would
completely eliminate the pump from further counsideration in the overall
assessment, even though the pump itszelf performed well in other tests,

Weightings must then be attributed to cach item on the "tree' which
effectively indicate its importance, The total sum of all the
weightings for each "branch" is normalised to 100. Similarly the sum
of the weightings for the twigs on one branch wust equal the brauch
weighting. The same is alsc true for twigs and twiglets. '

The actual weightings will depend on the country and arca in which the
p )

pump is installed, and can best be¢ supplied by those with experience of the

various factors which centribute to the success ov failure of a water
supply project in the area concernced, As an example consider a pump
which is to be made in a less devcloped-country, with no foundry
facilities, and Installed in a district where the culture, training and
experience of the users is such as to make waintenance by a villager
almost -impossible. In such a situation high weightings would neced to

be given to simplicity in the manufacturing cquipment necessary to make th
pump, the ease of maintunance and the pump reliability,

1f, on the other hand a pump is to be installed in an arca where literacy
and engineering skills aud experience are high and moreover, the pump

is to be bought in from abroad, neither of the fivst two factors will be
important, provided the reliability of the pump is acceptable. These
factors can thus be given low weightings.

To show how this principle works, three specimen weighting “trees” are
attached, together with a description of the kind of conditions in which
they might apply. (Fig.1-3).

When all the ratings and weightings have been finalised, for

each pump the sum of the products (weightirz x rating) i1s found. Note
that this preduct may be either (twiglet weighting x twiglet vating) or
(twig weighting x twigp rating) if there are no tuiglets on any
particular twig. Siwilarly for branches where there are no twigs.

The resulting sum should give an overall rating out of a ncuninal marimum
of 1000 (maximum rating of 10 x total weiphting of 100). The overall
ratings for the pumps ave placed in desceinnling order; the pump with the
highest .. ting being considered the most suitable.

o

(.1
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3, TEST PROPOSALS

3.1 Buying and Initial Inspection

All pumps should be bought, anonymously wherever possible, through the
_normal source of supply, ensuring that, in any case, the snpplier
does not know that these particular samples are intended for tests.,

In the case of water pumps the normal purchasing channels would be
a government department, Interunational agency, or sowme other peuerrul
public body, who would order large numbers of pumps from any
one supplier, for a specific and defined rural water supply prograsme.
In such a situation the purchasing power and leverage of the buying
organisation, and the specificity of the conditions of end-use,
coupled with the size of the order, can easily lead to particular
modifications being requested, or particular features being incorporated
into the pump design by the manufacturers. This, of course, would pose
some problems in comparative testing of pumps. Ou the ong hand, if
poor results are obtained from two samples of a pump bought aunoaysously,
the manufacturer may claim that special attention and special quality
control applied to a large ''povernmental' order would reuwove the
problems. Reasonable doubt however should remain about his orpanisationsd
ability to fulfil such a claim. On the other hand there is a temptation
to buy samples for testing openly through government/intcernational ajencics
and to request such special features as would be appropriatce. The
difficulty then is that one will be testing specially prepared prototypes
which might be expected to be very good indeed, but doubt rcmains about
the manufacturer's ability to maintain such quality in puiaps maaufactuied
in routine production with less skilled labour. In the case of our prescuu
project it was decided to test only standard wodels of pump, remuining
doubtful of the manufacturer's abilities to meintain any higher quality
¥ in special designs ordered in large numbers.
On receipt all. brands should be inspected for any differcences betuvcen
samples of the same brand, for any similarities between differcut
brands which would indicate a similar componecut source, and for any
defects, damage and wrong or missing cowmponents., In general twvo sauples
of each pump will be sufficient for luboratory tests.

‘Where pumps have various cylinder sizes and types the choice will have

to be made of the components to be tested. In our tests we

selected a cylinder diameter of 57-64 mm where this was appropriate, or
otherwise a pumping element which could be used at a depth of 20-40 wmetres.
It was felt that a larger cylinder of around 75 mm diameter would not
provide so severe a test, The use of a narrower cylinder might introduce
turbulence problems which are not typical of the larger cylinders.



3.1 (contd)

wWhen removing the pumps from their packaging,an assessuent of the
suitability of the latter should be made, and the security of the
pumps in it and the protection which it affords, commenLed upon,
The following information should then be listed,.

.(a)
(b)
(c)
(d)
(e)
(£)
(g)

[V

Brand

Model

Manufacturer/supplier and address

Cylinder diameter (nominal), if appropriat;

Drop pipe and pump rod sizes, (where applicable)

The range of well depths recommended by the manufacturer
The type of pump

(i) deep well lift, reciprocating

(11) shallow well suction, reciprocating

(iii) rotary type e.g. Mono

(iv) flexible membrane (diaphragm) type

If necessary, other types e.g. semi-rotary way need to be included
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Construction

The purpose of this section is to describe the construction of the puump
in such a way that the final user of the test report can understand fully
the method of operation of each pump, and have sufficient information to
organise suitable transport, cquipment and labour for installation or
repair,

Schematic drawings should be providéd which show -
(a) The method of operation of the pump stand drive mechanism

(b) The type of pump rod, with couplings (wherc appropriate)
to the pump head and plunger

(c) The typesof cylinder and valve together with ancilla y
components such as suction pipes and strainers

Drawings should be labelled to show all relevant dimensions, and the
materials of all important components should be specified.

The procedure necessary to remove the pump from the well should be
described and the operations involved in veplaciug all valves, ceals

and cylinders. If the method of repair of any other component is unot
obviocus e.g. the handle, this should also be explained, Inforwation suouid
also be provided about the toels requived, sizes and types of auy
fastenings and details of the spare parts and wmateriale counounly uniceded
{(.e.g gaskes, leathers).

Photographs should be taken to sheow the pump stand and all important
components, as well as any other unusual or interesting featurcs
discovered during the tests,

Finally, the following informuation should bhe tabulated -

(i) The weights of the pump stand and cylindex
(ii) The weights per metre of any punp rod and rising wain

(iii) Measurements of the surface roughness of the internal bore
of the pumping cylinder (wherc this.is applicable).
The lay direction of any surfuace marks should also Le stated
and any other factors which could affect the cylinder or seal
wear, should be commented on e.g. nou-circularity of
cylinder and variations of this along the cyliunder length.
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3.3 Design

Because pumps are bought in large quantitiés and design modifications can
be made, at least gradually over a number of years, it is important that
any design assessment be constructive as well as critical.

An assessment of the design of the pump probably requires the grecatest
consideration of any part of a test programme, because it inevitably
depends on the skill, knowledge and experience of the assessor. it

should be carried out by at least two people who have a wide expericuce

of enginecering design, corrosion and ergonowics and who have the necessary
knowledge of the sociological, economic and cultural backgrounds prevailing
in different developing countries. Separate expert judgewents by consultants
may be essential in some cases, and tests may need to be conducted to
verify both the tentative conclusions and those which are likely to have
the most significant effects. It is iwmpossible to dndicate everything
which should be assessed, but in gencral the following points should be
taken into account -

a. The possibility of incorrect tolerances or clearances causing
poor performance and whether these arise from a manufacturing ‘
defect or an inherent design fault. Particular arcas to
watch include seals, valves and bearings.

b. Whether any components are designed in such & way as would
make it difficult to maintain a consistently high quality
during manufacture.

c. Whether there are any parts of the pump which have a fundawmental
design fault which would result in either highly localized stresses
leading to premature failure or rapid wear of a wmoving cowponcnt.

d. How easily the pumps could be made in developing countries, That
is:do any of the components require manufacturing processes of a
high technology content wihich might not Le available in developing
countries? The typesof manufacturing process, the materials and
skills required should be considered.

e. The proper selection of materials. This may be iwportant from an
engineering point of view e.g. strength and impact resistance, .9
and also from the point of view of corrosion and tribology.
Particular attention should be given to bimetallic corrosion couples.

f. Whether the design makes repair and waintenance as simple as possible.

g. The adequacy of provisions to exclude foreign matter and surface
water from contaminating the well,

h. The possibility of simple modifications to the puwp which would
enable it to be made more cheaply or would give a better performance
without increasing the cost.

i. The resistance of the design to abuse which wmight be reasonably
forseeable ¢g. impact side loads on the handle, pilferage and
removal of fastenings, and impact of the haudle against any
stops,
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Ergonomics

A pump should be designed so that, within the limitations of its mcthod
of operation, it is as easy and comfortable to use as possible.

In most cases in less developed countrics, water is pumped into free
standing receptacles positioned under the spout, Thus the spout

height should be such that all likely containers can be positioned urnder
it, and yet not so high that excessive splashing is likely to occur.
Similarly the water flow pattern should he non=turbulent and suitable
for filling narrow necked containers as well as wider ones.

The handle should be comfortable to hold and easy to operate by as
many different types of people as possible. The handle should be
of such a height that excessive stooping or reaching by the operator
is avoided. Foot=operated punps should always be provided with a
suitable handle which the operator can use to keep his balance
whilst pumping, Consideration must be given to ease of operalion by
children, handicapped people, the elderly, and pregnant women.

As individual pumps vary so much it is difficult to quote individual
parameters which should be measured., The following however should be
given where applicable -

(1) The maximum and minimum height of the handle above
the ground

(ii) The mechanical advantage of the handle operation

(1ii) The angular wovement of the handle vhen operating
a full stroke

(iv) The exit pattern of the water, Included in this
description should be the spout height, the anple to
the vertical at which the water cmerpges, the distance
from the pump at which water hits the ground, the
turbulence of the emerping water and the minimun diameter
horizontal hole into which all the watcer can be directed
assuming a constant pumping speed.

<
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Installation of Pumps for Performance Tests

3.5.1

3.5.2

3.5.3

When testing pumps in the laboratory two vrequirements are found
during installation which are not dewmanded in normal usaRe.,

Firstly the accessibility of all parts of the pump during the test
without first dismantling the cutire assecwbly. This is pavticularly
relevant to the pumping cylinder where leakage rates, for exsmple,
must be measured with .the pump intact, Secondly, the ability to
alter the pumping head casily and over a wide range, e.g. 7-50
metres for a deep-well pump.

At the Harpenden Rise Laboratory, these problems were solved by
building a tower on the side of the main building about 7 wmetres

high with a hut 2.5 m x 4.3 w x 2 m high erected on the top of it.

Six pumps were installed in the hut with the drop pipes inside the
tower., The pumping clements were immerseg in a large tank of water
and all water raised by the pumps was returned to the tank via

a recirculatory system, To keep the water levelin the tank

constant, a weir was fitted across the centre of the tank with the
water flowing over the weir being pumped back into the main porticn

of the tank., There is also a facility for testing the pumping elecnengim
of two extra pumps without pump stand and handle assemblies. .

To enable the effective pumping head to be varied, a specially
designed head simulation valve was built and incorporated into
the drop-pipe of each pump. By adjusting this valve the
effective head could Le varied frowm 7 to 60 metres without
causing flow restrictions.

Into the bLottom of the drop-pipe of cach pump a 'T' picce with

a valve was fitted. This served two purposes. [Firstly a

pressure gauge could be fitted te check the pumping preusure and the
operation of the head simulation valves., Sccondly the drop-pipe
could be pregsurized with ccmpresscd air to measure the leakage
rates from the cylinders under different pressure heads,

As pumps vary considerably it would be tedious to describe exactly
the details of installation for each pump. Figure & shows the set-up
for a typical pump. Photograrhs or i head simulation valve .
are also attacied (Figs. 13 and 14), .'

In order to analyse the forces involved <during the pumping operation
various parts of the pumps were fitted with strain-gauges, cach

pump individually as dicrated by its constructidon., A typical
reciprocating lift/force pump, for example, was strain-gauged, firstly
on the handle to show the force beiung applied by the operator,
secondly at the top of the pump rod where there is the wmaximum
tension, and thirdly at the bottom of the pump rod to show the actual
force applied to the plunger. At the bottom of the rod, a specially
designed scaled proving ring type load-cell was used, as the whole
system is immersed in water. The output from the gauges was takcu out
through a highly flexible flat ribbon cable via a water tight secal in
the wall of the drop-pipe. Figures 5 to 1Z show drawings and
photographs cf typical strain-gauged asscublies used in the tests.

A displacement transducer was also fitted to indicate the

relative movement of the pump,

Once installation of all the puwps is complete the pumps should be run
-in for a short time by hand, and their operatiou checked. 1In
particular the operation of all valves and scals should be verified,
ensuring that there is no excessive friction or leakage.

At "“is point, while the pumps arc still unworn and in good condition
it is beat to perferm the user tests (section 3.9).
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Performance Tests -

Performance tests should now be carried out., Some or all of these tests
may also need to be recpeated at diffcrent stages during the eadurance
testing of the pumps in order to wonitor the wear.

a.

Leakage tests

The rate of water leakage through the pumping element in a
reverse direction to normal flow should be weasured,

The relationship between leakage rate and pressure head should
be shown. A convenicnt way of performing this test is to scal
the water outlet and pressure the drop-pipe with cowpressed air.

Volume flow test ¢

The amount of water pumped at varying stroke rates and using the
full stroke length should be measured, The test should be repecated
for various pressure heads; these will depend on the pumps being
tested. For the deep well pumps tested at Harpenden Rise Laboratory
(HRL) heads of 7 m, 25 m and 45 m were used.

Measurements

Measurements should be carried out on auny part of a pump which is
likely to show deteriovation during endurance tests., fTypical
measurements might be the cylinder bore (dinmeter, cccentricity,
cylindricity), seal dimensiouns, and the play iun any beariugs or
pivots,

Operational characteristics

These are measured using the strain-gauges attached to the various
pump components, In the tests done at larpenden Rise Laboratory,

the outputs from the strain gauge btridges were connected to a strain
gauge amplificr. The gauged components were then calibrated and the
gain of each strain gauge amplificr adjusted so that all ouputs werve
matched., These were then fed into a high speed data logger wnich
recorded the outputs digitally on cassette tape. The output {rowm cach
transducer was sampled cvery 40 millisecconds, The data was then
analysed by computer and graphs showing the forces in various parts

of the pump against time and displacement weve plotted directly by the
computer.

A complete set o. data should be recorded for cach puup at fast and slow
stroke rates (.e.g 20, 40 and 60/min) and fer the various pumping heads
which are relevant to the type of pump being tested. ‘The authors uscd
heads of 7, 25 and 45 m. A continuous data record for zbout 10 strokes
was found to be sufficient. Further, the actual volume of water
collected per stroke thould be mezsured for cach test condition.
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3.6 (contd)

From the results the following should be given for each
test condition

(i)  Graphs showing the variation of force with time and
displacement for all the strain gauged components.

(ii) Actual work done (from integrated force-displacement
graphs) by the pump operator and oun the pumping
eclement,

(iit) The efficiency of the pumping element and the pump as
a whole. ‘

For very high speed recording of the strain gauge outputs a
_.storage oscilloscope may be necessary, but this is far less
flexible than a data logger.

&
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Endurance Testing

Endurance tests should be conducted using a pumnping head suitable to
each pump. Published data varies considerably and choice of the actual
pumping head is probably best judged as a comprowmise taking into account -

a. the manufacturer's quoted wumping hcad(s)

b, the mechanical advantage of the handle

¢. the cylinder diameter

d. the stroke length

e, the volume flow tests ‘

The endurance rig to drive each puwp should be made to reproduce as far as
possible any side loads or twisting forces which could occur on the pump
handle in normal use., A prograrmed variable stroke length should «lso be
used where this is what would occur in practice. The speed can be varied
but for our tests we used a fixed speed of 40 strokes/revs per minute,

At Harpenden the pumps are being tested for 4000 hours with a miniuun bLreak
of 1 hour each day, in four stages of 1000 hours cach.

1) For the first 1000 hours (running time), clean hard water
is being used.

2) Acidified soft water is being used for the next 1000 hours.
The pH should be checked frequently (every 2 days) and, if
this increases significantly above 4.5, dilute hydrechloric
acid should be added to bring the pH to the correct level,

3) For the third period of 1000 hours, soft water mixcd with
a very fine clay is being used. We used a natural grade
of Keiselguhr as being a type of fairly consistent guality,

4) For the last 1000 hours small awounts of fine sand should be
added to the water.

Any deterioration, breakage or wear should bhe cxamined when it becomes
noticeable., Any repairs undertaken should be recorded., To monitor the wear
it may be necessary at various stages in the endurance test progranme to
repeat some or all of the perforinance tests. At the end of the endurance
all pumps should be dismantled and thoroughly examined and the cffccts of
the test commented on,
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User Tests

One intractable problem of user tests is the wide variety in the
nationalities of people whe use the pumps, as well as their
different ages., When any test is conducted in one country, the
most meaningful results are obtained by using people who live in
that country, Trying to obtain users from differeut developing
countries of the World would prove very expensive and, in the
authors' view, of no significant extra benefit.

We suggest, therefore that user tests should always be conducted using
people living in a country where the anthropometric dataare well

known and that only obvious extrapolations of data to other peoples
should be made.

Our user tests involved sixty people in ten groups of six cach, chosen
as follows -

Group Designation
— @

1 Women : Height (n) 1.695 - 1.90

2 Women : Height (m) 1.615 - 1.695

3 Women : Height (m) 1,45 - 1.615

4 Men + Height (m) 1.79 - 2.00

5 Men : Height (m) 1.68 - 1.79

6 Men ¢ Height (m) 1.55 - 1,68

7 Chfldren: Male: Height (m) 1.50 - 1.65

8 Children: Male: Hecight (m) 1,35 - 1.50

9 Children: Female: Height () 1.50 - 1.65
10 Children: Female: Height (m) 1.30 - 1,50

All children were aged 11-13 ycars,

The users were allowed to try out the pumps bricfly before the test so that
they could determine for themselves the most suitable method of operation. .

They were then asked to use cach pump to fill a bucket up to a mark on its
inside which indicated a volume of 10 litres., A questionnaire, a copy
of which is given here, was then filled in.

During the pumping, the user test superviscr recorded the number of strokes
used and the time taken to fill the buckel to the required level, The
purpose of this was twofold. Firstly, so that from a cowmparison of the
volume pumped with the number of strokes, a judgement of a typical stroke
length could be made and how it varied belwcen types of user. Secondly,
so that an estimate could be made of the typical stroke rate at which any
pump might normally be used.

The results were statistically analysed using a specially devised system
based on a two way analysis of variance so that differences between
users and pumps could be found both in cach individual group and between
groups generally,
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. WATER PUHRS

(Instructions to Users)

Thank you for coming to help with our test. We are asking you to twy
out 6 pumps for us following the order as given on the top right hand
side of your questionnaires. Ve wont you to usce lhe pump unlil you are
familiar with it, then, when you thimt you have digscovered the best metlhod
for pumping, please fill up the bucket to the murked level, Do not

start filling the bucket until the Izberatory Supervisor tells you to o
so, as we want to record the time tuken and how many stroles it takes

to fill the bucket. This is a test of the punp, not you, so pleacce
don't feel you are trying to break any records! ‘

When you have finished pumping pleansc f£ill in the questionraire and
. give it to the supervisor tefore going on to the ncxt pump.

E'To fill in the questiorneire, ring the nuuber applicatle. If you midice
a mistake, cross it out and ring the right onec.

(e.g.) Not at all cacy Very cuuy

1 O 3 D s

Please explain your ratings in the couments column, and comment uas
necessary.
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DAEC teerncecacvecasaoncnananans
User's Name Mr/Mrs/MiSS ceoeeees.
User's Height eecevcecncevencnas

User's bge (if under 21) ceerenn

s a0 s
aepeevaece
aesvescenw

LI S Y

LI B )

WATER PUMPS

USER QUESTIONNAIRE

User No

Pump Code ececececccoscesave

< ./"
L

008 ®QAeseeseoessame e

QUESTICHS & INSTRUCTIONS

RATINGS

CCMENTS

CUal

RO B .. . . .
24 3 Heow suitable was the handle height for you?
1)

Y
ny
N

Much too-
dow

b 5

How comfortable was the hendle to hold in use?

Very

{
[8)2 i ;
- | comfortable comfortable
; 7’ -
{ ! 1 2 > b 5
4 § ‘
. ) N
? ;
: i A lot of Veory litile
! | 0 R ;
Q5 i How much effort was reguired to work the pu ' ericrt effort
i i q 2 3 5 5
: I
; I
; !
! i
: | 1
¢ ! 1
3 i . !
ot ot &l Very
o Overall, now easy was the water pumn to o rate?i easy e&asy
. . i -~ -~ -~ Lr
! i c 2 5
(Pleezse explain rating in the comments column) } i
;

e e b S s o am A h Ao = mam s an o
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Introduction

Given that the aim of testing is to find out how pumps will behave in
real use and how they will withstand real eunvironmental conditious,
field trials have an important place in the work which intermediate
between controlled environment laboratory tests and the final usec,

Field trials have the advantages over laboratory tests that they take
place in environments and with users which are nearer to the eventual
populations, Field trials have the disadvantages that the installation
situations and environments are much less controlled and well-
characterized than in laboratory tests and that the users and usage arc
completely uncontrolled. Attempting to overcoume thse difficultices

is time consuming and costly,

Experimental Design

The purpose of field trials is to test the samples - pumps in this case -
on criteria relating to the use they will have and the way they will be
treated in real life. These criteria may have to do with euvironmental
factors and/or human factors that cannot readily be reproduced in a
laboratory or otherwise simulated.

By definition therefore, the conditions under which the samples arc
tested in field trials will be uncontroilced. The problea is to
distinguish, in the results of the tests, diifcerences between the

samples which are inherent and those which have arisen due to the
environment in which the tests were performed., 1f vesults are affected
differentially by the test conditions, and these effccts cannot be
measured and accounted for, it will be impossible to predict how the
samples will perform in different environmcnts in the future, and if this
is the case the test results will be uselcess,

So, the essence of good field trials is to orpanise them as a serics

of experiments designed Specifically so that results due to the sauples
themselves, and results due to the (variable) conditions under which the
tests are being held, can be distinguished. The rules for organising such
a series of experiments come under the science of experimental design,

The principles of experimental design lay down that for each sample

and each set of test conditions, either a test is performed or its results
can be predicted, for every possible combination. (For example, i there
are 25 brands and 4 sets of conditions, 25 x 4 = 100 separate tests are
held, or at least enough to be able to predict what would happen in all
100 possible combinations).

The first stage therefore of any field trials on pumps would be to

determine (empirically) how many different sets of test couditions

would adequately cover all likely environments where pumps would be
expected to operate.

Given the engineering problems of physically installing pumps and then
replacing them with alternative samples, it would scem casier if

possible to identify scveral scepacvate locations which present the same set
of test conditions. This, i{ it could be done, would cnable the
necessary number of cowbinations to be tested.

s
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4,3 Carrying out the trials

4.3.1

4,3,2

4.3.3

In a field test of pumps, some of the main-difficulties are connccted
with the essential fact that pumps arc intended to be used by rural
communities. Even taking 300 people per pump as a guide to puap
density there will be few opportunities to vary the type of people
using any one brand of pump (as would be normal in a laboratory

user test), Furthermore, if a substantial number of brands is to be
examined, the field trial may have to cover quite a large geopraphical
area (which could lcad to difficulties in inspection, non-conparable
volume usage of the samples etc).

Several samples of each brand ought to be tested to increase the
significance of the results by statistically removing the variables
between different villages, (the objective being to evaluate pumps,
not villages),

i
Installation is important and should be carefully controlled by the
comparative testing organisation (CTO): there is little point in
comparing some pumps which are installed in a hygicnic, well-
engineered, structurally sound way with others which are little more
than '"lash-ups'. Obviously details of the iustallation should be
appropriate to each brand, and any manufacturer's instructions should
be considered but, at the same time, the installation methods wust
not be inappropriate to the region(s) in which the field testing is
being done (presumably the same as, or related to, the region in which
the eventual pump installation programme will be carried out).

Similarly, with regard to manufacturer's instructions for usc and
maintenance. Such instructions as are likely, in a normal rural
water resources/pump installation programme, to be given to users/
villages should be given: the CTO must avoid the situation where,
because this is a test, exceptional care is lavished on users and/or
pumps., One suggestion, however, is that the groups/villages available
should be divided into two similar sections., Sufficient duplicate
samples of each brand of pump should then be made available, so that
it is possible to supply bhalf the user group with the amount of
instructions and maintenance help norwmally associated with a puwp
installation scheme in that area, while giving the other half more
detailed instruction and help. In this way it should be possible
to prove to what extent this is a limiting factor in the success

of pump schemes, as has becn sometimes suggested.

The CTO should not itself carry out skilled maintenance or repair

over and above that which would be usual in the region, unless to
investigate the value of such help, and evaluate it ezgainst the total
costs. Attempts to use skilled engincers who may be available,

because a comparative test is being done in the field, would invalidate

Rthe results or the test ftor use in-choosing pumps for installation

in the field without skilled engineccring assistance for maintenance.

"f
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Measurements of pump performance (e.g. volume delivered per stroke,
length of stroke, force neceded on handle/pedal, wear in bearinps,
leakage, wear in pisteon seals etc.), observations of performance,

wear, physical condition, c¢tc., should be wmade at regular intervals

by (itinerant) skilled engineers (or the like) : for example, such

a person could travel regularly around a route taking in all the pumps.
There are difficulties about the comparability of usage of diffceront
pumps, so that, ideally, a volumetric wetur should be attached Lo cach :
this could lead to problems when reading it (if it is a submerpgcd meter)
or vandalism/accidental damage (if it is easily accessible),

The engineer(s) probably should not attempt any observations of
convenience/ease of use/user satisfaction (they are likely to
encounter problems of the Hawthorne effect and other socio-cultural
difficulties), They might attewpt some discreet, unannounced,
observation of intensity of usage (how many pecople per half hour,
approximate gquantity of water drawn, proportion of men/wonen/children,
approximate size of users).

8ince tests are comparative, certified instruments should be used in
making any measurements, All observations, signed and dated, can be made
on pre~written proforma, and all relevant detail must be recorded at the
same time. All comments should be substautiated e.g. ''pump not wvorking',
"light usage",''two children necded to move the handle', are comincnts which
are vague and useless by themselves,

The socio-cultural observations may be best made by pecople who are already
in the villages concerned, rather than by highly educated, skilled,
technologists (even of the same nationality). Therve is unlikely to be any
point in trying to use detailed questionnaires with technical qucstions,
but the observations are probably best made by someone who can deal with a
relatively disciplined, orderly discussion, of the user groups' cxpericence
of the pumps intelligibly to "outside" pump programme managers/aid agencies/
pump designers etc.. This is an important cross-cultural/translation role
and we consider that people such as the Peace Corps.,/WHO/UNICEF ctc.,
workers who have bLeen in the area for some time for reasons unassociated
with pumps might be able to help, v

Tests could also be carried out on different in-village maintenance
systems e.g. appointing one man to carry out regular maintenance for a
fee, for payment by users to have pump on his land etc.. However, it
would be important not to confound the results of these tests (in the
statistical scnse) with comparative testing of pumps.

It is probably desirable to try to get information on simple, fairly cheap
ways in which pumps could be improved to deal with sowe of their disadvantages
(e.g. changing materials, enlarging bearing sizes ectc.),

The analysis of the (copious) results and the evaluation of the pumps
comparatively (e.g. by SHART ov some other objective method) must be
considered before the tests start. The appraisal of results of any experiment
is inseparable from the design of the experiment itself (and ofteu appraisal
and usefulness is implied or cntailed by the nature of the experiment); this
is most particularly true for a field test in the conditions envisaged (vhichk
will be almost entirely limited to free-form usage).
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4,4 Bias

‘Bias due to self-selection of the responding sawple of users is most likely
in field trials, or surveys of field operation, of wvater pumps in LDC'S,
Firstly there is likely to be a biased response to the test/survey
administrators; since they may be either forveiguers or substantially better
educated and wealthier-and probably from an urbaniscd arca - the village
population may well select the most articulate, intelligent, and prestigicus
of its members to respond to questions or to operate the punn while
observations are being made. Attempts to defcat such self-sclection by
arbitrarily plucking forward a reticent bystander are more or less dooned

to failure, since the '"bias' exists in the shared attitudes and fecling of the
whole village group towards the survey-adwinistrated field trial observer
group; (e.g. C.Bion "Experiences in Groups" etc.).

In all user tests and surveys, {and, again, particularly in ficld obscrvations

or field trials carried out in communities which arc not thorouphly utsed to tne

araphernalia of surveys, experiments, and a surfeit+of "macs media"
p p y ’ P ]

VRS

communications) there is also a strong possibility.of the Hawthorne cffect

(or “circus' effect). This arises when the mere fact of being observed/
being asked questions leads to a change in the behaviour/conscious thought of
the subject, In user tests or observations of field trials, for example,

the users may simply tend to "act out" an enhanced, dramatised version cof
previously sub-conscious attitudes to the product being tested. leing in
in a user test, being observed as a user, may aroustin the user conscious
thought about his/her treatument of the product. This could lead, either tc
careful usage and observance of instructions/''proper’ wodes of use (which

might give better performance and longer product life') or to "hardev' and mers

punishing treatment of the product, Either way, efficcts on the product could
be appreciably different from those in the "unobserved” situation, and tne
users' attitudes to the product are likely to be altered, so that answers t
user test or field trial questiomnaires way be biased. The Hawthorne eficut
may be minimised when there is minimum "distance' betwecen the users and the
organisers on any of the usual socio-economic diwcusions, and when the

‘Users genuinely understand and believe that their personal (or groun)
performance is not being evaluated and they have nothing to gain or losc frew
the results, whatever they may be, It is clear that, in the case of field
trials of water pumps in LDC's, these conditions arc difficult to satisfy,
but it is essential that the experimental design and the arrangements for

(21

making the necessary observations should take into consideration, and dezl wits

S

the difficulties outlined in this section.,
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FUTURE RESEARCH NEEDS

At present there seem to be quite a number of nceds for further rescarch work
of widely varying complexities,

An attempt is made here simply to list some of the nceds, as we see them.

Pumps which are Alreadv Widely Available

5.1.1 Controlled and complete laboratory tests are nceded to characterise
more completely the advantages and disadvantages of the pumpe.
Their weak spots should be identified and the extent and importance
of the weakness disclosed. This work should be done in conjuaction
with results from field trials.

Laboratory tests should cover as much as possible of the parcieicrs
which are important in,and would be observed in, the field. Althiough
they can never equal results of good fiecld trials, laboratory tcsts
must include carecful, cowparative evaluations and tests of
ergonomic/anthropometric factors, and the effects of environwental
conditions,

Our own work is limited firstly to decp well pumps and secondly to
only twelve of these: there are many wore pumps which werit
similar research, including shallow well types - with the pu.uiug
element above ground and generally giving a much greater volu.. -peuv-
stroke than the deep-well versions Ixtending this work is
mainly a question of finance. '

5.1,2 Field trials and/or surveys of existing installaticns arve uncceded

to describe fully the performance and {ailures of thesc puwps in the

v field., Again their weak-spots should be identified and locel
reparative or preventive maintcnance aectivities should be fully
described. It is essential that field trials be designed carciully,
including treatment of geological, social conditicns, instailutioun
structures and mainteuance/rcpair methods as pavaucters in tic
research, the effects of which should be unecasured in a clear aud
separable manner,

It is also highly desirable that the methods used in field trials
and surveys of existing pump. installations should be co-ordiuated
between countries and regions, in this way results could be "poolced”
thereby giving the opportunity to trest them as one large

experiment and providing valuable inforueation about the effcects of
geographical, sociological, infra-structure-dependent variazblcs,
This co-ordination and co-operative use of cownon wmethodology is not
easy; some of the detailed techniques vhich might be needed include
the use of common pro-forma observation records, and free cxuchange
of original data rather than of conclusions alone,

It is desirable that field trials and surveys should be designed to
give as much information as possible about all attributes of puups

so that laboratory resulis and field test results can be comparved as
directly as possible. Of course there are paraweters which arc
more easily measured in laboratory consitions than in the f{icld
(detailed chemical analysis and hardness wmeasurcients of matevials
are obviously two) but every effort should be wade to obtain at lcast
some measures of these parameters (a quick cn-the-spot approx . cate
analysis of mctals can be done with & "pocket”" instrument; substantinl
water analysis can be doune with small portable battery-poucred
instruments, and hardness can be measured relatively simply - the
limitations of measurements and obscuvvaticus vhich are made in the
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field ( e.g in accuracy and precision) should always be
stated of course).

If resources permit field trials preceded by laboratory tesgis on
the same samples would be desirable, although - apart {uem
proving the methodology of accelerated durability testing - there
would be no need to carry out durability trials in the lLaboratory
if the field trial design is adequate and the sample numbers
sufficient.

5.1.3 Design improvements : wherever possible, if an existing established
pump design can be improved by rclatively minor design changes or
additions these should be considered, Exzanples might be changes
in diameter of pin bearings, changes in bolt size or in methods of
fixing, changing the material of a haundle (e.g. from cast iron to
wood, anchored by metal), changes in piston washer material),

Changes should only he considered where data obtained in well
constituted tests clearly indicate a specific weakness, Chianges
should notbe taken as far as redesipgning castings or chanzing ‘
materials for major parts of pumps. d
All such changes would require careful and repecated checking Wwesoe thut
they actually produce the improveuments required. For example,
changes to the diameter of pins for bearings in order to improve
the load carrying ability of the bearings and increase life in the
field should be monitored by measuring stress and wear under
laboratory tests,- by accelerated durability testing in the laboratory
and by field trials - in all cases several sawmples of the original
design and several of the new design would need testing topether to
ensure that the comparisons are corsectly menitored, Care wust also
be taken in the testing of new designs or prototypes, by skilled staff
in small teams; such pumps ooy not be regicsentative of volume production
by batch processing (or mass production) techniques,

5.2 Pumps which are New

5.2.1 Laboratory testing should be dene (as 5.1.1) with the adlition of
possibly more effort to evaluate materials and design. ,
These pumps should be tested against more established designs, CareQ
note should be made of instances whare efforts to simplify certain
aspects of traditional pump design have centailed making other parts
more complex; even if the siwmplifications are successful the
complexities entrained with them in the innovative design may lead to
the whole system being no better or even worse, than the origiral.

An example wight be the replacement of an expensive machined metal
pump cylinder by plastic pipe, which wmight entail the use of expensive
ABS pipe, and complex plastic machining of piston parts and cylinder
valves, Generally specaking, assessment of the cost/benefit balance
of innovatory designs can only-be made after thorough testing and
investigation of the pump as a whole, and probably specific
subassemblics of it.
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5.2.2 Field trials of necw pumps should also be carried out with such
an experimental design that the benefits of the innovations will be
seen in relation to existing desivns. Again care must be talen that
the (relatively few) samples required for ficld trial expeviments are
not specially prepared protolypes unrepresentative of the quality
which will be producea when large nuwbers are made. (The retrospective
fitting of modifications to new designs in the field is an cypeusive,
difficult and - to the users - demoralising procedure, which should
be obviated by all possible mecaus.

5.3 Usage Situations -~ Non-tcchuical Factors

All testing (laboratory or ficld) of all pumps must pay particular attculion
to the usage-situation. That is to say, the socioplogical, peelopical,
environmental, cultural and cconomic bounds of the regiocns for which pusnps
are being tested must be a priority consideration. If the rejion concerned
is too large it will be necessary for the rescarchers to speciiy over want
ranges of usage conditions a particular pump, or design, or sub-unit would
be expected to function well, Since these considerations scew gencrally not
to have been central in many extant rescarch studies, it is the wore
important now to ensure that they are included in all present or tfuture
studies,

5.4 Appropriate Technology and its Social/Recional Setting

5,6.1 Since the durability, maintenance and local wunufacture of vater

pumps are key considerations in successful pump progran..as, and clince
'these are all heavily influenced by sociolog lical aud cultural foccors,
particular research into these influences would scem vo be indicaiad,

. It is all too easy to do technological research, the reportigg of
which contains plenty of statements which cxplain the paracount
importante of social factors while actually largely ignoring thei
Indeed it is all too difficult to deal with such factors.

5.4.2 Bortn maintenance of pumps and their manufacture entail
a degree of technclogical understanding and a socio-tecunical
“infrastructure" or organisation. Indeed, it migut be the case
that if pump programmes around the world were analyscd, those {ound
to be the wost successful in dealing with nanuflacture/uicintenanec
problems would be found in comnunities with the highest technica
understanding, generally, On the other hand this corrclation wisht
as much be connccted with econowic factors or with ecase of
communication between the local region and the originators of puaps -
who have generally been the capital-intensive-sophisticated-
technology regions,
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5.4.3 "Good installation and maintenance of pumps, let alone local
manufacture, require social organisation, administration,
management, infrastructure, a system - or wvhatever one likes
to call it, There seecns to be a need for rescarch into what
social organisation or system can produce the best results.,

It must,bé:particular to thé regioniconcerned, there may be a need
not so much for experimental research into what will work, as

for actual direct development in situ of social orpanisations which
do work. The only suggestion we have here is that perbaps it way
be desirable to view the whole pump programme, and parts of it
(e.g. manufacture, spares production, wmaintenance, a villaze,
groups of wells/communitics ctc) as "socio-technical open

systems' ("Systems of Organisation’) - E.J. Miller and A.K.Rice
Tavistock 1967, "Task and Organisation' - E.J.Miller, Wiley 1970),
and to apply the methods, both of analysis and implementation, to
the setting up of maintenance systewms, malfunction warning systems,
and where appropriate, manufacture.

5.5 Co-ordination

Whatever else may be needed, co-ordination of cfforts is a "must'. '
Design, technical testing, field trials, surveys, analysis an¢ implouientatic
of maintenance and manufacture probably amount to too larpe a package

for any/most countries/agencies to cover completely, Much work has beoen
done, and much is being done.

All too often co-ordination between different research programmes scems
to be difficult. Co-ordination is nccessary, so that coumonality of
aims, methods, and reporting may facilitate the transfer of conclusions
from one programme to ancther, across the world,
L %

In the context of co-ordination, it is quite important for the results
and thinking of one confcrence to be available to others, and we cund hera
in sincere hope that there will be full communication beltween the WHO/

- SEARO meeting in New Delhi (October 1978), the World Bank's wmecting in
London (December 1978) and the WHO/LIRC mecting in England (March/apvil
1979), although the precise aims of cach meeting arc sonmewhat different.
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ASSUMPTIONS USED IN FOTMULATTNG VAICHTING '“[RRES"

Pump bought in from abroad

Maintenance difficult, level of technological

know-how is genecrally low

Pilferage and vandalizing o! puaps unlikely

Women are the main pump users
Deep well installations, 7 30
Vater is acid

No sand/silt in water

Pump made in LDC

No foundry available and only limited
Pilferage and vandalizing comnmon
Women arc the main pump users

Simple maintenance is fairly cauy
Well depth 15 m

Hard water

No sand/silt in water

Pump made in LBC
Women arc main pump users

Maintenance is difficult

skills

Pump likely to be maltrcated and pilfered

Well depth 20-25 m
Acid water

Some sand/silt likely to be in water

Only fairly simple wanufacturing processes -
no foundry and very little machining or press work.



SCHEMATIC DIAGRAM

SHOWING THE ARRANGEMENT
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FLGURES 5-7

Examples of Strain Gauged Components Used to Measure Forces in Various arts

of a Pump

(5) Gauged pin

Shear gauges
weasurce shearing force
in the pin and hence
the tencion in tic
pump rod

A 05) Handle

Linear gaupes measure
bending wmovement in
handle and hence load
applied

(7) Flywheel handle

Shear gauges to mcasure
force applicd in tangential
direction



Examples of Components Fitted with Stroin Goauses

o

Flywheel pump with gauged handle for measuring handle loads (Godwin W1.i151)
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9. Gauged handle on rotary pump (Mono ES30)



Examples of Comuvoncnts Fitted with Strain Gauges

('f'ﬁﬁﬂ'

§ oot ARSI

W Gauged pin (for measuring forcz in the pump rod) and handle
(Dempster 23 EX (CS))
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Examples of Components TFitted with Strain Gauvpes

4

Stress proving ring fitted to a Petropumn type 95
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1.

1.1.1

1.1,2

1.1.3

1.1.4

VARD AV

CUIDELINES FOR COMPARATIVE TESTING OF PROLUCTS

INTRODUCTION

The best method of determining how particular brands of a product

will perform and endure, ir practice - and, therefore, of deciding
which is the most suitable for purchase - is be to buy and usc

them in the normal way,

There are some major problems in such an apprcach, however If it is
to avoid artificiality and produce real, useful aunswers, the uscrs
must know that the investigation is designed to simulate "real life".
They will then treat the products normally - especiallw if reality is
such that they have chosen and paid for the products in the normal way,
Unfortunately, however, the answers will not be available for a long
time, 1if they can be obtained at all,

Thus there arises the first dilemma of anyonc who faces a buying decision -
whether it be a personal choice about a product for personal use, or

for use by family or friends, or a corporate/business decision about

many products for use by others,

The problem is to obtain sufficient useful information about the brands

available so that a sensible buying decision may be wmade, The
dilemma is to obtain this inforwation before committing cne's findsz
to buying. The question is '"where and how to get such informatica?"”

At first sight it might be supposcd that manufacturers are prime sources

of the information one needs. What does the product do, how much, how
well, and at what running cost, how safe is il, how casy is it to use,

how noisy is it, how long will it last, what does it cost to buy/to

repair etc,? Manufacturers who wake their brands in thousands or millions
must surely know the answers (7)

We all know that manufacturers' advertising literature, perhaps without
being untrue, often avoid telling the whole .tvuth; even technics)
brochures for engineering products, sent cut by manufacturers' tcechaical
departments to the technical departments of buying ccupanies, althouzh
more factual, tend to mention the more attractive aspects of a product
rather than its drawbacks.

So, while we conventionally (and somewhat casily) reject manufacturers'
published information as inevitably not-independent, and somewhat biased,
what use is the fund of information which manufacturers wmust surely
have from théir customers through sales and field-service departments?

That information is certainly valuable but can it solve the problan?

Is it for example, comparative, verifiable and usage-oricntated?

Unhappily, usually it is not. Not couparative because one manufacturer
will seek, obtain and file different information in a diffcrent vay

from his competitors., Not verifiable becausc it often consists of oninions
of users - genuine opinions, but often not hclpful to potcutial puschasers
(we are all familiar with the over-dptimistic “testimonials™ which are sont
to manufacturers by usecrs; no doubt there are equally cver-pessimistic
complaints and abuse received by manufacturers)., Often this inicrmation

is helpful, but incomplete and not 2 balanced picture.

e



1.1.5 So, we end up with a need for - Independent
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Objective
Unbiascd
Accurate
Reliable
Verifiable
Meaningful
Comparative
Usage-orientated
information about products,

This then, is the reason for the foundation of Consumer Uniouns throughout
the World, and for the establishment of the technology of comparative
testing : many users can band together to fund research into )
products-in-use which will provide answers to the above questions,

and at a cost which is only a fraction of the cost of buying the

products nceded by these users. There is then a viable comparative
testing organisation (CTO), Consumers' Unions perform that function

for individual consumers (hundreds of thousands or millions of them in
Europe and N.America). Governmeantal and international agencies may
perform the rescarch co-ordinating and funding role for their taxpayers‘

or beneficiaries.




2.

ORGANISATION OF COMPARATIVE TESTIKG

Comparative testing work in laboratories, or in the field, necds to be

2.1 Independent of manufacturers, of politics, of pressure groups, the Press,

2.2

2.3

2.4

2.3

etc.,, for obvious reasons. The neced for independence has iwplications
when the choice of a testing orpanisation to carry out a project is
being made., It also has implications for the staff of the testing
organisation who themselves must not be subject to influences of the sort
mentioned. Difficulties can also arise if the testing organisation itscl
is so small relative to a project that the organisation's financial
viability rests on one projecct.,

£
'S

Objectivé

In that the results of any test must not depend on contingencies such

as the place, time, and persons doing the job, except insofar as location
is part of the test and particular skills arc needed. The samc testing
procedure carried out by a different (but equally competent) tcam in a
different place at « different timic should produce the same results,

Unbiased

By memories of previous results and observations, whether thesc were
obtained ir the same project, or in previous projects, or even Ly other
researchers, One helpful technique which can assist (but not e¢nsure) 1.ck
of bias especially in recording and analysinp data, is to code the brauis
with numbers or letters and refvr to them ounly by codes aud not by brawls,

Accurate

Test methods must be desipned and checked to ensure that results are correct

enough and precise/reproducible cunough to justify their use in cvaluating
the attributes of the product which the data pumort to represent. Notc
that there is no neced to measurc anything uore accuvately or wore preciszely
than necessary but that it is essential to.lkaow what the precisicn and
accuracy of a test wesult is and that they are the sane in all cases,

It will be essential for test organisations to have regular proccdures

" for checking the accuracy of their measuring instruments - includiung

simple measuring rulers - against their own refercnce instrumcutls and/or
against national reference instruments.

Reliable

Attention to all the other points plus Lhe reputation and expericuce
of the CTO will generally assure reliability in its work,
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2.6 Verifiable

Usually a test report on a product can have an effect on its sales;
therefore, a critical report, especially of a product's safety orv
durability, may be damaging to its manufacturer. If the test report

is misleading or inaccurate, or if testing has not been done propesly

or by suitably qualified staff, the manufacturers may in most countries
be able to get legal re-dress, It is therefore necessary that the
testing organisation take clear, and publicly avzilable, steps to casure
that its report can be proved. Such steps include -

(a) The need for all data to be recorded as and when it is obtainced,
and for it to be clearly labelled with the date and the signature
of the person recording the data. This original documentation
must then be preserved so that it can be produced if necessary to
justify the reported conclusions.

(b) 1If data are obtained which are likely to lead to substantial
criticism of any braund under test (or which are in some other way
"odd"), steps must be taken immediately to check such datz by - '

(i) Repeating the test with other, more experienced/senior
observers present.

(ii1) Checking the calibration of all measuring apparatus uscd
and the validity of the test method.

(1i1) Obtaining further samples of the brand concerned and
repeating the test on them,

A4 . . . N
. (iv) - Obtaining the manufacturer's comments on the factual data
(as in (c) below), and investigating thoroughly any
reasons for disagreccment,

It is desirable to inform the client after steps (ii) and (iii) and (iv) -
unless he wishes to subcontract all the respousibility for even the most
unusual results to the testing orpganisation.

(c) Even if (b) does not occur it is desirable, before issuing a final .’
evaluation report, to check factuzl data for each brand tested with
the manufacturers of that brand. HHe should only be given the factual
data on his own brands, without indicating evaluat vy judgemcnts as
comparisons with other manufacturers' brands, and he should be invited
to agree/disagrce or comment. If he disagrees with the test data he
should be asked to supply his own data to the testing organisation in
order to demonstrate that its results were incorrect or that the test
methods were unsuitable. Very often disagreements arce wminor and
unimportant { e.g, a ~1% difference in the measured external
dimension of a product compared with the manufacturer's specilication).
Even when there are substantial differcnces in test results these will
often be found to be duec to diffevent test methods, and, provided
that the testing organisation can confidently justify its test methods
and procedures in velation the criteria set out in this section (2),
it need not be in any way bound by the manufacturcr's wmeasurcwments or
views,



2.7

2.8

2.9

ADYE)

(d) Retaining test samples after presentation of the test report
for a long enough period to deal with querics which uay arice.

It is important that a comparative testing orpanisation has a full

quality assurance system - which, as in good manufacturing industrics, should
report to the organisation's chief manager indepeundently ol wanagers
responsible for finishing projects cn time and within cost

Meaningful

Data should be analysed thoroughly and the sigunificance evaluated - this
includes assessment of accuracy and precision and, other appropriate,
statistically-based techniques. Only data which make sense to potcntial
users/buyers should be included in the test report and indications should
be given of the differences which will be perceptible to users and which
matter in practice. These data - and, indeed, the whole report - should
be presented in such a way that rcaders can understand and use the results,
Without too much scientific detail it should be made clear how o reader can
appreciate the results, in order to see for himself what his best choice

of action is,

ComEarative

The range of products/brands included in a test should be conpurable

at least the brands included should bLe used realistically for conunrablce
ends and they should present a real choice to vscers/buyers., lorcoveyr all
tests in the research programme must be equally applied to all brands
without any differences in method or procedure.

Usage-Orientated

The test programme, the test methods and the evaluation wethods should take
into particular account the conditions in which the products are to bLe used
the level and nature of the users' skills and expectations, and the liliely
or inevitable abuse (''mormal abuse").

9
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THE TEST PROGRAMME

The attached flow chart gives an outline of the main steps in the

. execution of a comparative testing programme, Some points which should be

noted are -

3,1 Choice of Brands

The budget may be a limiting factor but every effort should be made to
include as many of the brands as are available on the market concerned,
in a fully comparative test., However, there will also be cccasiens

when one or two brands of special interest (immovatery designs, for
example, or new local production in the country of interest) should be
tested. It is also often helpful to include onc or more brands of a
different type or different price range in order to obtain comparisons and
see whether, for example, price differentials or innovation are worthwhile,

4

3.2 Shopping

Should be done anonymously and through channels which are normal for sales

of the product concerned. Care should be taken to ensure that samplesfor i
testing have not been specially prepared by some of the manufacturers since ‘
this would obviously invalidate test results. Shoppers should a¢lso collicct,’
wherever possible, user and installation ianstructions, service manucls,
guarantees and any other relevant documentation.

After delivery, samples and their associated literature should be checked
thoroughly to ensure that what was ordered was, in fact, obtained, and also
that the multiple samples of cach brand are, in fact, similar.

3.3 Sample Size

L%

It is rarely possible to take a purely statistical approach when determing
sample size but, as indicated above, it is important to ensure that the way
the samples are bought is much the same as the way in which users normally

buy these products, Later one, precautions should be taken to ensure that

the results obtained are not atypical of the products on the market, Such
precautions may include an assessment of whether a fault is due to poor

design or due to an excepticnal product failure, the checking of results
against manufacturers' specifications, the substitution or repair of a sanplg
the presentation of certain test results individually to manufacturers, .
and the experience of consumers themselves, '

With certain products, such as perishable poods, particular attention should
also be paid to the trading channels used for the purchase of the itens,
condition of sampling,’ transport and storing before test, in order to cnsure
the comparability of test results.

Samples obtained directly from manufacturers or wholesalers by the test
organisation are unlikely to be typical unless a selection of sawples from
& large number is permitted.
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THE CONTENTS OF A TEST PROJICT

Assumgtions .

All comparative test programmes make assumptions about the identity of the
user population, the nature of the usapge and abusage applied to the products,
and the value satisfactions to the user population of product attribuies.

These assumptions are most often implicit vrather than expiicit, and an
incomplete statement of the assumptions is one of the most prevalent
reasons for disagreement (betwecen users and comparative testing
organisations, between one CTO and other, )

Users are populations; so are the characteristics of usage/abusage;

so are product ranges, So comparative testing crganisations are faced
with investigating a statistically coumplex situation and presenting

results in such a way that they are useful (typically to readers who are
less sophisticated in comparative testing). Usually it is nccessary

to simplify the investigation by considering the most likely usage/
abusage, the 'average' user, and the most available product range. However,
it is desirable to indicate the limitations of these simplifying assumptions
(e.g. how prevalent are 'fringe'/'alternative' patterns of use, or user
groups?). and it is sometimes also desirable to consider evaluations of ‘
the same data relating to different profiles of user needs. The objective
of a comparative testing proyramne is to work within a defined set of

assumptions about users/usage and to dispreove the hypothesis that tliere is no

significant differcnce in value of the different brands of product examined
in the testing progranme.

Attributes Normally Considercd ' .

it is not the object here to prescribe comprehensive Terms of Reference for
a product. Nonetheless some guidance can be given oun those attributes of
a product which are most often considerced important.

4.2,1 Size, weight and shape : 1in somc cases these are important to the
user, because some brands may not fit the space available.
The size and shape of any containers which are part of the product
should also be measured and related ‘Lo users' necds,

4.2,2 Delivery : Appraisals of transportability can be wmade, and relate
to packaging supplied, whose degree of protection shiould be assessed,

of the materials, skills, tools necded should be given together with
an appraisal of the ease of installation, and whether it is
reasonable to expect the user/purchaser to be able to do it,
Instructions for installation which are supplied should be assessed
for content, layout, intelligibility and clear separation of multiple
languages (if relevant),

4,2.3 Installation ! where the product requires installation, a description

4,2.4 Design, construction and materials : where appropriate good and poor
features of the design should be cxamined and explained. The
manufacturing process, its depree of sophistication, the precision
required in making various parts and whether it can readily be
attained in batch or mass production (as appropriate) should be
considered, Materials of construction should be identified and their
appropriateness assessced to the design, to the wmanufacturing process
and especially to the purpose 2ud function of the product, The
ability of wmaterials to withstand the expected use/abuse should be
assessed - the wost {requent example here being corrosion resistance.
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4,2.6

4.2,7

Loy v s b

Running costs should be calculatcd bascd on the consuipiion

of electricity, oil, water, gas, dctorgents, batteries ctc.,

but actual consumption {igures should always be veported so that
readers can calculate running costs specific to their own awea.
It is important to comment on the nature of the enerygy iupuc
implications especially in relation to renewable energy sources.

Costs of reégular maintenance and of likely repairs during the
products lifetime ought also to be calculated.

Performance is normally mecasurcd under carefully contro!lcd
conditions which awve representative of normal use (findiug

such conditions can be quite arduous and wmay vell involve surveys
or field experiments c.g. in testing tools it is necessary to
survey how people actually use them and, perhaps, to wensture L
loads which they apply). Often performance of products iy
measured under a single "standardiscd" set of conditiouns; when
operating conditions are known or cxpected to vary substantialix
in practice, the performance should be measurced over a vange of
appropriate conditions in order to fiad out what range Lhe products
can tolerate before giving poor results. (An example would be
varying the voltage applied to clectrical goods to see what linc
supply voltuage variations they can tolerate). If people are
needed to operate the product they should be skilled staf{f for
performance tests (not ''users' - sce section 4.3); very often
autemated simulators are used {scc scction 4.4).

Any legal requirements that relate to the product should be talien
into account. Staundards organizatiocns and manufacturcer. arc
understandably kecen that where wethods of weasuring peric.ianca

have been published in Standards, thoy should be used by cownar-tive
testing organizations.

Where possible, such Standards should be used: often, Licuever,
Standards Methods for teasuring Performance do not exist, aund even
if they do, it is possible that they consider only "averape"

usage conditions, perhsps deterwined by manufocturers., 1t is,
however, recommended that testing organizations should be quite
clear as to their reasons why any test method is used,

As well as mcasuring the desirable cutputs of the product vhich the
user wants (and for which he buvs the product) it is TLCesSsary Lo

measure the "negative' aspects of performance”.  Thesc are undosirar.

outputs, such as noise and pollution (or factors such os the
(undesirable) mechanical and chemical wear of the uscers’ clotiics
which may accowpany the (desirable) cleaning they receive in a
washing machine), Adverse effcctls on non-users -~ e.g. neighbours -
should also be assessed, and here again noise and pollution arc

the commonest factors,
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4,2.8 Resistance of the product to normal abuse rcequires that it alse be
tested under conditions representing thé inevitable, ov likely,
abuse to which users will put it. The fact that manufaclurers may
say that such use is extreme, or that the product is not desigred
for such use should be ignored, if it can be shown that users
do actually so use the product. Lxamples of 'normal sbuse"
include using screwdrivers to cpen paint tins (thereby teuding
to bend them), hitting wood chisels with a hammer instcad of a
mallet (thereby risking shattering the handle), using screwdrivers
as cold-chisels (risking shattering the handle or blade tip),
not levelling refrigerators, running small clectric dvills with
sanding attachments for the time taken to sand the paint ou a deoor,
stalling electric saws, using too much detergent id washing and
dishwashing machines.

Resistance to normal abuse includes the ability of the product to
withstand extreme climatic and envirommental couditions which arc
either inevitable or likely,

4,2.9 Safety of the product for its users and surrounding population must
be investigated thoroughly, Szfety aspects must include elcct;-:ic.,
mechanical, chemical and potntial dangers arising from hent,etc.,

All types of abuse must be considercd. Safety under probable fauit
conditions should be reported and if users are likely to maintain
and rvepair the product themscelves, its safety under mainteunance and
repair conditions must also be reperted, 1t is obvicusly
desirable that products should be safe under all conditicons but
this is an ideal which may be unattainable in practice - safety
being relative, not absolurte,.

and in relation to the best available protection -~ for example in
the case of electrically-pcewered hedgetrimmers, the moving blades
represent a serious hazard in use which could result in loss of
fingers but they are unlikely to kill, as inadequate elcectrical
Insulation could; morcover inadvertent starting of the hazardous
blades can be prevented by interlocked switchos and '"deadmans'
handles and any brand which fails to provide such precautions
should be strongly criticised. ‘

Safety can be assesscd both in terws of the likely dawsge to people,

4.2,10 Convenience in use, and ease of use should be assessed. Any special
demands which are made on the user in terms of anthropometrics and
ergoncmics should be highlighted, Such information is available
for many if not wmost, countries and this should be considered hefore
assessing ease of use and convenicence., Ergononists and experts on
the product should collaborate in providing informed opinion,
Hypotheses thus developed can be tested by user tests (Sec section 4.0

In these assesswments/tests it is obviously neccessary to consider the
control kunobs/handles etc., which a user must operate, and any other
parts with which (s)he will cotic into contact. The intelligibility
of instructious, of labelling on the controls or other parts, and of
the design itself should be asscssed. Convenicence and case of use
should be assesscd/tested for the range of unsers likely to operate
the preduct. It is coften relevant to consider minority groups here,
such as children, the aged, disabled or handicapped people (including
pregnant women as a particular case of teaporaily "haondicapped”
users)and the left-handed$ with appropriate knowledge nanufacturers
can often design and make products which cau be used by these
minorities, but many of them often fail to do so. If theve are cven
one or two bramds in a comparative test which can be uced move
convenicenltly by sowe or all of the likely mivority groups it is
worthwhile to repert this fact.
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choices and loss of coufidence in conparative testing
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Durability testing often involves lengthy automated operation

of the product, perhaps accelerated in time, in order to scc the
effects of substantial use of the product. Durability docs not
mean reporting only the life of the product: it should janclude
finding out what factors limit the life (under use and abuse
conditions), the most likely causes of failure (with an indication
of expected frequency), how failures manifest themselves or can
be detected and theit consequences. The desirability and
feasibility of users rvepairing failed parts should be assessed
in terms of the supplics, tools and skills required and compared
with repairs by regular service organisations (f{rom the
manufacturers or independeut professionals).

It is most important that automated durability testing should
represent as faithfully as possible the actual conditions of usage.
An example of the differences which thi$ can make was found iun
testing bicycles: in the past durability testing in Europe had
consisted of mounting the bicycle, with a weight on its saddle,

on a moving "road'" ('carousel' or 'rolling yoad") the surface of
which was representative of recal roads and kcrbs/;otholcs. When
Harpenden Rise Laboratory developed a machine which not conly

loaded the saddle-tube, but also pushcd on the pedals to drive

the bicycle (and the “volling rond") and also pulled and pushed on
the handlebars and scat-tube as a rider would, results veve coiriuea
corresponding more to failures {ound by actual cyclists., As {or
performance testing, actual conditions of use probably huve to be
discovered by surveys and weasurements in the field.

Corrosion resistance should be included in durability toesting,

Although this is not intended to be an exhaustive; ov prescriptive
éist.of attributes to test, it is recomucnded that carcriul thot nt
e given itting any, since incor; -
g before omitting any, since an inccuplete report oy

mislead readers (potential buyers)., 7This could lead to uspproepriate

innpnvopriate
: (urloevstandablv
but undesirably from the readers poiat of viciy) ,9
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User Tests

Many attributes are complex and way not be casy to measure. For example,
noise is usually important as the percecived nuisance: visibility froum

a car is a complex function invelving subjective iwmpressions, as well as
the topolopy of the design. Taste and other culturally dependent sensory
perceptions usually cannot be measured objectively. Comfort and casc of
doing something cannot be measured direcctly, Anthropometric and crgonomic
studies, while necessary, provide only guides to the design of proper user
tests. :

Uuser tests are,therefore, designed to test the attributes, which cannot

be measured objectively, using panels of pcople. Data are obtained by
measurement and obscrvation of the person/product system, by the users’
answering pre-designed specific questions (e.g. on a prepared questionnaire,
or under interrogation during or just after the test) and/or by collecting

“free-form'' responses from the users. User tests way range from carefully

supervised operations in a laboratory to usage by individuals or groups in

their homes. It is casiest to analyse data obtained from 'blocked'

experiments in which each user uses each brand under comparabic conditions

and in the same way, (the brands being used in different orders by different
users). If the tests have been designed by a teawm including an 1:1;71)1‘0;)1‘1'.;3'\;(31';.
experienced and specialised statistician and survey sociologists, they shou
be able to eliminate the variance due to usecrs/user groups.

RN

Field tests can be particularly difficult because it may not be possible
to change user group/brand combinations sufficiently and, therefore, it
will be more difficult to distinguish between user group differences and
real brand differences. User tests unlike objective measurements are
subject to the same problems of reproducibility and accuracy as surveys.,
They are, in fact, sociological experiments as much as, if not wore than,
they are measurements.

It is necessary that the sauple of people recruited as users is
representative of the population of actual users, for most products the uscr-

population is not the same as the population of the nation. The sample
recruited for a user test must therefore take into account the characuieristic
of the real-user population (which can often.only be discovered by a
preliminary survey).

In the case of water pumps for LDC's recruiting a representative sauple of .
people for a user test presents substantial difficulties. 1If tho test

is being done in a country other than that in which the results viill bhe of
interest, there are problems of matching the user-pepulaticn anthropemetrical
as well as for sex and ege.

A further requirement in user tests, as in surveys, is the avoidance of bias,
Bias is not just a bad, subjective characteristic, (e.g. opinion) of the
user which (s)he brings into the test. Bias cccurs whenever some sub-
groups of the user population are represeunted on the samples more than
others (e.g. in a comparative test of cookers if there were substantially
more owners of one brand than of any other brand the samples would be biaged
in terms of that brand - not necessarily in its favour). Bias may occur

due to faulty sampling techniques on the part of the organiscr, but is

more likely to be due to limitations outside the owganiser's countrol,
since,for obvious reasons, his knowledge of the population is linited,
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The organiser sclects his sample of users from a section of the usec:
population which {(s)he knows and has access to. The assumption is

that this section of the user population is itself representative of the
total user population, and sometimes this assumption can be tested.

For example, at Harpenden Rise Laboratory, we normally seloct samples of
users from a list of over 2000 Consumers' Associction umembers who live
within a few kilometres of the Laboratory. We are tacitly assuming,
firstly, that Consumers' Association members are representative of the
British users of the products being tested and, sccondly, that thosc
living in N.W, Hertfordshire are represcntative of the country as a whusle,
(The first assumption is not so iwmportant when wve are testing products for
reports in our own magazine to our own members). The assumiptions could
be tested by selecting samplcs of non-members i our area, and samples of
members and non-members from arcas far away, or likely to be diffcrent:
such testing would be more difficult and costly and usually it is not
judged to be necessary for CA projects, but the nature of thie bias of cur
basic list of users must be considered in other projects.

Another common source of bias arises from self-sclection: mnot cveryoi
who is invited to respond to a survey or to help with a user test wish::
to do so, and there is a possibility that the characteristics ol veiu;
willing/unwilling to help in these tests may be associated with
differentiation in user/usage characteristics. Por wmost surveys in tlo
UK it has generally been found that willingness to answer doces not ronit
in bias, but for some uscr tests {(and, particularly for'Tree fora' il
trials) more caution is necessary in intevpreting the results,
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Accelerated Testing and Simulations -

Often it seems desirable to simulate normal usage of products using
mechanical/electrical/electronic machinery to 'operate' the products.
One reason for this is the inherent irreproducibility and arbitrariness
of human operators which might lead to non-comparable usage betwcen

the different brands being compared, (a simple exawple being the effccts
of fatigue on a human operator in testing the sharpness of saws, or the
psychological effects on human operztors in measuring the maximum
braking performance of two-wheeled vchicles). The machine or 'rig'
which replaces human operators neceds to be well designed, taking account
of the characteristics of human operation {c.g,a-wetal rod driven by &
rigid ram does not adequately simulate the resilience of a hand pushing
controls): if this is well done, a rig can adequately simulate normal

usage and ensure that all brands are treated ceomparatively, It mugt

also be remembered, however, that real usage of some products will bLe

brand dependent (e.g. some cars will be driven 'harder' than others due

to the psychological response of the driver to their combination of
performance, ride, visibility etc.): in such cases the chavacteristics

of the rig should be varied to match the expected human operation, .
while retaining the indefatigability, precision, reproducibility and
comparativity of a rig.

Another frequent reason for using simulation i3 the variability in
environmental and load charactetristics of real usage; countrolled
environments and standard loads can be devisced provided they cuan

be shown to be represcntative of actual cenditions (e.g. controlled
climate chambers) or to gpive test results which are vepresentative of real
usage (a situation most thoroughly worked out for American/Europeuan
domestic appliances).

The need to accelerate usage in order to exemine wear, breakdowns and
durability frequently leads to the usc of centinuous/propramuced

automated rigs., In some cases products caun be operated in this way

for 168 hours per weeck, but before doing such accelerated intensive
testing it is important to consider whether rest periods between usapge
cycles in normal situaticns are actually Iwpertent in contributing to
longevity (e.g. when the rest period allows the product to ‘cocl off'

as, for example, in an elcctric drill intended ouly for cccasional, ‘
amateur usage) or to deterioration (where the rest period permits wvea:

and degradation to set in as, for example, the corrosion which sceus to
occur in many machines winile they are idle and static); in either of
these cases, a tco intensive durability test will produce unreprescntative

results, and a 168 hour per week test way only answer the question

'What happens to the product (and its parts) in intensive use?
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EVALUATION OF RESULTS

There are many short cuts to processing the data from appropriate
tests to arrive at evaluated conclusions. But there is no

substitute for the initial thinking about the product in its
situation of usage, about the necds and values and (dis)satisfactions
of the users, about methods of evaluvating the product,

Ideally comparative testing results should be subjected to
multi-attribute utilityv analvsis though usually there is insufficicnt

data to do a full analysis; for this rcason we normally usc a
Simple Multi-Attribute Ranking Technique (see¢ Appendix IIL), which
facilitates going from the data obtained by measurements and tescs
to a ranking order for the brand tested,

Any evaluation makes assumptions about the unceds of users; for this
reason the future evaluation method nmust be considered when deciding
the content and methods of the project, although modification may well
occur as results become available,
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Definitions

Combination of particular terms of refcrence
epplicd to parvticular products for use in
particular situations.

Docuwmient outlining the extent and limitutions
of the testing.

Theory relating the ways of obtaining data to
their significance.

¢
Description of how each attribute will be
examined and measured.

What the people examining the tests actually
do, in detail,

A property/parameter belonging to the product
which relates to its usage.

The process of arriving at conclusions
representing the value of products to the usoer
(and also the conclusions themsclves)

A list of the brands examined placaed ia ordor
of in/de-crcasing value of definod ztirilute(s).
The relative importence/value of an attribute
(often quoted as a % of the value of the whole
product),

A measure of the depree to vwhich cue Lrasd nects
the ideal specification for un attlribute.

One particular design of the product (diffecrent
mwodels fitm the sane manufacturer/distiibutor avce
normally treated as different brands),

An individual cexample of a brand/model,

The unbiascd views of an independent assessor
posscssing the necessary qualifications, skills ans
experience relating to the products/attributes,

Scui-or-fully-autairated test cquipment/machinery
which operates the product and/or measures/obscivas
the performance.
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APPENDIX 1 (Cont'd) . ’

'"User' or Panel Tests : Practical tests carried out under controlled

' circumstances on products by a group of users.
Survey The collection of information from a sawple
of users (members, subscribers, or the geneval
public) either by interview, discussion, ox
postal questionnaire (See IOCU Guide on Survey
Work).

Test Programme

-

e

The overall plan for corparative testing
including choice of brands, test proposals,
; and proposals for pancl test and survey work,

Expert

Anyone with specialized knowledge of the subject
being investigated. ‘
3

Test Report Report of results of laboratory findings.

Project Controller

Person with responsibility for managing,
co-ordinating, and sceing through the worlk on an
individual project to its conclusion, including
reporting the results and drawing evaluatced
conclusions from theom.

Shoppers The people employed by the testing organization

to buy samples for testing.
\



APPENDIX T1

CONDITIONS FOR TESTIRG BY CA TESTING DEPARTMENT
(HARPENDEN RISE AND_GOSFTELD 1LABORATORIES)

We are able to perform INVESTIGATION ARD TESTIRG OF PRODUCTS for sowe
organisations other than CA (with the cxceptien of wanufacturers and
traders), and this document suummarizes the vay in which we norually
work with such clieunts.

Before starting any tests it 1s neccessaxry tuv discuss and agree TERMS
OF REFERENCEs;which are the dectailed instructions from the Client

to the Laboratory, on which the work will often be based, Terms of
Reference are written by the Client, but we can propose Terms of
Reference for discussion., An appreciable part of the Laboratorics'
work is testing to relevant national or internaticnal Standards
(e.g. BS DIN IEC CEE 150), to manufacturcrs' speccifications or
against claims,

The Laboratory can give preliminavy estimates of the COST OF THSTING
to any Terms of Reference, but such estimates are not to be understocd
as firm quotations unless they are issued on a TESTING AUTHORTSATLIOU
FORM or QUOTATION FORM over the signaturce of a Seclion Manager, ard
the initials of the Head cof Testing. Quotatious will normally ounly
be given against specified, and agreed, Terws of Reference, for «
specified number of samples of cach of the specificd nunber of brovds
to be examined, and for agrced dates for delivery of samples oL hu
Laboratory and completion of the Laboratosy Report, Chviousi; ¢l .
in any of these conditions wmay alter the actual cost of perforusing
the work,

A QUOTATION issued and later accepted by a representative of the
employing organisation (e.g, by signing Scction 4 of the TAF) will

- be regarded as an official commissioning {or the work to be performed

and, unless there is any cuceptional civcumstance, this comaission wiil
be accepted when the Head of Testiung signs Section 5 of the TP, oud

acknowledged by return of a copy of the TaF to the client. There is then

a CONTRACT between the employing organisaticn and the Testing Department,
" Payment for the work will normally be cexpected within oue month of

presentatioa of an Invoice (after deiivery of the Laboratory Report,
or other agreed terminatiou of the Contract).

GOODS FOR TEST will normally be purchased by the Client and delivered to

the Laboratory at the Client's expense, although we may be able to give

advice and sometimes assistaucc in arranging transportation. Any sparcs,

accessories or replacements which are necessary to fulfil the tests
according to the agrced Terms of Reference, or because of faults in the
samples as supplied, will also be supplied by the Clients and delivered
to the Laboratory.
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Appendix II (Cont'd)

All goods for test remain the property of the Client and we will
ensure that all goods are tecturned to the Client after testing
(unless otherwise instructed by himn); (cif will normally be
charged to the Client), Th> condition of tested goods will be
notified to the €lient as socn as possible after completion of
testing, noting whether they are :

As new, Good (minor blemishes only), Repairable, Unsafe or Scrap.

Goods originating from outside the UK must be consigned to
Consumers' Association, 14 Buckingham Street, London WC2H 6DS, and
all transportation documents (delivery notes, bills of lading,
customs declarations) and all packaging of the, goods themsclves must
bear the legend 'Imported undet Consumers' Association General Bond
No : SOLR 2368/73),

The Laboratory will preserve until three months after delivery of the
Report all packaging, instructions, labels, guarantces and other

material that may be needed to identify products or to show the way .
in which they are intended to be used or prepared for use.

The Laboratory will, so far as it can consistent with the testing
programme, take good care of and nobt make use of goods which are in
its possession for testing. While on Lavoratory premises, Goods
for Test are covered by the Laboratory's insurance against fire and
theft, The Laboratory docs not accept any liability for risks
inherent in the nature of the testing or which cannot reasonably be
foreseen.

The Laboratory will, unless otherwise requested, keep tested goods

‘until three months after delivery of the Report on its premiscs in

the condition they were in immediately after testing, together with
all component parts of tested goods, as well as the remnants of any
goods damaged or destroyed in the course of testing, and will preserve
appropriate means of identification of particular products in relation
to the tests and the published report.

R
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It is usual for DISCUSSION to occur between represcentatives of the
Client and the testing staff of the Laberatory as appropriate during
testing and after completion and delivery of the Laboratory Report.

Any significantly unusual results or occurrcnces during test, or

peints of principle about test methods will normally be notificd to the
Client as soon as possible, especially if criticism of product sufcly
or performance is likely to cnsue or 1if there is a likelihood that
the Terms of Reference for testing wmight be changed in consequence.

The Laboratory will also inform the Client if any goods submitted

for test do not appear to be as specified in the Terms of Reference

or if there are any obvious similarities betveen different Lrands,

or dissimilarities betwcen samples of the same brand. The Client vill
be notified if any tests specified in the Terms of Refercnce appcnrc to
conflict with manufacturers' recommendations or ianstructions for uwc,
or with relevant national or international standards.

Wherever possible the Laboratory prefers to use the Telex for such
communications in order to combine speed with the availability
of a written record.

(The Laboratory can accept letters or telex communications iu Froneh,
German or Dutch as well as English. Other lanpuages will reguire
time for translation ). ’

The Laboratory will carry out the tests described in the agreed voerus of
Reference mentioned on the TAF and the resulus will be delivered to the
Client in a CONFIDENTIAL LABORATORY REPORT (written in English), the

copyright_ of which will remain with CA.

The Laboratory Report will contain estiuiates of the accuracy of all
measurements and, where appropriate, statistlicual analysis of the

results (e.g. in User Tests), Any major criticisms of products which
during testing were notified to the Client will be warked in the
Laboratory Report as 'Purple Alerts'; in such a case the appropriate
original observations or measurcments made by a Tester will have Leen
checked by the Section Manager, the Quality Assurance Officer cud, in the
most serious cases, by the iead of Testing.
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ALL ORIGINAL OBSERVATIONS, MEASUREMENTS and RECORDS of coumunications
between the Laboratory and the Client during testing will be retained
in Laboratory Project Files for at least twelve months in order to
provide original documentary evidence if required by the Client; this
file will be treated as Confidential to the Laboratory and the Client,
All original observations and measurements arc recorded in Laboratorny
notebooks and are initialled and dated as the records ave wade.
Measuring instruments arec calibrated regularly against appropriate
standards and full records of such calibrations are maintained.

' The Laboratory Report is prepared from a draft which is examined and

corrected by independent Checkers wholly employed by the Laboratory,
whose comments are also retained in the Project File,

We will keep CONFIDENTIAL all matters relatiug to testing and reporting.
This covers every aspect of the relationship between the parties, and
nothing will be published or divulged to anyone (including, obviously,
the press and broadcasting authorities) without the Client's specific
consent each time. This confidentiality will be kept both before and

after publication of any report by the Client (wherc applicable).

Examples of things which we will keep confidential are -
{(a) The fact of having been comnissioned to do the work.
{(b) The products tested.

(¢} The methods of testing.

(d) The results of the testing, or of any other observations’
of the goods for test,

(e) The contents of the test reports,

l/

(f) The contents cof any draft report for puhlication (where applicable). ’

(g) The nature of and reasons for revisions im the draft report.

These standard Conditions of Contract require the Client to maintain the
same degree of Confidentiality. Either the Client or the Laboratory nay
break this confidentiality cnly by express apgreement of the other, or

if compelled to do so under, or by virtue of)an order or rule of court of

law,
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11. When the TESTING is commissioned by the Client IN O&DER TC PUBLISH
a report on the goods, either to the general public or Lo subscribiny
members of the employing organisation, the Laboratory can often nelp
1f a8 copy of the draft publication veport is sent to the Laboratory as
soon as possible for couments, In this case the Laboratory will couen:
on the factual statements, and intevpretation; if the Clicnt wiches the
Laboratory to check any factual statemeuts in the draft publication report,
the words 'Please Verify' should be written on the draft clearly apuinst
the parts which are to be checked, ‘The Laboratory will then indicate njrcerent
disagreement on the draft and return it to the Client initialled and dotod,
If the Laboratory thinks that statcments ov interpretatious in the
publication report are accurate or reasonablce but cannot take respousibtiiicy
for them it will write 'Kot Checked', '?’', or sdme similar indication.
Anything in the draft report left without comwent is to be regarded as not
checked specifically.

12. The Laboratory may be able to supply 'expert witnesses' and would norually
expect to be able to verify the statements in the Laboratory Report.
However the results of investigations and tests may not be used for the
purposes of any civil dispute or criwminal prcsxcution without the prior
written agreement of the Head of Testing. 1f the Client requires the
tests to be carried out in connection with any dispute (existin; or

contemplated) the details must be disclosed to the Laborvatory beiore iiw

Contract is signed. If Laboratory staff arc requived to preparve, ov

present, evidence in connection with any dispute or legal proccedinge,
whether instigated by the Client or anyone clse, the Client will bu

.charged for the costs of additional tiwe and cxpenses involved over nnd

above the original Contract for test work.

|

13. If any DISCOVERIES are made by Laborvatory staff during an invesiigation
or test we reserve the vight, after consulting the Client, to sccuve
ownership of the discoveries by patent, repistercd desipgn or copyri,.ht
in any countries, In this case the Client will be entitled to a {rce,
non-transferable UK licence with limited period of exclnsivity, and othor
licences on terms to be agreed.

14, The Laboratory is not obliged te allow Clients to witness the tests,
or any experiments related to thewm, and reserves the right to exclude
VISITORS, although this right will not be unrcasonably used. If
representatives of the Client do visit the Laboratory they will be
restricted to the areas and staff concerned with work being done for theom,
in the interests of preserving the confidentiality of other work,
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APPENDIX T11 -

" SHART!

EVALUATED CONCLUSTONS FROM COHUPARATIVE TESTS

(Multi-attribute utility analysis)

Comparative testing, whether it takes place in a 1aboratory;
in users' homes or 'in the field' aims to assess products
in relation to the needs of their users/prospective users.

In order to make the results of the tests meaninpgful and
useful to the reader of the reports it is very necessary

(a) to make the process ofarriving at conclusions clear,
objective, and reproducible.

(b) to present the conclusions to the reader so that he
can see how the conclusions follow from the cbjective
data plus our assumptions about users' needs. Then,
if he wants to change his own understanding of thecse
needs it is not necessary for him to wade through all
the mass of detailed evidence - he will be able to 'dial
in' a new set of needs and obtain new conclusions,

Obviously we need to do two things :

(i) think about our assumptions of the user's needs, cxpose
them so that they ave usecful to the reader.

(ii) develop and use consistently an objective 'calculator'
for deriving evaluations of products,

These necd to be done at Terms of Reference stage,

so that we can see that project resources are beiuny put
into obtaining data which is judged to be useful to
readers, i '

We cannot draw any conclusions at all from our work without wmaking .
w v

some assumptions about the needs of a user; this follows from
the aims of our work which are to evealuate and coupare products

in relation to their real usage and abusage. Obviously we zhould

try to find out what real users actually want and expect from a
product and how they will use and abuse it. Scometimes theve is
survey inforwation, sometimes we depend on our client/project
officer, (rarely) therc is a specification for usc, sometinics
we are relying on our own experience os users (and perhaps ourv
own prejudices aud peculiar neceds).

For a long time some consumer organisations (notably VU CB SW)
have used an evaluation system whicihh is relatively objective,
While it is not totally beyond criticisi, it has many advantages
and is, in any case, one of the wecthods tried and proved by
many non-domestic purchasing orpanisations on both sides of the
Atlantic - the Amervicans refer to the problem of evaluating
products for purchase as mullti attvibute utility analysis.

This particular method is a siwplilicd version called SHaRT
(Simple Multi-Attribute Banking Technique).
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Starting with the whole product cvaluation as 100, divide tihis
into the main attributes which will be tested and acuipn
weightings to each.

(1t is helpful here to remember that attributes of wost
products can often be divided into size, and shape, fcatures,

erformance in normal use, nenative pects of peric:arnes
Ecost, noise, vibration, environmental damage ctc)., it

normal abuse, ecrponomics, durability, and maintcnince.

Obviously normal usage/abuszge/users do cover a wide range of
situations : in many cases it will not be sensible to decide
on onc "average' evaluation, aud perhaps several different
evaluation "trees' should be used to draw conclusions,

for different segments of the user/utage population,

e.g. for Washing Machines

Jurability 15

\.

T o e i i RN cmimemene
Performznc No1.o.¢ 20 Lonning

Costl =zC

and subdivide these where necescary and eppropriate e.g.
® —. -
. Performance 25 . | Convenience 75 PN e L
} > T T
ning (1) 10 | Washing (2) 7 |vrying 5 [Cressing 2 Vntoncing O Coriroln o |Crenninge 7FRLL
: ¢
Further subdivision follows vhere necessary and possible,
and the complete trce should be drovn (sco over).
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Method and scoring of Tesults are inextricable.

7 - Deriving the conclusions from the results is then relatively
straightforvard.
Starting from the left hand side (or more detailed braych of
the tree) one takes the test results and ascigns a scorc on a
ten point scale to euch product.

(a) for some tests which wrc irherently ccores (
convenience assess: &nts, “inctructions otc) 1s obviously
simple : if the origin: assussmcnts Ly coter/user are
only on a five point sca 7. (or:d should be) Lhen just meliiply
by two to get a 2, 4, 6, &, 10 scalc

. urer lesto,

(b) for other tests which produce un sppereutly contiruous
_ scale of meacurcmento (c... 0-100  waching index, ioc,
.' electricity consusption) it ic neccssary to thirk zbout &
reasonable range ovcr wnich & 10-point reling scale could
sensibly be zuplied : zloo the widihc of (ke 10 seclors
of the rating scale do not have to be the sume e.g.

.

[

o 10 20 30 40 50 €0 70 &0 go 108 vorliing e

protoaile ranpe ol roeouls

¢ —— - )
| - O : *--?—.—7«»1‘- -5 b—6——$' »-0—8-@-~()-—-4’] “aosihl e o N roav
¥ O -2 =3 b / G O pesuible wcorirn:
\- value to the ugor
) rceda of tho uoe:

consicerad)

(¢) there are some ztiributes which ar: messurecd on a continuo
scale which actuaily iz D*o“f“T*orgv.(Qr,1uvurucly proporvicnal)
. to value to the uscr (e.p. fucl concunption).

8 - There are some atiributes vhich cun rulce out a product totully
from further consideration (c.p. lack cf aaccuale rafcety, or even
very poor performznce in comz respects). In order that this real
situation can be mocdelled corrcctly in the cvaluztion, the
appropriate values of these attributes which would rule the product
out o consideration can ve given & score of -1000: the firal scorc
of the entire product will then be negative. Tor example, a scoring
" system for safety of : Harardous = =000
Potentially hazardous = 100D
Unsaticfs L,tOI‘ o . (0]

Satisfactory with minor criticitms = G
Salisfactory within limits of tects = 10

would delete all producte found to ue &CLL&J]F or rotentially
hazardous and highlicnl thooe which : ciol 3
further examinatior).
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9 - For each brand have a photocopy of the tree (section 6) with

the weightings omitted. Starting from the branch cnds en
on each 'twig' the score on the 10-point scale (section 7)
multiplied by the weighting of the master tree (section 6

ter

).

This is the brand's score on that particular attribute. Vork

up the branches, adding all the numbers from the previous
sub-branches, to arrive at a total score out of 1000 (100
x maximum of 10 on 10-polnt scale).

L9977

10~ It is now possible to draw up a rarnking table for all the brands.
Divide their final scores by 100 to get rankings on *10-point scale

Obviously further condensation to a 5-point scale is poss
but not recommended for laboratery reports. ’

Including all the individual brand score sheets (section
the master weighting trec (section 6) and the tases o

ikle,

9,

n

which measurements were converted to a 10-point sacle (section 7)

as Appendices to the Report;will erable any reader who wants to

use different weigntings, or different scaling of particu

lar

measurements to do so quickly without having to rcad laboriocusly

through every page of the Report cach time.

11- The key task is to prepare the mester weighting trce (section 6).

[

This is where all available irfermation (from surveys, ¢l

ient,

consultants, previous experience, other publications) hus to be

incorporated and a judgement has Lo be made . Substsntisl discussien will be

“ neccessary and is desirable (at least with tie Client),
12~ There is a difficuliy about attributes which are judged t
important to the user (protably with pood reazon and evid

the judgement) but for which there are no data available (
because the necessary testis hizve not been 1
the limits of time and resources available). -In these

8
not satisfactory to .omit these attridbutes from the weighting tree

cnce
either

because that gives a falsely reassuring picture of the completonsus

of the information. These 'difficult to asscess' attribut

treated comparatively, though they will only be ass

cs chould

be included in the weighting trece even though sll scores for these

brands will be zero, for all brands., At lecast all brends will be
(83

maximum possible score of 10 - (0.1 x weighting of unmensured

attributes). TFor example, if the durability of dishwashers
is judged to be 0% of the value to the user, and we do not
durability (as is the case up to 1977) then dishwashers wil

only be scored against a maximum score of 7.

13- Finally it is worth stressing that, whether it is spelled out or not, the

ways in which results will be appraised is inherent,in the Terms of

Reference and methods being usced in the project - better,

then,

to be

explicit so that Report readers may more casily sce clearly what has been done.



WORLD HEALTH
ORGANIZATION

Research Study Group Meeting on
Appropriate Technology for Improvement

of Environmental Health at the Village

Level, New Delhi, 16-20 October 1978

H SEARONY
y;

/2

REGIONAL OFFICE FOR
SOUTH-EAST ASIA

Restricted

SEA/EH/RSG Meet.1l/4.1c
13 October 1978

NOTES AND REFERENCES ON DRINKING WATER UTILIZATION
IN RURAL BANGLADESH AND SUGGESTIONS FOR RESEARCH

By

J.B. Skoda*

- 55bb

*Chief, Water Supply and Sanitation Section
UNICEF Regional Office, New Delhi, India

The opinions expressed in this paper do not necessarily reflect those
of the World Health Organization nor of the UNICEF.



NOTES AND REFERENCES ON DRINKING WATER UTILIZATION
IN RURAL BANGLADESH AND SUGGESTIONS FOR RESEARCH

1. Water Utilization:

A survey was made in 120 villages in Bangladesh in
November and early December 1976 (see ref. no. 1) which
found that over half of the households (52%) were using
handpump tubewell water for drinking and that 27% were
using lined dug wells. Thus a great majority (79%) were
using groundwater for drinking at the time of the survey.
The survey found that 73% of the households were within
700 ft. of a handpump tubewell and 40% were within 300 ft.
The attack rate for diarrhoea or dysentery in the week
preceding the survey as reported by the households showed
that those using groundwater (either handpump tubewells or
lined dug wells) had only about half as many attacks as those
using surface water.

The survey found that in most cases the villagers used
the handpump tubewell water only for drinking and not for
bathing, laundry or washing of cooking utensils. Although
the survey was done during the dry season the villagers were
questioned as to their source of drinking water throughout
the year. Only about 1% of the households answered that they
changed their practise from season to season. In other words,
the use of handpump tubewell water for drinking appeérs to be
quite consistent from season to season. This is not the case
in other parts of the world (see for example ref. no. 2
regarding changes in water usage habits from wet to dry

season in Dongore, Ethiopia).
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2. Chemical and Bacteriological Water Quality Problemns:

Much of the groundwater in Bangladesh is quite high in
iron and this appears to be deterring installation and use
of tubewells particularly in those areas having iron
concentrations in excess of 5 ppm (see ref. no. l). In a
preliminary study in which 64 wells were checked 30% showed
signs of faecal contamination (ref. no. 1). Subsequently
(see ref. no. 3) two rounds of tests were done on a sample
of 80 tubewells. The first round showed 24% unacceptable
(according to Bangladesh water standards) and the second
round showed 13% unacceptable. The first round was done
during the wet season and the second one during the dry.
Another interesting finding is that there is an increase in
percentage of tubewells producing contaminated water as fhe
number of users increases beyond 200. The typical public
well in Bangladesh is, however, only used by 100 or so
people (ref. nos. 1 & 5).

3. Mainte ce of Ha in B esh:

In the last two months of 1977 a survey was made of
about twelve hundred tubewells in the same villages where
water usage had been surveyed the previous year (see ref.
no. 4). This survey found that almost 80% (the figure being
higher for newer installations and lower for older ones) of
the handpumps were being kept in running order. A similar
percentage were found in running order in a survey done
elsewhere in Bangladesh (see ref. no. 5) about two years
earlier. One of the interesting factors to come out of the
most recent survey (ref. no. 4) is that almost half of the
wells which are being maintained are done so through local
caretakers/mechanics or through some combination of government
and village cooperation. This is attributed to the fact that
the handpump tubewell has been known for several decades

/eee
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throughout Bangladesh and thus quite a large number of
people are able to do the necessary maintenance.
Furthermore spare parts are available in most of the local
markets and thus government was only relied on for parts
in about half of the cases.

4. Disc i S esti H

From the data taken in the 1976 survey in Bangladesh
mentioned above, the percentage of households within a
given distance using tubewell water appears to indicate
that fewer, high yielding wells might achieve the desired
coverage. However, subsequent studies (see ref. no. 3)
regarding the bacteriological quality of tubewell water
indicate that when the number of users of a tubewell
handpump installation in Bangladesh goes beyond about 150,
there seems to be a greater chance that the well water will
become polluted.

Locally available materials, such as leather and jute
are desirable because of their low cost and availability:;
however, they are not so desirable in that they can
decompose and provide nutrients for bacteria which might
accidentally enter the pump in falling dust or polluted
priming water. Another indigenous factor is the common use
in Bangladesh of cow-dung mixed with clay and water to form
a sort of drilling mud for the sludger sinking method.
Prolonged pumping to develop the well and heavy use seems
to flush the system sufficiently as far as it is known, but
no detailed study over time has been made which would
definitely indicate how much flushing is needed or what
specifically are the health risks associated with this
technique.

/eoa
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An effective maintenance system requires good
communications which, in turn, imply a fairly good level
of education and physical infrastructure. As Bangladesh
does have a network of roads and river transport and other
communication facilities, a maintenance system is easier
to set up and run there than would be the case in a country
with less adequate communication capabilities. This
requirement may hold even where much of the maintenance is
to be done by the villagers themselves as they need access to
information and material supplies from outside the village. .)
Thus, one may find the somewhat odd situation that more
trouble—-free, and hence often more sophisticated and
expensive, pumping equipment is favoured in backward areas
where communications are most inadequate.

One undesirable feature of many of the handpump
tubewells in Bangladesh is that though the majority
probably give safe water, a sizeable percentage would
probably not pass the local bacteriological water quality
standards. Of the many possible reasons for this, the use
of contaminated water for priming is undoubtedly one of the
important factors. This could be circumvented by doing
research and development to produce a shallow well pump "
that either requires no priming or has a built~in means of

decontaminating whatever water is put in the primer.

Though no detailed investigation has been conducted
which would conclusively prove that leaking joints near the
surface of the well are allowing polluted water to enter,
this is a possibility. Certainly in piped distribution
schemes much good water is wasted and contamination also
takes place through leaky joints. The common use of
biodegradable fibres, such as jute, to pack or wrap around
threaded joints is not to be encouraged as it is ineffective

/ooe



in sealing the joints and will ultimately rot away. It
would seem that there is room for improvement in the area
of production and distribution of inert sealing compounds
and training of fitters in their use.

Inasmuch as high iron content in the ground water in
many parts of Bangladesh (and perhaps other neighbouring
countries as well) appears to be holding back installation
and use of wells for drinking water, research and field
testing of appropriate iron removal facilities and/or other
alternatives are needed for these areas.

As noted (ref. no. 1), there is a great need for
sanitation in the densely populated rural areas of
Bangladesh. The family type of latrines used in rural
areas with lower population densities requires a greater
amount of land than is generally available to each family
in the very densely populated areas. This is specially a
problem in Bangladesh during the monsoon when much of the
land is under water. Either facilities which requireleven
less land per household and/or facilities which can be

shared by several households are needed.

Just as very simple, low-cost, hand-pumped water
systems, put to heavy use by the communities, require a
capacity for frequent maintenance (both preventive, as in
lubrication, and corrective as in repair of broken parts),
so environmental health systems with minimal or inadequate
coverage require considerable capacity for prophylaxis and
cure. As the necessary education, appropriate design and
complete coverage regarding hygiene, water and sanitation
will probably take several decades to achieve, the need for
prophylaxis and cure of diseases associated with contaminated
water, lack of hygiene and sanitation is also likely to be
keenly felt for decades to come., The capacity for appropriate
prophylaxis and cure routinely required will have to be
supplemented to allow for special needs for natural

disasters or other contingencies.
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"Any intelligent fool can invent
further complications, but it
takes a touch of genius to
attain - or recapture - simplicity

Dr. E.F. Schumacher

INTRODUCTION

This paper has been prepared for the purpose of serving as an input
for the discussions at the Meeting of the Research Study Group on
Appropriate Technology for Improvement of Environmental Health at
Village Level.

In general, when considering the promise of appropriate technology,
one often thinks of innovative technical solutions. However much
needed in current conditions of shortage of resources, for this paper
to emphasise technological novelty would be to divert attention from
more vital issues relating to water supplies.

In this connection reference is made to a statement by David Bradley
in the preface of "Water for the Thousand Millions":

"We have set out to discuss technology of an appropriate sort and
ended up considering organization and maintenance, this is not to
belittle technology (and many and better devices are needed to
improve water supply), rather we wish to emphasise that organiza-
tion and maintenance are of at least equal importance".

It is against this background that this paper deals with community
aspects of rural water supply and sanitation programmes and calls for
attention to an integrated action research and development work in
support of the planning and implementation of such programmes.

In preparing this paper extensive use has been made of the work done
by Dr. Alistair White, Donald Curtis and Dr. Richard Feacham, respecti-
vely on Community Education and Participation, and Socio-economic and
Health Impact Studies, in the context of the Integrated Research and
Demonstration Project on Slow Sand Filtration.

oy
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COMMUNITY ASPECTS AND APPROPRIATE TECHNOLOGY IN PROGRAMME

DEVELOPMENT

To accelerate the developments in the community water supply and
sanitation sector in developing countries, it is necessary to
improve those structural conditions, which are beneficial to an
effective planning and implementation of water supply and sanitation
programmes.

Increasing attention is being given to the development of an appropriate
strategy for the planning and implementation of programmes and projects.
In this connection, reference is made to the integrated programme
development concept, which is based on the recognition and the discern-
ment of the inter-related character of the technological, organizational
and socio-cultural aspects of community water supply and sanitation
programmes., The crux of this concept is the integrated development of
various components in such a way that a synergetic effect is achieved.
The major components are: planning, institutional and organizational
infrastructure, research and development, technical engineering,
management and organization, economics and finance, manpower development,
community development and evaluation. The assesment of the relative
importance of these components and the interactions between components
and related elements may help arrive at a more effective and:

efficient programme planning and implemtation. A more detailed review
of this concept is given in annex I.

Community development can be considered as one of the major components
of a rural water supply and sanitation programme. According to the
integrated programme development concept, the various community aspects
are to be considered in relation to other components and elements of

a programme. In rural areas, and in villages with a close community
structure, the socio-cultural aspects are of the utmost importance

when introducing new water supply and sanitation facilities. This is
especially applicable to smaller supplies and for devices, such as,
handpumps and public standposts, where the human factor physically
comes into contact with the technology. It is obvious that community
aspects are less important when considering the construction of a large
scale coagulation water treatment plant in a metropolitan area. So,
depending on the kind of technology and the demographical setting
(rural or urban), the importance of the community development component
in the programme may be assessed.

Appropriate technology is that form of technology which creates a

maximum of local resources and requires only an intermediate or low
capital investment, the benefits of which should be made widely available
among the people who most need them and which should be capable of small
scale application, and suitable for village use and local control (Schu-
macher, 1975).

When appropriate technology has to be socially appropriate, and when

it is considered as an integral part of a broader system, this system

should:

- be responsive to community needs as perceived by its inhabitants;

- be designed and implemented with active community participation;

- have costs low enough to be afordable to low income rural and urban
fringe area inhabitants; "

- include an adequate organization for operating and maintenance;

~ require minimal support by central government agencies and maximize
the use of local resources;

- have maximum impact on public health and socio-economic and -cultural

. development of the community.



6. Different objectives lead to different criteria of appropriateness (social,
economic, organizational and technological). When water supply and sani-
tation projects are considered as a means of promoting community develop-
ment and self-reliance in the villages, as well as improvement in health,

a lot of attention has to be paid to appropriate organization of the project.
this, in its turn, brings a whole range of social issues into the discussion
of technology. In this relation reference is made to the ITDG publication:
"Water for the Thousand Millions" and to the tables 1 and 2 which are
presented as annex 2 to this paper.
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PLANNING AND MANAGEMENT

Active community participation guarantees a direct orientation on

local circumstances of a cultural and socio-economic nature. The pro-
ject design therefore has to be responsive to community needs as
perceived by the villages. Community participation can be realized

in the planning-operation, construction, operation, maintenance and
management of rural water supply and sanitation schemes.

Particularly in the planning stage attention should be given as. much as
possible to the various community aspects. Therefore, it is advisable
to involve the community in the decisions on the level of service,

the site of the facilities, evaluation of alternatives on the basis of
costs, development of local insitutional and organizational arrangement
and especially with regard to the future operational and maintenance
requirements.

The objective of the planning should be to chose the technology that is most

appropriate from social, economic and technological point of view for
the particular circumstances in the village concerned.

Community participation in the planning requires that the people
appreciate and understand the value and the advantages to be derived
from a water supply or sanitation scheme and that they are willing

to contribute their own share for the construction, operation and
maintenance of such a scheme. Following this, community participation
will include that communities are actively involved in the planning
and implementation of the project, that arrangements are made for

the regular supply and for the maintenance and that the people to
whom the scheme is meant consider it their property and feel respon-
sible for the ownership.

Engineering is always related to social ideals and objectives, and

the product being designed always becomes a part of the system which
includes a large social component.

Any organization planning to implement a water supply and sanitation
project should first clarify its objectives, especially with regard

to community development. If the objective of the project is develop-

ment on the broad front and the water supply or sanitation facility is in-
tended to .play a catalytic and educational role in that development
process, community participation in the project will be most generally
applicable.

Somebody must look after pumps, taps and pipes and this presents
problems when the supplies have been installed in widely dispersed
villages. From the administrative and technical point of view, the
most direct system may be one in which the agency itself looks
after the whole thing, constructing the supplies and sending qua-
lified men at regular intervals to keep them in good repair. As
another system, the agency may appoint water supply attendents from
amongst the local population, who can then be made answerable to
the authority for keeping the supplies going and reporting on major
difficulties. Whether either of these two options is feasible
depends partially on costs and partially on the availability of local
skills in the village.
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But, another opportunity is to put more emphasis upon options
involving local initiative or participation, for cost or other reasons,
and many water supply agencies will find themselves involved with

such schemes for reasons of costs, local participation may be heavily
relied upon for maintenance and repair work. But here the agency

faces a delema. Typically a public agency is designed to carry out .
routine activities while villagers may go into an occasional generous
contribution towards self-help projects. But the converse is not

true. Particularly for that reason it is highly essential to set-up

an adequate local organization that can perform this function of
public agency and can cope with the organizational and management
aspects of regular operation and maintenance work. This local autho-
rity should be formally constituted and empowered to raise the
necessary resources for the financing of the operation and maintenance.

The object is to find the best means of ensuring that small community

water supplies are built cheaply and effectively, serve a public at

minimum costs, and are maintained in running order. The water authority

should attempt to work out the institutional arrangementes in villages

which meet these objectives.

The approach taken will partially depend on which administrative strategy

is favoured, community ownership or community involvement in formal .,

management requires some kind of representative body in the community.

If government policy does not commit the water authority to a particular

alternative it should be possible to choose between:

1. ownership by the water authority (or local authority) with or without
water charges or rates.

2. ownership by the water authority with or w1thout some management
powers delegated to a village level management committee.

3. ownership by an individual; with charges to members of the public.

4. ownership by private water users association from which non-sub-
scribers are excluded.

5. ownership by the local community.

The alternatives are defined principally in terms of ownership of the
supply, ownership implying responsibility more than legal ownership
although the latter may be important also.

If the supply is owned, constructed and maintained by the water

authority (1 above) then it is clearly a public service open in

principle to all people in the area; though some may have better access ./
than others depending upon ability to pay or other factors. The costs

of both construction and maintenance maY be higher than in other cases.

As an alternative the water authoruty may chose to involve the public

in the management of the supply while retaining ultimate responsibility (2).

If the supply is owned by a private individual, perhaps the village
storekeeper, management costs and reponsibilities are removed from the
water authority (3). The individual has an incentive to build effi-
ciently and cheaply using competent local people and well known local
materials and to maintain the supply in running order (An OECD publica-
tion suggests that the maintenance history of private supplies may
compare very favourable with that of public supplies in rural settings).
Water users associations (4) can be seen as a devise for avoiding

the factionalism and conflict that is often found in rural communities
and overcoming the problem of what to do with non-contributors

to voluntary projects. As association regular subscriptions can be

more easily collected from members since membership entails matching
privilages and obligations with the ultimate sanction of withdrawal

of the right of access to the supply.
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Ownership by the community (5) can work well when the community has a
small town local authority. Often however, villagers are expected

to look after their own supplies. This may be the unforeseen result

of a self-help process which has been encouraged by the government

without making it clear who is responsible for the resulting scatter

of supplies throughout the country. Voluntary bodies like village deve-
lopment committees may be able to raise money and enthusiasm for a

public service but they are not able to provide routine management
because they have no authority to enforce subscriptions. In most

countries villages are not corporate bodies which can own property

in a legal sense although there may be customary ways of looking

after property, such as temples, fish ponds or irrigation ditches. In some
instances it might be possible to adapt a traditional institution to take
on a modern management role. For example, a village water supply
supervisor might be rewarded for his services by granting him the use of a
field that has been purchased for the purpose. This has been a tradi-
tional arrangement common to many different countries.

In this relation, it is necessary, to also pay attention to those social
economic divisions which might make some members of the community look on
the water project with less favour than others. These may be people who

" are currently paid to fetch and cart water for others, people with private

wells who sell their water, people whose incomes are so low that they will
be hard pressed or unwilling to pay the charge and visit the water supply.
An equal contribution or charge represents the great proportion of a poorer
family's income, and therefore a greater real burden.
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DESIGN AND CONSTRUCTION

Essential in the design procedures is to look at the water supply from
the users point of view, this recognizes that there may be cultural
differences between the designer &@nd the user, but it also recog-

nizes that many factors influence the convenience of supply to the user.
Apart from physical convenience, collecting and using water is a part
of daily life, and has to fit into the pattern of daily activity and
the pattern of relationships with other people that this entails.

Very often people value socialbility at the tap while collecting water,
but it is important to know that there are specific groups of people
using the supply who are reluctant to mix with other groups at the
taps, or whether there are certain groups excluded from use of the taps.
In the case of clothes washing and bathing facilities, which one might wish
to include in a water supply programme to obtain maximum public health
and hygiene benefits, the picture will inevitably be exploratory but
some probing as to what people would accept possible.

Some of the particular points on the design and construction that should
be discussed in detail with the community will be: L
- where the plant, the public standpost and the other sanitary facilities \’
should be located and what form of fencing will be required
- whether it is necessary or desirable to provide a cattle trough for
animals to drink out
- whether bathing facilities should be provided
- whether facilities should be provided for washing clothes (and what
design) .
- what use should be made of excess of water, which is not of sufficient
purity to be piped as drinking water (such as discharge and drainage
water)

The level of provision - the number of public standpost water points

to be provided in a village - is closely related to the health and

time saving benefits of the water supply, and particularly the benefits
received by the users. However, these benefits depend on the typical

distance from a household to the nearest water point, whereas the cost

of this provision depends also on the number of them in a village.

The relationship between these two measures will depend on the pattern

of settlement. )
The use of self-help as against direct labour or concentrated labour .
for water supply construction requires further study. Engineers in water
supply programmes where self-help labour is used sometimes complain

of frequent delays and unnecessary expense due toa poor turnout of the
volunteer labour. The major costs associated with the use of self-help

labour is the cost of supervision. It is therefore, advisable to assume

that overheads are the same, whatever form of labour is used, but the
advantages of using local labour are more in the sector of developing

local skills and promoting community reponsibility and development.

To facilitate community participation, local consultants in developing
countries should be trained and employed to design projects with the
particiation of community representatives and/or staff of the selected
implementing institutions, with expatriate consultants in an advisory
capacity only.
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OPERATION AND MAINTENANCE

It is widely accepted that the major reasons for the breakdown of
water supplies in rural areas are social rather than technical.
People do not look after supplies properly for a number of reasons,
some of these are: people do not understand the technology, they

may find the necessary procedures too demanding on time and resources,
and they do not feel responsibility for a public system. However,
the most common reason for breakdown is inadequate arrangements for
operation and maintenance. Arrangements include both administrative
procedures and community organization.

Therefore, management should ensure from the start of the programme
that adequate arrangements are made for maintaining supplies and
facilities, and in that stage of the programme: this may entail more
work for the administration than for the village representatives.

Village level organization is obvioulsy needed, but so too is
appropriate organization at local government level. Particularly
with regard to operation and maintenance village people must play

a part, if only by preventing misuse of equipment and keeping it
clean. Yet to expect complete self-reliance of them is usually

more than is reasonable. Maintenance involves action at local
government level and at the village level: and it relies for long
term success on the clearly defined share-out of the responsibilities
between the two.

To overcome the gap which usually exists between the technoloigcal
knowledge and the skills existing in the rural community and those
which will be required to handle a complex innovation, which is
introduced, the options are various combinations of: a captulating
and the innovation in self-contained units by modules, the internal
workings of which need not be understood by the users.

The extent to which training can prepare community members to carry
out repairs will be small where technical skills in the community are
low: the concentration must be on normal operation and preventative
maintenance.

Attention should be paid in particular to ensuring that the operator
takes adequate account of early signs of trouble and is able, if
necessary, to summon help, obtain spare parts, or otherwise remedy
the situation before there is a breakdown.

Serious consideration may also be given to the possibility of combining
the position of operator or caretaker with that of village health
worker; or the establishment of an inter-relation between the two
functions. There is currently growing recognition of the need for
some form of health worker in each community to provide simmple
preventative and curative care. It may, in fact, be argued thata
full advantage of the pure water supply can only be realized if
complemented by health services of this sort. A village health
worker would in the first place, be able to stimulate sanitation
and the hygienic use of water, and it would be appropriate if he
or she were also responsible, directly or indirectly, for the
water supply
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FINANCIAL ASPECTS

The collection of water rates from rural consumers is notoriously
difficult, particularly where water is supplies from public stand-
posts. A village cannot collect recurrent funds in the long term
without the legal sanctions of a cummunial income, but legal sanc-
tions against non contributors may be politically impossible to
enact, and practically impossible to enforce. Some villagers may.
refuse to pay on the grounds that. the water points are too far
away or out of order, other may simply plead that they are too
poor to pay.

There are two major reasons why wide spread non payment of water

rates may occurr, although both may apply simultanioulsy. The first

is a lack of recognition of the water rate as legitimate. This is
particularly the case where consumers consider that they are being
inadequately served by a water point which is too distant or a supply v
which is too intermitant. In this case the way to improve the way of ./
collection will be to encourage recognition of the rate as a legitimate
charge, by laying down legal powers, improving the service, or

reducing rates where necessary.

The second possible reason for non-payment is an inadequate system

of collection. Inadequately paid rate collectors may be subject to

bribary, inefficient accounting systems which may enable households

to default on payment without being noticed, and so on. It may be

possible to improve collection performance by tightening up

administrative procedures. The most crucial information to assist

judgements  on financial policies is the ability and willingness

of the consumers to contribute towards costs. For rural areas such
information is generally sparce.

There are two alternative approaches to the problem of setting water
rates, the government can fix them at a level sufficient to cover
the costs of the service, or it may aim at maximizing the benefits
derived, bearing in mind the ability and willingness of the consumer
to pay.

In rural low income areas this latter approach is more productive, .
because a water rate that is too high will simply not be collected,
consumers wjill find ways to avoid payment or turn to alternative
sources of water. In addition, there are good reasons for charging
a subsidized initial price for subscribers with house connection,
such as the significant health benefits and convenience of water
piped to individual homes. It will often be possible to charge for
the costs of this subsidy to be met wholly or partially by larger
and wehlthier consumers, by charging them more than the actual costs
of supplying them.

Very often villagers are not aware of the hidden costs of their
current habit of fetching water in economic terms. Specific
information may help them to appreciate the economic advantages of

a convenient water supply. The large reserve of funding capacity

in the consumers willingness and ability to pay for selective
services lies virtually untapped.

Labour intensive projects in preference to capital intensive projects
should ihmprove the internal funding capabilities.
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Time savings result from the provision of water closer to the home,
reducing the cost of water in time spent by the consumer collecting
it. These savings may be considered as a benefit in themselves,
but an additional economic benefit arises, if the time saved is
spent in economically productive activities, such as, weeding of
crops, or the setting-up of small scale industries.

The total costs of water supplies are made up of capital (investment)
and recurrent costs. The capital costs of village supplies are often
met by grants from central or local government, and by once-off
contributions of cash or construction labour from the consumers.
Recurrent costs have an element which is fixed (no matter how much
water is actually sold), and an element which is variable (e.q.

fuel for pumping, chemicals for treatment). The payment of these
costs may be shared in a variety of ways between some or all of the
consumers, and the various arms of the local government. It will
often become apparent that different classes within the village do
not pay in proportion with the costs of providing them with water,
and the aim of evaluating a water rating policy is to ensure that
these differences are in line with the objectives of a water supply
programme.
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Among the majot problems in rural water supply and sanitation programmes
at village level are the social constraints and the organizatio of

operation and maintenance. Active community participation in the context
of a community development policy may help to overcome these constraints.

It has become increasingly clear that some degree of community involve-~
ment is essential to the succes of water supply and sanitation projects
in rural areas of developing countries, as it is to grass roots develop-
ment in other sectors. Amid the general agreement on the desirability of
community participation, there is a danger of overestimating its poten-
tial as a technique to solve the problems which have been encountered in
the past, for instance, the problems of maintenance and management. In
different countries, community participation has taken different forms.

In particular there is a wide variation in the intensity of involvement.
Terms like "self-help", "self-reliance", even "indig€nous development"

as well as "participation”" and "involvement" are often used interchangeable
to refer to the different approaches which are adopted. There is, therefore,;.
a need to clarify what is meant when one of these terms is used.

In this connection, reference is made to the list of alternative meanings
of community participation, prepared by Alistair White and attached to this
paper as annex 3.

The relevant features of the social structure will differ in each country;
it may be possible to draw up a typology of a half dozen typical communi-
ty social structures for each country, in terms of the types of groups

or individuals holding power and the basis on which that power rests,

the extent of channals and whether it is factional or grassed base, etc.

A different way of approaching the fostering of cooperation, even for such
a politically neutral purpose as a water supply or sanitation project,

may need to be developed for each type. A typology may help to formulate the
description of the informal social structure in a community and can be
regarded as necessary base line information for the establishment of an
appropriate community participation system.

The major targets of the community education and development component
of an integrated programme are the following: .

1. to develop and maintain favourable attitudes throughout the community
towards water supply or sanitation systems being introduced, and the
enchancement of cooperative approach to community problems in general.

2. to promote community organization to coordinate community efforts
with respect to water supply and sanitation, possibly including com-
munity participation in construction, and dealing with problems and
finance.

3. To teach and supervise one or more operators in the operation and
maintenance of the supply-system: to settle the question of external
and community support.

4. To ensure that the actions of the community members promote personal
hygiene and sanitation, specifically serve the purity of water from
delivery points to ingestion (use of clean recepticles etc.) and facili-
tate easy access to the water supply by others, avoid waste of water
and nuicesance arround delivery points, and cause no damage to the
water system.
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It is necessary to educate the people in matters of proper use of

water, hygiene and sanitation. This health education could be concep-
tualized as fostering "knowledge, attitude, and practice" for the desired
behaviour, but such an approach presupposes a one way communication of

a fully pre-determined message.

Alternatively, it might be conceptualized as "starting from existing
knowledge and felt needs, engaging in dialogue, and developing critical
consciousness", but there are dangers of over estimating the relevance

of indigenous knowledge, and of uncertainity as to what direction the
dialogué should take.

The major assumptions involved in this conceptualizational of communi-

ty education are that it is feasible to achieve an improved understanding
of sanitation in a largely unskilled population, and that improved un-
derstanding will motivate more effective changes in behaviour that can be
achieved by recommendations or precepts not supported by improved unde¥-
standing.

The attempt to involve most actively those sections of the population,

the poor and the women, where they have been negated to a subordinate

role in the past will meet the incomprehension and very likely hostility

of the dominant groups. In the case of a water supply system it will not

be a question of working exclusively with the poorer sections of the
population; the point is only to ensure that the projects benefits and acti-
vely involves the poor as well as the rich.

However, there is the case for trying to work mainly with women since they
are the main carriers and users of water in most communities. The attempt
to do so will undoubtly meet with great problems, since women are

generally regarded as incompetent to deal with a modern technology in-
troduced from outside the community, or even to deal with formal relation-
ships with ousiders on behalf of the community and women largely, attract
exclusion from these roles. A water project may, help however, for a handle
for confronting such exclusion, as it may be argued that it is a matter

for particular concern to women.

The crucial guestion is whether it is possible to access the potential
impact of community participation and development on the accellaration

of programme planning and implementation in the community water supply and
sanitation sector. Would it, for instance, be possible to transfer socio-
cultural aspects that are experienced as constraints into factors
supporting the programme development? And what ways and means exist or are
to be developed to make optimal use of local social characteristics for the
planning and implementation of rural water supply and sanitation program-
mes?
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RESEARCH AND DEVELOPMENT ACTIVITIES ON APPROPRIATE TECHNOLOGY
IN SUPPORT OF RURAL WATER SUPPLY AND SANITATION
PROGRAMME PLANNING AND IMPLEMENTATION

The Research Programme that is to be prepared for the coming five
years should be in line with the relevant recommendations of the

U.N. Water Conference and with the new plan for the management of
WHO's Research Activity.

In this relation reference is made to the recent background paper
prepared by the Director General of the WHO: "Study of WHO's
structure in the light of its functions" (DGO 78.1), and in particular
to the items 15 and 86 - 89. For easy reference both statements

are annexed to this paper (Annexes3A andB )

Quotation for the statement on TCDC:
"The development of technical cooperation programmes implies the
identification of needs in the countries, by these countries, as
well as the Aidentification or generation of appropriate methods
for solving these needs. It is necessary to develop technical
methods that take full account of the social and economic context '
in which they are to be applied. These social and economic factors ’
emanate from the countries. Suitable methods can also emd@nate
from the countries, and it is WHO's duty to spot these methods,
to analyze them and to transfer the appropriate information to
all countries which require them. It is also WHO's duty to
generate appropriate technical methods that take account of the
social and economic factors factors involved in their application,
if existing methods are inadequate or non-existent. The develop-
ment of these methods has to be arrived at through cooperation
among countries, WHO acting as a stimulator, catalyst and coor-
dinator".

The new management plan for research activities is based on the

following principles:

-~ research activities should form an integral part of programmes and
should therefore be managed in the same way as all other
programme activities:

- emphasis must be laid on the development of national research
capabilities, on national determination of research priorities .
in the light of social health policy. and on national implementation ’
of research activities-

These principles apply to research at whatever operational level it

is planned and conducted.

In addition to this, emphasis may be given to the function of research
and development in support of the acceleration of national programme
planning and implementation. Programmes are developed through actioni
research is needed in support of this action. When talking about an
integrated programme development, basically, research support is needed
with regard to the various components, elements and inter-relations as
well as with regard to the integrated development of these faclors.

In this connection reference is made to the discussion paper on the
Integrated Programme Develcopment concept Against this background,
the need for integrated action research and development work is
emphasised.
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ALTERNATIVE STRATEGIES FQR RESEARCH AND DEVELOPMENT WORK

Basically, there are three different strategies for research and

development:

1. Integrated action research and development work; this is research
carried out in the context of an operational water supply and
sanitation programme; in direct and immediate support of programme
planning and implementation; directed to the actual needs and
based on the direct feedback from the field.

2. Applied research and development in support of programme planning,
implementation and evaluation, but not directly connected with an
operational programme; in the context of the present paper this
research mainly deals with appropriate technologies and
socio-economic and cultural aspects; as much as possible this work
should be carried out on local level.

3. Evaluation studies; also in the context of an operation programme
and including impact studies on the socio-economic and health
aspects.

Programmes set-up according to the integrated programme development
concept provide good opportunities for integrated action research
and development work. In this connection, it is emphasised that
community development is just one element of a rural water supply
and sanitation programme. Although in this paper the main emphasis
has been on the community aspects, it is now stressed that research
on these aspects should prefereably be carried out in direct relation
with the development of other components and elements of integrated
programmes.

As the set-up of appropriate organizational methods and systems for
operation and maintenance is to a large extent determined by local
conditions and circumstances of a socio-cultural nature, there is

an obvious need for integrated research and development work on this
subject at local level.

In the field of applied research on socially appropriate technology
interesting experiments have been carried out during the past few
years, now it should be investigated as to what more should be done

and how the research and development work in this field may be promoted
and guided.

The importance of community development and the various community
aspects in rural water supply programmes has already been recognized.
An exploratory study to investigate the potentials of community
participation may be set-up, as well as studies for the development

of methods and technologies for making the community participation
approach more effective.

Also the possibility of testing different approaches to health
education could be considered. 1Is it possible to have non-educated
villagers (even illerate ones) to understand the concept of bacteria
(and is it necessary to make them understand). Are there other methods
to create awareness and a better understand of methods of hygiene and
are there other methods to achieve behavioural changes with regard to
the use of water, personal hygiene and sanitation. What methods

eixist to make villagers accept their own responsibility for their
sanitary environment.

Answers are alsoc needed on questions, such as: has a particular project
led to a reduction of the time taken up by carrying water, what have
been the main effects, has it meant that women that previously had

to carry water now have more time, or that persons who were paid for
carrying water have lost a source of income? AS an illustration of
this type of question, a list has been annexed to this paper
mentioning ways in which water supply projects might possibily lead
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to a worsening of the relative position of the poor (Annex 5).

Other examples are given in the list of suggestions for research

and development on socially appropriate technology.

Finally, it should be mentioned that there is a special need for
manuals on the various aspects of rural water supply and sanitation
programmes. The availability of such manuals in local languages

would make a significant contribution towards proper design, operatién
and maintenance of water supply system and to the training of personnel”
required.

In programme evaluation special attention may be given to various

-community aspects and their influence on the implementation of the

water supply and sanitation programme. In this connection, special
impact studies on the health, socio-economic, socio-cultural and
socio-organizational aspects could be carried out.

ALTERNATIVES FOR THE IMPLEMENTATION OF RESEARCH AND DEVELOPMENT WORK

Various alternative mechanisms exist and may be developed for the

implementation of research and development work; amongst these are:

1. Programmes set-up according to the integrated programmed’ dévelop-
ment concept; these programmes are suitable for the carrying out
of integrated action research and development work on the various
inter-related community aspects and socially appropriate technology.

2. Integrated research and demonstration projects; although basically
implementation programmes, these projects are developed according
to a concept that allows for more attention to action research and
development work than is acceptable under normal situations; the
same goes for pilot projects.

3. Regular programmes of research and development institutes.

4. Development and demonstration centres; these are appropriate
technology development units on local level; preferably connected-
with and supported by a mother institute on research and development.

Integrated research and demonstration projects are developed on subjects,
such as, handpumps, slow sand filtration, public standposts etc. These
technical subjects serve as a cehicle for the integrated development

of the technological, organizational and socio-cultural components

of these programmes. This means that in developing these projects,

a variety of aspects is taken into account, such as: planning,
operation and maintenance, financial arrangements and administration,
and organization and management, as well as various institutional

and infrastructural aspects, such as manpower development and community
participation; all complementary elements and equally important to

the technological component of water supply and sanitation programmes.
Bacially, these projects aim at demonstration of the inter-related
character of the various aspects and the synergetic effect of the
integrated programme development component. This is demonstrated

by and in the developing countries involved in these projects.

All research and development activities that will be developed in

the context of the present five year programme should be implemented
and organized on the basis of close collaboration between operational
agencies and research and development institutes. The latter may
accept responsibility for the scientific foundation and implementation
of the research and development work. The operational agency may take
care of the interaction of this work with the actual problems and
needs experienced in planning and implementing rural water supply

and sanitation programmes

S



ANNEX 1
19781002

CHECKLIST FOR SET-UP OF DEMONSTRATION PROJECTS

ACCORDING TO THE INTEGRATED PROGRAMME DEVELOPMENT CONCEPT

.

COMPONENTS

e

PLANNING

ELEMENTS

—

o esm—

integration in national programme
programme planning

budget and funding

feasibility studies

surveys

progress control

INSTITUTIONAL and

institutional framework

ORGANIZATION

P

- QRGANIZATIONAL organizational infrastructure
_ INFRASTRUCTURE administration
. internal collaboration
legislation
international cooperation
.RESEARCp and field investigations
DEVELOPMENT testing
’l, - pilot studies
‘TECHNICAL design
ENGINEERING construction
A operation
! maintenance
' standardization
. manufacturing
§ MANAGEMENT and administration

charges policy

revenue collection system
operation and maintenance
indigenous manufacture

"ECONOMICS and

economic viability

FINANCE investment cost/recurrent costs
: cost effectiveness analysis
price fixing
: financing arrangements
"' MANPOWER recruitement
DEVELOPMENT training
supervision .
courses, manuals, facilities
. COMMUNITY socio-cultural aspects
.DEVELOPMENT public information
community participation
sanitation education
..EVALUATION programme evaluation
' impact studies
demonstrations
ADDITIONAL international collaboration
~ACTIVITIES information exchange '

:support studies

Steering Committee




ANNEX 2
ARNOLD PACHLY et ul
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ANNEX 3

Community participation may mean:

l.a. Consultation with community representatives or leaders,

to ensure that the programme introduced by the outsicde agency is .
adapted to meet the needs of the community and to avoid difficulties
in implementation. |

1.b. Consultation with other members of the community, or

specifically the poor, to ensure that the programme meets their
needs.

!

2. A financial contribution by the community to construction. .
3. Self-help projects in which a specific gron of beneficiaries
contribute labour (perhaps also materials), eé;;;ially in constructio
work, to reduce financial costs. Large input from external agency.
4. Self-help projects in which the whole community collectively

contributes labour (perhaps also materials), especially in con-
struction work. There is also a large input from an external agency.
5. The training of one or a few community members to perform
specialised tasks (e.g. as village health worker, or operator

of a slow sand filtration system of water supply).

6. Mass action: collective work aimed directly at an
environmental change of general benefit, e.g. to drain the waste
water (distinguished from self-help by the relative unimportance
of any input by an external agency).

7. Collective commitment to change in personal behaviour, and
collective social pressure for the realisation of such changes,
(e.g. construction and use of a latrine, frequent hand-washing
with use of soap).

8. Self-reliance in the sense of the autonomous generation
within the community of ideas and movements for the improvement
of lwving conditions, as opposed to stimulation by outside agents.
But the community may well have recourse to external agencies

to help with implementation.

9. Self-reliance in the sense of using only the efforts of
the cummunity members themselves, not appealing to outsiders

for help.

10. Self-reliance in the scense of using local materials and
manpower directly, rather than collecting funds internally in
order to purchase goods and services from outside; including
increasing local capacities with this kind of self-reliance as

a goal.
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15, Tochnical coopcrction, on {he other hand, implice thoat no matter at what operational
leve!l propramae doctrines have bden gencrated or progromie sctivities implemented, the
f pro:;: heoo to be copcerned with solving specdfic priority netional heolth pioble T
L deee! ne ol teciinical coopur:rtvn programeces jwmplies the jdentizication of needs o cos NN
ii; Chhos L ouniries, an whl) VK th“ Identifiicetion or generatiouw ol gppronviale methous for
T these noee iy e necegeayy to devoiop Lechnical methods thai wahs full cccocnt of
the cocial ana cconmaje gontext jq whicic they e to e applied. | These cecial and coeonic
factor s canate fyrom the counttiu&. Suitable metvhods can also vwanate jrem the countrics,
e It Je Wilh's duty Lo spot thesdymethods, o avalyse them aund, to transfec the approvriate
Snioratiiou to all countries viiigh reguire thon, It is also Wil0's duty to generaty
' avpropriate techeical methods tht take account of the socizl and economic f{acters involved .

in theic wpplication, if {xisLjdﬁ_methods are anadeguate dr non-existent. The development of
these imcthods has to be a%rived)gt through cooperation among countries, WHO acting as a
stiwelateor, cotalyst and coordinator. Thus, the most suitable technical cooperation programmo.
arce likely to be arrivaed ai throﬁﬁh a process of mutual influencing of socioeconomic and
techaical factqgs, tihe formpr deriving mainly fyom the countries, the latter often dariving
from W10 through, the coordiﬁatiﬁu‘qf activities in countrics for the develeopmern: of the
technical methodg concerned,l This is one way in which the exercisc by WHO of its

coordinating role should lea? tol relevant programmes of technical cooperation.

! 4

16. Programmes of tcchnicalf';\c.o‘ peration in and amorg countries can also be made morc .

effective throughysupport froq\garious regional mechanisms. These include, for example,

regional multidisaiplinary pangls of experts; Regional Advisory Committces on biemedical and

health services research, whichjbring individual expertise from various countries to bear on

research requirements and quesyipns of research policy in each region; and national centres

that arc recognizeq as regionall centres for operational research, development and training in

"specific eogramme areas, wherel countries work together to, solve comnon problems and to build

up cadres of naLionTI pcrsonnel\\raincd for self-reliance in developing the. programme concerne?

in their country, § i

\ t

17. The more gcner?l application.of technical cooperation programmes at all operational

levels should result, from discussions -in the Regional Committees that give risc to the

realization of the need for inter-country cooperation. The proper manifestation of such

cooperation should also be through national rather than Secretariat mechanisms, In like

manner, global technical cooperation programmes should result from the realization of the i
ldwide nature of the problem.and the necd to solve it through cooperation among countries :

tienscends the boundaries of individual regions. The .evolution of technical cooperatiocn

pirogrammes in such a way is the best guarantee that the rcal needs of Member States will ve .

reflected in their demands on WHO, and that their specific requests for ‘technical cooperation :

will couform to the policies they have adopted in the resolutions of the Health Assembly and

other deliberating organs.

{
THE NATURL OF GLOBAL PROGRAMMES

18. The Assembly resolutions mentioned in paragraphs 1 and 7 above imply the formulation of
global progrmmues as a result of integrated projramme planiting. It is necessary to clariiy i

what is mcant by inteygrated prograrme planning. At the. Thirty-first World Health Asscmbly, it
was made clear that two distinct vet closelv interlinked processes are at work; the onc a

{o tonal health development and the other a process for the developumont ol WHO's
rosae in response po national health development. The national health development process
consists of country health programning, national health programae budgeting, national health
programme ¢valuation and national health information systems support, The WHO proaramac
developiient process consists of WHO medium-term programming. prograsme budpeting, health
> evaluation and information systems support. Tdcally, integrated programme planniug

mmne development i .

pPro;raug

“will result {row the proper application of the national preaces for p

all Wiio's Moader States, and the corresponding vesponse of the WHO process for progr < !
y development, In_practice, there are multiple entry pojrts to each of these processcs, ¢
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84, When the above processes take root, along with the consistent application by countries
of the national health development process mentioned in paragraph 18 above, WHO will have gone
far in iwplementing resolution WHA28,30, according to which the Organization's mechanism for
the allocation and recallocation of resources should comply with the principle of responding to
integrated programme planning.

THE INTEKRACTLON AND INTERDEPENDENCE OF ALL ORGANS AT ALL OPERATIONAL
LEVELS AS ILLUSTRATED BEY THE MANAGEMENT OF WHO'S RESEARCH ACTIVITIES

85. Whatever the degree of fruitfulness of the interrelationships between the various
operational levels of the Secretariat, it cannot be sufficiently stressed that the key to the
success of WHO's activities lies in cooperation among Member States. The Secretariat has to
service the best interests of such cooperation. Maximum involvement of Member States, their
institutions aud their personnel in the work of the Organization is therefore essential,
Nowhere are the above principles more apparent than in the new mechanism for the managemecnt
of the Organization's research activities which are about to be introduced for a trial period
of two years. This mechanism illustrates well how the Organization's structures are being
renrganized in the light of its functions. It is therefore presented in some detail below.

86. The new plan for the management of WHO's research activities is based on the following
main principles:

- research activities should form an integral part of programmes and should therefore be
managed in the same way as all other programme activities;

- emphasis must be laid on the development of national research capabilities, on national
‘ determination of research priorities in the light of social health policy and on.national
¢ implementation of research activities.

These principles apply to research at whatever operational level it is planned and
cted, From the perspective of Member States there can be only one integrated WHO
.gerial system. ’

87. In the plan, two vital issues are closely interlinked, namely the development of research
capabilities in Member States, in particular in developing countries, and the conduct of

" research for the immediate solution of health problems. Impatience for immediate results
could lead to imposing research activities on countries before they are ready for them, or to

d
.

1;

attempte at solving problems for countries instead of with them. At the same time, the best
way for countiles to develop research capabilities is to participate in the planning and |
conduct of research.

88. Additional complexifying factors are the need for managerial consistency coupled with
scientific cohesion and effectiveness at all operational levels, and this in an area in which
there arc all too fecw people with the necessary research and research management knowledge )
and expericnce. Yet, it is just such competence that is so important not only for research
as such, but also for the improvement of health management in the broadest sense.

89. The plan is based on a number of fundamental concepts and guiding principles. The new
policy laying primary emphasis on technical cooperation with and among Member States, and the
‘vgy being evolved for its implementation, have profound repefcussions on WHO's research
Livities. Research in WHO is now more intimately identified with health development in
general, aud responsibility for its planning and execution spread over the national, regiounal
and global lcvels of the Organization. The promotion of national self-reliance in health
research is fundamental. Countries have to develop their own health research capabilities
and to cooperate among themselves for the benefit of the less privileged, Since WHO's
research activities should be an intrinsic element of health development, they have to be
undertaken in relation to socially relevant health goals, and not for their own sake,
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Checklist No. 4

ways in which water supply projects might possibly lead to a

worsening of the relative position of the poor

1.

Dominant groups might get a subsidised service which the
poor do not receive, e.g. individual supply to their

homes.

Access to the new water supply might be restricted or
monopolised. This danger includes cases where the design

of the project appears to cover the poor too, but actual

flow is limited or diverted, so that only the dominant

group benefits, e.g. by use of water for farming purposes,

in such quantities that the supply does not reach the

homes of the poor. .

Water used for agricultural or commercial purposes by
dominant groups may increase their income in ways which

are not available for the poor; this can then lead to
changes which worsen not just the relative but also the
absolute position of the poor - changes in land tenure and
others, such as the discontinuance of arrangements to share

food in times of disaster.
Removal of an employment opportunity in water carrying.

Equal contributions exacted from all inhabitants for the
construction or running costs of the water supply may mean

a charge which poor families are in no position to afford.

Voluntary work demanded at peak times in the agricultural

work cycle may lead to substantial loss of production.

The power of dominant groups may be increased by patronage
available, e.g. in the form of selection of a water supply
operator on a salary. At the least, the village-level
organisation of the programme, in collaboration with a
powerful external agency, will be a political resource

in tems of prestige.
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LIST OF REFERENCES ON COMMUNITY ASPECTS OF
RURAL WATER SUPPLY AND SANITATION PROGRAMMES AT VILLAGE LEVEL
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MISRA, K.K.

Safe water in rural areas, an experiment in promoting community
participation in India

Indian Journal of Health Education, 18, 1 (1975), pp. 53-59

CURTIS, D.
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project
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The Hague, 1977, pp. 49

FEACHEM, R.G.

Public health aspects in phase 2 of the slow sand filtration
project
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London, 1977, pp. 38 '
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SUGGESTIONS FOR RESEARCH AND DEVELOPMENT WORK

The further development of the integrated programme development
concept (IPD) by planning, implementing and evaluating rural
water supply and sanitation programmes according to this concept
and studying the integrated development of the various components,
elements and inter-relations. 1In this connection, also a series
of guidelines for programme planning and implementation may be
developed.

The set-up of a series of integrated research and development
projects, on the basis of the IDP concept, and using technical
subjects, such as, hand pumps, public standposts and simple
treatment systems as vehicles for the development of these projects.
Socio-economic and health impact studies as well as studies on the
impact on community development and participation may be carried out
as an integral part of these projects.

Assessment study on the potential of community development and
participation in relation to the acceleration of programme planning
and implementation in the community water supply and sanitation
sector. The imapct of various levels of community participation
may be compared.

Development of a typology of a series of typical community social
structures for each country, in terms of the types of groups or
individuals holding power and the basis on which that power rests,
the extent of challenge and whether it is factional or class based
etc. A different way of approaching the fostering of cooperation,
even for such a politcally/neutral purpose as a water supply project,
may need to be developed for each type.

Study on appropriate methods and techniques for mobilization of
community efforts sometimes difficulties with the promotion of self-
help activities have been found to entail greater costs for water

supply authorities, as well as adding to the administrative burden.
Usually, however, the difficulties can be traced to inappropriate

ways in which the cooperation with communities has been approached,

there has usually been insufficient understanding between project
authority and community. In the context of the IRC slow sand

filtration project, experiments are carried out with more extensive
communication efforts which hopefully may lead to improved understanding.

A study on the basic features of an effective organizational set-up
for maintenance, including aspects such as, institutional organization,
responsibilities, administration, training and supervision.

The testing of alternative strategies and methods for community
education which may contribute to improve the understanding and
motivation and changes in behaviour. In this connection it is
recognized that there are various reasons why people may adopt

a change in behaviour related to health, such as: understanding
acceptance of authoritive assurances, adoption of change by a
reference group or person of higher or similar status, social
endoursement, informal social rewards and formal sanctions.
These reasons are not, of course, mutually exclusive and they do
shade into one another, but they provide a basis for thinking about
the ways in which behaviour may be influenced.



10.

11.

12.

13.

14.

15.

The role of women in rural water supply and sanitation programmes
may be an interesting subject for a study. For programme planning
and implementation it would be useful to know whether and how the
active participation of women in rural water supply and sanitation
projects affects the development of such projects, and to what
extent this participation effects the role of women in the community.
In this relation reference is made to a research project on this
subject that Professor Scarlett Epstein of the University of Sussex,
England, is developing in close collaboration with about a dozen
research Fellows from countries in the South East Asian region.

A study on a series of inter-related subjects, such as, the ability
and willingness of consumers to contribute towards the cost, pricing
policies, charges and rate structures, and appropriate methods for
revenue collection.

Several technological topics in the field of water supply and

sanitation require further study and research, such as:

- handpumps; design and manufacturing;

- public standposts, including appropriate taps; desing and
construction;

- pipe materials (PVC);

- methods of treatment without the use of chemicals; .

- simple chemical feeders;

- cheap treatment methods for brackish water and reduction of
fluoride, manganese and iron;

- standardization and type design;

- pre-fabrication of components.

In this relation reference is made to the recommendations presented
in the report of the Global Workshop on Appropriate Water and Waste
Water Treatment Technology for Developing Countries, held at the
IRC, The Hague, the Netherlands, November 1975 (IRC/Bulletin Series
No. 7).

Special attention should be given to the ergonomic aspects of various
water supply and sanitation equipment and devices, such as, handpumps,
public standposts aqua privies, squatter plates etc.

There is an increasing interest in handpump testing and evaluation.

In order to facilitate the comparability of testing and evaluation

studies and to promote this work on a larger scale, the development

of a standard protocol for field testing and a code for laboratory '.
testing are considered useful activities in support of the research ‘
and development work in this field.

A study on the optimization of the relation between the number of
house connections and the public standposts, both in a rural and sub-
urban setting; and from technological, organizational, economic,
financial and social point of view.

The development of manuals on various water supply and sanitation
engineering topics.

The development of a series of rural water supply and sanitation
programmes evuation studies, giving attention to various technological,
organizational and social aspects. In this connection, also socio-
economic and health impact studies may be carried out, provided

that an appropriate base-line survey has been carried out in the
beginning of the programme. In the context of these evaluation
studies attention may also be given to the reduction of the water
collection journey, the imapact of the resulting time savings,

whether persons who were paid for carrying water have lost a source



of income, whether the time gained is used for the development

of new economic activities, possible negative effects on the

relative position of the poor, and whether the community participation
activities have led to a greater liklihood of further cooperation

on other community projects in the future.
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1. Introduction

The purpose of this brief paper is to draw attention to some
of the priority issues in community participation in water supply and
sanitation activities at the village level within the context of
primary health care (PHC) and rural development (RD); to suggest
guidelines for the types of research questions which may be included
in a Regional research programme on the above topics; and, to
identify research strategies to maximize the relevance and utilization
Brett resutt#

The intention here is to raise issues rather than attempt to
deal with them exhaustively, and no claim is made to inecluding or
even touching upon the many references and topies that could be
brought into such a discussion. Hopefully, discussion during the
Research Study Group will regpond to issues raised here and will

broaden the set of ideas presented in this paper,

2. Problem

In grossly oversimplified terms, the problem is that far too
few people - especially poor and rural people - have access to
reasonable water supplies and excreta disposal facilitles; those
supplies and facilities which do exist are frequently out of service
and repairs are slow; and, when supplies and facllities do exist
and are operable, they are not utilized to the degree expected.
Furthermore, it is generally believed that appropriate technologies
can be identified and/or developed to meet technical aspects of these
problems, but that major behavioural and operational problems and
constraints should be defined and overcome to achieve what is believed

will be a major component of improved health care,
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These two aspects of appropriate technology have been referred

to as the "hardware" and "software" of appropriate technology1 and

this general diStinction will be maintained here.‘ of pfime importance
1s the 1interaction/or relationship between AT “"hardware" ‘and "soft-
ware"; and not whether one is more important than the other. Most
experts in this field (and at this meeting) are well-versed in the

"hard ware" aspects. (I am not.) Some are knowledgeable in both
areas. My groblem is @o try to put forward a clear case for the -
vrelationship between water and sanitation appropriate technology

“hardware" and "software" within the context of PHC and RD.’

3. Water supply and sanitation at village level within the context
of PHC and RD

Primary Health Care has been identified as the framework within
which village level water supply and sanitation should be developed.
Appropriate technology is seen as an essential element of PHC and is -
consistent with PHC principles. These emphasize accessibility,
acceptability, and technical appropriateness of health care, and also
give prominence to community participation. Some people have unfortu-
nately tended to interpret commnity participation as “cheap labour",
as a form of taxation to manipulate commnities and pass the burden
for support of rural health care to those who presently do not benefit
from urban-oriented national health care schemes. While it is true
that "a key factor in this approach is the enlisting of community
participation to reduce the cost of installation and ensure the proper

maintenance and utilization of these facilities"a, community participation

1 sEA/RACMR/T8.1/5 p.12.

Development of a Programme for Diarrhoeal Disease Control:
Report of an Advisory Group, Geneva, 2-5 May 1978. p.l0.
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has much more far-reaching implications. These especially relate to

participation in response to community needs and priorities.

As Scotneyfpoints out with respect to commnity participation
and village technology, 1t is essential for each village technology
that:

"... it should arise from, and meet the needs of, the society
so that it could be majintained, restored, duplicated and
improved by local people from their own resources... The
one sure basis on which any innovation can occur in the
village situation is that it gk BEe nedly of e wllage
peopl RN them. © The gap between our view as

"outsiders"‘of what people need and the "insider’s" own per-
ception of the nature of the problems pressing upon his
family and community, needs to be closed. Our "gifts" can
only become acceptable if they are felt by the receivers to
harmonize with their priorities, to fit the skills and
resources they are able to call upon, and to conform with

their way of arranging their lives."1

The failure to appreciate this aspect of community participation

~ within water supply 1is stressed by Briscoe who says:

"In water supply policy the fundamental need appears to be
a reorienting and restructuring of the decision-making process.
The continuation of traditional water use habits wﬁen the
pecople of poor countries are presented with alternative sources
of pure water is geherally ascribed to the ignorance of the
uneducated masses. The prescription then becomes education
of the ignorant and the identification of communication
barriers. In this paper it has been suggested that the fault

1 Village Technology in Eastern Africa: A Report of a UNICEF-
sponsored Regional Seminar on "Simple Technology for the Rural Family",
Nairobi, 14-19 June 1976. p.l2.
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lies not so much with the recipients of these programs as
with the process whereby these programs are conceived.

An understanding of the water use habits of the majority
and the factors which affect these habits 1is necessary,
as is the incorporation of the potential users 1ntd the

process of decision-making in water improvement programs."

These statements advocating priority-oriented and‘community-
based planning and intervention, clash with the majority of traditional
intervention strategles, which are technically-oriented and centrally-
based. Typically, several reactions occur at this stage, e.g.
"communities don't really know what they need or what is good for
them; they will 1list all kinds of foolish/impossible/unnecessary
‘priorities’; water supply/waste disposal/medical care/etc. is
highly complex and has a real.technical basis; villagers cannot be
expected to understand, plan or implement these activitigs;" or, more
eynically "so leave the villages alone then and let them solve their

problems their own Qay."

And this is the very heart of the PHC approach. As with the

case of "hardware" and "software”, there is not an either/or conflict

between technically-~-oriented, centrally-based water and sanitation
. programmes and those which are priority-oriented and commnity-based
activities. Both must be there, but an entirely new relationship has
to be achieved, Communities do not exist in self-sufficlent 1solation,
nor have they independent means to devélop the bifurcated needle, to
sustain a chold chain for vaccines, or - in most circumstances - to
independently develop and sustain appropriate technologies in water

supply and waste disposal. But, however necessary "outside" technical

1 Briscoe, "The Role of Water Supply in Improving Health in Poor
Countries (with special reference to Bangladesh), Cholera Research
Laboratory, Dacca, Sept. 1977. p.26.
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expertise may be, it must be made to harmonize with community
priorities and needs. The PHC approach calls for a partnership
between the participating community and extra-community resources
atid supttsrsd This is a key element of SEARO's draft Medium-Term
Programme for Primary Health Care for 1978-83, which is oriented to
community participation and decision-making, and lists among 1its

activities to "work out national procedures for technical support

and guidance to strengthen local community organization for various
1
aspects of PHC...".

More will be said about research questions within this partner-
ship later, but here I wish to suggest some other corollaries of the

priority-oriented, community-based approach.

While the topic of this Research Study Group is a "sectoral"
one, communities ought not to be expected to identify their priorities
in a similar sectoral way and research and implementation activities,
ought not to be sectorally isolated, but should be broadly based and/or
closely linked with other "sectoral" activities (e.g. nutrition, MCH,
immunization, family planning, educétion, agriculture, housing, ete.)
within PHC. The primary school curriculum, for example, provideé an
excellent opportunity for the introduction of concepts favouring a
propef understanding and use of water supply and sanitation facilities.
It is important to know more about the actual perceived needs or
priorities of communities, including those of water and sanitation, and
to know how these priorities are articulated and communicated within
village decision-making organizations, This would have implications
for the type of mix of extra-community, supportive activities that

1 Draft SEARO Medium-Term Programme of Primary Health Care,
1978-83, July 1978. p.23.
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should be made available to commnities, and for the nature of
resources that communities might generate in local support of these

same activities.

While I am advocating research attention to community7
prioritiesj- clearly assuming that communities do have a good idea
of what is important to them, and that these priorities do relate
to real community development - I am not equally positive towards
most individual attitude-type studies about water and sanitation.
This approach is often equated with attempts to change attitudes or
"educate" the population when their attitudes may be quite reasonable
within their situation. Moreover, this approach is sometimes close
to "blaming the victim" as Briscoe, BannerJi and others have
described.l’2 This 1is especially Ilnappropriate when it has been
concluded that "stripped of statistical evidence, the stark global

facts are that: people need and want water; ... and where installa-

tions have been provided, they have been left with distressing fre-
quency to fall into disrepair and disuse through faulty operation

and maintenance."3

With large percentages of pumps out or order,
it seems more reasonable to focus first on problems of providing and

maintaining pumps, than on attitudinal questions of why people may not

. use pumps if and when they are provided.

1 Briscoe, op. cit.

2 BannerJi, D., "Health as a Lever for Another Development."
Development Dialogue, 1978, 1, pp. 19-25.

> SEA/RACMR/78.1/5 p.9.
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ﬁggAResggggh in Community Participation in Water
S0 sanitagton

In the previous section, some suggestions were made concerning
possible research on general community priorities, including water
supply and waste disposal. Here I should like to focus more speci-
fically on priority research issues related to appropriate technology

in water and sanitation.

As mentioned earlier, the,%gggggooqmpaity/eommnndty partnership
in PHC requires considerable attention to the kinds of necessary sup-
i9¢f for technical
sttt wo vork il commaities] sawdiog wettods whioh can be used.
by communities;? gifidence and assistance in construction and operation
which fits community time frames and work habits rather than only

port to community efforts. This includes #é

fitting central/technical schedules; loans and financial support
mechanisms which correspond with community financing patterns and which
extend beyond construction to operation and maintenance phases; and;-
management/collection/financial schemely which would be applicable at
the community level. Perhaps most importantly, research attention
mist be directed toward commmity-oriented operation and maintenance
schemes, Water facilities are too often inoperable because of faulty
maintenance or shortage of parts. As Shawecross points out with respect
to handpump maintenance, "a searching examination of the entire main-
tenance delivery system, its equipment, its financing, 1ts management
and the suitability of the environment" is required.1 It is necessary
that commnity members be trained to operate and maintain the appro-
priate tecﬂnology, and attention should be directed to developing the
necessary training and maintenance schemes, with all of the necessary

extra-commnity support.

1 SEA/RACMR/78.1/J. p.54.
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In the same way 1n which many technica}ly-sound medical pro-
cedures have been "de-professionalized" so that village health workers,
following diagnostic flow charts or standard operating procedures,
can apply these procedures at the village level, technically appro-
priate engineering procedures must be made available to village
level water and sanitation workers; Some examples already exist1
but much more attention should be devoted to finding practical answers

to these needs.

5. Research Strategy

Research on the topics identified here should not be carried |,
out in isolation. Multidisciplinary teams are required to assure that
behavioural questions and pfoplems relate to the technical work being
performed by engineers and others. Research on community operation
and maintenance of hand pumps, for example, should be carried out in
direct connexion with engineers developing and testing physical comﬁﬂ:
ponents of the same pumps and other elements of the system. Further-
more, these close relationships help to assure relevance of the
questions asked and utilization of the research results. Wherever

possible, and in keeping with the above, research should be directly
‘.connected with implementation programmes, and not carried out as an

isolated or separate activity.

Emphasis should be placed on obtaining research results which
can be directly shared within the country, the Region, and between

Regions, and attention may even be directed to 1mproving‘tﬁis process

! "The Training and Utilization of Rural Water Technicians in

Guatemala", Background paper for 22nd JCHP study on Water Supply and
Sanitation Component of PHC, 1978; and Cardenas, Margarita, "Community
Participation and Sanitary Education in Water Supply and Sanitation .

Programmes in Rural Areas of Paraguay", Background Paper for above
study, 1977.
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of information exchange, especially as it relates to the acceptance

and adaptation of hew technologies.1

Finally, it is important to build up multi-disciplinary
institutional strengths so that changing research and development
questions can be continuously addressed by a core of researchers
possessing an "institutional memory" which builds on previous

experiences rather than starting anew with each research problem,

1 See, for example, Andreas Fuglesang, Doing Things Together:

Report on an Experience in Communicating Appropriate Technology, Dag
Hammarskjold Foundation, Uppsala, 1977.
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To introduce my comments on operations research as that discipline
may apply to appropriate technology for environmental health, I quote from
Mother Goose as adapted by Stacer Holcomb as reported by Cleland and King.

Jack and Jill went up the hill
To fetch a pail of water
Jack fell down and broke his crown
And Jill came tumbling after,

Jack could have avoided that awful lump
By seeking alternative choices

Like installing some pipe and a great big pump
And sending Jill the invoices,*

That quote seems particularly appropriate both to the substantive

issue of environmental health and the methodological issue of operations

.|| research, For the most part, alternative choices, how to identify them
‘ and how to make them is the subject matter of operations research,

Nearly every book on operations research begins with a statement
of what operations research is, Each of these statements tends to have
in common the basic idea that operations research is research applied to
the solution of management problems in the deployment of given technology.
The notion of applied is critical to operations research, As Wagner says
of operations research, "The principle results of the analysis must have
direct and unambiguous implications for executive action'".,** Research
undertaken without this direct implication to executive action, no matter
how elaborate or costly, is not operations research., Many elaborate research
projects are designed, funded and carried out with little thought given to
the application of results. In some cases, it is readily acknowledged that
the research results will come in after decision making has taken place.
In other cases, the decisions have been made prior to the research effort
which is merely cosmetic, It will be referenced if it supports the decisions
and buried otherwise, Whatever else such activities may be, they are not
operations research,

The deployment of given technology is also central to the concept of
operations research, Operations research attempts to utilize the existing
technology in the most effective and efficient way, but is not basically
concerned with the development of the technology, per se, The construction
of a better pump or a more effective composting procedure is the province of
the engineer rather than the operations researcher. This does not mean that
OR cannot contribute to both the evaluation of and application of new
technology, but simply that technology development is outside the OR range,

>kr *David Cleland and William King, Systems Analysis and Project Management,
Mc Graw Book Co,, New York, 1968, p 40,

**Wagner, garvey M, Principles of Operations Research, Prentice Hall,
1975, P '
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A second characteristic common to most statements of what OR is,
is the notion of objective and measureable pay-off. The purpose of OR is to
show the way by which some objective pay-off (often economic) can be maximized
(or alternatively, costs can be minimized given a set of output goals), In
applications in the private sector, this is a relatively easily adopted
perspective, The objective pay-off is very often organization profit. In
the public sector it is much more difficult to specify objective pay-offs,
Public sector organizations are not profit making, but rather service
organizations, Very often it is: difficult to quantify the service to be
provided or even to obtain agreement on what the service is., Still, for a
successfull application of OR, such quantification is necessary,

A third characteristic of OR, is that it relies on formalized
mathematical procedures or models, Wagner* again says that the procedures
for manipulating the data to which OR is applied should be so explicit that
they can be described to another analyst, who in turn would derive the same ,‘
results from the same data., This does not mean that the procedures must at ¢
all times rely on what Singh** has called the "abracadabra of higher
mathematics", He points out that "operations research is, like the tusks of
an elephant, of two types: one for grinding and the other for display".
Published OR work is often quite mathematically sophisticated, but that which
is applied in practical situations may be so simple, even crude, that it
would not provide a publishable paper., Yet it has been sufficient to solve
the problem at hand in an acceptable manner,

The real point of the reliance on formalized procedures is that the
results of the Research effort not be so subjective as to be wholly dependent
on the perspective and hunches of the researcher, Any researcher using the
same techniques (however crude) should be able to reach substantially the
same results,

A detailing of these characteristics of OR still does not suffice to
let the person unfamiliar with the subject know, in fact, what it is. Those
activities which most often go under the name of OR are a fairly specific, .;./
though diverse, set of mathematical procedures which are considered almost
always to include Decision Analysis and Decision Theory, Linear and Non-linear
BProgramming, Network models including PERT and CPM, Markov Analysis, game
theory, inventory models, queuing theory and simulation, Singh also considers
statistical inference, including hypothesis testing, statistical model building
and analysis of variance as part of operations research although most authors do
not include these topics. While the distinction is not perfect, it might be
said that the difference between those techniques which are generally perceived
to fall under the heading of operations research and those which are more often
considered as primarily statistical inference is that operations research
represents evaluation before the fact based on best estimates of various
model parameters while statistical inference represents evaluation after the
fact., Both can be usefull management tools, but the "after the fact' nature
of statistical inference often makes it a less usefull management tool in
public sector activities.

*Ibid P3
**Singh, Jagjit, Great Ideas of Operations Research, Dover, 1968, pb
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How can OR be applied to the practical problems of appropriate
technology for environmental health? Environmental health is not without
OR applications at the present time. D. Hindle, who has written a problem
based OR training manual for developing countries provides a simplified
description of an OR treatment of the problem of river water management.*
The problem included how best to extract water from the river in order to
meet water supply needs, what strategies for treatment of waste water should
be utilized and where to build processing and treatment plants. The OR
approach taken, which was highly pragmatic, showed that the lowest cost
strategy for assuring an adequate supply of safe water depended on the
cooperation of water supply and sewage treatment authorities and could not
be reached if each authority attempted to minimize its own costs.

In another area of OR application, John Briscce has developed several
mathematical models for simulating hookworm infestation.**

As a means of better conceptualizing the possible use of OR in
addressing practical problems in environmental health, let us consider three
hypothetical (and relatively simple) applications, a decision analysis
problem, a linear programming problem and a problem involving Markov analysis.
In undertaking such a discussion, however, two points should be clear at the
outset, First, environmental health is not my field. Because of this, the
examples I have chosen to discuss may or may not appear naive. If they are
naive, at least let us hope that the possibility of the use of OR techniques
in environmental health will not be rejected solely on that account. Second,
the examples are purposely simple for the purpose of discussion. 1In a serious
application, the order of complexity would be many times greater. Again,
the point is to demonstrate an approach to problem solving without getting
bogged down in detail.

In a 1977 report Briscoe has discussed a number of studies bearing
on the spread of cholera in Bangladesh.*** On the basis of these he examined
several hypotheses concerning the spread of cholera.

Three of the hypotheses he eamined include, in a slightly reworded
form, the following
1. Cholera is transmitted only by drinking water

2. Cholera is transmitted by all contacts with water including
drinking, cooking, bathing and washing cloths

3. Cholera is transmitted through oral-fecal contacts unrelated
to water

Briscoe shows evidence that essentially casts doubt on all of these
hypotheses (as well as others) as accounting for the spread of cholera. But

*Management Science for Health Services, an OR/SA Training Course for
Developing Countries, (no further reference).
#*Briscoe John, Public Health in Rural India: The case of Excreta Disposal.

“¥%Brigscoe John, The Role of Water Supply in Improving Health in poor countries,

Cholera Research Laboratory, Dacca, September 1977,
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let us suppose that a country wished to launch some type of cholera
preventive programme and believed these three hypotheses to be the most
plausible., Further, let us assume that the country is contemplating five
different possible programmes, The first programme would be the widespread
expansion of tubewell availability, which they estimate to cost rupees 16
million. The second is a tubewell project plus education about cholera
estimated to cost rupees 24 million, The third alternative is a combined
tubewell and excreta disposal project estimated to cost rupees 32 million
and the fourth alternative is an excreta disposal programme alone estimated
to cost rupees 16 million, Finally, the country could elect to do nothing,
a policy we will consider to be free. This is a classic example of a
decision analysis problem, There are several alternative strategies (the
five possible programmes) and several alternative states of nature (the
possibility that either hypothesis one, two or three is true). What
strategy should be chosen to gain the maximum benefit?

To answer this question, two other types of information must be
available, The first is the benefit derived from selecting any given
strategy if any given state of nature obtains, and the second is the
likelyhood or probability that a given state of nature will obtain,
-Consider first the question of benefit derived., Figure 1 represents what
might be considered a plausible pay-off matrix for the three states of
nature and the four alternative strategies under consideration.

Figure 1

Pay-offs for Alternative Strategies and States of Nature
Cholera Control Programmes

States of Nature

A B c

1 75 50 25

2 80 50 25

Strategies 3 80 75 50
4 50 50 50

5 25 25 25

States of Nature

A, Cholera transmitted only by drinking
B. Cholera transmitted by all water contacts

C. Cholera transmitted by other oral-fecal contacts



SEA/EH/RSG/Meet,1/4,2C

Page 5
Alternative Strategies
1, Tubewell project
2. Tubewell plus education project
3. Tubewell plus excreta disposal project
4, Excreta Disposal Project alone
Se No programme

It may be necessary to suspend disbelief for a moment, but let us
consider that the number in each cell of the pay-off matrix represents an
expert's, or panel of experts' best guess as to the proportion of the
population of a country which will be protected from (that is not exposed to)
cholera for each strategy given each state of nature. For example, if
cholera is spread only by drinking water (State A) and the country chooses
to launch a major tubewell project (strategy 1), seventy five people out of
every one hundred will be protected from exposure to cholera, (Remember,
these are only exemplary figures based on my personal brief exposure to
environmental health). If on the other hand, the country decides to
concentrate its efforts only on excreta disposal the effect will be the same
(50 percent unexposed) whether the true state of nature is that cholera is
transmitted by drinking only, by all water contacts or by other oral-fecal
contacts., The other numbers in figure 1 represent the belief that a tubewell
project or a tubewell project plus education will have some effect (50%) if
cholera is spread through all contacts with water but little or no effect
(25%) if cholera is spread by other contacts. A tubewell plus excreta disposal
effort will have substantial effect if water is the transmission medium
(80 and 75%) and some effect if not (50%). Finally if nothing at all is done,
it is estimated that 25% of the population will remain unexposed to cholera.

Briscoe shows evidence to refute all three hypotheses about the
spread of cholera. But let us assume we can get expert opinion which tells
us that the probability is 407% that cholera is spread by drinking along,

50% that it is spread by drinking, bathing and all other water contacts and
only 10% that it is spread in some other way. Decision analysis would then
dictate that the correct programme to introduce is that programme which
maximizes the sum of the product of the pay-~off for each state of nature

for each programme multiplied by the probability that each state of nature is
the correct one, Thus, the pay-off for each strategy given the probabilities
A4, .5 and .1 are shown in the top half of figure 2,
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Figure 2

Computation of Pay-off and Pay-off per cost
Given fixed probabilities for
Alternative States of Nature

Probabilities of the States of Nature: A 4, B=,5,C=,1

Strategy Pay-off ~ Cost Pay-off/
(million rupees) (million rupees)
1 (75)(.4) + (50)(.5) + (25)(.1) = 57.5 16 3.59
2 (80)(.4) + (50)(.5) + (25)(.1) = 59.5 24 2,48
3 (80)(.4) + (75)(.5) + (50)(.1) = 74,5 32 2.33
4 (50)(.4) + (50)(.5) + (50)(.1) = 50.0 16 3.13 .
5 (25)(.4) + (25)(.5) + (25)(.1) = 25.0 0 N.A,

Probabilities of the States of Nature: A = ,1, B = ,5, C = .4

Strategy Pay-off Cost Pay-off/
(million rupees) (million rupees)

1 (75)(.1) + (50)(.5) + (25)(.4) = 42,5 16 2.66

2 (80)(.1) + (50)(.5) + (25)(.4) = 43.0 24 1.79

3 (80)(.1) + (75)(.5) + (50)(.4) = 65.5 32 2.05

4 (50)(.1) + (50)(.5) + (50)(.4) = 50.0 16 3.13

5 (25)(.1) + (25)(.5) + (25)(.4) = 25,5 0 N.A.

Under this fomulation, given fair certainty about the pay-offs but

uncertainty about which will be the true state of nature, the best strategy ‘./
to maximize the proportion of population protected is strategy 3, a joint

tubewell and sewage project,

Consider now an alternative fomulation in which our expert opinion
indicates that the likelyhood is very low (say .l) that drinking alone
spreads cholera, ,5 that all water contacts spread cholera and .4 that other
oral-fecal contacts spread cholera. In this case, the pay-off of each
strategy will be as shown in the lower half of Figure 2,

In this case, again, the maximum pay-off is obtained when the joint
tubewell gewage project is undertaken; In fact, given this particular
pay-off matrix, the best strategy for reducing exposure to cholera will be
a joint tubewell/sewage project regardless of the probabilities assigned to
the possible true states of nature,

But suppose that reduction to cholera exposure is not the only
consideration. Suppose also we are concerned about the cost of the programmes
and the need to get the most "bang for the rupee'" so to speak, In that case
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the "best" strategy in terms of cost-effectiveness would be the first,
(3.59 percent of the population protected per million rupees spent) if the
probabilities of the states of nature were .4, .5 and .l respectively and
the fourth (3.13 percent of the population protected per million rupees
spent) if the probabilities of the states of nature were .1, .5 and .4,
These details are also shown in figure 2.

This is a relatively simple example of the use of decision analysis
in planning a specific type of environmental health project., A more
sophisticated application might include the staging of implementation so
that decisions could be based on experience as well as a priori assumptions
about pay-off and states of nature, Most standard texts in Operations
Research provide examples of such decision staging.

Consider, now, another application of OR to the question of
appropriate technology. Again, the example will be kept simple for the
purpose of this discussion. Bangladesh, according to Shawcross* has
400,000 hand pumps in operation and an annual maintenance cost of $ 5 per
pump or 2 million dollars, The pumps are currently maintained by the
central government but there is a desire to transfer maintenance of possibly
all, but at least some of the pumps from the central government to the
people at the local level, Let us assume that there will still be a
maintenance cost to the government of § 1 per pump if they are able to shift
the maintenance responsibility to the local level (perhaps they will have
to hire people to act as advisors in pump maintenance) and let us assume
further that the country is willing to continue to spend $ 1 million per
year on pump maintenance.

Under the current system of pump maintenance approximately 75 percent
of all pumps (about 300,000) are working at any one time. The government
realizes that if they decentralize responsibility to the local level, probably
no more than 50% of pumps will be operational at any one time. Yet they
want to assure that the million dollars will be spent in such a way that the
maximum number of pumps, whether government maintained or locally maintained
will be working at any time. How do they best spend the $ 1 million to
assure this,

The problem as stated is a straight-forward, if simple, linear
programming problem. The issue is how to allocate resources between two
competing destinations (government and locally maintained pumps) in such a
way as to maximize some pay-off (the proportion of pumps working). If we
designate X as the number of pumps maintained by the government and X2
as the number of pumps maintained locally the problem is to maximize Z
where:

.75%; + .5Xp = Z Total proportion of pumps working

and 5X1 + 1X2
X + 1Xp

1,000,000 Total dollars to spend

400,000 Total pumps to maintain

These three equations indicate that we are trying to maximize an additive
combination of 75% of all pumps maintained by the government and 50% of all

*Hand Pump maintenance, John F., Shawcross, Interim Report to the International
Reference Center for Community Water Supply, Voorburg, The Netherland, 1978
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pumps maintained locally (those that will be operational at any one time)
subject to the constraints that the number of pumps maintained at five
dollars and the number maintained at one dollar must result in expenditures
not exceeding one million and more than 400,000 pumps cannot be maintained
through either mechanism. With a little effort, this problem can be solved
by trial and error. The best strategy is to maintain 250,000 pumps locally
and 150,000 by government workers. This results in 237,500 pumps or 59.4%
of the total being in working order at any one time. With a million dollar
per yvear investment and only these two maintenance strategies, that is the
best the country can do. The problem can also be solved graphically as
shown in figure 3.

Figure 3

Graphical representation of maximization

10 1
9 4
8
7 1
6 9
5 4
- 1o§fooo) 4 “{//DKXI + X2 ; 400, 000)
z ' ‘(,//”/’ N(5X) + X, = 1,000,000)
v
i3

(In 100, 000)

In figure 3, the line M represents the constraint
X, + X, = 400,000
The line N represents the constraint
5X; + X, = 1,000,000
Any point in the shaded area B satisfies both constraints but it can be
readily shown that point A, representing the intersection of the two

constraints, results in the maximum of the objective function. (At point A,
X; = 150,000 and X, = 250,000)
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Most linear programming problems in practical applications are
much more complex than this. They may have tens or hundreds of additive
terms to be maximized and equal numbers of constraints. The simplex method,
described in any OR text and available in a number of different computer
programme formats will, in general, provide solutions to such resource
allocation problems if the relationships can be stated in linear terms.

A final example of an OR Application involves the use of Markov
analysis, and basically concerns the same problem of well maintenance.
Markov analysis is concerned with the steady state characteristics of
dynamic systems. We know, for example, that only 75 percent of Bangladesh
wells are operational at any one time.* But if maintenance efforts are
being expended then some of the pumps are being fixed while others are
breaking down. The 75% represents a steady system state where as many
wells breakdown as are repaired in any given time period.

Let us assume that the maintenance force visits each pump once each
month and that they fix each pump which is broken. To simplify (hopefully
not beyond the realm of belief) let us assume that all the pumps went into
operation at the same time and were all operational at that time., So, for
the first month of the maintenance programme we might be able to represent
what happened with the transition matrix, shown in Figure 4.

Figure 4

Transition matrix for first time period

working at broken at
T2 T2
working at Ty P 1-pP
broken at T1 1 o

If all the pumps are working at T;, 1-P pumps will be broken by
Ty (working pumps at outset X 1-P + non-working pumps at outset X 0)

We know the system is in steady state when 75% of the pumps are
working. In the case of a transition matrix which is 2 x 2, both rows in
the steady state will be identical. If we denote the proportion of pumps
working and not working at the outset by the vector w = (1 0) and the
steady state matrix by S, the proportion of pumps working at any one time
after reaching steady state is w S or as shown in Figure 5

*Shawcross, opcit, Pj
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Figure 5
Proportion of pumps working after reaching steady
state - all
Broken pumps repaired each
month
w S
(1 0) (.75 .25) = (.75) (working)
(.75 .25)  (.25) (not working)

It is known that the steady state matrix S is in fact some power
of the initial matrix shown in Figure 4.

In order to fix all the pumps that are broken, the repairmen would

conceivably have to visit all pumps. The value of knowing the initial matrix

is that it can help us to determine what the steady state of the system
would be if our policy was changed to visiting only half the pumps each
month so that only half the broken pumps would be fixed.

It is relatively easy to find the initial matrix above through
trial and error which turns out to have P = ,66 and 1-P = .34 as shown
in Figure 6.

Figure 6

Original transition matrix for
75% steady state

This matrix raised to about its 4th power gives the steady state
matrix. Beginning with the matrix in Figure 6, what would be the result of
a decision to visit only half the pumps each month (and hence fix only half
the broken pumps) has been made.

In the initial month the transition matrix would be as shown in
Figure 7 which reaches the

Figure 7
Original transition matrix if only half the pumps are

visited each month and only half of broken pumps fixed
(on the average)

Steady state shown in Figure 8

®
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Figure 8

Steady state for transition matrix shown in Figure 7

( .60 .40 )
( .60 .40 )

Thus, by visiting only half the wells each month (a fifty percent
reduction in work) the number of pumps working drops to 60%, only a 207%
reduction in operating pumps. Or, viewed another way, for a 38% reduction
in cost per working well there is a 20% reduction in working pumps. This

type of information could be usefull in planning programme changes, especially
in the presence of restricted budgets.

I have mentioned only a small number of possible OR applications to
environmental health, and clearly they are highly simplified. Perhaps, like
the visible tusks of the elephant they are more for display than for grinding.
Still, I hope they provide some indication that OR techniques may provide
information usefull to environmental health planning.
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RESEARCH IN RURAL WATER SUPPLIES AND SANITATION

This note is written for use at the October 1978 meeting of the
Research Study Group on Appropriate Technology for the Improvement of
Environmental Health at the Village Level held in New Delhi under the
auspices of WHO's Regional Office for South East Asia. Its purpose is
to briefly set out IDRC's activitiesfin this sector and discuss some
of the priority needs for research in the excreta/wastewater disposal

and reuse sector.

The Health Sciences Division began funding rural water supply and
sanitation (RWSS) projects in mid-1975, to date 44 projects are underway
or are in the initial stages of receiving support. A complete list is
attached hereto. The total amount of funds committed thus far are in

the region of $4,000,000. IDRC's policy is to support developing

country national institutions and researchers and in doing so to respond :
to their priorities. Research funding has been geared to both: myz’
1. the maintenance of high standaggg_ln researchg and
2. the development of research capability within the t‘}‘ﬂfbi dVLC?
third world. R ashins. o rowebs AR

0f the several criteria placed on research supported by IDRC/HSD
are:

1. that it should respond to national priorities;

2. that the project should be in a position to influence
government policies and practices should research
results merit implementation;

3. that the target population group which would ultimately,
benefit from the research be of the rural poor or the
low income urban squatter settlements; and

4., that the investigators be committed to the research

activity.

Efforts by international agencies to develop the rural water supply

and sanitation sector as a whole are hindered by several constraints.
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These include lack of such fundamental prerequisites as central
government motivation and rational implementation policies. Financial
and administrative infrastructure are inadequate and co-ordination
between the responsible agencies is poor. Communications between
government and villages being serviced are generally weak, resulting
in misunderstandings and the early breakdown of the equipment installed
through lack of maintenance and support at the local level. The
selection of technology has been dominated by foreign consultants;
equipment has been applied with inadequate attention being given to
local conditions. Of particular note of this respect are village
handpump and latrine installation programmes. Handpumps require
maintenance; however, most installations have been made without
adequate maintenance back-up facilities and in such a way that the
community being serviced regards the pump as the property, and hence

the responsibility, of the government.

RESEARCH PRIORITIES WITHIN IDRC'S FUNDING ACTIVITY

Due to constraints on funds and the lack of relevant research
capacity in the field, it has been necessary to select specific research
areas as foci which represent a compromise between those that are felt
to exhibit the greatest promise and the constraints imposed by the
limited research capacity. These are listed below; they are not in any
order or priority:

1. Ground Water Extraction: studies on the development of handpump

technologies which are relevant to local conditions and have

potential for local manufacture.

2. Surface Water Treatment and Delivery: studies on low-cost, low-

maintenance water treatment (clarification, filtration,
disinfection) processes. This research is aimed at minimizing
equipment requirements and reducing capital costs of existing
water treatment plant designs for the larger villages and rural

towns.

/3



Wasteswater Management: investigations into alternative modes of

excreta and wastewater collection and disposal in both the urban
and rural contexts but with emphasis on the densely populated
areas of the squatter settlements, where conditions are most

critical and lack of feasible approaches most severely felt.

Wastes Reclamation: the development of reclamation systems

aimed at the treatment and reuse of wastes (in particular,
human excreta) which are applicable to those derived of the
rural town and agricultural community. Specific emphasis is
be given to the production of fish and other forms of biomass
in waste treatment ponds and to health aspects related to such

processes.

Impact of Water and Sanitation Interventions: investigations into

the effects of water supply and sanitation delivery on the village.
This work includes field studies of the impact on public
health of various types and levels of improvements which can be
made with a view to their optimization and definition of the

most cost-effective combinations of interventions appropriate

to the variety of village conditions in which they are to be

made.

Social and Managerial Aspects: studies on the social, organizational,

administrative and financial aspects of rural water supply programmes
including traditional technologies and water-use practices;

village organizational capacity and interaction with the government
as related to water supplies; community participation and self-help
approaches; the design of govermment administrative and financial
infrastructure for implementation of rural water supply and
sanitation schemes; and functions of the primary health care

systems in maintaining installations and providing sanitary

education.

Manpower Development: investigations related to the design of

manpower development programmes, including training for rural
water supply and sanitation. These will include studies on the

role of village-level maintenance personnel, middle-level

technicians, and the central co-ordination and design offices,
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with a view to defining the type and number of personnel at
each level required for effective back-up for the continued
use, maintenance and extension of the systems, once

installed.

Researchers who are interested in requesting support for work in
this sector from the Health Sciences Division should initiate correspondeace
directly with the writer. Proposal development is very informal. The
first letter should set out the proposed project in a few paragraphs.
It is used to obtain an informal reaction from IDRC. This is followed
by more detailed correspondence and most likely a visit by a representative
of IDRC which will conclude with submittal of the formal proposal. The
formal proposal will give details of the background to the proposal, the
specific objectives of the work, how the research will be carried out,
how the results are to be disseminated, how they might be utilized
within the government's development activities, the budget and the
way in which the funds are to be transferred and administered throughout
the project. It is possible that the proposal will require some formal
clearance by the recipient's government. Such clearances would be
necessary prior to IDRC's formally accepting the proposal and committing

funds.

RESEARCH IN EXCRETA AND WASTEWATER DISPOSAL

In the past, there has been a natural tendency to focus on the

"hardware' aspects of technology for excreta and wastewater disposal.
This has been in response to the technology gap between the objectionable
pit privy and the too-expensive sewerage network system. Now that
research projects in the developing countries are generating technical
solutions more emphasis will have to be placed on the '"software"

components of development programmes in this sector.
Listed below are several techniques and technologies requiring

further research. The list is obviously incomplete but could serve as a

focus for discussion.
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ON-SITE EXCRETA DISPOSAL TECHNOLOGIES

1.

Lower cost construction methods and materials for all parts of
the privies, compost and water seal latrines which will permit
the owner to construct the unit himself without reliance on

factory made parts.

Practical methods for reducing fly infestation and breeding
within the pits and vaults.

Techniques for desludging the pit privy which are acceptable
to the owner and which permits decentralization of responsibility

for latrine maintenance.

Improved venting systems to reduce odours in the "dry" latrines

and composting toilets.

Water using latrine designswhich encourage hygiene and handwashing

in particular after defecation.

Techniques for reducing the quantities of water reaching the vaults

of compost toilets.

Methods for reducing refuse and grass requirements of compost toilets
while ensuring adequate temperatures are maintained within the
compost development and field testing the Vietnamese double vault

toilet in other regions and cultures.

EXCRETA COLLECTION TECHNOLOGIES

1.

4.

Low-cost yet functional designs and their field evaluation for

vacuum trucks and vaults.

Minimum water use water seal riser seats for use with the household

vault where squat plates are unacceptable.

Design criteria and field testing of the upgraded PRAI latrines
connected to low sloped, shallow buried, small bore, low water

use sewers.

Storm drain designs which will cope with sullage and other wastewaters
which cannot be treated or adequately managed by the on-site excreta

disposal technologies
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5. Water use reducing devices and approaches.

EXCRETA TREATMENT AND REUSE

1. Field testing the Chinese and BARD systems of nightsoil composting

with agricultural wastes and urban refuse.

2. Low-cost materials and construction designs for the biogas plant -

such as the fixed top digester

3. Means by which digester temperatures can be raised and maintained

during winter

4., More efficient gas burning devices (cookers and lamps) which can
be fabricated within the village.

5. Improved operating regimes to raise the productivity of the biogas
digester (gas/volabile solids introduced).

6. Use of excreta and sewage for aquaculture methods, increasing
productivity including optimizing stocking rates, polyculture,
algae production, culture of high yield, low quality varieties

for fish meal and intensive aquaculture techniques.

The 1list is incomplete but illustrates the numerous opportunities
and demands for research. There are even more solutions and information

required in the non-technology areas.

Perhaps the most obvious questions centre around the health aspects
of on-site disposal and reuse approaches. The transfer of pathogens
through all the above processes need to be assessed. The spread of
water related pathogens by introducing water coupled with excreta
disposal technologies which cannot cope with sullage needs investigation.
The potential for bioconcentration of pesticides and heavy metals
through aquaculture reuse systems has not been quantitatively evaluated
to date. Research which has been carried out in this area has tended
to focus on pathogen transfer through the process itself and largely
ignored their die-off or survival after harvest and through the

market and food preparation processes.
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Although costing exercises are relatively common little consideration
has been given to the use of cost-effectiveness analysisgto determine the
overall least cost approaches from the national and user points of view.
The householder's capacity to pay for or otherwise contribute to the
technology and its maintenance remains a relatively untrodden area
of research but is a crucial element in govermment programmes in this

sector.

Institutional, manpower and management’ liminatioris ' remain as the

greatest constraints on progress.

Manpower which is available for project implementation has been

educated in sophisticated non-reuse technologies requiring excessive
:capital outlays. Manpower at the sub-professional levels is often
non-existant and often needs to be trained on a project-by-project basis.
There is an urgent need to transfer and adapt successful institutional
and manpower development approaches from Latin America and Malawi for
use In other regions and countries. What activity there is to counter
this situation is still in its infancy. There remain urgent needs to
develop relevant training programmes incorporating the lower cost technologies
for manpower at all levels (professional, technician and village).

There is however a dearth of innovative and evaluative capacities in

the third world to meet these demands. Such capacities cannot be
imported from abroad.

The lower cost technologies must be socially acceptable to the
user. International agencies and even national governments are often
ignorant of social factors in implementating their projects in
their rural areas. It is often firmly stated that no reuse approaches
would be acceptable to rural communities. Such broad-brushed negative
reactions are often ill-informed. There are important examples of
indigenous reuse practices such as the use of excreta in backyard fish
production ponds in Indonesian Moslem communities. These point to the

basic lack of understanding of motives and religious/aesthetic factors
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of rural peoples' response to the reuse technologies.

Internationally assisted projects have a tendency to focus on
the delivery of a technology to the rural village - most often a
handpump or gravity fed pipe system. Technology is not enough. It
needs to be introduced along with a change in hygiene habits in the
home before its full benefits are realized. Latrines and sanitary
education tend to fall way down on the list of priorities. This is
a result of their being non-technology oriented, awkward and time
consuming in implementation. Ways by which sanitary education and
latrines can be more easily introduced with water as a '"sanitation
package' need to be developed and evaluated in the field. There
remains a dearth of sanitation education material which focusses
specifically on water and sanitation and can easily be implemented
in the field.

Third world researchers in this field have tended to be divided
and focussed on research acceptable for publication in the industria-
lized states. Practical means of encouraging communication between
researchers in the developing countries without domination or control
by international agencies need to be devised and implemented.
Finally effective means of information transfer between developing
countries has been lacking. Fortunately, the Asian Institute of
Technology 1s establishing a Sanitation Information Centre which will
be a first step in alleviating the situation.

Michael G. McGarry, Ph.D.,

Associate Director

Health Sciences Division
International Development Research Centre
P.0. Box 8500, Ottawa, Canada. K1G 3H9



IDRC FUNDED PROJECTS IN THE WATER SUPPLY AND SANITATION SECIOR

Groundwater Extraction

Manually Operated Low-Lift Pump Prototypes (Canada)
- University of Waterloo

Rural Water Technology Research (Canada)
- IDRC

Pump Windmill Systems (Canada)
~ University of Waterloo

Pumping Technology Research (Ethiopia)
~ Ethiopian Water Resources Authority

Windpower (Ethiopia)
- Ethiopian Water Resources Authority

Water Pumping Technology (Sri Lanka)
~ Sarvodaya Shramadana Movement

Water Pumping Technology (Malaysia)
~ University of Malaya

Shallow Well Pump Research (Malawi)
~ Ministry of Finance - National Research Council

Water Pumping Technology (Kenya)
~ Kano Water Development Trust

Water Pumping Technology (Thailand)
-~ Asian Institute of Technology

Water Pumping Technology (Philippines)
~ University of Philippines

Windpower Pumping (Botswana)
~ Rural Industries Promotions

Literature Review: Innovative Hand Pump Technology
~ University of Waterloo

Water Treatment and Delivery

Water Treatment (Brazil)
~ Campanhia de Saneamento do Parana/SANEPAR

Infiltration Galleries (Panama)
~ University of Panama

Lapa Water Treatment Plant (Peru)
~ Pan American Health Organization

Groundwater Iron Removal (Ghana)
~ University of Science and Tehcnology



Wastes Management

Palm 0il Wastes (Malaysia)
~ Asian Institute of Technology

Self-help Sanitation (Mozambique)
~ Ministry of Public Works and Housing

Sanitation Technology (Zambia)
~ National Housing Authority

Alternative Waste Disposal Phase 11 (Tanzania)
~ Tanzania National Scientific Research Council

Environmental Health (Thailand)
~ Applied Scientific Research Corporation of Thailand (ASRCT)

Alternative Waste Disposal Methods (Tanzania) Phase 1
~ Tanzania National Scientific Research Council

Squatter Settlement Sanitation (Botswana)
- Ministry of Local Govermment and Lands

Disposal of Human Excreta in Rural Areas (Ghana)
= University of Science and Technology

Piggery Waste Treatment (Singapore)
- Ministry of National Development

Reuse Wastes (Korea)
- Dong-A University

Excreta Reuse (Guatemala)
- Centro Miscamericano de Estudios sobre Tecnologia Apropiada (CEMAT)

Wastes Reclamation

Stabilization Ponds (Peru)
- CEPIS/PAHO

Waste Water Reclamation (Malaysia)
- University of Malaya

Waste Water Reclamation (Israel)
- Ministry of Agriculture

Waste Water Reclamation (Kenya)
- Ministry of Water Development

Waste Water Reclamation (Thailand)
-~ Asian Institute of Technology



Impact of Water and Sanitation Interventions

Gastro-enteritis (Guatemala)
- INCAP/PAHO

Water Impact (India)
- M.L.B. Medical College

Sanitation Impact (Bangladesh)
- Cholera Research Laboratory

Social and Managerial Aspects

Water Management (Nigeria)
-~ University of Ibadan

Maasal Water Impact (Kenya)
- University of Nairobi

Rural Water Supply (Korea)
~ City College of Seoul

Water Management (Sudan)
- University of Khartoum

Gastro-enteric Diseases

Viral Gastro-enteritis (Caribbean)
-~ CAREC/PAHO

Rotavirus - INCAP (Guatemala)
- PAHO

General

Trust Fund Rural Water Supply and Sanitation
-~ World Health Organization

Handpump Lab Test (England)
- Consumer's Association
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1 Introduction

Whereas authorities concerning the provision of clean water for various
communities in Thailand have been clearly defined for a long time, the
authorities responsible for sewerage and sewage disposal of towns and
villages have not been so well defined, but it is generally accepted to be
the responsirility of the Department of Local Administration.

The provision of clean water for rural areas in Thailand was initiated in
1964, when the Cabinet appointed an executive committe with members
represented from various departments. The target to be completed was to
provide clean water to some 50,000 villages throughout the country during the
ten years to follow. The programmes included the following:

The construction of shallow dug wells and jet wells with
handpumps

Small diameter wells with handpumps

Deep wells equipped with handpumps

Piped water supply

Rain water collection reservoirs

Standard ponds

Improvement of existing ponds

Dikes and reservoirs

2 Sources and Handpump Problems

However, during 1965-1975, only 40,000 villages had been provided with
water supply of some sorts. At the end of the Third National Social ard
Economic Development Plan, the National Economic and Social Development Board
requested the National Institute for Development Administration (NIDA) to
carry out the evaluation of the programmes. It was found that only 9.3%

of the rural population had water that could be considered to be clean

( Xraivixien and Chulavachna, 1978).

Among the many problems confronting the implementation of the programmes
the failure of handpumps was identified.

There are many authorities at national level vested with the responsibility
of provision of clean water: the Department of Local Administration, the
Department of Mineral Resources, The Office of Accelerated Rural Development,
theDgpartment of Public Works and the Department of Health.

Among those authorities, the Department of Health seems to be more concerned
with the rural areas. Since 1966 up to the end of 1977, with funds from the
National Budget, the communities participation, and also from contribution
from international agencies, notably WHO and UNICEF, 539 piped water
schemes had been constructed serving 1,438,100 rural inhabitants which,
however, represented only a small portion of the total rural population.
Realizing that new approach to the problems is needed to accelerate the
implementation of the programmes, smail diameter well programmes for
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communities between 500~ 1500 population were introduced in 1976 with UNICEF
assistance. At the end of 1977, 130 wells with handpumps were installed
and another 350 wells with handpumps will be constructed annually from now on.

In all, approximately 19,000 handpumps were installed -all over the country
and, according to NIDA's Report, about 5,000 were out of operation at

any one time. The failure was attributed to various sources; from the
poor engineering desxgns,(the low. quality of production, to the problems
of operation and maintenance. The spare.-parts ‘problems were also.of great
importance, since’ those handpumps were 1mported from overseas.,

The ARD and the UNICEF Bangkok, had conducted surveys of handpump des:.gns with .
a view to develop a new design which can be manufactured locally with -
available materials, durable and easy to operate and maintain. It is

planned to install handpumps with the improved designs and construction

and to field test them over a period of time. The existing approach to

the maintenance problems carried out in this country, notably by the

Department of Mineral Resources, is to absorbed all costs by the Department.

A new approach will be introduced by the Department of Health and the ARD

where the local communities will be trained to participate in the maintenance
programmes: the upper part of the handpumps by the villagers and the lower

part by the town mechanics.

3 Treatment for Water Supply

The Department of Health has constructed a number of water treatment plants

through out the country. They are invariably of conventional design:

coagulation, sedimentation, rapid sand filtration and chlorination. The

problems encountered lie in the areas of operation and maintenance because

of the lack of the capability of local communities in terms of financial and
technological resources. .

3.1 Ssand Filters

The Department of Health, the WHO and the International Reference Centre
for Water Supply are collaborating with the Asian Institute of Technology
and the Sanitary Engineering Department, College of Engineering, Chula
longkorn University, in the study and assesment of the use of slow sand
filters for rural water supply. Three slow sand filters plants are now
being constructed and tested.

Sand filters for housechold use were also developed by the Sanitation Division,
Faculty of Public Health, Mahidol,University, as shown in Annex 1 .

3.2 Iron Removal by Tray Aerator

Iron was found to be in concentration well beyond the WHO International
Standard for Drinking Water in many parts of Thailand, especially in the
Northeastern Region. Aerating towers were used in many places consisting
of wooden or concrete towers, 4-5 meter high, from the top of which water
was sprayed and allowed to drip down to sand and gravel filter basins
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constructed at the base of the towers. The Division of Rural Water
Supply, Ministry of Health also used this process in many water schemes.

Limrat (1968) investigated the oxidation and removal mechanism of the

process with different types of media and flow rates, and concluded that the
optimum dosing rates werc in the range between 10-15 gpm/sqg.ft., and

coke 2k-4% in. size was the most efficient media. The percentage of iron
removal and iron oxidation at 10 gpm/sq.ft. were about 16% and 11.5%
respectively. To affect a high overall iron removal, the aeration process
should be followed by coagulation and sedimantation. In this investigation
the coagulants used were lime and alum, and the sedimentation was most
effective in solid-contact tank with preformed sludge blanket, where up to 86%
96% removal could be obtained. See Annex 2 for more details.

4 wWaste Treatment

There are not many domestic waste treatment plants constructed in this country,
and it can be safely said that not a single town within the country has

a proper sewage treatment plants for town wastewater. A few do
exist at military installations and bases. In Bangkok, there are a num-

ber of treatment plants constructed at various housing estates, especially,
those that come under the jurisdiction of the National Housing Authority.

They are by far of conventional activated sludge systems, which are used also
by large hotels and offices in Bangkok and in the resort areas such as Pataya.

The provision of sewerage and sewage treatment plant facilities has increased
the cost per unit dwelling of many projects which forgo the septic tank

and leaching pit system for the activated sludge or extended aeration system
by some B 5000 per unit dwelling. If the sanitary installations are for
individual housing projects, the cost will be much higher in the region of

B 6,000 - B 7,000 per unit dwelling. (Note: 1 US $ = 20 Baht).

The practice in this country is to separate wastcwater from soil waste which
will be in most cases trcated by septic tank system in towns and cities.

In the rural areas, pit privies and water-carried latrines are the most
prevalent. A typical L . Northeastern Region village, may be
represented by Nong Hai in Ubol Rachathani, which has a total population
of about 1600 and 236 households. There are 139 shallow wells, 37% of
vwhich are more than 100 meters from the houses. The number of households
with latrines is only 26%. It would seem therefore that the immediate
problems of many rural communitices of Thailand should be the provision of
latrines as well as the problems of water suplly.

However, as far as wastewater treatment and disposal are concerned, a
number of research works and programme implementation have taken place
which might be appropriately mentioned as follows:

4.1 Anaerobic Filters

Anaerobic -filters have been shown to be very efficient for many kinds of



-4~

organic industrial wastes with extremely high BOD loadings. The
College of Engineering, Chulalongkorn University, through its Department of
Sanitary Engineering, has been studying for morc than 5 years in research
and development concerning anaercbic filters for the treatment of agro-
industrial wastewaters,notably the tapioca starch waste (Annex 3) the sugar
mill waste (Annex 4), and the wastewaters from such canning factories

as pickled vegetables canning and bean curd carning. Recently, Supavong
{1978), completed a research study concerning the use of anaerobic

filters for the treatment of secptic tank effluent. It was found that with
as shallow as 0.5 to 1,0 depth of filters using crushed stones with size
between 25-50 mm. as media, up to more than 85% and 75% BOD and COD

removals respectively can be achieved, provided that the hydraulic loading .’
and the detention time do not exceed 2 cum/ sgm-day or less than 6 hours

respectively. (Annex g). In fact, anaerobic filters have been used for

treating septic tank effluent in this country for more than 30 years, hut

without known systematic study.

4.2 2Anaeroblc-~Aerobic Ponds

Anaerobic-aerobic ponds system has been widely uscd for agro-industrial
waste treatment in this country. The detention times for anaerobic ponds
vary between 1-2 weeks whereas for aerobic ponds will be between 2-1 weeks.
Anaerobic ponds were usually deeper than aerobic ponds and could be as deep as
3-% meters. The effluent from this system of treatment usually had low
BOD values, but there were problems associated with the production of

algae in the aerobicand polishing ponds. Fish usually thrive in those ponds
suggesting the possibility of piscisculture, :lthough no systematic study
had been carried out in this country. 7This method of treatment should also
be suitable for wastewater treatment for the whole village in the rural
areas. Incidentally, there are few housing estates in Malaysia using
methods similar to this quite successfully.

4.3 Energy Production from Waste

The interest in waste treatment has recently assumed ne dimensions
especially after the oil embargo and the energy crisis in 1975. The re-use
concept of wastewater treatment gains wider attention than in the past.

One of this re-use aspect is the erergy production from waste.

The use of anaerobic digesters for the production of bio-cas has been
practised for a number of years, notably in China and in India. The
Department of Health, the Ministry of Health, Thailand, has conducted study
and research in bio-gas production plants including the installation of a
few plants in various villages for use with cattle manure. From the Advisory
Leaflet on Bio-Gas Production from Manure published by the Division of
Sanitation, the recommended digester can be constructed with masonry or
concrete with diametcr and depth varying according to the amount of manurc
available. The digested manure can be dried on a drying bed consisting of
0.2 meter gravel with 0.30 meter sand on the top. Other features are as
constructed in the conventional practice.

Skulbhram(1978, Anexx 6), on the other hand, recommended two types of bio-gas



digesters, one circular and the other a square one with smallcr dimensions.
Both plants were constructed and tested with the China Medical Board Research
Fund in the Chitlada Palace Ground with H.:1. the King's gracious permission.
The tests conducted were of some interest since the manures used were those
from milking cows and elephants, and the gas produced was used for cooking

as well as for refrigeration. The results showed less gas from elephant
manure compared with cow manure. Some interesting data are reproduced as
follows:

Properties of mixtures of manure and water <t t'€ "é“inninc

Cows Elephants
Specific gravity 1.0205 1.0545
pH 6.5 7.3
Total solids{grn/1) 71.2 78.2
Volatile solids(gm/1) 57.3 41.3
Fixcd solids(gm/1) 13.¢9 36.9

Properties of the bio-¢as
Cows Elephants

CH 28.2 48.1
H é 0.G3 -
c52 24.1 41.0
02 10.¢ 1.8
H2 0.2 0.4
N2 35.97 8.7

Both plants are of contigBus loading type. The costs of construction for the
circular plant with cum capacity was B/ 3,700 and that for the square plant
with 1.1 cum was B/4,200. The gas production were 2,200 litres and 1,100
litres for the former and the latter rospectively. These were more

than sufficient for cooking purposes which required only about 440C litres

per day. The rest of the gas could therefore be uscd to operate a refrigerator
or other food storage devices or food prescrvation devices.

4.2 Wastewater Treatment with Water Hyacinth

An experiment was carried out (Chujaval,1977) with pilot scale water hyacinth
ponds. It was found that the ponds with water hyacinth can evaporate 5.5 as
much water as the ones without. Ponds with watcr hyacinth also demonstrated
consistently the ability to remove both BOD and COD slightly baetter than the
ones without(the difference being abcut 5-4 per cent for BOD and COD

loadings of about 14 and 1C 1lbs/1000cuf--day), but in terms of nitrogen and
phosphorus, ponds with water hyacinth showed much higher percentage

rcemovals, indicating the possible use of water hyacinth for tertiary
treatment.
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The problems associated with water hyacinth ponds probably lie in the
creation of possible breeding grounds for mosquitoes,and the tedious task of
harvesting, since water hyacinth has been known to multiply at a tremendously
fast rate and capable of doubling its own size in within one week. The use
of water hyacinth as animal feeod, especially feeding to pigs, has been
practised in this country for & long time. ‘

5 Research Organizations

The National Research Council recently conducted a survey of governmental
organizations including governmental enterprises participating in scientific
and technological research. The Report showed that there were 94 and

24 belonging to the former and the latter catagory respectively(The National
Research Council, 1976).

The National Research Council itself has 10 committees on various branches
of research,namely, physical sciences and mathematics, medical sciences,
chemical sciences and pharmacy, agriculture and biology, cngineering and
industrial research, rhilosophy, laws, political science and public adminis-
tration, cconomics, ~nd social sciences. The main financial assistance for
research projests and the normal operation of the Office comes fram the
annual government budget. The Thai Government also sponsors research
projects in other ways, such as direct budget allocation to various
organizations mentioned 2 °V€ and also to some special projects urgently
needed by the coymunities. Funds for rescarch arc also available on occasion
from international and bilateral agencies, and foundations

6 Recommendations

As far as organizational arrangement is concerncd, there is at present no
organization responsible directly for engineering and technical research for
rural health. This results in the lack of integrated research aiming at
solutioms to many health problems of the rural population. In this respect
WHO can play a very important role in promoting the interest of its member
countries in appropriate technology for rural health and to set up national
coordinating centre vested with the responsibility of initiation, promotion
coordination, ~and advice on research and devclopment. On regiomal scale, 2
regional net work can be set up to coordinate research and development and to
act as data b.nk within the region,.

Research into the social and technical aspects of provision of latrines to the
rural population should have a high piority equal to the continued effort

in water supply and wastewater treatment, ut emphasis should be given to the
re-use concept of waste treatment, in particular the feasibilty of food
production and energy production from wastes.
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INTRODUCT ION

RIS 2 SR A ‘x@,inemnnm-
mental health programmes should be FNENSHIRERNN
LRSIy and scientifically sound, SRENRIIRERIL
compatible, eqewomically viable, sechtilly & a4 )
relevant and acceptable. Water supply and sanitation
programmes in developing countries which are currently
being undertaken meet these requirements only partly.,.
Imbalances, have become visible in several environmental
health programmes in communities, even though heavy invest=
ments have been made in rural water supply and sanitation
systems. The situation would get further aggravated if
projects and programmes are implemented in isolation without
suitable fiiar«dkhicing and integration for optimum utilizae
tion aof reé%ﬁrces.

Wastewater treatment and the disposal systems are
given a low vriority in developing countries due to the
high cost inveolved. The present method of providing water
supply without adequate provision for collection, treatment
and disposal of wastewater i1s harmful from public health
considerations as well as maintaining a clean environment.
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Cess poolé of wastewater around community taps, Streets
and houses in small communities are a potential health
hazard.

WASTE AS A RESOURCE

Wastes generated either in liquid or solid ferms
should be considered as a resource, as appreclable amounts
of nutrients in the form of nitrogen, phosphorus and potash
are present, An ecologically balanced system would put
back the nutrients present in the wastes into the natural
cycle. Recycling through aquaculture, agriculture, ground-
water recharge and reuse should be considered as relevant
fer adootion in small communities., Sewage/sullage water
contains about 60-70 mg/l nitrcgen, 20-~25 mg/l of phosphorus
and 40-45 mg/l of potash, Total quantity of wastewater
generated in rural India at the present rate of water
supply ( as per 1971 census ) is about 40,000 million
liters/day which, in turn, would be releasing about 2400,
800, 1600 tonnes/day of N, P & K respectively. This would
further get incréased under accelerated rural water supply
programmes, Utilizing this resource will help the
community considerably but inaction will result in environ-
mental degradation, leading to public health problems.

- Solid wastes generated in such communities are
allowed to pille up without utilising this resource for
recuve iy of elther energy or nutrients. Garbage generated
from households and farm-yard wastes have sufficient
nutrients which could be put back into the ecological
cycle with simultaneous recovery of energy and nutrients.

HZALTH HAZARD

An indication of the harmful effects of improper
ccllection, treatment and utilization of the wastewater
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from such communities is revealed by the substantial
increase in the population at risk of filariasis in
India ( Table 1 )(1),

TABLE 1 - Comparative Figures of Population at Risk
of Filariasis in India

Year Population in millions
1953 25,45
1962 64.53
1967 | 121,81
. 1970 136.28
1975 136. 3

Harmful effects of unhyglenic disposal of waste-
wvater and excreta may not be noticeable in sparsely
populated rural areas. Semi-urban growth centres with
population in the range of 5000 to 20,000 are essentially
rural in habitat formation but densely populated. In some
countries communities with a population of 5000 and above,
are grouped under urban centres. Growth centres with
population in the range of 20,000 to 1,00,000 are marginally
located around urban centres but the population is ill-
prepared and under-equipved for urban living. Depending
upon the growth potential, these centres grow in size with
ill-equipped houses, badly formed roads, inadequate water
supply and unsightly sanitary conditions.

Planners and administrators give water suoply top
priority and rightly so, due to the visible plight of the
people and their clamour for drinking water. The waste-
water collection, treatment and disposal systems are not
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contemplated initially and may not even be plahned for the
next three or four decades. The mid-decade progress
report of WHO, SEARO (1977) indicates the situation in
India and South East Asia region ( Table 2 ). As against
19 4% of rural ponulation provided with reascnably safe
water supply, only 6 % is provided with adequate excreta
disposal as of 1975(2). Under accelerated rural water
supply programme, the disparity will become wider,

INTEGRATED SYSTEM

An integrated water'-’supply - wastewater collection .
& utilization - energy recovery through biogas - composting -
nutrient recovery and use through aquaculture and agriculture
- has thus become an imperative need for such communities,
whether rural or semi-.urban growth centres. Planning for
water supply in isolation is no longer relevant. An
environmentally compatible and well integrated systemthus
becomes appropriate for urgent consideration.

A conceptual system has been outlined in Fig. 1.
Sundaresan et al have demonstrated in a series of pilot
plant studies at Madras and Nagovur, India, treating sewage
in waste stabilisation nonds utilising sclar energy, using .
the effluent for fish polyculture yielding a production of
11.5 tonnes/hectare/year and further use of effluent for
coconut palm cultivation(3). This becomes relevant where the
environmental conditions are favourable for waste stabilisa-
tion and fish ponds as well as agriculture, In South East
Asia region suitable modifications could be made for different
snecies of fish or different types of crops to suit local
needs. The additional income generated from such an integrated
system would more than offset the operation and maintenance
costs of the plant, in addition to combating environmental
pollution. When 'such a system is adopted for small conmunities
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TABLE 2 - Population Provided with Adequate Water

Supply and Excreta Disposal in India and
South East Asia Region

INDIA SOUTH EAST ASIA
1970 4 1975 % 1970 % 1975 %
in in in in
million million million million
URBAN
Provided with
water supply 66.30 60 107.00 80 75.75 50 127.50 69
Provided with
sewer system 40,00 36 uL5.5 34 42,42 28 48,16 26
RURAL
Provided with
reasonably
safe water
supply 25.00 67 8.60 18 63.41 9 145,12 19
Provided with
adequate
excreta
disposal 560 1 8,70 2 25.08 8 8.70 ()
Source : Community water supply and wastewater disposal -

Mid-decade Progress Report, WHO, SEARO Series,
No. 4 (1977)
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the social benefit accruing out of the improved health
status would further add to its value, The system is

technologically and scientifically sound, economlcally
viable and hygienically safe. The sdofal and cuiBigdl
ac@eptancs 6f such a fgsten should mow be fieldstdsden.

TECHNCLOGY TRANSFER

in South East Asia region wher° such systems could be
introduced. The selected centres shall have protected

water supply through surface or underground source,

simple waste water collection system with open drains and
ecologically balanced treatment and utilisation system

for wastewater. In addition, individual or grouns of

biogas plants to adequately recover and use theenergy

source from dung, garbage and farm waste could be integrated
in the system. An integrated oroject for field testing

has now become necessary in order to make it soeially and
culturally accepntable and also dcsstminate the technological
innovations for wider avplication.

RS dacatied showlll fodl an Sk

¥ DYOREEPYE in order to orepare the population for
accepting such systems as their own and for their benefit,
Village demonstration orogramme on slow sand filtration
has been undertaken by NEERI under the soonsorshin of
WHO/IRC, The Hague. Major »nart of the cost of slow sand
filters, distribution system through public standnosts is
met by the local community and the State Gowernment,
Marginal inputs for construction of slow sand filters and
scientific and technical back up is being nrovided by WHO/
IRC through NEZEKI, Health education has been suitably
incorporated even before the commencement of project
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éonstruction in order to prepare the population on
%he beneficial effects of safe water supply and
improvement in the health status. The operation and
maintenance will be undertaken by the local community
leaders. The response from four villages in four
different States of India has been encouraging. This
can now be extended to include the wastewater collection
and utilisation systems.

The research component of such projects would
involve studying this programme in greater detail for
scientific harvesting and marketing of fish which will -.‘
be hygienic, assessing the improvement in the health
status of the communities, quantifying the nutrient and
energy recovery, economic assessment of agricultural
production, operation and maintenance techniques and
acceptance by the population. The benefit cost analysis
and'optimizing the various system components would form
part of the study.

METHODOLOGY

In South East Asia region, about 10 village centres
could be identified, which have come under one or more )
of environmental health programmés. The sites should be .
representative of geographic character, agricultural
and aquaculture oractices, water resource potential, in
addition to size of population and developmental stage.
In each one 6§ the demonstration centres, the present
environmentalﬁhealth programme and its impact on the
community should be assessed. The real need of the popula~
tion in terms of water supply, exceeta disposal, solid
waste utilization and energy requirements should be
categorised and an integrated system planned. It is likely
that these ten centres are at different stages of development
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and requirements for an integrated system may vary.
However, in each centre the integrated system should be
representative of the requirements of the sub-region.

The cost for such an integrated system could be
worked out and methods of funding outlined. The total
cost of the programme for each centre should be suitably
apportioned to the village, local and central governments
as well as WHO and other UN funding agencies. Multia
disciplinary and multi-institutional approach should be
emphasised. Elected or representative leaders of the
local community should be efféeétively involved at the
time of yplanning, censiructlien;and operabien;

In ofder to seléct the sites and identify the
organisations for involvement, an expert panél consisting
of specialists in the area of environmental health,
agriculture, aquaculture, sociology, economlic analysis
and environmental engineering should be constituted.

This panel should visit possible sites, have dialogue with
local governmental agencies as well as village officials
and make an outline proposal detailing the work programme,
cost and identify institutions and organisations to be

involyed for each centre. Cost benefit aspects should be
indicated.

On the basis of the panel report, the first phase
of the work programme could commence and agencies to be
involved may be identified. An outline of time bound

field demonstration programme could then be initiated as
below
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Project Duration

Phase I

Constitution of expert panel ese U4 months

Visit and project preparation
by expert panel vee W M

Negotiations with institutions
and other UN agencies and

programme finalisation cee W M
Phase II

Village Demonstration Programme
Site selection & preliminary work ces 6 O
Brefing participating organisations cee 6 M

Construction eee 1 year

kaA?JAb. ’////2"0peration, maintenance & assessment = ... 2 years

Total - 5 years

EXPECTED RESULTS

In each one of the sub-regions, the problems of
technology transfer, social acceptance and economic viability
would come under sharp focus. Total estimated costs for
the sub-region for integrated systems could be assessed
for wider application. Environmental health programmes
planned in isolation for water supply, waste disposal and
control of communicable diseases would be costly besides
non-recovery of resources for beneficial purposes. Quantifi-
cation of energy and nutrient recovery in each sub-region |
will prove to be attractive for wider acceptance by planners
as well as local communities. Social benefits by improved
health status would become visible to act as catalyst for
further action in the sub-region. It is no longer valid or

ay
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prudent to postpone waste disocosal systems as they are
costly and uneconomical for rural communities. Diseases
could no longer be controlled or health status improved
by mere provision of vrotected water supply. Control of

a few water-borne diseases alone does not result in
imnroved health status. The programme would ultimately
lead to meaningful cost estimates for im»roving the health
status of rural communities,
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1. Introduction

More than eighty percent of the population in South East
Asian Countries live in rural areas. India is the largest country
in the region with 438 million people (64.7% of the total rural
population in SEAR) in rural areas spread over 564,718 (1961)
villages. The population in these villages vary widely from less
than 500 to over 10,000 and the distribution of villages by popula-

tion is shown in Table-1,

Table-1: Distribution of villages by population in India (1961)

Village Percentage Population
Number Millions Per cent
Less than 500 349 568 61.8 75.26 20.9
500 - 1000 119 197 21.1 83.84 23.3
1000 - 5000 92 784 16 .4 165,90 46,1
5000 - 10000 3 39 0.6 - 22,18 6.2
Over 10,000 773 0.1 12.50 3.4
Total 565 718 100 359,68 100

About 19.4% of the rural population in the Member states have reason-
able access to safe water supply1 and only 5.5% have adequate disposal
of human excreta. In India available information suggests that
64,000 villages covering 10% of rural population have been provided
so far with drinking water supply systems and only about 1,8% have
adequate excreta disposal systemsz. These percentages are however
further reduced due to improper and inadequate maintenance of water
supply systems and complete lack of follow-up programmes for

maintenance of excreta disposal systems,

Although during recent years, the development of water
supply in the region has been accelerated by more than 2,3 times
and that of excreta disposal by 1.7 times, still the coverage has
been deplorably inadequate. In thickly populated countries like
India and Bangladesh, the progress of excreta disposal is far lagging
behind the progress of water supply. In Sri Lanka development of
excreta disposal system‘is closely following development of water
supply systems. In Thailand development of excreta disposal systems
is ahead of development of water supply systems, In India although
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sanitation was an integral part of national water supply and
sanitation programme during the past fiVe'plan‘pefiods; the emphasis
was mainly on rural water supply and as such no concerted efforts
were made to improve rural sanitation. Besides water supply and

human excreta disposal, practically no measures are taken to improve

“other aspects of rural sanitation viz. waste water dispdéal;faﬁimal

waste disposal etc. in order to achieve an overall improvement in

rural environment., Many of. the countries in the region are still

focussing their attention mainly on water supply, understandbly due

to limited resources. Hence, by and large, the statua-of environ-

mental health in rural areas in South East Asian Region still ‘
remains at a low level and much is desired to be done to improve

the envirommental conditions.

2. Integrated Approach Needed

Experience in India and elsewhere, has shown that provision
of safe drinking water supply alone will not reduce the incidence
of gastro-intestinal diseases appreciably. Provision of safe
drinking water and safe disposal of human excreta simultaneously,
as well as an overall improvement of genéral sanitation and personal
hygiene are essential to prevent incidence of gastro-intestinal
and diarrhoeal diseases. Hence, an integrated approach for develop?
ment of water supply as well as sanitationjis a sine-qua-non for improve- ’

ment in health status of rural population,

.3, Water Supply Systems in Rural Areas

In vast countries like India, where geological, geographical
and climatological conditions vary widely, different types of water

supply systems will have to be developed. Where ground water is

. available at reasonable depths, in sufficient quantities and of

satisfactory quality, it is the preferred choice as the source,
Surface watersfneeding treatment facilities is used only when
ground water is either absent or unsuitable, Piped water supply;

systems with a centralized source, and distribution by means of

street hydrants and house taps will cost in India US $ 12 tov30“ "uo”““
A St "
with a maintenance cost of not less than US $ 2.0 per head per we

year, which is rather expensive for the rural people, particularly
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for smaller villages with low agricultural income. Such schemes are
also not feasible where yield from the source is meagre and villages
are of a scattered development. In India about 447 of the rural
population fall in the group of smaller villages ranging in popula-
tion from less than 500 to less than 1000 covering 83% of the total
number of villages. Piped water supply to these villages will be
rather uneconomical both from the point of view of capital cost

and maintenance cost particularly if electric power is also not
available or expensive. Except in case of problem villages and
villages in the cholera endemic areas, simple water supply systems
with sanitary dug-wells, tube-wells or bored-wells fitted with
hand-pumps is the preferred choice for these smaller villages for
providing minimum drinking water needs., Such installations will
cost about US $§ 2 to 8 (Indian rupees 15 to 50) per capita and the
maintenance cost of hand-pumps will vary from US $§ 2 to 5 (Indian
rupees 16 to 45) per tube-well per annum. This systeﬁ is not only
economical but also easier to maintain. The maintenance does not
require much skill and the local people could be trained to develop
the necessary skill to carry out minor repairs to hand pumps. Hence
if set goals are to be reached with the limited resources, multiple-
spot source system (tube-wells or wells) fitted with hand-pumps is

the only answer, although usage may not be very satisfactory.

In Singur area under the All India Institute of Hygiene and
Public Health, small diameter (40 mm), shallow tube-wells of depth
up to 75 m, at a rate of one tube-well for every 100 people, located
not farther than 50 metres from the farthest house served, is
provided. An organization for proper maintenance of tube-wells
is also developed.4 Periodic survey conducted showed that the usage
of tube-well is limited to drinking purpose only and only about
2,5 to 5.0 litres per capita per day of water is drawn from the
tubeewell., Recent health statistics5 showed that there is no inci-

dence of cholera although other gastro-intestinal and diarrhoeal

diseases are still prevalent. Another observation made on the tube-well

‘0.04
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system, developed since three-decades, is that increasing number of tube-
wells did not increase the usage of tube-wells proportionately, But the
more the number of tube-wells, the lesser are the chances of people using
unprotected sources for drinking water, This is because, when the nearest
tube-well goes out of order or the pump breaks down, another tube-well in
working order could be reached, with not much increase in walking distance.
Hence, depending upon hydrogeological conditions and nature of village
development, number of persons served by each tube-well could even be less
than 100, so that at least there are two tube-wells within a radius of
25-50 metres., Sanitary protection of all wells and tube-wells is of

prime importance,

4, Problems of Rural Water Supply

Provision of safe water supply adequate in quantity and acceptable
in quality poses a variety of problems which differ between regions and
most often within the region of the country depending on the hydro-
geological conditions, These problems may be broadly classified into
three catagories, viz: (a) Managerial & Maintenance, (b) Financial,

(c¢) Techological, To this may be added problems relating to sociological 7
and cultural factors:

(a) Managerial & Maintenance Problems:

Multiplicity of agencies employed on the rural water supply
programmes as in India, operates as a handicap in the effective implementation
of the rural water supply as well as Sanitation Programmes, It diffuses
the efforts and reduces cost-effectiveness. A unitary agency, State Health
Ministry with a separate department with trained environmental specialists
should have the control over the entire field of activity. Planning shoul&
be carried out at the district level with the Zilla Parishad (district
elected body) being involved, The community must be involved in sharing
the cost either in kind or coin and the local panchayat (village level
elected body) should take the initiative in mobilising community participation

both in providing a water supply system as well as ﬁh its maintenance g

.systems involving choices by the users themselveﬁ'and an analysis of the

risks they are willing to take, weighed against the benefits they feel they
will receive, are more likely to bring them, lasting results. The State
Public Health Engineering departments should design and execute all rural
water supply projects.. Investigation and monitoring cells should be set up

veed



SEA/EH/RSG/Mect.1/4.4b
Page 5

to survey the existing status and to evaluate the progress from time to
time, National policy and strategy for future development should be clearly
defined, giving high priority for environmental health in rural areas. A
perceptive planning to develop time-bound programmes to reach the set
targets should be adopted,

kack of pyeveptive maintanence is the major cause for break~down of
hgﬁgﬁgggﬁs and tube-wells, At the village leve), Panchayats with a few trained °
voiGEZQ;rs should be able to carry out routine checks, lubrication and mines-
repairs such as replacement of bolts, nuts and leathers-cup etc, At the
Blogkelave]l (alternately Primary Health Centre), a skadmed mechamiqf, should
be placed in-charge of 200-250 tubewells (number should be decided on the
type of pump and the scatter of villages & communication), who should carry
out ###6¢ repairs to hapd-pumps (replacement of tie rods, cylinder valve
etc) and also resink derelict tube-wells in the area, with people's

participation, At the Distric Leveliunder the Public Health Engineering

Division, mobile squaqs should be set-up to attend to emergencies and to
carry out more difficult type of repairs and renewals which the block
mechanic is unable to attend, Adequate spare parts should be stored at all
levels, The cost of maintenance could be met out of people's contribution
on a pro-rate basis, There should be one supervisory staff for every
1000-2500 tube-wells with hand-pump in each sub-division,

(b) Financial Problems:

Financial constraint is a major bottleneck in rural water supply
and sanitation. However with the integrated development of rural areas
leading to economic progress, the situation will slowly and steadily
ease-out, But the time-lag may be so long and unpredictable that one cannot
sit idle without further attempts to solve the financial stringency, In
India a number of schemes for financing water supply and sanitation projects
are already envisaged and implemented, First and foremost action needed
is the pooling of all resources and proper collection of funds. Secondly
involving public financing institutions like Life Insurance Corporation
and Nationalised Banks, Thirdly, setting up of state or regional Rural
Water Supply and Sanitation Boards to mobilise resources and implement
schemes, Fourthly, assistance from international agencies such as I.D.A.,
UNICEF, W.H,0., World Bank etc. could be sought for an accelerated programme,
Lastly, maximising community participation, so that the same money spent out
of public funds, more people.could be served.

oo b
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(e) Technological Problems:

. There is no dearth for methodology for solving many of the rural
water supply problems, But known technology is either inapplicable to a
local situation or uneconomical or does not meet the aspirations of the

local people, Hence what is needed is, development of more appropriate forms

. of technology, that would be low cost, labour intensive, use local materials,

be easy to operate and maintain, and fit harmoniously with local values
and preferences, This is required not only in rural water supply but also
in rural sanitation, Many examples could be cited where appropriate
technology is already developed, ﬁanually operated techniqués for sinkingf
shallow tube-wells in deltaic areas where soil is sandy and clayey to great
depths, is more appropriate than power operated rigs. Hence both sludger
method and water-jetting method are not only economical but also labour
intensive as practiced in India and Bangladesh. 1In Singuf area shallow
tube-wells are now fitted with hand-made (coir-wound) strainers, which are
cheaper than machine made metallic strainers, Resinking of such tube-wells
does not also need any workshop facility and reconditioning of straine;
costs only US$ 0.50 to replace damaged coir-wire as against US$ 5.00 for
replacing metallic wire-mesh,

- There is scope to develop appropriate technologies for solving
many of the problems still ‘existing in rural water supply. Some important
problems for which Research and Development in appropriate technology are
necessary is suggested below for consideration by the expert group.

(d) Research & Development Needs:

(1) ‘Simple’and economic treatment methods for treatment of
surface waters available in open tanks, ponds and canals for rural water
supply. Suggested methods of roughing-fitiers, built-in slow sand filters,
and infiltration galleries in tanks and canals require study and evaluation.

(ii) Sanitary dug-wells form the major spot-sources of drinking
water in rural areas, The conventional method and materials of
construction are still costly and not within the reach of many small rural
communities, Use of non-conventional materials and semi-mechanised methods
for sinking and lining the well to reduce cost is needed to cover a wider
area, The construction method used in Indonesia with precast concrete
lining/casing pipe is worth a trial in other areas, if it proves more

economical,
..007
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(iii) Rain-water collection systemd are used in hilly areas
for individual home supply. A socio-economic study or a cost-benefit
study as carried out in Ghana7 is needed to determine efficiency of

the system,

(iv) Rural piped water supply systems are prohibitively
costly because of high cost of distribution pipelineg. Use of
cheaper but not short-lived materials, preferably locally available,
should be tried., Bamboo pipes if locally available hold promise.
Indonesia has developed technology in the use of bamboo pipes.

Other countries like India, where there is wider scope may well
adopt the known technology and develop it further. Treatment of
bamboo against the attack by termites by such chemicals that will
not contaminate the water carried is to be developed. The methods
known so far are not suitable.

(v) Hand-pumps both deep-well type and shallow-well type
are widely used in rural water supply. A good deal of research and
development is taking place all over the world, A summary of the
latest technology development on hand-pumps is presented in the
brochure on 'Hand-Pumps' prepared by I.R;C., which is a very useful
document for transfer of technology to take place. Although the improved
designs like India~Mark II and Bangladesh new No.6 hand pumps are
excellent in performance, their costs are still not within the |
reach of many a poor village community., Still simpler devices like
what has been designed by organizations like VITA*, ITG** (plastic
pumps, wood pumps, chain pumps) are worth developing in this region.
Similarly foot-operated hydro-pump 'Vergnet' developed by African
Committee on Hydraulic Studie38 is worth adopting with suitable
modification to reduce cost, with a view to increase usage as less
energy is spent by an individual, provided people accept its mode of

operation,

(vi) A vital part of a tube-well is the strainer which
corrodes and chokes due to various causes, needing thereby replacement
which the villagers neither can afford notr take timely action., Research
carried out by All India Institute of Hygiene and Public Health
(A,I.I1.H.& P.H,) and elsewhere on several indigenous materials
like coconut-coir, nyion thread wound on non-metallic base pipe has

proved their high suitability and low cost while a coir wound on
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perforated bamboo base pipe is the cheapest; coir wound on plastic
base pipe, or hand-made slotted plastic pipe strainer gave best
performance, All these hand-made strainers need extensive field

testing.

(vii) A continuous chlorinating device, to chlorinate tube-

well water as it is delivered through pump-spout is yet to be developed.

(viii) PVC pipes are used as casing pipes for tube-wells
both in India and Bangladesh, Problem of extracting pipe and

strainer is yet to be solved because of low strength of PVC pipes,

(ix) A number of plastic strainers of different designs
are developed commercially. These have to be standardised by
scientific performance studies,

(x) A number of simple hypo-chlorinator; are developed
in laboratory studies, Examples: drip-chlorinators, syphon feed
chlorinators, floating bowl chlorinators, carbouy chlofinators,
single pot and double pot chlorinators, floating platform chlorina-
tor, inverted bottle-chlorinators. Some are already field tested
and found useful, But most of them need extensive field trials and

checking suitability for small diameter tube-wells,

(xi) Simple units for removal of iro& from water lifted
from tubewells by aeration and filtration have been developed.
But experience in field testing[?&gﬁ units connected directly to
hand-pumps presented problems i.e. not effective for higher
concentration of iron above 4 P.P.M., frequent fouling of sandbed,
difficulcy in washing choked bed etc. besides low rate of filtration
(lower than normal rate of hand pumping). Villagers have neither

the time nor patience to operate and maintain them. Further studies

on various design aspects are necessary

(xii) Plastic pumps, bamboo pumps, wood pumps have scope
for private tube-wells in individual homes, as they are delicate
and are to be operated with care, Designs should be developed

using indigenous materials and tested extensively, Pumps made in

Korat (Thailand) is an example of appropriate technology for such a pump.
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The pump body and cylinder is made of 50 mm seamless pipe, steel-balls
taken from anti€riction bearings are used as check-valves, local
leather is used for piston-cups and local hard-wood for the handle.
An all bamboo-pump (including poppet valve, check valve etc.)
fabricated at Singur (Health Centre) worked satisfactorily as a
barrel pump, hence useful in pumping water stored in containers to

prevent secondary contamination.

(xiii) Studies to define extent of pollution of existing
rural water supplies, especially hand-pump systems, should be
carried out in several areas to determine the significance of
hydrogeologicél, engineering, socioceconomic and health factors.

the
Reports on such studies are scanty in/literature.

3 _ e o iffplove mathodology of impacy
evaluation in rural water supplies %nd to readjust allocation of
scarce resources i.e, men, material and money has rarely been applied.
Evaluation research in developing countries has been mainly concerned
with economic and technical aspects neglecting socio-political,
psychological, institutional and administrative issues which in

reality seems to determine project impact and effectiveness.

(xv) Domestic portable and package water purification
units are yet to be perfected to the level that they are reliable
and need simple operation and maintenance, In all these equipments,
gravitational flow with automatic hydraulic operation is necessary

to simplify operational attendance,

(xvi) Further development of solar pumps, heat-pasteurization
of water, ultra-violet disinfection using sun-rays, will widen scope

for application in rural water supply.

(xvii) Simple techniques for enumeration of bacteria in
rural water supply is an urgent need for effective quality control

during emergency situations like cholera outbreaks etc,

...10
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5. Rural Sanitation

- - /’-
Waste disposal'is an important aspect of rural sanitation. The

four components of wastes produced in rural homes are: a) human excreta

b) cattle dung and urine, c¢) household refuse and cattle shed refuse,
d) spillage and waste water from tube-wells and wells and sullage

water from the kitchen,

A conceptual diagram of an ecologically balanced waste disposal
system in rural area, which results in effective recovery of nutrients
to increase food ptbduction in the form of organic manure is shown
in ?}gure 1. /It also results in conservation of energy by producing
bio-gas which can be used for cboking and lighting in rural homes,
The system could be tried both on an individual household basis as
well as on community basis., In the latter case, community latrines
and community participation is the key for the success of such scheme,
In the former case, well-to-do families with adequate number of cattle
heads can adopt the system. It is obvious that costLS%ethe system
will be more economical when installed as a community co-operative
venture rather than on a family unit basis, However, return on
investment will defray the capital investment in a reasonable period
of 4-6 years. The capital cost per cubic metre wvaries from US $§ 140
(Rs.1100) for the minimum size of 2m3 capacity bio-gas plant to
US $ 52 (Rs.420) for a maximum capacity of 140m3.

In India, community latrines are practically unknown in rural
areas. Experimental studies conducted in the long-past also proved
a failure, Perhaps this may not be the Case in other countries in
the region. Since life styles and social structure in rural areas
are also changing in recent years, it is worthwhile trying once
again community latrines in rural areas, Recent experiences in towns

has shown that community latrines are acceptable to urban poor,

Bio-gas plants are in usage in almost all the SEAR countries.
India has built the largest number (over 50,000 by the end of 1977).
The scheme is popularised by Khadi Gramodyog Commission inVIndia.
Villagers have come to realise the added advantage of digesting

cow-dung instead of either burning directly as dried cakes or by

’..11
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preparing manure in a manure pit, which are the two age-old practices
for disposal of cattle-dung and urine in rural India. 1If a change in
attitude and habit of defecation in open fields could be brought about
by general and health education measures, community latrines disposing
off both human excreta and animal dung in a common bio-gas plant might
be  the most economical and environmentally compatible system. Such
a system may not be readily acceptable in many areas. Where not
acceptable, household latrines should be installed. At present, in
India, digested pit contents is not recovered as organic manure as

in many places. Here again social scientistsand health educators
should play a significant role to bring about a change in attitude.
There is no danger of health hazards if pit contents are allowed to
digest for 6-8 months before they are dug up for recovery of manure.
Addition of carbonaceous materials (leaves, straw etc,) during diges-
tion of night-soil will hasten digestion and reduce digestion period
to 3 months, Temperature reaches above 50°C and all the viable

helminthic ova and cysts are destroyed.

From a critical review of the research and extension work
carried out both in India and other SEAR countries, a fairly simple
and appropriate technology which can be applied with the available
local materials and skill for manufacturing and constructing sanitary
latrines, suited to a particular local conditions of soil, climate,
physiography, culture and customs, is available. What is need is

a change in attitude, habit, beliefs and taboos.

{(a) Health Education

Both general and health education of the people is essential
for the success of a rural latrine programme, Education concrerning
the negative health effect of the present defecation practices would
result in change of habit, in favour of using latrines for defecation,
Individual contacts and group meetings with educational aids will prove

effective in motivating people to take to latrines,

(b) Organization Needed:

An adequate organizational set up with trained and dedicated

personnel is essential for the success of any latrine promotion programme,

00012
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The ‘community development biocks7as set up in India, provide the

most pfomising administrative frame-work for this purpose. The

Staté health and public health engineering departments should

provide necessary administrative and technical backing and advise

and collaborate in the activities. At present neither the Block
Oversear (subordinate engineering staff) nor the sanitary imspector in
the primary health centre attached to the block have any free time

‘ﬁo attend to sanitation work, Hence, additional sanitarians should

be provided in each block -with full-time masons and helpers to

cast latrine plates and pans centrally to area served, Village

masons if available could also be utilized for this purpose. In .
the present system of peripherial health care, one multi-purpose heal!
worker incharge of 5000-10000 people and one community health worker
for every 1000 villagers are available under the primary health care
scheme. These two auxiliary health workers working at gréassrootS

level should be made responsible for community participation in the
ﬁrogramme and to coordinate the activities of community block,

primary health centre and public health engineering department,"
Community health workers should also be made primarily responsible

for follow up of completed latrines to ensure usage and maintenance.

(c) Financial Assistance:

Experience in working out latrine programmes in India has
shown that at present stage of development when there is hardly any .
urge from the villagers to provide latrines in their homes, some
sort of a subsidy should be provided as an incentive, The subsidy
however should be restricted to meeting the cost of essential parts
of a latrine such as pan and trap and pit-cover only., Studies
elsewhere has shown that offering subsidies to latrine programme
acted as a deterrent factor. For the programme under the balanced
ecological scheme for disposal of wastes as discussed earlier,
capital assistance in the form of grant-in-aid from Government and
loan facility from nationalised banks should be provided. Under the
bio-gas scheme of the Ministry of Agriculture, Govermment of India,
20-257% of the cost of plant is subsidised. Besides, a loan of

US $ 37 (Rs.300) per compost-pit and US $ 50 (Rs.400) per sanitary

eee.13
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latrine is arranged through the banks. The scheme can be modified

and channeled through community development blocks for wider coverage.

Hence the time is now opportune to tackle the problem on a
national scale by launching a crusade like the Smallpox Eradication
Programme. In this gffort, developed countries should come forward
to offer any form of assistance needed to developing countries, Factors
that lead to the success of sanitation programme in China, Sri Lanka,
Thailand and Burma should be taken into account in other countries of
the region., Above all, tﬂ:re should be a definite national policy

t
giving high priority inLcountry to health services and in particular

for water supply and sanitation in rural areas.

As already discussed in an earlier paragraph, both rural water
supply and waste disposal systems should be a combined programme
for effective control of gastro-intestinal diseases, The experience
gained in the pilot envirommental sanitation project in Gorakhpur
in U.P. (India) should justify this integrated approach. The
Community Health Programming (CHP) carried out in some countries in
the region has been reported to be a success in bringing out planning
and management for envirommental health as an integral part of health
programmes., Hence it is proposed that 'pilot' project on integrated
and ecologically balanced systems of water supply and waste disposal
as envisaged in this paper be set up in each of the member countries
and closely studied to evaluate its success and impact on community
health, Research and development studies are also needed on each
of the components of the system. Some studies needed are noted below

for consideration by the Research Study Group.

(d) Research Needs:

(i) Most suitable geometry for the pit latrines from the stability
and performance point of view.
(ii) Digestion characteristics of pit-contents in different soil
composition and varying water table conditions. Objective 1s to
gather information on life of pit,
(iii) Critical evaluation of pollution travel in the different
soil composition and water table conditions - objective is to deter-

mine safe location of water wells in relation to latrine pits,

R L3
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boro

(iv) Soil-cement bricks for lining the pit and fbt.1é§f1n§
super structure, other non-conventional materials like fi&ésﬁ'éeﬁénf,
light weight aggregatés should also be tried. _ '

(v) Cheaper lining for latrine pits and geptic taﬂié ﬁb té&ﬁce

cost. .

(vi) Manurial value of digested night-soil; digested slurry
from bio-gas plant and finished compost from compost pit - A
cbmparativé study;
:(vii) Trial on 'Compost-Toilet' as per Swedish desigh
(viii) Costing studies to evaluate cost benefit

(ix) Impact evaluation of integrated syétem.
’ .
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1. INTRODUCTION

There is not doubt that water supply and sanitation have positive
effect on health and that investments in improvement of water supplies
and sanitation are beneficial. However, as the health and other
aspirations of developing nations rise while resources continue to be
very limited the problem of most appropriate utilization of these limited
resources to cover many needs including those for health, water supplies
and sanitation becomes crucial one. Therefore, there is an increasing
negd to bring up the evidence of impact of various types of water supply
and sanitation on health! to quantitate health benefits of incremental
investments in these activities in order that on the ground of a sound
cost-effectiveness and cost-benefit analysis of these and other public
activities a decision can be made on allocation of available resources for
health, social and economic development. However precise measurement of
health benefits and costs of water supplies and sanitation might become,
no formula will ever be developed inat -'ill automatically indicate where
and how much resources must be invested. The priorities and preferences
will always have to be decided on political grounds in first instance.
Nevertheless in decision making processes (which are primarily determined
by political factors) evidence based on sound data on impacts, effects
and cost of water supplies and sanitation would facilitate decision on
investment in this sector of public activities. Thus there is a need for
studies and for monitoring of the health effect of specific water supply
and sanitation programmes.

Available evidence on the effect of water supplies and sanitation
has been interpreted in different ways according to the concepts of the
reviewers and definition of health they used. There is a need to examine
first these definitions and concepts and then accordingly analyse the
evidence on health impact of water supplies and sanitation and determine
the requirements for further research in this field.

There is an extensive literature on the subject but most complete
and comprehensive reviews have been recently preparedl’2 or are under way
by World Bank and it seems most appropriate that this brief review be
mainly based on these publications and a few of those resulting from studies
carried out in South East Asian Regiona,s.

2. DEFINITIONS AND CONCEPTS

Impact on health of water supplies and sanitation was in the past
always expressed in terms of disease incidence. 1In fact most of the
studies on the health impacts of sanitary measures were actualy on their
effects on illness and not on positive health. While none of the earlier
studies have measured the health effects of sanitation the studies on the
effects of water supplies on water associated diseases were useful since
they provided certain quantitative evidence of relevance to health. Tt
seems logical that the definition of health contained in WHO Constitution
stipulating that health is not merely ahsence of disease but the state of
mental and physical wellbeing should be taken as yardstick for measurement
of impacts of water supplies and sanitation on health. The reasons why measure-
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ment of positive health as defined by WHO Constitution has not yet been
applied is simply the absence of reliable methods and criteria for the
measurement of positive health. These have not yet been developed per-
haps because health workers are professionally too much disease oriented.

Should clean dress and body be taken as an expression of positive
health? How positive health can be graded in a quantitative way other-
wise than listing the absence'o;”presence'of~diséases and/or. their symptoms?
There is the need to define positive health and to develop the methods to
measure it, in order to express the impact of water supplies and other
sanitary measures on health in exact terms.

3. STUDIES ON HEALTH IMPACTS 'OF WATER SUPPLIES AND SANITATION

World Bank has recently published 1,2 and is preparing further ‘
publication3 on the subject with extensive review of studies that have
been undertaken to demonstrate the effect of these measures. It would
be beyond scope of this paper to review this material,

However, it might be useful to point out to some studies that
indicate the complexity of the problem of the measurement of the effects
of water supplies and sanitation.

It has been proved that water supplies and sanitation has been
effective in the control of enteric fevers and dysentery although it was
difficult to determine exactly the degree of effectiveness in view of
differences in epidemiological conditions and interference of many other
factors!-1l, Some studies6,7,8,9 indicate that feasible sanitation progranmmes
do decrease the risks of transmission for about 50% for indefinite period
of time. Similar water supply and sanitation programmes have shown that
provision of modest water supply/or privies decrease incidence of cholera
for about 507% annually and such sanitation programmes have cumulative effect .
leading to the eradication of disease when both water supplies and excreta '
disposal are improvedll. Results of these and other studies fully analysed
in above mentioned reviews commissioned by World Bankls 2,3 refer to specific
diseases and to well defined epidemiological conditions. Results of the
above studies may not be applicable in other areas and in different
epidemiological set ups. There are numerous epidemiological and socio-
economic factors which have an affect on the results of sanitation programmes;
malnutrition and infection is one not, to mention the others. It is,therefore
essential that results of such studies be critically interpreted by the
team of epidemiologists, sanitary engineers and other experts. They should
develop wholistic, team approach and consider all relevant factors and their
interference or synergism in disease prevention and promotion of positive
health.

In the recent studies in Bangladesha, it was concluded that the evidence
“shows that"Bangladesh hand-pump tubewell programme is not meeting its stated
objective in reducing the incidence of cholera!' From this disease oriented
study an erroneous conclusion could be made namely that hand-pump tubewells have
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no positive effect on health. If cholera is both food-and-water-borne as
it is there is no reason why water supply improvement alone should prevent
its spread, while other factors which favour the spread of cholera are left
unchecked. j&gvxmprovement of water supply certa;nly had some effect on
waéer)qisg, cléanl:nessa vay.of living etc, h. ’_gsezzwrglaged ;9
bealth bﬁt g?e%e Were not meagured nmd re iR €ive heatdh in the

ab ségay The author%is disappointed that "children who ingest, almost
exclusively, water of good bacteriological quality apparently have the

same cholera attack rate as those children who drink highly polluted water"
and asks'kmy?? Obviously because they are infected as well by other means
(food, contacts etc.). Unless these other factors are eliminated improve-
ment of water supply may appear as having no effect on transmission of
cholera. Results of such studies which are designed to demonstrate the
effect on single disease control can be wrongly interpreted as indicating
uselessness of water in improvement of many other facets of health.

ty and became cornerstone
It is obvious that these
changes were not produced mechanically by simple installation of wells and
water-pipes. Human factor certainly played an essential role in this
project. Before World War Il in Mraclin, a village near Zagreb, the
School of Public Health launched a programme similar to one in Banki Block
with similar results. Then the war came and water supplies were destroyed.
Yet in spite of devastating war the infant mortality and other indices
have shown that the village continue to be far ahead of their neighbours.
Water supplies supported by health education and other elements of
COm§¥pi§y Development programme have had such a deep impact on the
population that they inspite of all hardships were able to cope and protect
their health.

The importance of psychosocial aspects of appropriate technology
(such as water supplies) for health was rightly stressed by SEAR's consultation
on ATH held in Delhi last year. Part1c1patlon and initiative of the part
of the population will make modest water supply scheme very effective and
absence of interest and motivation render the same wells and pipes ineffective
in promotion of health. While it is relatively easy to measure and
quantitate investments in water supplies the contribution of people's
participation is difficult to assess in precise quantitative terms, but an
effort in this direction is needed.

Appropriate technology, should comprise besides purely technical
aspects concerning wells and pipes also social and educational aspects in
order to mobilize all resources in the community and to make sanitation
programme part of genuine popular drive for progress and health,.
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4. NEEDS FOR FURTHER RESEARCH

It is evident that there is need for further research on appropriate
technology for improvement of environmental health at village level., Rural
water supplies and sanitation were relativély neglected as engineering
talents and financial resources were directed towards urban problems and
large scale water supply projects. Orthodox engineering approaches seem to
be too expensive and too much demanding to be applicable at large scale at
present in the majority of underpriviledged rural communities. Thus the
need for search for new solutions and new approaches. In this search, the
creativity and practical experience of the common man may be helpful. It
is difficult to envisage all varieties of problems related to water supplies
in different rural areas and even more difficult to find appropriate solutions
for them without close cooperation with population. -Most ingenious are the .
simplest solutions which could be found by a talented peasant or village .
black-smith as well as by fully trained expert. Moreover when it comes to
enlisting public cooperation, people from the community are better placed
to find solutions.

Accordingly, it seems that study teams could be set up in rural areas .
composed of villagers and some experts to work together in search of new
solutions, suitable for specific rural conditions. The teams could include
village blacksmith and a teacher. The subject of study could comprise:

L. Simple protection of wells and water sources
2. Simple methods of water disinfection_
3. Design of pumps and pipes which could be made from locally

‘available materials and could stand the tear and wear

4. Design of suitable distribution of water points which would be
inexpensive and yet to acceptable to community.

5. Effectiveness of various methods and techniques in the involvement!

of the community and the assessment of their impact on their people&?

.knowLedge, attitudes and practices (K.A.P.).

Such studies should be carried out by above mentioned teams; experts
of appropriate disciplines must be present in order to cover all technical
aspects: The studies directed towards development and evaluation of appropriatq
methods for motivation and cooperation of the people in water supply and
sanitation programmes should be undertaken by the teams of soc1al scientists,
‘anthropologists and others.

Last but not least an effort should be made to design suitable methods
of measurement and assessment of health that would enable meaningful
evaluation of the impact of water supplies and sanitation on health status of
_the population. More appropriate methodology should be made available for
assessing the impact of specific ATH in sanitation and to determine their
cost-effectiveness. As new water and/or sanitation technology might be
developed, its effectiveness should be evaluated and be compared with the
effectiveness and the cost of other technologies. Since water supplies and

A3

®
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sanitation are not only methods that can be used in promotion of health
and in disease control the effectiveness, health benefits and cost of
the alternative techniques and methods should be compared and evaluated
in order to provide meaningful data for decision making13

5. CONCLUSIONS

Water supply and sanitation have beyond doubt as shown in many
studies positive effect on disease control and on health in general.
However most of past studies have been rather of descriptive than
strictly analytical nature and thus lack of quantitative data on the
degree of the effectiveness of various control measures. Most of the
studies were designed for measurement of the effect of sanitation on
specific diseases rather than on health status of population. Lack
of the definition of positive health and of the methods of measurement
of health status hamper evaluation of the health effects of sanitation,
Thus such methods of measurement of health should be developed. There
is need also to develop methods which will enable evaluat1on of other
important factors. jjiiiesa*d '&’g‘?@& Hhhest 5 < sanitary;

e ORpPL RS 1B 7 6o By proper uses of wa%é“ ‘%y p“w"lafloﬁ
FPWG: 11t c1e 8% ho effect*Srihealth Improvement., In search of new
better techniques, human factor should not be neglected. Water supply
and sanitation could give much better results and greater health benefits
if such a programme is supported by the active interests of properly moti-
vated and educated population.

In search of new and more appropriate technology for rural areas,
the common man can greatly assist experts in particular in enlisting
peoples cooperation and finding solutions suitable to the community and
acceptable to it. It seems, therefore, that in the search of new
technology there is need for close cooperation between experts and the
members of the community.
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AN ECONOMIC APPRAISAL OF SANITATION ALTERNATIVES
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Abstract '

The theory of economic costing is briefly reviewed and applied to the
analysis of alternative sanitation technologies. Using this method
the costs from 44 systems in 12 countries are computed and compared.
A value engineering approach is taken to analyze cost sensitlvities
and productive areas for future technical research,.

INTRODUCTION

Comparative costing lies at the heart of the analysis of alternative sanitation technologies.
A common denominator is needed to objectively compare diverse systems. That common denomi-
nator should reflaect the positive and negative consequences of a given technology and indi-
cate its overall "score" either on an objective scale or relative to other alternmatives.

The scoring measure most commonly used in project evaluation is the cost-benefit ratio.
(See note b.) It has the advantage of providing a single summary figure representing the
net economic effect of a given project which can be readily compared with those of alterna-
tive projects. The disadvantages of cost-benefit calculaticns are that they do not easily
accomnodate non-economic costs and benefits (particularly if they are unguantifiable), they
may give misleading reswuits when applied to mutually exclucive prejects and they may not
reflect macrocconomic goals such as emplovment creation or increased savings. Fortungtely,
the latter two problems can be remedied by vaviations of the basic calculatisa. However,
the difficulziss of benefit measurement for sanitation projects cannot bte overcome readily.
Indeed, in the case of water supply projects, it has been concluded that the theoretical
an. empirical problemns involved in quantifying incremental hezlth benetfits are go great as
to make serious attempis at benefit measurement inappropriate as pert of project appraisals
{Ref, 2).

In gencral, there is no completely satisfactory scoring system for comparing alternatives
with unquantifiable berefits. Only in the case of mutuvally exclusive alternatives with
identical benefits can one apply a cost minimization rule. In such cases cne should select
the alternative with the lowest present value of cost when discounted at the appropriate
rate of interest. For given levels and qualities of service the least-cost alternative
chould be preferrad. But where there are differences in the output or service, the least-
cost alternative often will not be the economically optimal one.

Alternative sanitation systems provide a vide range of benefit levels. Vhile most properly
selected systems can be designed to assure pathogen destruction (Ref. 3), the user con-
wvenfence offered by an indoor toilef with sewar conncction 1s hard to match with a pit

privy. Many benefits exist in the mind ¢f the user, and varying qualities of service re-
sult in varying benefit levels.. For this reason a least-cost comparison will not provide
sufficient information to celect among sanitation alternatives. Ncnetheless, if properly
applied, it will provide an objective common denominator which reflacts the cost trade-cffs
corresponding to different service standards. Once comparable cost data have been developed,
the consumer can make his own determination of how much he is willipg to pay to obtain
various service standards.

Note a: The data used in this paper were collected as part of the Vorld Bank's research
project on Appropriate Technology for Water Supply and Waste Disposal. However, the views
presented are those of the author and should not be attributed to the World Bank or any of
its affiliates. - ‘. .

Note b: Variations of this calculation include the internal rate of return and the net’
pfesent value. For a discussion of the set of conditions under which each is appropriate,

sce Squire and van der Tak (1).
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Thus the economic evaluation of alternative sanitation technologies comprises three compo-
nents: comparable economic costing, maximizing the health benefit from ecach alternative
through proper technical design, and allowing the user to make the final cost-benefit deter-
mination. This paper deals with the first of these.

ECONOMIC COSTING IN THEORY

The basic purpose behind economic costing is to develop a price tag for a given good or
service which represents the opportunity cost of producing that good or service to the na-
tional economy. Translated intc practice, this purpose can be summarized in three prin-
ciples to be followed in preparing cost estimates.

The first principle is that all costs to the economy, regardless of who incurs them, should
be fncluded. 1In comparing costs of public goods such as water or sanitation, too often only
costs attributed to the public utility are considered in a cost comparison. The costs borne
by the household are ignored or subsumed as being identical across alternatives. In
analyzing the financial implications of alternative technologies such a comparison would be
appropriate. However, for an economic comparison (i.e., for the determination of the least-
cost solution) it is necessary to include all costs attributable to a given alternative
whether borne by the household, the municipal utility, the national government, or whomever.

The determination of which costs to include should rest on a comparison of the situation over
time with and without the project. This is not the same as a '"before and after” comparison. '))
Rather than using the status quo as the "without" scenario, one must estimate how the
current situation would improve or deteriorate over the project period were the project not
to be undertaken. In the case of sanitation systems for urban fringe areas, for example,

the costs of groundwater pollution and the difficulty in siting new latrines are likely to
increase over time as population pressure mounts. There is likely to be an optimum time

to undertake a sanitation project. By acting too scon one may incur costs that could have
been postponed. By waiting too long the per capita cost of the project could rise (in real
terms) because of incresses in population density, for example, which aggravate construction
difficulties.

Cuce the relevant costs to include have been identified, the second costing principle con-
cerns the prices which should be used to value those costs. Since the objective of

economic costing 1is to develop figures which reflect the cost to a given economy of pro-
ducing a good or service, the economist is concerned that unit prices represent the actual
resource endowment of the country. Thus a country with abundant labor will have relatively
inexpensive labor costs in terms of labor's alternative production possibilities. Similarly,
a country with scarce water resources will have expensive water costs, in the economic

sense, regardless of the regulated piice charged to the consumer. Only by using prices which
reflect actual resource scarcities can one ensure that the least-cost solutjion will make

the best use of a country's physical resources.

Because governments often have diverse goals which may be only indirectly related to eco-~ (('
nomic objectives, some market prices may bear little relation to real economic costs. For

this reason it is often necessary to ''shadow price" observed, or market, prices to arrive

at wmeaningful component costs of a sanitation technology. Calculating these shadow rates,

or conversion factors, is a difficult task and requires intimate knowledge of an economy's

workings. The shadow rates used in this paper were developed according to the method

described by Squire (1).

The third principle of economic costing is that incremental rather than average historical
costs should be used. This principle rests upon the idea that sunk costs should be dis-~
regarded in making decisions about future investments. 1In analyzing the real resource

cost of a given technology, it is necessary to value the components of that technology at
thelr actual replacement cost rather than at their historical price. In the case of
sanitation systems this is particularly important in the treatment of water costs. Because
a city develops its least expensive sources of water first, it generally becomes more and
more costly (even excluding the effect of inflation) to produce and deliver an additional
gallon of water as the city's demand grows. By using the average cost of producing today's
water one is often seriously underestimating the cost of obtaining additional water in the
future. The decision to install a water carried sewerage system will increase a given
population's water consumption by around 50 to 70 percent. (See note a.) Thus in cal-
culating the costs of such an alternative, it is extremely important to properly value the
cost of the addirional water required for its proper functioning.

.

Note a: Based on developed country data, the water used to flush toilets is around 40 per-
cent of total domestic water use excluding garden watering.



The application of these costing principles to sanitation projects is difficult for several
reasons. The main one is the problem of finding a scaling variable that allows comparison
among diverse technologies regardless of their design populations. On-site systems such as
pit latrines are generally designed for a single family or household. The latrine's life-
time will depend on how many people use it. However, the life of some components, such as
a vent pipe, may be independent of usage, so that the annuitized per capita construction
cost of a latrine used by 6 people will probably not be the same as that of one used by

10 people. For this reason all costs presented in this paper are given in household rather
than per capita units.

A further problem is that the construction cost of a sewerage system will vary considerably
as the design population varies. In addition, it would be misleading to use the design
population in deriving per capita costs to compare with those of a pit latrine since in the
former case the benefits only reach a portion of the users during the early years, while
the latrine's "design population" is served immediately upon construction. Any technology
which exhibits economies of scale in production will result in a diversion of cost and
benefit streams. With a facility such asa treatment plant or large interceptor all of the
{nvestment costs are incurred at the beginning of its lifetime while the benefits (leading
to its full utilization) are realized gradually over time. Figure 1 provides a skematic
representation of this diversion between cost and benefit streams.

Total Cost
or

Benefit
($)

Capital

Costs #— —~ — -—— Benefits

Costs

Operating end
Maintenance Costs

Time

Fig. 1, Cost and benefit streams of an investment with economles of scale

Just as costs incurred in the future hsve a lower present value than those incurred today,
benefits received in the future are less valuable than those received immediately. In the
csse of deriving per capita (or per household) costs this means that serving a person five
years hence is not worth ag much as serving the same person now. To divide the cost of a
sewerage system by its design population would understate its real per capita cost when
compared with that of a system that is fully utilized upon completiom.

To overcome this problem of differing capacity utilization rates across systems the average
incremental cost (AIC) calculation has been used. The per household AIC of a system is
calculated by dividing the sum of the present value of constructicn (C) and incremental
operating and maintenance (0) costs by the sum of the present value of incremental house-
holds served (H):
c, + -0 ) = t
[x 0, otﬂ >+
AIC, = °

_ . t
(Ht Hto) = (1L + 1)

where r is the opportunity cost of capital =nd all costs have been appropriately shadow
priced. Note that for a system which 1s fuily utilized immediately this calculation reduces
into the familiar annuitized capital and incremental operating and mailntenance costs divided
by the design (household) population. ’

T
t =1

In practice it is often easier to calculate the AIC on a volume (e.g., cubic meter) basis
rather than per household seived. For the sewerage costs in five of the case studies the
AIC per cubic meter was calculated first for residential consumers ‘since year-by-year pro-
jections of treated wastewater were available. Then these volumetric costs were transformed
into per household costs using average household size and per capita demand figures.

An additional problem in deriving comparsble sanitation system costs is the differing
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treatment of sullage wastes. With sewerage, most septic tanks, and some aquaprivy systems,
sullage is disposed of along with excreta. With most of the on-site technologies sullage
disposal must be accomplished separately through stormwater drains or ground seepage. If
stormwater drains are present (or would be constructed anyway) then the incremental cost of
disposing of sullage is very small since storm drains are usually designed to handle flood
peaks. If sullage is left to soak into the ground, health and envirommental risks may or
may not be created depending on soil conditions and ground water tables, Alternatively,
separate disposal of sullage may be considered a positive benefit by populations who recycle
kitchen and bath water to irrigate gardens or dampen dust. In such a case, the removal of

" sullage through the introduction of a sewerage system would involve a negative benefit. In
a particular case it 1s not difficult to decide how to treat sullage removal costs when
comparing different sanitation systems. However, for the purposes of this paper where a
more general comparison is required, a consistent assumption needs to be applied. There~
fore, the costs in Tables 1 and 2 include sullage disposal only where the sanitation system
itself is designed to accommodate it. This is true of all of the sewerage systems, all of
the septic tanks and two of the sewered aquaprivies.

A final problem in designing comparable cost figures for sanitation systems concerns the

approach to be used in gathering data. The study from which this data were abstracted was
statistically based in contrast to a synthetic framework which develops an ideal model and

tests the effect of varying assumptions. Both approaches have their advantdges and disad-

vantages. Because so little 1s known about the technology or costs of non-conventional

sanitation systems, it was decided that a broad-based study involving many systems in many 'J)
different settings would provide the best overall framework for designing particular studies

or, indeed, selecting "typical" technologics' and settings to proceed with a synthetic model.

The major disadvantage of a statistical approach, however, is that it is very difficult to

identify the factors which result in Increased or decreased costs since it is impossible to

vary one factor at a time while holding all others constant. Cross-country comparisons can

be misleading unless one is familiar with the background of each case. For this reason

caution should be employed in generalizing the field results beyond their base or in using

them for predictive purposes. .
It is also important to note that the economic costs shown below do not represent average
annual financial outlays. In general they will be higher than financial costs since sanita-
tion projects usually have access to long-term finance (debt or equity), and financial
interest rates are usually below the opportunity cost of capital. The focus of this paper
is on a least-cost, economic comparison of alternatives rather than a financial appraisal.

FIELD RESULTS

The costs discussed below have been disaggregated in two ways: by function and by investment
versus recurring costs. In disaggregating by function, the categories used are on-site
facilities, collection, treatment and reuse. This distinction is made primarily because
disaggregating by function allows one to broadly examine the cost effects of repackaging
components (for example, many treatment alternatives can be linked with a variety of col-
lection systems and/or on-site facilities). 1In addition this disaggregation is amenable

to a '"value engineering" approach by identifying the areas where the greatest potential for
cost savings exists. It also provides a rough guide for the financial analyst to determine
the proportion of system costs which must be borne by the utility as compared to that
incurred directly by the housechold. The latter 18 a useful figure in estimating consumer
willingness to pay utility rates since that willingness will be based in part on the costs
to the household of obtaining the private facilities to enable it to make use of the
utility's service. ’

The second type of disaggregation is the separation of capital and recurrent costs. The
difference between high capital cost and high recurrent cost technologles generally
parallels that of capital intensive versus labor intensive technologies. This is because
icvestment costs of most systems are mainly capital while recurrent costs are mainly labor.
The distinction is made in this paper between investment and recurrent rather than

between capital and labor partly to focus on the main cause of the difference and partly
because of the important institutional implications of managing a high recurrent cost
system.

Cross-technology cost comparison

The single most useful figure for cross~technology comparisons is the total annual cost per
household (TACH). It includes both investment and recurrent costs, properly adjusted to
reflect real opportunity costs and averaged over time by the AIC method. The use of per
household rather than per capita costs is appropriate for those systems whose on-site
facilities are designed for use by a single household. However, TACH is misleading when
applied to communal facilities or cases where several households share one toilet. In
those instances an adjusted TACH hag been calculated by <:aling up per capita costs by the




average number of persons per household.

Table 1 summarizes the TACH obtained for the ten technologies studied. Several summary
statistics are shown due to a wide variation in the number of cases studied and the range
of costs.

TABLE 1. Summary of total annual costs per household (1978 $)

Mean Mean
Mean Number of Investment Recurrent

TACH Observations Range Cost Cost

Waterseal Pit
Latrine 18.7 3 13.2 13.2 5.5
Pit Latrine 26.4 7 48.6 26.3 0.1

Conmunal Waterseal

Latrine 34.0 3 34.2 24,2 9.8
Bucket Cartage 49.5 3 57.0 28.0 21.2
Composting Latrine 55.0 3 40.3 50.4 4.8
Aquaprivy 87.7 1 - 79.8 7.9
Vacuum Truck Cartage 104.2 9 184.7 67.0 37.4
Japanese 187.7 4 38.6 127.7 60.0
Others 37.5 5 28.1 18.1 19.3
Sewered Aquaprivy 180.0 3 120.6 141.2 38.7
Septic Tanks 204.,0 4 345.3 130.8 73.1

Japanese and
Taiwanese 348.2 2 84.3 216.7 131.5
Others 59.7 2 29.5 45.0 15.0
Severage 395.8 8 499.1 272.0 122.7

Contrary to expectation, when ranked according to cost the technologies do not divide
cleanly into community and individual systems., The most expensive group (those with TACH
greater than $300) includes sewerage and Japanese and Taiwanese septic tanks. The middle
range technologies (those with TACH between $150 and $200) are Japanese cartage systems
and sewered aquaprivies. The low cost technologies (those with TACH less than $100)
include both community systems such as buckets and non-Japanese cartage &nd most of the
individual systems. The division between high, middle and low cost-technologies is
fairly sharp with large buffer areas available for system upgrading. The fact that
variations of septic tanks and vacuum truck cartage appear in two categories indicates the
potential for installing a low-cost “echnology at an early stage of developmant and im-
proving its standard as development proceeds.

Within the low-cost technology group, there is a fairly large varilety of systems, ranging
from aquaprivies and simple septic tanks to pit privies and waterseal latrines. Vacuum
truck cartage (non-Japanese) and bucket cartage, with TACHs in the $30 to $50 range, fall
in the middle of this group. However, the cartage figures are derived wostly from
Taeiwanese and Korean case studies which exhibit a degree of labor efficiency that might be
difficult to replicate in other parts of the world, Bucket cartage.figures are mostly

from Africa and represent poorly functioning systems that probably should not be replicated
without upgrading. Thus the TACHs of community systems {n the low cost group are likely

to understate thelr cost of construction and operation in other countries. Of course,
since all of the costs in Table 1 are derived from particular case studies, none can be
considered an accurate representation of what it would cost to build a particular system in
a different country. However, there is no reason to suspect that the individual system
costs are bilased either upward or downward because of country selection.

Cross-country cost comparison

Before examining the cost data for each technology it is ugeful to consider the overall
variation of costs across countries. The magnitude of the total variation is quite large,
as 18 indicated in the third column of Table 1. In nearly all cases the range is at least
as large as the mean TACH. In the case of the pit privy the range 1s nearly double the
mean. In a statistical study of this type such a wide variation is to be expected and
does not present a major problem since the figures are meant to be informative rather than
predictive. Turther, the relatively wide margins between the grouping of technologies
into high, medium and low cost systems indicates that the groupings are probably accurate
even though the means may be 50% too low or too high.

The total variation is due in part to differences in the costs of basic inputs such as
lsbor and in part to differences in the input ccmbination used (e.g., different types of
treatment processes among the sewerage systems). To some extent these two factors are
off-setting since a country with high capital costs would be expected to choose & less
capital-intensive treatment process, for example, For two of the systems, vacuum truck
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.cartage and septic tanks, the difference in input combinations seems to be very important
since the case studies’ costs exhibited a bimodal distribution which could be directly
traced to differences in the technologies employed in different countries. In no two
case studies is the exact design of a system replicated; i.e., no two pit privies are
exactly alike. However, for most of the technologies the variation in cost across coun-
tries parallels the general price levels of the countries.

Investment and recurrent costs
§e distinction between investment and recurrent costs is an important one for both financial
u

d technical reasons. A city or community with very limited fiscal resources at present

t with a good growth potential might find it impossible to raise the investment finance
to build a system with large initial capital requirements, whereas it could build and main-
tain another system (with the same TACH) whose recurrent expenses were relatively high.
Conversely, a major city in a developing country which has access to external sources of
funds might prefer to build an expensive system initially with the help of grant or low-
interest loan capital and thereby reduce its need for recurrent funds. (See note a.)

From the technical viewpoint high recurrent costs generally stem from large or sophisticated
operating and maintenance requirements. In those developing countries where skilled labor

i scarce or where the management necessary to coordinate large numbers of unskilled workers
does not exist, it may be unwise to opt for a system with high recurrent costs. However,

an offsetting argument 1s that the employment benefits arising from a high recurrent cost

system such as vacuum cart collection may be large enough to justify importing the manage-

ment skills necessary. .I

The final two columns of Table 1 present the investment and recurrent cost breakdown for
the 10 technologies studied. One interesting conclusjion that could be derived from these
columns is that as one moves from the most expensive to the least expensive system, re-
current costs as a percent of the total first increase and then decrease. The two high
cost and the two medium cost technologies exhibit recurrent costs amounting to between

20 and 36 percent of TACH. The highest recurrent cost systems (as a percent of the

total) are in the middle of the low-cost technology group, non-Japanese cartage and
buckets, with 52% and 43% recurrent cost, respectively. As one moves to technologies such
as composting latrines and pit privies the porportion of recurrent cost drops to less than
10%.

This somewhat surprising pattern is due in part to the make-up of the recurrent cost
figure. Because economic rather than strictly financial costs are used in this study,

a major item is included in recurrent cost which typically does not appear in engi-
c~eering cost estimates: the water used to flush some systems. In order to see how the
inclusion of flushing water cost affects the investment versus recurrent cost breakdowm,
separate calculations excluding water costs were made for those six systems which require
water.

If one excludes flushing water from recurrent costs, only vacuum truck cartage and bucket
systems show recurrent costs of more than 30%. The overall conclusion is that nearly all '
of the sanitation systems studied are relatively high in investment as opposed to recurreant

cost. Only in the case of non-Japanese cartage do recurrent costs xrepresent more than half

of TACH. In ten of the twelve systems (treating the two varieties of septic tanks and

cartage as separate systems) investment costs account for more than 60% of TACH.

There are several implications of this concentration on investment costs. One is that it
will probably be necessary to set up financing arrangement for the utility regardless of
which technology is chosen by a particular city or community. High initial costs almost
invariably require some sort of financial mechanism to smooth payments so that they are
more in line with benefits delivered to (and paid for by) the consumers. A second im~-
plication is that where funding constraints are binding, the size of the initial investment
requirement may be the most important determinant of technology choice. There is re-
latively little scope for substituting a higher recurrent cost system. In that sense, the
distinction between the relative importance of investment and recurrent costs of different
systems becomes moot. While sewerage and waterseal latrines both entail recurrent costs of
about 30% of their respective TACH, the important point is that the investment cost (per
household, per year) of the former is more than 20 times larger than that of the latter.

On-site collection, and treatment costs
The separation of TACH into its functional components is useful in determining where to

Note a: This would not be an economically efficient solution since the opportunity cost of
capital does not depend on the source of the funds or the terms of a particular loan package.
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focus the design effort in attempting to reduce costs. For most of the individual systems,
of course, all (or greater than 90%) of the cost is on-site. Thus an investigation of the
cost reductlon potential for them must center on the materials and methods used to produce
and install them. In one African case between 40 and 60 percent of the TACH for pit la-
trines, composting latrines, and aquaprivies went for the superstructures which were made
of concrete blocks. If these units were built using local materials such as clay brick or
straw matting their costs could be reduced significantly.

Table 2 presents the functional breakdown of costs for the ten systems. Even among the
six community systems, on-site costs account for at least 45% of the total. Japanese and
Taiwanese septic tanks have the highest on-site costs of over $320 per household per year.
The large role that the costs incurred by the household play in total system costs shows
the importance of finding ways for funding on-site facilities. The very low connection
rates of many sewer systems in developing countries (often in the face of legal require-
ments to connect) probably 1is at least partly due to the large household expenditure
involved.

With the exception of the bucket systems, collection costs and treatment costs make up
about equal proportions of the TACH of the various community systems. In the bucket
systems covered in this study the only "treatment' practiced was trenching so that 1t is
not surprising that treatment costs represented only 8% of the total.

Table 2. Average annual on-site, collection, and treatment costs
per household (percent)

On-gite Collection Treatment
Waterseal Latrine 100 - -
Pit Privy 100 - -
Communal Waterseal Latrine 100 - -
Bucket Cartage 48 - 44 8
Composting Latrine 85 - 15
Aquaprivy 100 - -
Vacuum Truck Cartage 64 22 14
Japanese 68 18 14
Others 45 37 18
Sewered Aquaprivy 54 23 23
Septic Tanks 94 4 2
Japanese and Talwanese 93 5 2
Others 100 - -
Sewerage 49 21 30

An additional functional category was included in the orxiginal study to represent any
economic benefits accruing from reuse of treated nightsoll or sewage effluent. Unfortu~
nately, it was very difficult to locate working examples of human waste disposal systems
with a sizable reuse component. A few of the gewerage systems produced small amounts of
methane from their digestors which was used to heat the plants. There was some demand from
orchard farmers in the Far East for the nightsoil collected by vacuun truck but the munici-
palities made no effort to set up a delivery system or to charge a market-clearing price.
The composting latrines built in Africa were too new to yield useful data on reuse. All
except one of the blogas units observed ran on animal rather than human waste. In short,
while there 1is much experimental and theoretical data on the economic potential of reuse
technologies, there is a dearth of actual experience. (See note a.)

. COST SENSITIVITIES

It may be useful to summarize the broad conclusions from this review of cost data from a
total of 44 sanitation systems studied in 12 countries. Precise calculations of the
sensitivity of system costs to changes in particular parameters are impossible to under~
take within the framework of an empirically based study such as this one. However, it is
possible to discern areas of relatively greater and lesser importance.

The two most outstanding influences upon total household costs are factors which have often
been ignored in engineering analyses: on-site household costs and the cost of flushing

water for water-carried systems. The former is important in all systems and never accounted
for less than 45% of TACH. The latter 1is most important for sewerage and septic tank
pystems. Where the economic cost of water is high, the payoff from designing systems with
low requirements for flushing water is large.

Note a: The obvious exception to this statement is the experience of mainland China, but
scientifically documented information on it is rare, and it was not possible to include
first-hand observation in this study.



o o

A second conclusion relates to those aspects of sanitation systems which do not signifi- .
cantly influence costs but can make a big difference in benefits. Two components of
individual systems, ventilation pipes and water seals, aid greatly in reducing odors and
fly breeding without adding noticeably to system costs. In one of the case studies it
was found that people were very concerned about the color of the floor of their latrines.
While this is an aesthetic concern without technical importance, it may make the difference
between a facility that is kept clean and regularly used and one that isn't. In another
cage, in an effort to cut costs the latrine designers had used pre-cut sheets of zinc for
the superstructure siding. .However, this meant that the siding did not reach all the way
to the floor which previded easy access for rodents and scorpions during the night and
embarrassment for the people (whose feet could be seen while using the latrine). Such
unimportant details from the cost viewpoint are often very significant in enhancing health
and aesthetic benefits (both of which generate a willingness to pay on the part of the
user).

A final caution is appropriate in the interpretation of these case study costs. In very

few cases were the systems optimally designed. This was true of the overdesigned super-
structures of the experimental African latrines, the reuse components found in the Far

East, some sewered aquaprivies in Zambia (which fed into conventionally sized collectors

designed for a full sewerage system), and many of the other cases. Nonetheless the broad

ranking of technologies, the cost sensitivity patterns, and the method used to arrive at
appropriate figures for a least-cost comparison are believed to have general applicability. .)
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ALTERNATIVE APPROACHES TO SANITATION TECHNOLOGY*

C.G. Guanerson, D.A. Julius and J.M. Kalbermatten*#*

Introduction

This paper reports progress to date of the World Bank's two-year
regearch project on Appropriate Technology for Water Supply and Waste
Digposal initiated late in 1976. Although results and conclusions
presented herin are necessarily provisional, we feel sufficiently secure

in their general validity to make this presentation.

Background
Traditionally, development aid has emphasized productive sectors,

i.e., projects which have a significant impact on productivity in the

near term. Thus, in its early years, the World Bank and most other

lending agencies concentrated om transportation, agriculture, power
production and other sectors for which benefits could be easily quantified
and economic productivity demonstrated. Other areas such as water

supply and sanitation, health, etc. where the impact could not be as
easily quantified and translated into measured values, were less emphasized
in lending programs. As late as 1960 a strong case was made that the

World Bank should finance water supply projects only if "circumstances
clearly indicate that there are no other suitable projects available,

and that the economic benefits to the borrowing country will be substantial."
(1) The primary reason for emphasizing so-called productive projects was
the then commonly accepted theory that benefits from increased production

would accrue to all population classes, rich and poor, through the é()
"trickle down effect." v E;ES

More recently, it has become clear that to reach the low income
population, the rural as well as the urban poor, projects would have to
be specifically designed to achieve this objective. In other words, the

trickle down effect often does not exist or is too slow and small to

* For presentation at Workshop on Water Pollution Problems Arising from
Development, International Association for Water Polllution Research,
Stockholm, 14 June 1978.

** Respectively, Consultant, Economist, and Water Supply and Wastes
Adviser, Energy, Water and Telecommunications Department; The World Bank,

Washington, D.C. The opinions expressed in this paper do not necessarily
reflect those of the World Bank.



have a significant impact in the foreseeable future. Consequently, the
Bank has changed its strategy and emphasizes in its projects and direct
impact on the poorer population groups. This emphasis on helping the
poor of the developing countries was first clearly communicated by Mr.
Robert McNamara in his address to the Governors at the Annual Meeting in
Nairobi in 1974 where he outlined a Bank strategy to assist the rural
poor. A year later, at the Annual Meeting in Washington, in 1975, Mr.
McNamara again discussed the Bank's strategy in terms of its impact on

the poor, this time establishing a strategy to attack urban poverty.

With the emphasis on projects designed to improve the productivity
and living conditions of the urban and rural poor, so-called social
projects or project components (water, health, nutrition, family planning,
etc.) play an increasingly important role, even though benefits cannot
always be quantified. To further the understanding of the impact of
such projects and evolve a comprehensive approach for improvement in
the 1living conditions of the poor -- and thus their productivity -— the

Bank 1s now developing a basic needs strategy.

Water supply and sanitation will undoubtedly be a major consideration
in any basic needs strategy because, together with housing, it 1is the
sector with the greatest immediate impact on the living conditions and
well-being of the poor in developing countries. Two recent conferences --
HABITAT in Vancouver in 1976 and the U.N. Water Conference in Mar del
Plata in 1977 -- have focussed attention on water supply and sanitation,
leading to the adoption of the 1980s as the '"Drinking Water Decade" by
the U.N. General Assembly. It is hoped that these actions will lead to
an increased commitment by governments and development finance institutionms

towards the provision of increased funds for water and sanitation projects.

For the Drinking Water Decade to succeed major efforts in planning,
organization and funding are required. One of the greatest needs is to
reexamine water supply and sanitation methods to discover and/or develop
technologies which are both less costly and appropriate to conditions in
developing countries. Conventional solutions based on capital intensive
practices in North America and Europe result in spending at least three

times as much to properly dispose of water as it costs to provide it.



The emphasis has consequently been on supplying greatly increased quantities
of water without providing for adequate waste disposal., This has not

only led to serious water pollution and public health hazards in many
countries, but has often resulted in the provision of expensive, high
standard water supply and sewage disposal services to the well-to-do few

in preference to supplying a large number of the poor with less costly

services at lower standards.

In 1973, E.F. Schumacher proclaimed "Small is Beautiful" (2). That
the book met a need is shown by the several score of recognized organizations
that have sprung up to deal with appropriate technology and by the 9000
references to it recently identified (3) by a computer search. Our
operational definition of appropriate technology is that process or
technique which provides a socially and environmentally acceptable level
of service or quality of product at the least social cost.l/ The
rigorous application of such a definition in the field of water supply
and sanitation is difficult since alternative technologies generally
provide varying levels of services (and possibly of health benefits).
However, this lack of quantifiable benefit information only reinforces
the need for careful and complete cost calculations. Such calculations
should be based on incremental costs to the economy rather than simply
those to the ministry or utility. Thus shadow pricing of foreign exchange,
unskilled labour, power and other inputs frequently is necessary. In
addition, all costs to the householder (e.g., indoor plumbing, labour
contributed for latrine construction, etc.) must be taken into account.
Calculations summarized later in this report have shown that including
the economic cost of flushing water for a sewerage system raises total
system costs by 20 to 30 percent., Finally, adjustments must be made for
the unutilized capacity (which produces no benefits) during the early
years of a large water or sewerage project when its costs are compared
with those of small, decentralized alternatives. The traditional methods
of costing used by engineers often ignore these factors and thus bias

technology choice toward large, capital-and import-intensive designs,

1/ For a complete-derivation and definition of social cost see Squire and
~ “van der Tak (4).



Examples of both apfropriate and inappropriate technologies abound.
The appropriate ones important in water, waste disposal and reclamation
come from a variety of sources, including peasant artisans whose ancestors
are identified by McGarry (5) as the progenitors of the industrial
revolution. Many of the ancient technologies are still appropriate. A
number of them are still in use today, and are described by, among
others, Forbes (6). Modern materials, design criteria and techniques
also support appropriate technologies ranging from butyl sheets for
rainfall catchments (7) to the better use of ferro-cement materials for
construction (8). Since appropriate technologies for developing countries
tend to be small, dispersed, labor~intensive and resource conservative;
their impact on the natural environment tends to be minimal, Thesge
characteristics promote innovation, improvement, and, for physical
infrastructures, staged construction in which capacity and demand are
closely linked.

Research Objectives

The long-range objectives of the World Bank research project are to
improve the efficiency of the Bank's lending operations and to enhance
its ability to direct the benefits of its loans to the urban and rural

poor. The immediate objectives are to determine:

- the technical and economic feasibility of wvarious options
which are available for water supply and waste disposal in

developing countries;

- the economic and environmental systems effects of technologies
which provide for conservation of water and other resources

and for reclamation of wastes; and

- the scope for designing technical improvements of existing
intermediate technologies to improve their efficiency or

enhance their transferability and acceptance.:

Considerable urgency attaches to the project because of decisions
now being made by officials of developing countries, lending institutions,
development agencies, and by their engineering and economic advisors.

4
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These decisions are characteristically made on the basis of short-term
financial considerations, but they result in long term commitments with
significant social and economic impacts. Even when long-range planning

is attempted, the lack of Information on low cost alternatives to conventional
systems of waste disposal frustrates effective decision making. Project
designs are needed which permit officials to provide service to many at

low service levels and low cost without, however, precluding a gradual
increase in service levels to keep pace with increasing demand and

ability to pay of the consumer.

Project Scope and Research Approach

A total of 20 countries were chosen for study. Of these, 12 were
selected for detailed field investigation. The balance is included to
provide specialized information or locations for pilot projects. Collective-
ly, the countries include a variety of stages of development, techmologies,

cultural and institutional forms, and environmental features.

Geographic coverage currently includes (1) Japan, Taiwan, and
Korea; (2) Indonesia, Malaysia, Vietnam, India, and China; (3) Afghanistan,
Egypt, and Sudan; (4) Botswana, Ghana, Nigeria, Tanzania, and Zambia;
and (5) Colombia, Guatemala, El Salvador, and Nicaragua. Principal
investigators and supporting consultants oridinarily are selected from

host country specialists.,

Technological options being considered include the following either

singly or in combinations:

- water service levels of 10 to 500 liters per capita per day
obtained from streams, wells, vendors, community standpipes
and/or sanitation services, yard spigots, or high-volume
plumbing;

- low-cost options for waste disposal by privies, vaults, composting
toilets, aquaprivies or cesspools, septic tanks, removal by

cart, vacuum truck, or low-flow sewers;



- traditional, advanced, or exotic waste treatment based on composting,
digestion, fermentation, oxidation, or spreading of nightsoil,

sewage, agricultural manures, or food wastes; and

- reclamation schemes including biogas, fertilizer, aquaculture, pig-

raising, stock and garden watering, and irrigation.

For each technology studied at the community level by the field
consultant, a technical evaluation of the system's construction and
operation first is carried out with special reference to any problems
asgsociated with the performance or community acceptance of the existing
system. Using standard cost-benefit techniques (including shadow
pricing 1/ where appropriate) each technology's economic feasibility
then is analyzed, and average household costs are computed. Special
emphasis is given to the ability or willingness of consumers to pay for
the system, their real or perceived improvement in health and living
conditions, and any obstacles to adaptation of the technology for other

communities.

In both the technical and economic evaluations, an attempt is made
to broaden the scope of analysis to include system linkages between the
waste disposal technology and its effect on labor and product markets.
In addition, more complex relationships with other economic sectors such
as agriculture and energy (where reclamation through fertilizer or

biogas production is practiced) are explored.

1/ Failure to consider shadow pricing in engineering works often results
in favoring alternatives which are too capital and import intensive. By -
removing from the analysis distortions due to political decisioms,
minimum wage laws, overvalued local currencies, and development capital
available at low rates, and by providing a framework for consideration

of such social goals as income redistribution or savings generation,
shadow pricing can help identify the appropriate technology (3).



One example of this focus on system comparisons is the inclusion of
water costs in the total economic cost of sewerage, septic tanks and
other water-using sanitation technologies. However, the judgement omn
how much of a household's total water use is related to its sanitation
system 1s a difficult one, It has been argued that since a conventional
sewerage system requires household water connections, the entire cost of
the water connection should be included in the incremental cost of
sewerage.l/ Under certain conditions this would be a valid approach.
For example, a city planner faced with designing site and service plots
in a new area should compare the combined costs of piped water plus
sewerage with the combined costs of standposts plus pit latrines plus
drainage for sullage (for example) if those are the two options being
considered. In such a case, of course, the relative benefitg of the two

combiantions would also have to be compared.

Since benefit comparison 1s so difficult, and also since the real
world rarely presents one with such a clear-cut choice between two
distinct and mutually exclusive alternatives, we have chosen to employ a
"marginalist" approach to system definition (and therefore costing).
The entails holding as many variables constant as possible (including
the water service level) in order to focus specifically on incremental
sanitation costs and benefits, The decision on sanitation is then one
which compares the costs of various alternatives with the incremental
health and other benefits to be gained, given the water service level
and other technical parameters.2/ Therefore, the appropriate water
supply cost to include in the sanitation system is only that which is
necessary for the proper operation of the facility.

1/ Indeed, this was the official British position first set forth by
Chadwick in 1842 in which the provision of an adequate and constant

supply of water under pressure to every dwelling for flushing wastes was
seen as an essential precursor to the elimination of insanitary conditions
and epidemics in manufacturing towns (9).

2/ Ideally, of course, the water supply decision should take into account
the costs of properly disposing of whatever water is provided. However,
the current impossibility of incorporating that cost due to the lack of
basic cost information on alternative sanitation systems was one of the
factors which led to the formulation of this World Bank research project.
Thus our objective at this stage is more limited. We are now aiming to
arrive at comparable incremental economic costs for various sanitation
components, and the relationship between water supply and sanitation is
taken as a technical parameter in the sense that each sanitation technology
will be defined as applicable only over a specified range of water

service levels,



Once the amount of water has been determined it must be costed not

at its price to the consumer, but as its opportunity cost to the economy.
While there are theoretical problems involved in applying this principle
to commodities such as water which require "lumpy" investments to produce,
1/ the measure we have chosed to approximate the opportunity cost of
water is its average incremental cost (AIC), as defined by Saunders,
et.al. (10). The AIC is a measure which represents the long run marginal
cost of production given input costs and factor scarcities of the country.

Early Technological Results

The first phase of the research involved a detailed bibliographic
search for literature relevant to low-cost waste disposal technologies.
This was followed by field evaluations of existing sanitation technologies
in selected countries in the Far East, Southeast Asia and Africa.

Findings include the following:

® A title, abstract, and detailed review of over 18,000 potentially
relevant publications selected by key word indexing revealed
that less than 2 percent are of practical value in developing
countries; that conventional engineering wisdom indicating
that there are no viable technological alternatives lying
between pit privies and sewerage systems is invalid; that much
information is available on septic tanks but little on pit
privies; and that much information exists on treatment of
dilute wastes by oxidation ponds but little on treatment of
concentrated wastes (nightsoil sludge, etc.) by composting or

aquaculture,

1/ See Saunders, et. al. (10) for a description of these problems and
how to deal with them.



TABLE 1, BASIC COMMUNITY DATA (1976)

JAPAN TAIWAN KOREA
Higashi
Hannoh Kurume Kyoto Tateyama Keelung Pingtung Tainan Chuncheon Yipyung Yusan
(Southern
District)
Population 56,000 103,000 1,462,000 $7,000 342,000 175,000 85,000 141,000 310 288
Population density (persons/k.z) 420 7,900 2,400 520 2,580 2,690 3,780 420 low low
Average household size (persons) 3.8 3.1 3.1 3.3 5.1 5.3 5.1 4.9 5.3 5.3
Average household income ($/yr.) 6,300 6,600 11,790 5,080 2,930 1/ 2,210 1/ 2,990 V/ 1,800 1,500 1,600
Population with piped water (%) 87 99 97 72 83 20 90 77 - 88
Average water consumption (lcd) 271 268 340 208 125 108 136 143 40 100
Population serviced by sewerage (%) 15 46 41 - - - - - - -
Population serviced by septic tank (%) 6 7 15 10 .70 s7 66 1 - -
Population serviced by nightsoil
collection (%) 59 46 41 81 29 29 9 74 - -
Population serviced by pit privies
or other private system (%) 20 1 3 9 1 14 25 25 100 100

1/ 1975 figures.



® Field studies of nightsoil collection and/or disposal confirm
the findings of the literature review. As summarized in Table
1, studies were conducted in 10 communities with populations
varying from 285 to 1,500,000 in Korea, Taiwan and Japan. The
communities exhibited a wide diversity in average income
levels, per capita water consumption, and climate. Their
systems for waste disposal also varied widely. Annex 1 presents
a descriptive summary of the technologies found in each community.
Table 2 presents the technology cost comparison. The annuitized
capital and annual operating costs of complete nightsoil
cartage systems ranged from around $25 per household in Taiwan
to around $170 per household in Japan in 1976. Reported costs
for a sewerage system ranged from about $330 to $480 per

household per year.

® Sewerage costs were found to be highly sensitive to the cost
of incremental water usaage. Our cost estimates assume a
difference of 80 lcd in the water consumption of a Japanese
household with flush toilets and that of a similar household
with vault latrines. 1/ The economic cost of incremental
consumption was estimated by calculating the average incremental
cost of water for each city. Thus in Kyoto, for example,
where water 1s very expensive to produce, nearly one-fifth of
the total sewerage cost represents the cost of incremental

water usage.

® Consideration of environmental impacts of sullage disposal to
surface drains reveals no significant degradation of water
quality in streams receiving the dispersed discharges. 1In
contrast, the discharge of sullage and sewage after treatment
by conventional activated sludge results in point-source

pollution.

1/ In Taiwan the water usage difference is 40 lcd due to low rate water
use toilets,

10



11

TABLE 2. ANNUAL WASTE DISPOSAL COSTS PER HOUSEHOLD

(1976 USS$ )
Houschold Cost Collection Cost ‘freatment Cost Reuse Benefits
Incremental Total Waste Net Waste
Capital OgM Capital OGM Water Capital OGM Disposal Cost Fertilizer Biogas PFish Disposal Cost

Sewerage

Hannoh 122.3 38.0 48.9 1.1 94.3 81.0 74.7 470.3 - - - 470.3

Higashe Kurume 126.6 31.0 29.9 3.2 58.8 45.7 35.1 330.3 - - - 330.3

Kyoto 124.8 31.0 66.8 9.1 95.0 110.5 44.6 481.8 - negl.!/ - 481.8
Septic Tank

Japan (average) 181.6 60.8 2/ - - 76.9 4.7 9.0 333.0 - - - 333.0

Taiwan (average) 187.9 76.5 ~ - - 29.8 - - 294.2 - - - 294.2
Cartage System

Hannoh 106.2 19.0 6.2 36.1 - 15.7 4.2 187.4 - - - 187.4

fligashe Kurume 99.5 15.5 3.0° 13.6 - 14.0 14.9 160.5 - - - 160.5

Kyoto 97.8 15.5 5.4 $3.9 - 7.3 5.6 185.2 negi. - - 185.2

Tatayaua 87.7 16.5 2.8 17.5 - 7.3 13.9 145.7 negl. negl. - 145.7

Keelung 8.9 2.0 1.8 11.3 - 3.6 2.2 29.8 - - - 29.8

Pingtung 8.9 2.0 0.7 7.5 - 2.2 2.4 23.7 1.7 - - 22.0

Tainan 8.9 2.0 2.0 14.1 - - - 27.0 - - 1.2 25.8

Chuncheon 19.0 6.0 0.1 5.2 - 4.5 7.4 42.2 1.1 - - 41.1
vVault Privies

Yusan, Yipyung 9.4 12.5 3/ - - - 9.3 - 31.2 28.0 - - 3.2

1/ Biogas produced in sludge digestion is used for heating the treatment plant.

2/ $130.8 with oxidation tank.

3/ Includes repair and emptying.

Note: Opportunity cost of capital: 10% for Japan, 12% for Taiwan, 14% for Korea
Conversion factors for foreign exchange: 1 for Japan, 1 for Taiwan, 0.89 for Korea

Conversion factors for unskilled labor: 1 for Japan, 0.90 for Taiwan, 0.81 for Korea December 23, 1977
negl. = negligible.



In African countries, where even urban population densities

are significantly below Asian levels, on-site disposal systems
provide comparable environmental and health benefits at much

lower cost than community systems. IDRC sponsored research in
Botswana, for example, has demonstrated the technical efficiency
of improved pit latrines, Reed Odorless Earth Closets (ROECs),
double vault composting latrines and aquaprivies in overcoming
health and nuisance hazards. An economic cost comparison

carried out by the Bank shows all such systems to be significantly

cheaper on a per household basis than sewerage.

A preliminary evaluation of the sewered aquaprivy, studied in
Nigeria and Zambia, indicates that it may be a promising
intermediate technology, making use of existing on-site
investments as population density or water usage increases to

a point requiring off-site treatment and disposal of wastes.

Reuse on a community scale, as observed in some Korean and
Taiwanese cities, does not significantly reduce net waste
disposal costs. However, caution should be exercised in
generalizing this result., 1In the communities studied waste
reclamatioh was more of an afterthought than an integrated
part of the system. Where farmers made their demand for
treated nightsoil known the utility generally was willing to
provide it. However, no attempt was made to set prices at a
profit maximizing level or even to discover what sort of
product the farmers would prefer so that more could be sold.
The scope for capturing reclamation benefits on a community

scale has not yet been explored.
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In addition, they are able to sell two oxcarts of sludge for a
total of $10,50 each year. Thus the net cost of waste disposal
for this family is about $4 per year. If bottled gas prices
continue to rise they will realize a net benefit.

Table 3. Annual Costs of Pingtung Biogas Unit

(1976 USS$)
Construction cost $ 227
Land (15 m?) 355
Total Capital Cost 582
Annuitized Cost (20 years, 12%) 78
Desludging cost 16
Total Annual Cost $ 9%

A final technological implication which emerged from cross-
country comparison is the importance of selecting a technology
which 1s amenable to staged construction and upgrading. In
many respects the Japanese systemé are simply more sophisticated
(and more expensive) versions of the Taiwanese systems, which

" in turn are more elaborate than the Korean., The level of
environmental improvements reflects and parallels the capacity
of the consumers to afford it. If priorities are to be determined
by the users, a range of possible altermatives (rather than

the "all or nothing" master plan) permits a closer matching of
preference and technical solutions, as well as a more orderly
progression over time in line with income growth and economic
development.

Equally important are the demographic and economic
constraints which may result in a first-stage project surviving
for a long time which still must be capable of improvement to
a higher service level at any time. 1If, for example, elimination

of losses from a water system constitutes the first stage,
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® Reuse demand was reported to be more sensitive to convenience
and economic factors such as changes in relative prices of
chemical fertilizer or labor costs than to concern over public
health or aestheticg. As the opportunities for non-farm rural
employment grow, farm households increasingly substitute
chehical fertilizer for organic. This may be a short-term
phenomenon. There are recent reports of Japanese farmers
making private arrangements for obtaining nightsoil from areas
served by municipal collection. Presumably, this nightsoil is

. used to restore humus, tilth, and water retention characteristics

lost from the soil during three decades of intensive chemical
fertilization., This indicates a developing agricultural need
for appropriately handled nightsoil and a corresponding need
for reexamining the long-term implications of technological
and economic criteria used in construction, extension, and

operation of sewerage systems.

® At the household level waste reclamation can provide significant
economic benefits, at least for rural or semi-rural families
who raise animals., The large size of household latrines in
the two Korean villages studied (and hence their large initial
cost compared to those of urban Chuncheon) is puzzling until
one discovers that animal waste is being added to increase the
volume of composted output. Indeed, the '"net benefit' shown
in Table 2 would nearly double if the compost from animal
manure were included. Thus the entire operation yields the
farmer a net benefit of about $20 per year on a $31 annual

investment.

The household biogas plants in Taiwan present a similar
picture. Table 3 shows the annual cost of a typical unit
belonging to a family of 5 which also owns 5 hogs. The methane
produced is more than sufficient to provide for their daily
cooking requirements and thereby replaces the 20 kg cylinder
of LPG that they formerly purchased each month for $6.27.

13



other conservation and maintenance measures will have to

provide for basic needs until a delayed second stage is implemented.
In any event, with rising interest rates and the shifting

balance between capital and labor intensive schemes due to

economic development, it is generally true that the smaller

the stages, the lower the present-value cost of the total

project. In other words, the more closely that demand and
production capacity are matched, the more efficient the

{nvegtment,

Public Health Implications of Technological Findings

The costs of alternative sanitation technologies are relatively
easy to quantify. Environmental benefits, including tourism and reclama-
tion, also can be defined and determined, Public health effects are
more elusive. A major effort is being made in the World Bank's research
project to develop better guidelines for assessing health benefits. At
the macro level the Ross Institute of Tropical Hygiene, London, has been
engaged to evaluate the relationship of different technologies for
disposal of excreta and of sullage to specific categories of water and
waste related diseases. At the micro level health data are being
collected in all of the communities studied and, where possible, analyzed
in connection with different levels of household sanitation. For example,
in Egypt the results of 15,000 parasitological examinations of stool
samples from residents of 40 villages with different cultural, environmental
and sanitation features are being analyzed.

Preliminary results from our community studies show that no simple
ranking of waste disposal technologies according to their effects on
community health is possible. While good sanitation is certainly an
important factor in promoting good hygiene, a sophisticated waste
disposal system appears to be neither a necessary nor a sufficient
condition for high levels of general health. Some African cities with
waterborne sewerage have very high incidences of water related diseases.

An opposite extreme 1s Kyoto where 40 percent of the population is
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served by nightsoil collection with sullage discharged to surface drains.
Our consultants were unable to find any difference in the health profiles
of those sections of the community served by collection from vaults as
compared to those served by waterborne sewerage or septic tanks.

Health authorities from the WHO and elsewhere have long stressed the
importance of health education and other complementary programs to the
simple provision of better water or waste disposal services. Our findings

reinforce these views.

The pivotal importance of social and educational inputs to the
improvement of community health leads to another conclusion relevant to
the choice of waste technology. The most cost effective method for
achieving a given improvement in environmental sanitation may be a
package involving relatively low-cost technical designs (e.g., vaults,
composting pits) coupled with an educational program on the effective

use of the new systems.

Thresholds and Constraints

Research findings include preliminary identification of a number of
public health, technological, egvironmental, economic, and institutional
thresholds and constraints which affect the choice of sanitation technologies.

Recent technological advances include low-cost, low-technology
composting systems (See Annex 2) which provide safe fertilizers. Other
options for reclamation of nightsoil, garbage, and manures, include on-
site and off-site systems for treatment or methane production. Methane
(biogas) holds particular promise as an alternative energy source as

costs of energy increase.

Environmental constraints are particularly important in areas
subject to desertification such as northern and southern Africa, much of
Asia, and parts of western South America. Here, the search for fuel is
resulting in loss of trees, shrubs, and animal dung. Reclamation of
biogas for direct use, of water for gardens, crops, and reforestation,

and of organic fertilizer 1is expected to become increasingly important.
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Institutional thresholds are still being defined. It is expected
that data on sizes and economic development of urban centers and their
support of water supply and sanitation services for surrounding rural
areas will permit generalizations on optimum sizes of service areas.
Studies of successful and unsuccessful institutional arrangements for
financing these services will provide guidelines for further development.

The major economic threshold relates to household income levels.

In non OPEC developing countries, where public sources of finance are
invariably scarce, the community and individual willingness to pay for
sanitation improvements sets a binding limit on what will be accepted

and used. Where this has been ignored, for example, in building sewerage
systems which require large household plumbing and water supply investments,
a massive unwillingness to connect has led to the failure of the entire
system. Household questionnaires reveal that sanitation, unlike water,

is seldom top priority of poor families. Thus to propose facilities

which cost more than about five percent of household income is to court
community rejection and eventual system disintegrationm.

By the same token, as income levels increase it is important to
respond to demands for improved service levels in an appropriate way.

If, as 1in some African countries, a white porcelain seat is viewed as an
important improvement, this can often be provided through an aquaprivy
rather than sewerage at far lower cost for the same degree of customer
satisfaction,

In any event, costs of providing a minimum level of service can
properly be shared by both the beneficiaries and the larger community or
national agency. In contrast, the costs of convenience or aesthetic

satisfaction should be paid by the beneficiaries themselves.

Products and Implementation of the Research

Early products of the research are the annotated bibliographic and
state-of-the-art reports on appropriate waste disposal technology and
health effects prepared by the World Bank, IDRC, and the Ross Institute.
Selected interim reports on individual country findings, pilot projects,
and improved mechanical designs for sanitation systems are now available.

An example is a recently completed review of composting operations and
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related research. (11) One of the interesting designs discussed in that
report is a simple forced-draft aeration system that is being used in
the U.S. to compost nightsoil and sewage sludge. Temperatures in excess
of 70°C are sustained in windrows for several days, assuring complete
kill of pathogenic organisms. The costs are low enough that in metropolitan
areas where the alternatives for sludge disposal include incineration,
distant burial, wet oxidation and other high technology processes, as
much as $2 million per hectare could be spent for land without affecting
the economic superiority of composting. Appendix 2, prepared by Dr.
Hillel I. Shuval, consultant to the World Bank, presents a more detailed
summary of these results.

Final publications will include books, field manuals, and instruc-
tional materials prepared for decision makers in development agencies,
developing countries, consulting engineering organizations, and universities.
These will aid in both the technical and economic evaluation of alternative
water supply and waste disposal projects or urban projects with a water

supply component.

Conceptual and final designs will be developed for improved mechanical
devices; for prototype studies of alternative storage, collection, and
transportation systems; for treatment and land application systems; and
for final disposal systems. A provisional listing of technological
options to be considered includes mechanical emptying énd rejuvenation
of pit latrines, mechanical seals for odor and fly control, replacement
of bucket latrines with vault and hand-operated vacuum cart systems,
condominium latrines, aerated-pile composting systems, and limited flow
water supply and sanitation systems. Cooperative institutional support
and participation in prototype studies is being developed within the
various sectors of IBRD activities and with other international, bilateral,

and private agencies.

Seminars, workshops, and specialty conferences are being planned
for developing country officials and for their engineering, economics,

and public health consultants.
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ANNEX 1

Waste Disposal and Reuse Technologies

Technologies vary widely among the ten communities studied. They
are summarized as follows:

Kyoto, Japan. The population is 1 % million, 41 percent of which is served
by separate or combined sewers leading to a conventional activated
sludge plant with effluent chlorination. Water use is 340 led.
Average per capita sewage flow 1is 852 lcd of which one third is
industrial. Primary and waste activated sludge are treated by
thickening, 2-stage digestion, elutriation, vacuum filtratiom, and
incineration. Methane is desulfurized and used for boiler,

incinerator, and electric generator fuel,

A system of vaults and vacuum trucks is used by another 41
percent of the population. 1.85 lcd is collected twice a month
from hougsehold vaults using a municipal fleet of 213 trucks of
from 0.5 to 7 tons capacity. Nightsoil is taken to a transfer
station where it is comminuted, screened, stored, and discharged
to a trunk sewer during off-peak hours. The system is sanitary,

highly mechanized, and well controlled.

Nightsoil from 2 percent of the population (8000 vaults) is

collected by private arrangements with farmers for use as fertilizer.

Higashi~Kurume, Japan. This is a satellite city, population 103,000, located

24 km northwest of Tokyo. Water use is 268 lcd. Separate sewers
handle 408 lcd from 46 percent of the city. Only 2 percent of the
flow is industrial. Another 46 percent of the city has municipal
nightsoil collection of 1.43 lcd using nine 2 or 4-ton trucks which
discharge to sewers for activated sludge treatment. Most of the

remaining 8 percent of the population is served by septic tanks.
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Hannoh, Japan. Hannoh is a 56,000 inhabitant rural city, 48 km from Tokyo
at the foot of the Chichibu range. 87 percent of the city consumes

271 lcd of tap water. The balance use shallow wells. 15 percent
are served by sewers leading to an activated sludge plant, 6 percent
have septic tanks, 59 percent have municipal nightsoil collection,
and the remaining 20 percent are farmers who use their own nightsoil

as fertilizer.

Tateyama, Japan. This is a resort city of 57,000 population, 72 percent of

whom consume 208 led of municipal water. 10 percent have septic

. tanks, 81 percent are served by municipal nightsoil collection with
vacuum trucks, and the rest are farmers who use thie own nightsoil.
The municipal nightsoil is diluted with an approximately equal

amount of water for trickling filter treatment.

Keelung, Taiwan. Keelung is a coastal city 23 km east of Taipei with 344,000

inhabitants. 70 percent of the people use septic tanks. 29 percent
have municipal nightsoil collection by dipper and bucket, and the

rest use their own nightsoil for fertilizer. The municipally collected
nightsoil is diluted, pre-aerated for ten days, then treated by
activated sludge and ocean discharges. Excess sludge is centrifuged

and given to farmers.

. Pingtung, Taiwan. This city of 175,000 population is located inland in
southern Taiwan. 57 percent of the people have septic tanks,

29 percent receive nightsoil collection, and the rest of the
nightsoil 1is collected at 3 or 4 day intervals by farmers. 40 tons
of nightsoil (0.8 lcd) are collected by dipper and bucket at 2-week
intervals. 1In 1976, 8,400 tons were sold to farmers.

Thirty familites have bilogas units for their nightsoil and the

manure from an average of 5 pigs.

Tainan, Taiwan. This coastal city lies 300 km southwest of Taipei. 56,500

of the 85,000 people in the southern district of the city use
septic tanks. Nightsoil (1.4 lcd) from 8,000 people is collected
for sale to farmers and used for agriculture or aquaculture. The

remainder is collected privately and sold by entrepreneurs.
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Chuncheon, Korea. Chuncheon with 141,000 population is located 80 lm

northeast of Seoul. 74 percent of the population consume

143 lcd of piped water. 104,000 people have privately-operated
nightgsoil collection service by dipper and bucket, 60 percent of
which is carried by four 3-ton tank or vacuum trucks to a new

100 kl/day capacity nightsoil treatment plant for 2-stage digestion.
The nightsoil from the rest goes directly to farms. 36,000 people
have gshallow pit latrines and 1,000 have flush toilets discharging

to surface streams.

Yipyung and Yusan, Korea. These villages have populations of 310 and 285,
respectively. Nightsoil is stored in pits until full; then

removed and composed with animal manures and crop wastes for use

as fertilizers in orchards and on vegetable crops.
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ANNEX 2

Hygienic Composting of Nightsoil by an Aerobic-Thermophilic

Process
Prof. Hillel I. Shuval¥*

Current research by the World Bank includes evaluation of methods for
hygienic and economical means of treating nightsoil by modern composting.
These methods shows promise for initiation, continuation, or expansion of

separate nightsoil collection, disposal, and safe reuse systems.,

Nightsoil use as a fertilizer in agriculture has been practiced in
China and other Asian countries for centuries and has been considered by most
public health authorities as a serious contributing cause to the high levels
of enteric disease and parasitic infestations which debilitate the population.
Nevertheless, nightsoil use as a fertilizer has apparently play a critical
role in maintaining vital soil fertility in areas of Asia so intensively
farmed for thousands of years. For example, recent reports from China
indicate that as a result of a national campaign for nightsoil treatment and’
reuse, one-third of the fertilizer requirements of agriculture in China has

been provided by recycled nightsoil,

The public health problems to be overcome in nightsoil treatment and reuse
are severe since research has amply demonstrated that nightsoil and sewage
sludge carry high concentrations of the full spectrum of pathogenic bacteria,
viruses, protozoans and helminths endemic in the community. Many of the
pathogenic micro-organisms, helminths in particular, are highly resistant
to the environmental conditions prevalent in conventional nightsoil and sewage
sludge digestion and storage and can survive for weeks and even months in the

soil and on fertilized crops.

From a survey of the literature on nightsoil treatment, it can be clearly
concluded that the only fail-safe nightsoil treatment method which will assure
effective and essentially total pathogen inactivation including the most
resistant helminths such as Ascaris eggs and all other bacterial and viral

pathogens is heat treatment to a temperature of 60°C for several hours.

#Director, Environmental Health Laboratory, Hebrew University -
Haddasah Medical School, Jerusalem, Israel
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Pathogen inactivation caused by other environmental factors can be effective
under certain conditions and for certain pathogens but cannot be considered
as reliable as heat inactivation. To accomplish this by direct heating by

conventional energy sources 1s out of the question because of high fuel costs.

The modern day search for economical and effective methods for nightsoil
treatment by composting which will both assure protection of the public health
and provide a continued supply of low-cost soil conditioner was started by
Sir Albert Howard in India in 1931.

Extengsive modern research in composting has demonstrated that the very
high temperatures required for heat inactivation of pathogens can be obtained
during the active decomposition of organic matter by aerobic thermophilic
microorganisms that operate effectively in a temperature range of 45° - 85° ¢
and generate the considerable amounts of excess heat energy required for

destrying the more resistant pathogeuns.

Numerous experimental and full-scale composting plants have been developed
during the last 30 years in an effort to achieve effective aerobic thermophilic
composting of municipal refuse and sewage sludge under controlled conditionms,
many of which could be applied to composting nightsoil together with other
organic wastes, However, most of these plants are based on very expensive
high-level technology whose cost has usually been greater than could be
afforded even in highly developed economies. In addition, serious operation

and maintenance problems have plagued most of the systems,

For the present review, technological assessment of composting has
concentrated on two locations where sewage sludge is composted prior to
agricultural or harticultural utilization. One is the windrow composting
plant of the County Sanitation Districts of Los Angeles (1975).
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Here digested vacuum filtered sewage sludge with 23% solids is mixed with

0ld well-composted sludge in open windrows turned at least once a day by huge
mobile mechanical composter-shredder machines., The previously composted sludge
provides for workability and moisture control. Maximum temperatures in the
piles above 60°¢C have been reported for most piles while the temperatures in
the external portion of the pile are close to ambient, All sludge 1is
presumed to be exposed to 60°C or more for a period of time during the

35~day composting cycle since the piles are turned daily. Laboratory tests
show that this process is reasonably effective in inactivating pathogens in
the final compost, but some pathogens remain. This process is not considered
appropriate for most developing countries because of its dependence on

expensive and complex equipment presenting serious maintenance problems.

The second process is the Beltsville Aerated Rapid Composting (BARC)
system developed at the U.S. Department of Agriculture's Agricultural
Research Service Laboratories at Beltsville, Maryland (Epstein, et al, 1976).
This process is based on mixing either raw or digested sewage sludge with
wood chips as a bulking material. This reduces moisture content, provides
a carbon source needed for more effective composting, and assures the
open structure required for the free flow of air in the static compost
pile aerated by a 4" (10 cm) perforated pipe under the pile. Other materials
such as straw, rice hulls, or waste paper could be used. Air is drawn through
the aeration piping system by a simple 1/3 hp blower. The only other equipment
required is a front-end loader and a mechanical screening system for wood

chip recycling which might not be required for all cases.

Research on the BARC system indicates that extremely high temperatures
are achieved consistently in all portions of the fresh sludge mix, which is
covered by 30 cm of old compost to provide insulation against heat loss,

absorption of odors and water penetration. Maximum temperatures exceed
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80°C while in no case has the minimum temperature at any point in the

pile been lower than 60°C at least for a 2 - 5 day period. Under these
conditions thermal inactivation of most pathogens can be assured. Laboratory
assays for pathogens indicate that it is highly effective in destroying
pathogenic bacteria, viruses and helminths. The BARC system has also been
used effectively to compost nightsoil from the National Capital Park Service
latrines, Sawdust i3 added as an additional bulking material to absorb the
greater amounts of liquid in raw nightsoil. The estimated cost of sludge
composting with the BARC system is $38.50/dry ton in a 50 ton/day plant, or
about $8.50 per ton of wet sludge of 22% solids.

The BARC composting system appears to be ideally suited as a nightsoil
composting system for developing countries because of its simple operation
of limited inexpensive mechanical equipment and even more so because of its
highly effective and uniform heat inactivation of pathogens which should
assure that the final compost is safe from a public health point of view.
The system further appears to be one which can contribute to solving the
public health problems associated with continuing or expanding use of direct
nightsoil disposal systems which are technologically between pit privies

and expensive central sewerage systems,
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THIRTIETH WORLD HEALTH ASSEMBLY WHA30.33
18 May 1977

e A S e

COORDINATION WITHIN THE UNITED NATIONS SYSTEM - GENERAL MATTERS

United Nations Water Conference

The Thirtieth World Health Assembly,

Having considered the report of the Director-General on the United Nations Water
Conference;!l

.‘ Noting the recommendations made by that Conference, particularly with respect to
community water supply and the priority given to the provision of safe water supply and
sanitation for all by the year 13990; the priority areas for action within the framework of the
Plan of Action formulated by the United Nations Water Conference; the actions to he under-
taken at national level as well as through international cooperation; and the proposal that
1980-1990 be designated as the International Drinking Water Supply and Sanitation Decade;

Recalling resolutions WHA29,45, WHA29,46 and WHA29.47 concerning directly and indirectly
the interests of WHO with respect to the provision of adequate and potable water and sanitary
disposal of wastes;

Considering that previous mandates of the Organization, as stated most recently by the
Twenty~ninth World Health Assembly in the resolutions referred to atove, and the ongoing and
planned programmes of WHO in the field of community water supply and sanitation enable the
Organization, wmaking maximum possible use of its national collaborating institutions, to play
a leading role in implementing the relevant recommendations of the United Nations Water
Conference, including the request to WHO to monitor the progress of Member States towards the
attainment of safe water supply and sanitation for all by the year 1990, through technical
cooperation with individual Member States and in cooperation with other concerned organizations,
institutions and programmes of the United Nations system,

1. URGES Member States:

(a) to appraise as a matter of urgency the status of their community water supply,
sanitation facilities and services and their control;

(b) to formulate within the context of national development policies and plans by
1980 programmes with the objectives of improving and extending those facilities and

servi-es to all people by 1990 with particular attention to specific elements such as:

(i) -the elaboration of sector development policies and plans through comprehensive
studies of the national water supply sector;

(i) the development of alternative approaches and materials so as to suit best the
particular conditions of the country;

(iii) the identification and preparation of investment projects;

1 Document ABO/@B Add.2 and Corr,l,
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{iv) the improvement of the operation and maintenance of facilities, including the
surveillance of drinking water quality;
(v) the assessment of water resources, and their conservation;
(vi) the prevention of pollution of water resources and spread of disease resulting
from water resources exploitation;
(vii) the improvement of manpower and management capabilities;

(c) to imblement the programmes formulated in the preparatory period 1977-1980 during
the decade 1980-1990 recommended by the United Nations Water Conference to be designated
as the International Drinking Water Supply and Sanitation Decade;

(a) to ensure that people consume water of good quality by periodic inspections of
water sources and treatment and distribution facilities, by improving public education
programmes in the' hygiene of water and wastes, and by strengthening the role of health
agencies in this respect;

- i

2. REQUESTS the Director-General:

(a) to collaborate with Member States in the above-mentioned activities, including the
provision of specialized staff upon the request of Member States, with immediate efforts
to be made for a rapid assessment of ongoing programmes and the extent to which they
could usefully be expanded to meet the objectives recommended by the United Nations
Water Counference;

(b) to revise as appropriate the review being undertaken in acccrdance with
resolution WHA29.47 operative paragraph 5 (4), with a view to meeting the terms of the
recommendation of the United Nations Water Conference concerning country plans for water
supply and sanitation, and as a major contribution to the preparations for the proposed
International Drinking Water Supply and Sanijtation Decade;

(c) to ensure WHO's fullest participation in implementing the Plan of Action formulated
by the United Nations Water Conference and in the actions to be undertaken during the
proposed International Drinking Water Supply and Sanitation Decade, in close collabora-
tion with the concerned organizations of the United Nations system, other intergovern-
mental bodiZs, and. nongovernmental organizations;

(d) to reinforce if necessary WHO's longstanding ability, making maximum possible use
of its national cellaborating institutions, to play a leading role in the field of
community water supply and sanitation in cooperation with the other concerned organiza-
tions of the United Nations system;

(e) to strengthen collaboration with multilateral and bilateral agencies and other
donors regarding the provision of resources to Member States in the development of their
water supply and sanitation programmes;

(£ to study the future organizational, staffing, and budgetary implications for the
Organization, and the role it should assume in the light of the reconmendations of the
United Nations Water Conference; and

[
(g) to report on developments occurring in the light of the present resolution to a
future Health Assembly under a separate agenda item,

t

Thirteenth plenary meeting, 18 May 1977
A30/VR/13



THIRTIETH WORLD HEALTH ASSEMBLY WHA30, 40

18 May 1977

DEVELOPMENT AND COORDINATION OF BIOMEDICAL AND
HEALTH SERVICES RESEARCH

The Thirtieth World Health Assembly,

" Having considered the Director-General's reportl on Development and Coordination of
Biomedical and Health Services Research;

1.  THANKS the Director-General for his report;

2, NOTES with satisfaction the orientation of WHO's research promoting and coordinating
activities in conformity with the Sixth General Programme of Work;

3. ENDORSES the research policy guidelines outlined by the Director-General, with particular
attention to:

(a) the role of WHO in strengthening national research capabilities, promoting
international cooperation, and ensuring the appropriate transfer of existing and new
scientific knowledge to those who need it;

(b) the emphasis on greater regional involvement in research, with the active
participation of regional Advisory Committees on Medical Research;

(c) the setting of research goals and priorities in the regions in response to the
expressed needs of Member States;

(d) the concept of Special Programmes for “Research and Training in major mission-
oriented programmes of the Organization;

(e) the keeping of an appropriate balance between biomedical and health services
research;

4, REAFFIRMS that effective biomedical and health services research activities aimed at the
solution of major health problems of Member States, especially of developing countries, play
an important role in technical cooperation between the World Health Organization and Member
States;

S, CONFIRMS the need to strengthen further the research development and coordination
mechary.sms out.ined by the Director-General with emphasis on:

(a) close coordination between the regional and the global Advisory Committees on
Medical Research in the long-term planning and development of the WHO research programme;

1 Document A30/9.

2
Sixth General Programme of Work Covering a Specific Period (1978-1983) - WHO Official
Records No. 233, 1976, Annex 7.
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{(b) collaboration with Medical Research Councils or unalogous national research bodics
to ensure effective coordination of national, regional and global research programmes;

(c) utilization of research promotion mechanisms, such as scientific working groups,
to ensure broadly based participation of the scientific community in the planning,
implementation and evaluation of WHO's research programmes;

(d) increased technical cooperation with, and between, research institutions of Member
countries to carry out collaborative research and training and improve communication
between scientists;

(e) developing and strengthening research into the morc efficient deployment of
resources within health care delivery systems, especially on a national and regional
basis;

i
(£) broadening the basis of advice and support for Health Services Research by extending
the membership of the Adviscry Committee on Medical Research and related Committees and
the WHO Collaborating Centres to include social, management and other sciences;

(g) increasing the number of Collaborating Centres in the field of health services
research, and ensuring the strengthening of this research;
"

(h) achieving a balanced geographical distribution for Collaborating Centres for
biomedical and health services research;

REQUESTS the Direétor-Ceneral to further elaborate the WHO long-term programme in the

field of development and coordination of biomedical and health services research, taking into
account the suggestions of the Advisory Committee on Medical Research, of Regional Committees
and Regional Advisory Committees on Medical Research, as well as the forecasts of developments
in medical science and health practice in Member States, and to report his further proposals
to the Executive Board and to the World Health Assembly,

Thirteenth plenary meeting, 18 May 1977
A3D/VR/13

i
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23 May 1978
ACTION PROGRAMME OTF APPROPRIATE TECHNOLOGY FOR HEALTH

The Thirty-first World Health Assembly,

Having considered the report of the Director—General1 and resolution EB61,R31 on the
activities of the programme of Appropriate Technology for Health,

1. THANKS the Director-General for his report;

2. NOTES with satisfaction the development of the programme of Appropriate Technology for
Health in pursuance of resolution WHA29.74 and expresses its desire to see it implemented
throughout all levels of the Organization;

3. INVITES Member States to promote the use of available appropriate technology and develop
new technology needed for the better implementation of health care, particularly of primary
health care;

4, REQUESTS the Director~General

@) to intensify involvement of Member States in the further development of a global
plan of action for the programme of Appropriate Technology for Health and to foster
cooperation with and between Member States as well as with other appropriate international
agencies bot.’ inside and outside the United Naticns system in this very important field

of public health;

(2) to report to a future session of the Executiye Board and a subsequent World Health
Assembly on the progress of this action programme,.

Twelfth plenary meeting, 23 May 1978
A31/VR/12

1 Document A31/14.
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THIRTY-FIRST WORLD HEALTH ASSEMBLY WHA31.35

23 May 1978

DEVELOPMENT AND COORDINATION OF BIOMEDICAL
AND HEALTH SERVICES RESEARCH

The Thirty-first World Health Assembly,

Having considered the Director-General's report on Development and Coordination of
Biomedical and Health Services Research;1

Recalling resolutions WHA25.60, WHA27.61, WHA28.70, WHA29.64 and WHA30.40;

Reaffirming that effective biomedical and health services research aimed at the solution
of major health problems of Member States, especially of developing countries, plays an
increasingly important role in effective technical cooperation between the World Health
Organization and Member States;

1. THANKS the Director-General for his report;

2, ENDORSES steps already taken to implement the relevant resolutions of the World Health
Assembly;
3. NOTES with satisfaction the reorientation of the Organization's research activities,

particularly through the greater involvement of regional Advisory Committees on Medical
Research in defining programmes of action consonant with national and regional health
priorities;

I

4. URGES Member States to:

(1) review their research needs and institutions with a view towards strengthening
their research capabilities;

(2) collaborate among themselves and with WHO in accelerating relevant programmes for
biomedical and health services research;

5. REQUESTS the Director-General:

() to continue to pursue the Organization's leong-term efforts to coordinate and
promote research, emphasizing:

(a) strengthening the research capability of Member States;

(b) fostering technical cooperation with and between research establishments of
Member States;

(c) involving more closely the Executive Board, Regional Committees as appropriate,
and the Advisory Committees on Medical Research in the formulation of policy, the
definition of priorities and evaluation of the Organization's research activities;

! Document A31/15.
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(2) to present to the Executive Board and the World Health Assembly a comprehensive
programme of research in which WHO is involved, as requested by the previous resclutions
of the World Health Assembly, covering priorities of Member States outlined in the Sixth
General Programme of Work, as well as the special research programmes, including the
programme of health services research; and

(3 to report periodically on progress, as appropriate, to the Executive Board and the
World Health Assembly.

Twelfth plenary meeting, 23 May 1978
A31/VR/12
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THIRTY-FIRST WORLD HEALTH ASSEMBLY WHA31, 40

23 May 1978

COORDINATION WITHIN THE UNITED NATIONS SYSTEM: UNITED
NATIONS WATER CONFERENCE

The Thirty-first World. Health Assembly,

Having considered the reports of the Director-General on follow-up to the Mar del Plata
Action Plan of the United Nations Water Conference,l and on WHO's Human Health and Environment
Programme;2

Recalling resolution WHA30.33 on the United Nations Water Conference;

Emphasizing the need to make a determined effort to attain the targets of the
International Drinking Water Supply and Sanitation Decade and particularly to meet the needs

of those populations now deprived of these services;

Fmphasizing further the need for participation by all sectors of national and
international institutions that can contribute to attain the Decade target;

Considering that the participation of the community is indispensable and that special
efforts are required to provide full information to the population to encourage community
participation;

1, URGES governments:

(1) to mobilize all possible resources for an accelerated effort to provide safe water
and sanitation to all people within the framework of the Decade;

(2) to prepare plans with realistic standards for water supply and sanitation;

(3) to develop necessary organizational arrangemente that will facilitate pooling of all
available resources and focusing them on meeting priority health needs;

2, REQUESTS the Director-General:

(1) to strengthen technical cooperation with Member States in preparing for the )
International Drinking Water Supply and Sanitation Decade; g

(2) to promote cooperation and coordination at the international level with the aim of

increasing awareness, priority and the flow of external resources for water supply and
sanitation;

(3) to identify clearly the contribution of the Organization for the Decade as part of
the medium-term progranme for the promotion of environmental health.

Twelfth plenary meeting, 23 May 1978

231/vR/12
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THIRTY-FIRST WORLD HEALTH ASSEMBLY WHA3L. 44

24 May 1978
PROGRAMME ON DIARRHOEAL DISEASES CONTROL
The Thirty-first World Health Assembly,

Concerned by the high rates of morbidity and mortality from acute diarrhoeal diseases,
particularly in children; :

Recognizing that diarrhoeal diseases constitute a serious socioeconomic and public health

problem;
Aware of the receunt advances in knowledge on different aspects of acute diarrhoeal
diseases, particularly the progress made towards the application of simplified and effective

methods of diagnosis, treatment, including rehydration, and control;

Recalling the commitments made by Member States in various forums towards the control of
these diseases;’

Endorsing the priority accorded to this problem in the WHO Sixth General Programme of
Work;

Noting with satisfaction the actions already taken by the Organization at the country,
regional and global levels, with a view to launching a major attack on diarrhoeal diseases;

Conscious that the application of simple and effective measures for prevention and control
of diarrhoeal diseases would constitute an important element in increasing the effectiveness
and acceptability of primary health care services;

Bearing in mind the importance of proper nutrition for the prevention of diarrhoea and its
complications, especially in infants and young children, as stressed in resolution WHA31.47;

1. URGES Member States to identify diarrhoeal diseases as a major priority area for action,
and to apply known effective measures for the management and control of diarrhoeal diseases in
@ the primary health care context;

2. REQUESTS the Director-General:

(i) to intensify involvement of Member States in the development of a plan of action for
an expanded programme on diarrhoeal diseases control and to collaborate with Member States
in the development of the Programme at country level, with particular reference to its
integration into present or future development activities in health and other fields;

(ii) to promote technical cooperation with and among Member States in programme formula-
tion, implementation and evaluation, and in training health workers at different levels;

{iii) to accord high priority to research activities for the further development of
simple, effective and inexpensive methods of treatment, prevention and control of
diarrhoeal diseases in areas having varying kinds of health service facilities;

3. EXPRESSES appreciation to UNICEF for the support already given to action against
diarrhoeal diseases and for its continued cooperation;

L Document A31/A/Conf.Paper No. 14.
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4. ° CALLS UPON UNDP, IBRD, UNFPA and other international organizations and funds actively to
support this Programme;

5. THANKS the Government of the United Kingdom of Great Britain and Northern Ireland which,
through its generous contribution, has given an initial impetus to the Programme, and urges
other governments to provide further support to allow the Programme to expand;

6. REQUESTS the Director-General to keep the Executive Board and the World Health Assembly

informed of the progress made in the implementation of the Programme on Diarrhoeal Diseases
Control.

Thirteenth plenary meeting, 24 May 1978

A31/VR/13
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. 24 May 1978
PROGRAMME ON DIARRHOEAL DISFASES CONTROL

The Thirty-first World Health Assembly,

Concerned by the high rates of morbidity and mortality from acute diarrhoeal diseases,
particularly in children; :

Recognizing that diarrhoeal diseases constitute a serious socioeconomic and public health

problem; \ .
Aware of the recent advances in knowledge on different aspects of acute diarrhoeal
diseases, particularly the progress made towards the application of simplified and effective

methods of diagnosis, treatment, including rehydration, and control;

i
Recalling the commitments made by Member States in various forums towards the control of
these diseases;

Endorsing the priority accorded to this problem in the WHO Sixth General Programme of
Work;

Noting with satisfaction the actions already taken by the Organization at the country,
regional and global levels, with a view to launching a major attack on diarrhoeal diseases;

Conscious that the application of simple and effective measures for prevention and control
of diarrhoeal diseases would constitute an important element in increasing the effectiveness
and acceptability of primary health care services;

Bearing in mind the importance of proper nutrition for the prevention of diarrhoea and its
complications, esnecially in infants and young children, as stressed in resolution WHA31.47;

1. URGES Member States to identify diarrhoeal diseases as a major priority area for action,
and to apply known effective measures for the management and control of diarrhoeal diseases in
& the primary health care context;

2. REQUESTS the Director-General:

(1) to intensify involvement of Member States in the development of a plan of action for
an expanded programme on diarrhoeal diseases control and to collaborate with Member States
in the development of the Programme at country level, with particular reference to its
integration into present or future development activities in health and other fields;

'

(ii) to promote technical cooperation with and among Member States in programme formula-
tion, implementation and evaluation, and in training health workers at different levels;

(iii) to accord high priority to research activities for the further development of
simple, effective and inexpensive methods of treatment, prevention and control of
diarrhoeal diseases in areas having varying kinds of health service facilities;

3. EXPRESSES appreciation to UNICEF for the support already given to action against
diarrhoeal diseases and for its continued cooperation;

Document A31/@/tonf.Paper No. 1l4.
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&
4. ° CTALLS UPIN UNDP., IBRD, UNFPA and other international organizations and funds actively to
support this Programme;

5. THANKS the Goﬁernment of the United Kingdom of Great Britain and Northern Ireland which,
through its generous contribution, has given an initial impetus to the Programme, and urges
other governments to provide further support to allow the Programme to expand;

6. REQUESTS the Director-General to keep the Executive Board and the World Health Assembly

informed of the progress made in the implementation of the Programme on Diarrhoeal Diseases
Control, ‘

Thirteenth plenary meeting, 24 May 1978
A31/vR/13
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