


SAFE WATER AND WASTE DISPOSAL FOR RURAL 
HEALTH: A PROGRAM GUIDE 



Editorial  Advisory  Board 

Gordor. Alexander* 
United N.rtions Children's Fund 
R.C. Ballancc* 
World Healtli Organization 
James Bell' 
Peace Corps 
Martin Bcycr 
United Nations Children's Fund 
David Donaldson 
Pan-American Healtli Organization and 

Watcr and Sanitation for Health Project 
hlary Eltnendorf 
Consultant 
Leo11 Jacobs 
Consul:an t 
,john Kalbern~atten* 
Norld Bank 

Ex Officio h l e m b e r s  

John H. Austin' 
Agc~icy for International Development 
Earle Lawrence 
Agency for International Devclopmcnt 
Victor Wclinian* 
Agcncy for International Developrncnt 
Edwin L. Cobb 
National Demonstration Watcr Project 

Ar twork  

Judy Bair 
Redwing Arts 

tiorjt Ottcrstcttcr* 
Pan-Arncrican Health Organization 
Fred RcifP 
Pan-American Healtl~ Organization 
P.A. Stevens* 
World Health Organization 
Dennis Warner* 
Water and Sanitation for Hcaltli Project 
Gerald F. Winfield 
Consultant 

Robert Worral 
Population Refcrcnce Bureau 
Martin Young* 
IJniversity of Florida 

Project M a n a g e r  

Mary E. Morgan 
Institute for Rural Water 

'Did not serve for full 
duration of projcct 

Photographs  

Christopher Walter 
Raymond Victurine 
Noel Perry 
Michelle DcNevers 
Cynthia Paige, AFRICARE 
Michael McQuestion 
Charles Scnn 
Earthscan 
World Bank 
United Nations Children's 

Frrnd 
World Health Organization 



PREFACE 

This bo3k, Snfi Wnfcr atld Wllstr Disyosnl for R1in11 
Hmltli: A Progmrr~ Guide, is part of the "Water for the 
World" series prepareci by National Demonstration 
Water Project under contract to tlie U.S. Agency for 
International Development. The "Water for the World" 
materials are all focused on providing concrete assis- 
tance to the developing nations in planning and im- 
plementing programs and projects in rural water sup- 
ply and sanitation. This program guide was written 
for people in the developing nations who have, or arc 
interested in having, tlie responsibility for addressing 
rural tvater and waste disposal problems through a 
comprehensive countrytvide program. 

In addition to this guide, there are three "Water for 
tlie World" policy perspectives intencied for polic-y- 
makers: one summarizes this guide, one addresses 
planning of water supply and sanitation progranis, 
and tlie third deals with implementing these pro- 
  ran is. The final component of ":Yater for tlie World" 
is a series of about 160 technicdl notes written for 
people working in rural villages on water supply and 
waste disposal projects. Eacli technical note addresses 
a narrotv technical aspect of sucli projects. A full list of 
technical notes may be found in Appendix Two of this 
book. 

Many people p~rticipated in the preparation of this 
program guide. Special thanks are due to the editorial 
advisory board listed on the preceding page which 
exercised oversight of the entire project and reviewed 
the materials prepared as part of it. 

These individuals and institutions contributed to 
the preparation and review of preliminary informa- 
tion documents which were valuable in the writing of 
this guide and other "Water for the World" materials: 

Environmental Services Corporation, 
Chapel Hill, North Carolina 

Institute for Rural Water, 
Washington, D.C. 

National Environmental Health Association, 
Denver, Colorado 

John H. Austin, 
Washington, D.C. 

Emil T. Chanlett, 
Chapel Hill, North Carolina 

Daniel Dunham, 
Ncw York, New York 

James Lamb, 
Chapel Hill, North Carolina 

Thomas C. Orihel, 
New Orleans, Louisiana - 

George Reid, 
Norman, Oklahoma 

Gerald Rohlich, 
Austin, Texas 

Joseph Salvato, 
Alb,iny, New York 

Everett Scliiller, 
Baltimore, Maryland 

Charles Senn, 
Los Angeles, California 

Morris Shiffman, 
Chapel Hill, Nortli Carolina 

Mark Sobsey, 
Chapel Hill, Nortli Carolina 

Sources used for the manual were personal commu- 
nications and materials prepared by the following 
persons: 

Jolin H. Austin, Washington, D.C. 

Rifat Barokas, Washington, D.C. 

Emil T. Chanlett, Cliapel Hill, North Carolina 

Edwin L. Cobb, Washington, D.C. 

Jolin K. Densham, Wetlierby, Yorkshire, 
England 

Mary Elmendorf, Wasi~ington, D.C. 

Eric Greig, Wetherby, Yorkshire, England 

Dennis B. Warner, Washington, D.C. 

,Overall editorial supervision was tlie responsibility 
of Mary E. Morgan. Gerald F. W:lrfield served a s  gen- 
eral consultant on this guide and made many contri- 
butions toward improving it. 

National Demonstration Water Project bears full re- 
sponsibility for the content of this manual. It does not 
represent the lurmal or informal policy of tlie U.S. 
Agency for 1r:ternational Development. For further 
information about it or about other parts of the "Water 
for the World" series, contact the Development Infor- 
mation Center, Agency for International Develop- 
ment, Washington, D.C., 20523, U.S.A. 
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Snfe Wnter nrrd Wnste  Disyosfil fur Rirrnl Henltll: A Pru- 
grnrtr Gtridc is written for people in the developing 
cations who have the responsibility for developing 
and implementing water supply and sanitation pro- 
grams for rural areas. Its purpose is to provide that 
audience with an overview of tlie information it will 
need to promote, design and carry out such a . 

program. 
The book is organized in three parts: Part One: Wa- 

ter Supply and World Health; Part Two: Water Supply 
and Waste Disposal Systems; and Part Three: Effec- 
tive Water Supply and Sanitation Programs. Part One 
provides an overview of the relationship between wa- 
ter supply, sanitation and health and basically defines 
the problems that safe water and waste disposal sys- 
tems can help to solve. Part Two presents solutions to 
those problems from a technical viewpoint, explain- 
ing the major technologies in lvater supply and waste 
disposal that are appropriate for use in the rural areas 
of the developing nations. Part Three describes how 
to go about establishing and implementing a program.. 
that matches technical solutions to water and sanita- 
tion problems in an efficient and effective manner. 

A word about the organization of tllis.volume: 4.- 
the end of each chapter, there is a list of sources that 
were used in preparation of the chapter. In most 
cases, ther.e sources are .dso a good place to start to 
find more detailed information on the subjects cov- 
ered. Also at the end of each chapter is a list of tlie 
technical notes from the "Water for the World" series 
(see Preface) that are most relevant to the material in 
that chapter. These technica! nates can also be used 
for more detailed i~~form,.ltion (111 the topics included 
in each chapter. 

Appendix One is a glossary of terms, most of them 
technical, that, although explained in the text, are 
ilsed multiple times. Readers may find the glossary 
useful in refreshing their memories as to the meaning 
of terms as they are encountered after the initial expla- 
nation. Appendix Two is a full listing of the technical 
notes prepared in the "Water for the World" series, 

There is probably no more urgent need facing the 
developing nations than the provision of adequate 
water supply and sanitation to their citizens. This 
need has been recognized by the United Nations with 
the designation of 1981-1990 as the International 
Drinking Water Supply and Sanitation Decade with a - 
goal of providing access to adequate water supply and 
sanitation facilities to all the world's peoples. This 
volumc. r.1;~ provide some small measure of assis- 
tance in meeting that goal. 

\+'aterjlowingfronl a bamboo pipe is a water systern ill many purrs 
of the world, 



' 
PART ONE. WATER SUPPLY AND WORLD HEALTH 

\ CHAPTER ONE: THE PROBLEM IN THE DEVELOPING NATIONS 
CHAPTER TWO: A SURVEY OF WATER-RELATED DISEASES 
CHAPTER THREE: DEVELOPMENT AND USE GI: WATER QUALJTY 

STANDARDS 
i 

CHAPTER ONE 
THE PROBLEM IN THE DEVELOPING NATIONS 

SUMMARY 

In the developing nations of the world in 1981, 
about 50 percent of the people did not have reason- 
able access to a safe water supply; roughly 75 percent 
did not have adequate santitation facilities. Improve- 
ments in water supply and santiation facilities that 
have been made in recent years have not even kept 
pace with population growth so that more people are 
unserved today than in 1970, even excluding figures 
for China. The heaviest concentrations of unserved 
people are in rural areas. 

The principal result of inadequatc tvater supplies 
and sanitation is a heavy burden of disease, a burden 
that is greatest an children. Third World nations have 
a high mortality rate among infants and young chil- 
dren. Half of all deaths in developing nations are 
among children under five, with malnutrition and in- 
fectious disease the principal causes. The disease that 
is most often involved is diarrhea--caused by a lack of 
clean water and sanitation. Many other diseases, un- 
known or already eliminated in developed nations, 
are also prevalent. Examples from Kenya, Colonibia, 
and India illustrate some of the problems. 

Improvements in w~ ter supply and sanitation in 
developing countries increase the well-being of the 
people of those countries. Such improvements pro- 
mote economic and soci.71 as well as human deveiop- 
menl: and are, accordingly, a desirable investment for 

1 the countries needing improvements, for other coun- 
tries wishing to be of assistance, and for international 
agencies. Opetl zuells tcsimlly nrc contntttiitated. 



'ER ONE CHAPT 
THE PROBLEM IN THE 

Clean water that is close ,)t hand anci a safe and 
convenient way ti? dispose ot hlinlali excreta are all 
too frerl~iently luxuries in developing nations. In t11c 
eclrtli's geogmpliic "South," tile political "Tliirci 
CVorlci," much water is not clean and sanitation is not 
adequate. RurLll people use water mostly from con- 
taminateel shL,!low wells and surface sources; their ex- 
creta is disposed of nwre or less Iiapliaz,~rdly in the 
fielcis. hlillions of city people arc also poorly servcci. 

The health of the people in the developing nations 
reflects this sittlation. They do not live as long nor as 
well '1s those in the developed countries. While bad 
water and sanitation are certainly not the only causes 

-1~3~ of poor health, they are impartant contributors. 
- 'This cliapter describes the problcm in the dcvelop- 

wT;:c$, 
, ing nations in terms of: F Z $  

present access to safe water and sanitation; 
-+;:.'I 
sb- - 'T.2. present health conditions; 

b%~,;~a esamples from three countries; 

cz$ the impact of water supplies. 

gA:z Access to Safe Water and Sanitation @!B 
I t  is 1951. Assume that we travei any road in the 

Third World outsicie China-the Western Hemi- 9.3 sphere below the Tropic of Cancer; the continent of 
Africa; tlie land masses and islands of Asia. We meet 

&:ou' ;en people. At least five of them will not have safe G$ water Lo drink; seven or eight of them will have nu 
effcclive sanitation. I f  we are on a city street, the peo- 

ryfl' ple will be better off. Only two or three will be without 
I - clean water and fewer than five will lack adequate yfgj, sanitation. But if we are on the unpaved tracks of the 

rural areas, seven of the people will not have clean 
bJitUn water and nearly nine of the ten mill have inadequate 
t:T>v, sanitation. 

These figures are based on the most minimum stan- 
E*X*'y 1 c ~ . b r ,  dards of adequacy for water and sanitation. In the 
- 1  eyes of the World Health Organization (WHO), a rural 
@l,.'-.J*. 4 family has "reasonable acccss" to safe water if a mem- 

ber of tlie household, usually the woman, does not 
have to spend "a disproportionate part of the day" in 
fetching water that is not contaminated. Adequate 
sanitation is often merely a latrine of somc sort. In 
congested areas, lio~vever, most latrines do not meet 
minimum health standards, and they are often de- 
signed so that children do not have access to them. I'it 
privies, anothcr type of "adequate" sanitation, if im- 
properly located may contaminate nearby shallow 
wells. 

In urbar. areas, the standard of adequacy may be 
piped water supplies, but the use of the word "ade- 
quacy" is probably misleading. A 1970 survey found 
urban supplies to be "intermittent" about half the 

DEVELOI'ING NATIONS 

Poclr snt~itntiot~ cordit io~ts c-otttriltrite to poor hcnltlt. 

time. In other tvords, the pressure in the pipes failed 
every other clay on the average, with the result that 
contamination was sucked in from the outside. Prob- 
ably no more than ten percent of the people in the 
Third World, urban or rural, have indoor plumbing 
that kvorks consistently, the common standard in de- 
veloped nations. When the percentages arc converted 
into numbers of people, the magnitude of the problem 
becomes even clearer. 

WHO figures, derived from information supplied 
by governments, show tlie following numbers of peo- 
ple in the developing world witl~out clean water and 
sanitation in 1980: 

Table 1. Unserved Population in Developing 
Countries 

P ~ ~ I I ~ I I ~ ~ L I I I  Pq~~rlr~tiotr 
(lllil/it111~:) (111i1li1itt.s) 
ityitlru~~t icithci~rt 

Po~irrlalic~tt cl~.rlrr I ~ I ~ ~ ~ I ~ I ~ I I ~ P  

(tt~illiurts) icrtter sflttit~11i011 

N~rt~rlicr Pc*rcc1ttt N I I ~ I I ~ J P ~  /'crc~~tt 
Urban 703 177 25 33 1 47 
Rur,il 1612 1143 71 1399 87 

Total 2315 1320 57 1730 75 

'I he population without clean water-1.3 billion-is 
greater than the tofnl  poplrlntioil of the developed 
world-North America, Europe and the Soviet Union, 
Japan, and Australasia. The population without sani- 
tation is roughly the same as the entire developed 



kvcjrld jr1rr.i :\/riCl7. -So ;,. :, s tr::l- ~vorlcl picture of the 
needy population, 3 port~un ot the popula tion of Clii- 
na slioulcl be adclecl to the total. All in all, the number 
of people ~vitliout aclcquate tvatcr ancl sanitation to- 
clay approaches tlie total population elf tlic earth i n  
I'l60. 

For many years, the clcveloping countries  ha\^ 
been aware of tlic problcni, ancl a lot of ~vork has gonc 
into making improvcnients. But improvements lia\.e 
not kept pace w!tn population illcreases so tliat niure 
proplc are unsen~ccl toclay than in 1970, even escluding 
figures for China. WHO statistics since 1962 reveal the 
following: 

Table 2. Percentage of Population Adequate1.y Served 
in Develsping Countries 

Llrh~rr 
zcrillr 

illit11 
ztrrlcr 

But consider rural water supply. Tliis one area 
shotvs a clear percentage improvement over the last 
dccade. Only 14 percent of the Third World popula- 
tion had access to safe water in 1970. Tliis figure rose 
to 22 percent in 1975 and more than doubled to 29 
percent in 1980. Despite the percentage increases, 
WHO reports also sliotv that tlie n~tniber of rural peo- 
ple ziritlrotrt access to safe water rcmained the samc- 
about 1.1 billion in 1975 and 1980. There wcre actually 
rttovc people without rural sanitation in 1980-1.4 bil- 
lion-than in 1975-1.2 billion. 

For several reasons, tvater and sanitation figures for 
developing countries must be used with caution. 
First, definitions used in gathering information are 
not always the same. For example, WHO'S 1980 sur- 
vey showed a major drop in tlie percentage of tlie 
~trban Third Worlcl population with adequate sanita- 
tion-from 75 percent in 1975 to 53 percent. WHO 
believes that this drop reflects different definitions of 
adequate facilities. Second, govcrnnient figures sup- 
plied to WHO are not always reliable. Did 100 percent 
of tlie urban residents of Algeria, Zambia, Cuba, and 
Jordan have reasonable access to safe water in 1980 for 
example? That is, did all of them reside within 200 
meters of a standpost, as reported? It is highly unlike 
ly. Even allowing for some unreliability, however, the 

b'lsic n-J:sscl~e dr-4ii ere4 by the figures is cl~'i~-: des;_rite 
harcl work and niany gains, an enormous nunibe* vf - 
the people in developing nakions worlcl~vide I'rck adca- - q~late  water and sanitation, and thC number IS 

increasing. 
The problem is greatest in the rural areas ot the 1 

Third World, even though the standards of adequacy 
in tvater and sanitation are usually not as  strict as for 
urban areas. Rural residents now account for nearly 70 
percent of tlie population of the developing nations, 
excluding China. 

Latin America illustrates tlie rural problem. Includ- 
ing tlie Caribbean, thc region was home to 209 million 
people at the beginning of the 1960s. Of these, 68 
percent lacked proper water supplies; 86 percent were 
nc: served by a sewage system. As bad as  the overall 
figures werc, they were not nearly as bad as those for 
rural people: almost none of them had sewerage and 
only 7 percent had safe water services. 

In 1961, Latin American governments declared that 
within the next ten years they tvould provide water 
and sewerage to 70 percent of the urban population 
and 50 percent of the rural population. By 1971, the 
total poptllation had grown 37 percent, from 102 mil- 
lion to 287 million. The urban water supply target had 
been met and the countries were over halfway to thc 
urban sanitation goal. However, tlie rural picture was 
different. The water supply effort had fallen sl~ort  by 
half and sanitation achievements were far from the 
goal-2 percent compared to 50 percent. 

New goals were set: 50 percent of the rural popula- 
tion was to have both water supply and some type of 
sanitation service, although not necessarily sewerage. 
It does not appear tliat these targets have been met 
either. Only34 percent of the rural people had potable m 

water by the end of 1977 and only 3 percent had 
sewerage. 

Here is a complete summary of progress in Latin 
America in the past ttventy years. 

Table 3. Water Supply and Sewerage in Latin America 
and the Caribbean 
(Figures in Millions) 

Total population 209 286 325 
Without water 142 (6870) 134 (47%) 127 (39%) 
Without sewerage 180 (86%) 224 (7810) 235 (732) 

Urban population 102 155 197 
Without water 42 (4170) 34 (22%) 43 (2210) 
Without sewerage 73 (7210) 96 (62%) 112 (5710) 

Rural Poprtlation 107 131 128 
Without water I00 (93%) 100 (76%) 84 (66%) 
Without scwcrage 107 (100%) 128 (98%) 124 (97%) 

Source: Earthscan Press. 



The effect of population increase ccln be ,learly 
seen. Although the percentages unserved have gener- 
ally declined, the numbers of people lacking adequate 
water supply and sanitation have not declined as 
~vucli and in some cases have actually risen. 

Health Conditions 

The principal result of inadequate water supplies 
and sanitation is human stiffering-stt~nted child 
growth and a heavy burden of disease. The burden is 
greatest on children. 'There is also economic suffering 
as poor health leads to decreased productivity. 

The average person in the parts of the \vorld that are 
now the developing nations had an estimated life ex- 
pectancy of 38 years in the late 1940s. In 1981, life 
expectancy is t h o ~ ~ g h t  tn be about 58 years, a 53 per- 
cent improvement but still a far cry from the rate of 70- 
75 years found in the more developed countries. 

The major factor in reduced life expectancy is a very 
high mortality rate among infants and young cliil- 
dren. Half of all deatlis in the Third World are among 
children under the age of five. If deaths in this age 
group could be reduced to the rates that exist in devel- 
oped countries, life expectancy at birth in the develop- 
ing nations would be only a few years less than in 
Europe or North America. 

The majority of tlie children who die in developing 
countries fall victim to a combi~~ation of malnutrition 
and infectious disease. The disease tliat is most often 
involved is diarrh~i--caused by lack of clean tvater, 
sanitation, ar,d personal hygiene. Medically speak- 
ing, diarrhea is a minor disease, but it  becomes a killer 
when combined with malnutrition. The child is 
caught in a vicious circle. A poorly-nourislied infant is 
more likely than others to suffer an attack of diarrhea. 
Repeated attacks of this dehydrating and painful ill-  
ness make tlie malnutrition. worse. Children suffering 
from diarrhea eat less and have more trouble digest- 
ing the food they do eat. 

WHO estimates that each year diarrhea directly kills 
six million children and contributes to tlie death of 
about 18 million others. This yearly toll is higher than 
the total number of persons, soldiers and civilians, 
killed in tlie First World War-~vliicli lasted four 
years. 

There are many other water-related discases (dis- 
cussed in Chapter Two) that prey on adults as well as 
children in developing countries. Almost everyone in 
developed nations has heard of cholera and typhoid, 
but thesc diseases have been eliminated in those 
countries. They still occur i n  the Third World, al- 
though there are more cascs of diarrhea in an hour 
than cholera cascs in a year. There arc other water- 
related diseases that are practically unknown in devcl- 
oped countries and are not often mentioned even by 
the media. An example is Guinea worni, ~vliicli is 
found in rural areas of the Indian subcontinent and 
across Africa from tlie Sudan to Mauritania. Tlie fol- 
lowing sequence of events is not a pleasant story. 

Cltihirctz suffer ttzost from poor health cot~ditions. 

A Nigerian woman, let us say, steps into a pond to 
draw water. A blister on her foot bursts and Guinea 
worm larvae are released into the pond. A neighbor 
draws water from the same source and later drinks it, 
taking the larvae, now living in barely visible water 
fleas, into her digestive system. The larvae move 
tl1rougl.r her body. The adult female worm grows un- 
der the skin, causing a blister. Later the woman steps 
into an unprotected pond or step-tvell, and the cycle 
of infection begins again. 

Guinea worms may grow to 80 centimeters in 
length beneath the skin. The infection rarely kills and 
the carrier will usually recover with no medical treat- 
ment. However; the painful ulcers that develop on tlitb 
feet, legs or other parts of the body can last for months 
and cause disability, especially if there is more than 
one worm present. About one infected person in 20 is 
permanently disabled. 

Guinea worm infection is easy to prevent by im- 
provenlent of water sources. The improvement con- 
sists simply of replacing "step-wells" (wells or ponds 
into whicli people must step to draw water) with 
"draw-wells" (enclosed sources from which water 
must be drawn with a rope). Guinea worm was elimi- 
nated from parts of the USSR over 40 years ago with 
this method, and it also has been used successf~~lly in 
India. 

Tlie Guinea worni story can be repeated with tlie 
substitution of several other diseases-except that 
they are not so easy to prevent. WHO estimates that 
83 percent of all the sickness and disease in the world 
can be traced to bad water that either infects people 
directly, serves as a breeding ground for diseases and 
the insects that transmit them, or to a shortage of 
water that leads to poor personal hygiene and liouse- 
hold sanitation practices. 
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eases at any given time? Rarher than citing the mil- 
lions, let us imagine: 

a the entire popLtlation of the Western Henii- 
sphere above tlie equator with trachoma, 
which often causes blindness; 

a all the people of tlie Soviet Union with elephan- 
tiasis, characterized by s rvollen legs; 

a a11 of the United Sta tes of America ill from schis- 
tosomiasis (snail fever), a disease in which the 
patient urinates blood; 

a the populatio~i of every island in Japan and the 
Philippines sufferi~~g from malaria. 

The ratio of water taps to pop~llation m~iy be the most 
important health statistic in tlie Tliird World, as Dr. 
Halfdan Maiiler, WHO'S Director-General, has 
sugges tecl. 

Three Country Examples 

'There is no "typical" developing country, but a clos- 
er look at one nation in each of tlie three major regions 
of the Third World-Latin America, Africa, and 
Asia-niay Iielp to sharpen understanding of tlie in- 
teraction between global water and health. 

Colombia 
The fourth richest country in tlie world in terms of 

water resources has a significant drinking water prub- 
lem. Mucli of the population of Colombia takes its 
home water directly froni rivers and streams. Tlie tva- 
tenvays of tliis nation of 25 million pcople are heavily 
polluted. 

The 250 people in the village of La Salada get all 
their cooking water froni the Bogota River. This 
streani is pure when it rises in the Andes, but by tlic 
time i t  reaclies Salada, i t  has absorbed municipal and 
indt~strial waste froni dozens of small towns and the 
sewage of five million people in the capilal city, Bo- 
gota. In Salada, tlie river is black, foam swirls on the 
current, and the stench of sewage and cliemicals fills 
the air. The children in the village swim in the river; 
nearly all of them have skin sores and growths. Tlie 
women use cactt~s juice to remove tlie w r s t  pollu- 
tants froni the cooking water; they do not boil i t  be- 
cause boiling makes the smell much worse. The 
villagers use rooftop tanks or Iioles in the ground to 
collect tvater for drinking. Only during t l ~ e  rainy sed- 
son do tiicy see clean water. 

There are no figures regarding illness and death I 

Salada, which has no doctor, but the area, includi, g 
the nearby town of Tocaima, tias one of the highest 
rates of parasitic disease and infant mortality in the 
country. Even the average lieigli t of tlie people using 
the river water has declined in the last twenty years. 

A 1979 government report stated tliat 75 percent of 
Colombia's population had access to safe water and 62 

Water frurrl upert strcarr~s is tistrally to~safc to drirlk. 

percent had adequate sanitation. Even so, the Pan- 
American Hedth Organization (PAHO) says tliat wa- 
ter-related illnesses are the major cause of death in 
Colombia. At least 12,000 deaths each year are caused 
by diarrhea and enteritis alone. Tlie infant mortality 
rate in Colombia-98 per 1,000 live births-is double 
tlie rate for Latin America as a whole. 

As in other places, population increases have frus- 
trated water and sanitation improvements. In tlie 
1960s, nearly five million Colonibians had no direct 
access to safe water. The figure topped eight lnillion in 
tlie 1 9 7 0 ~ ~  and today stands at 12.5 million. In,other 
words, three times as many people in Colombia are 
directly exposed to water-related diseases as twenty 
years ago. 

Kenya 
Mbere Division in Enibu District is an arid region. 

For large parts of the year, stream beds, except for tlie 
Ena River, are dry. The searcli for water for liouseliold 
use is a major preoccuption of tile people. 

According to one study, each family in Mbere, on 
average, devotes I00 "woman- or child-days" a year to 
collecting tvater. Tlie average distance tliat must be 
traveled in performing tliis tasA each day: eight 
kilometers. 

The searcli for water has many socio-econoniic ef- 
fects. CVomeii are the primary source of agricultural 
labor; cultivation and planting are done during tlie 
dry season. Tlius women must take time from work- 
ing in the fields to fetch water for the hottsehold. Also, 
children lose time from scliool i f  they must replace the 
housewife as water-bearer. Tliere are healtli effects as 
well. Since the water must bc carried long distances, 
the amount used is small, and there is a liigli inci- 
dence of disease in tlie area, especially among the 
children. 



At the end of 1980, 23 percent of the pcople in a 
popi11~1~ion of about 15 million Kenyans hael access to 
safe water. Horvever, Kcnya lias given highest prior- 
ity to water supply in urban areas ivhcre liealtli haz- 
ards due to lack of clecin tvater are t l ~ e  greatest. As a 
result, nine out of ten people in rural areas Iiave no 
access to a proper water supply. National de\relop- 
ment plans call for tlie entire populaticln to have 
enough water for domestic use and livestock by tlie 
end of the century. 

India 
Out of every three people in the Thircl Worlcl lack- 

ing clean tvater ancl a d e q ~ ~ a t c  sanitation, one is a11 
Indian. This vast nation of 650 million people shares 
the healtl~ problems of other developing countries, 
but its sheer size creates n new climension. Prc-scl~aol 
children througl~out t11c developing world clic of cliar- 
rhea1 diseases. But in India, the nttmbcr of children 
who die fro111 diarrheal diseases other than c11oli.ra 
each year is about one and one-half million. 

The sanitation problems of India's teeming cities 
were so great that Mahatma C;andhi, who led the 
country to independence, made i t  an important prior- 
ity, and impressive stricles have hen made. Over SO 

Clrildretr nrc ofterr givert tire task of cnrjitrg ruder. percent of the urban poyt~lation ib now estimated to 
Iiavc reasonable access to water supplies, either 
through house connections (42_ptarccnt) or public 
standposts. But even as citizen access to water has 
il~creased, the quality of tvater service itself Iias de- 
creased. In the major cities, customers who hael eight 
to ten 11ours of water service in 1970 were only served 
for two to three hours in 1975. In a number of Indian 
states, nearly all those servcd had only intermittent 
supplies. With the water pressure frequently off, the 
danger of sewage entering a water systcni is high. 

Urban excreta disposal facilities have lagged bel~ind 
water supplies. About 27 percent of the population 
tvas estimated to have sewer connections by the end 
of 1979. Nearly one-third of all urban Indian house- 
holds today are still served by bucket latrine systenis. 
In these systems, members of the household pass ex- 
creta in buckets. Scavengers go 11ouse-to-11ouse anel 
collect the buckets, depositing the contents in road- 
side pits for eventital trenching or composting. 

As usual, the rural population lags behind the ur- 
ban dwellers. Only 30 percent of India's ri~ral popula- 
tion had pcccss ta water supplies in late 1979; only 2 
percent had ade>quate sanitation. 

About oncc every four or five years, drought re- 
turns to India to complicate the tvater and sanitation 
problem. The press oncc reported that young men in 
the state of Madhya Pradesh were having trouble 
finding brides. It seems that parents were unwilling to 
marry off their daughters fo:. fear the girls would be 
forced to walk long distances to fetch water. Tlie 
"drought-affected marriage" was thus added to the 
list of unpleasant side-effects of inadrquate water 
supplies. , 

Drougl~ts it1 lrrdin so~r~etittrcs reqrtirc yourr,y wonterr to wnlk lorry 
distances to fetcl~ water. 



The Impact of Water Supplies 

I t  is wiclcly thought tliat imyro\fement in watcr sup- 
ply and sanitation in developing countries improves 
the well-being of the pcoplc in those countries. Such 
iniprovcnient pru~iiotes econo~iiic anel social, as well 
as human, clcvclopnicnt and is a desirable investment 
for develcping countries, for other countries wishing 
to be of assistance, aricl for international agencies. 

Safe tvatcr supplies, combined with all-;veatlicr 
roads, electricity, and a skilled labor force, spur the 
development of trade, s~iiall inclustries, and crafts. 
They also allow an increase in economic procluctivity. 
I f  tlie work force is liealtliicr, fewer work days are lost 
dtle to sickness and disability. Wonicn ancl cliildre~i, 
the chief "drawers of water" in developing nations, 
can spend ninre time in agricultural pursuits or other 
activities tliat produce inconic. For esaniplc, one 
study in Kenya revealed tliat female heads of liouse- 

Titrre qrcirt by Z L I L I I ~ I C ~ I  nrlri clrildrt~rt ill firnriIirl$ i i l~tc: colrlri hc !lCttcr holds spent .I third of their tinie bringing water lianie ascrifor ndiz,itiL,s. 
and onlv clnc-fifth in ecc)nomic activities such as herd- 
ing and marketing. 

Water supplies also affect the econoni!r by influt !lc- 
ing settlemen t patterns, encouraging isolated 1 ~ ~ r a l  
and nomadic pcoplc to settle in one place wlierc they 
niav be better vrovided with services. liural arcas with 
adequate water arid sanitation become more attractive 
places, and people can remain tlicrc and lead decent 
lives rather than streaming to the overcrotvdcd cities. 

From a social stanclpoint, improved water s~~ppl ics  
affect family clcvc!opnient. When women are freed 
from water-bearing chores, they have Inore tinie, not 
only for income-producing work but for child :.arc and 
househole1 tasks, training and eclucational pr\!l:ratns, 
ancl leisure. The I i o~~r s  that children now spend carry- 
ing water can be spent in school instead. The school 
drop-out rate for girls is linked directly to domestic 
responsibilities. 

I'~lt1iough many signs point to economic and social 
rewards froni improved watcr supplies and sanita- 
tion, i t  is difficult to describe these rewards in exact 
"cost-benefit" terni:.. 'roo little is known about the 
ways in tvhich the energy and tillie saved from cliseasc 
ant! froni the carrying of water is used. Studies that 
attcnipt to express the savings in nionetory ternis are 
usually based on assumptions, piled one on the other, 
that are theniselves questionable. 

In t l i ~  end, i t  is the direct health impacts of watcr 
supplies tliat justify investments in them, whatever 
the ultimate social and economic consequences of 
ti~esc impacts. Most of the niorc serious diseases that 
plague the developing world have a close relationship 
with water. They both brced in ils presence and thrive 
in its absence. Water carries disease froni one person 
to another and froni comm~~nity to community. It is 
especially a factor in thc gastrointestinal infections 
that are the chief causes of death and disability among 
infants and a major cause of illness aniong adults. 

Cl~i ldr~rt  rrstrnlly bcircfit rirost froirr irrrprovfli ziioter nrrd sniritl:tion 
fncilitia. 

Recognizing the importance of water to health is not 
a difficult matter; deciding what type of remedial ac- 
tion is best is a more complicated affair. The qtinlihy of 
water-expressed in ternis such as clean or dirty, safe 
or unsafe, potable or nonpotable, pure or polluted-is 
surely a starting point. For example, a chart presented 
at a recent PAHO conferer~ce, summarizing infornia- 
tion from 23 Latin American countries, sliowed a close 
corrclation between lack of potable water and infant 
deaths due to diarrlieal diseases. Hotvrver, there 
were some notable exceptions. Guatemala and Hon- 
duras, adjoining countries, had tlie same percentage 
of people provided presumably potable water, but thc 
infant mortality rate in Guatemala was four times 



worse than in i-ionduras. Paraguay had the same in- 
fant niortality rate as Honduras, 200 deaths per 
100,000 people, with only one-thircl as much "safe" 
water service available. Cuba, with one of the lowest 
percentages of people served by clean water, surpris- 
ingly had one of the lowest infant mortality rates. 

Having a sufficient qlrntltity of water is at least as 
important as  having good quality. Many diseases are 
not only contracted through drinking or cooking with 
diity water but through lack of bathing, hand wash- 
ing, unwashed dishes, and inadequate household 
cleaning. Water for these purposes need not be of the 
same quality as that ~vhich is drunk. In practice, of 
course, simply boiling a small quantity of water for 
drinking is not likell* to solve a water supply problem. 
In the first place, the fuel cost involved in boiling 
water is high. Scconcily, children are likely to drink 
from whatever container is handy, even if it contains 
impure water that adults know is to be reserved for 
cleaning. But however pure a Iiouseliold's water, 
there must be enough of it to accomplish numerous 
tasks that are related to health. 

Water sources must be both accessible and w l i f l i ~ l ~ .  
Therd is evicience, for example, tliat diarrheal infec- 
tions are highest in homes tliat are farthest from tlre 
water source. If people must walk long distances for 
water, or must stand in line to get it, there is a strong 
temptation to use a sc~urce that is closer at hand, even 
if it is polluted. And the source mtrst be accessible on a 
reguler basis. Pure streams that are dry several 
months in the year or water taps from which water 
florvs only a few hours a day are not adequate sources. 
Pecple dependent on these sources may be listed 
among those with "access to safe water," but unrelia- 
ble water sources do not provide liealtli protection. 

Finally, water must be used and protectcci. If  people 
do not understanci the importance of washing and 
cleaning or if they are careless about excreta disposal 
in relation to water supply, their liealtli is not likely to 
improve, even though water is available. Traditional 
beliefs and practices that lcaci to repeated contamina- 
tion of water sources musk be changed. 

The most widespread fecling among experts today 
is that health problems in cicvcloping nations cannot 
be overcome by a single remedy, such as improved 
water quality. Instcad, a combiricci approach is re- 
quired, an approach tliat includes: 

improvement in water fLicilitics, resulting in accessi- 
ble and reliable water supplies that are of good qual- 
ity and sufficient cluantity; 
iniprovenicnt in c*xcre:a ciisposal facilities, leading 
to better sanitation; 
edtrcation in watcr use practices, lcaciing to better 
personal anci liotrseliold liygicne. 

If they  ire to be truly effective, i~~iprovenients in water 
and excreta disposal facilities must occur at the coni- 
mutiity as  rvell as the hu~rsehold level so that the risks 
of infection in public areas can be reduced. 

Human health in the Third World, as in developed 
countries, extends beyond water and sanitation. 
Goocl health requires good nutrition, decent housing, 
basic immunizations, and primary Iicaltl-I care. But the 
water supply is fundamental and a good place to start. 

Ed~rcnlioit /~ro~rnirrs nrc trrl'cfcd to c.~plnitt tlrc cotrtrrctiott lstri~rctr 
*l$ictrc mrii ~irfldil- lr~*nltlr, 
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CHAPTER TWO 
A SURVEY OF WATER-RELATED DISEASES 

SUMMARY 

Intervention in the area of water-related diseases 
makes a health difference, as the experience of devel- 
oped and many developing nations shows. The inter- 
vention may be by improved water supply, sanitary 
excreta disposal, better hygiene education, or a com- 
bination of these. In order to effectively program for 
interventions, there must be an understanding of the 
principal water-related diseases and the way each is 
transmitted, because it is at the transmission stage 
that most interventions can occur. The most impor- 
tant of these diseases may be classified as: 
Cnt~:\.o y Trorrsrrtissior~ Sp~~ifiC Disens~s 
Watcr-site- Diseasc-carrying African trypanosomiasis 
inscct carried insects breed in or Onchoccrciasis 

near water. Malaria 
Arboviruscs 
Filariasis 

Water contact Disease transmitted Schistosomiasis 
by direct contact 
with water. 

Water qualitvl Disease transmittcd Cholera 
by consumption of Typhoid fever 
microbiologically Diarrhca 
contaniinated Dysentery 
water. Guinea worm 

Cottditiotts like tlrese itzvitc thc occurrcna of ruatcr-related 
diseases. 

Sanit,ition- Disease transmitted Sliigcllosis 
relatcd/wt~tcr by inadequate use Traclioma and 
hygiene of waier. conjunctivitis 

Ascariasis 
Scabies 



A SURVEY OF WATER-RELATED DISEASES 
In London in 185.1, a case of cholera was reported at 

No. 10 Broad Street. Within a 17-week period, over 
700 people !lad died from the disease. Dr. John Snotv 
began to seorch for the cause. He found that most of 
the victims had tlsed tvater fron~ a pump on Broad 
Street; he found a leaky sewer in the immediate vicini- 
ty ot the well from which the water was pumped; I I ~  
found that the same sewer served the l~ouse at 40 
Broad Street that was the site of the first cholera case. 
Thc circle of water supply, excreta contan~ination, and 
disease transmission was complete. 

As water supplies and sanitation practices im- 
proved in t11e ind~rstri~llizing nations in t l ~ e  mid-nine- 
teentl~ century, diseases asscciated with poor facilities 
declined and lifespans increased, even witl~out 
planned interventions for health reasons. Although 
the work of Dr. Snow and trls contemporaries had laid 
the basis for intervention, there was no real attack on 
water-related diseascs until Louis Pasteur artd others 
demonstrated that specific diseases were caused by 
specific germs, or pathogens. 

Wit11 the germ theory of disease came attempts to 
trace the routes germs follotv in entering the human 
body. Human excreta (feces) was often the source, 
and-tlie mouth was a frequent point of entry. Thus the 
"fecal-oral" cycle was established as  a likely place for 
intervention in disease control. 

Many developillg nations are at about the same 
place today that countries such as the United States 
and Great Britain were 50 to 100 years ago. Water- 
related diseases are common and are ;Inlong the lead- 
ing causes of illness and death. The dccrease in such 
diseases in developing nations following water sup- 
ply improvemei~ts is similar to the U.S. experience. 
For exan~ple, one study of 20 American cities showed 
a 65 percent reduction in typhoid deatl~s following the 
introduction of water supply filtration. A half-century 
later, a study of 14 towns in India that began water 
purification reported a 63.6 percent drop in typl~oid 
mortality. 

Intervention in the area of water-related diseases 
do" nmake a difference, as t11e experience of both dc- 
veIoped and developing nations shotvs. The interven- 
tion may include irnproved water supply, mure 
sanitary excreta disposal, better I~ygicnc education, or 
some combination of these. I f  interventions 'Ire to be 
well planned, there must be an understanding of the 
diseases that are to be prevented or controlled. 

This chapter provides a survey of the principal wa- 
ter-related diseases that arc I problem in developing 
nations. In particular, the way in which each disease is 
transmitted is described because it  is at the transmis- 
sion stage that effective intervention can most fre- 
quently occur. Metl~ods for treatment of patients will 

The fecal-urn1 cyclc ~f distwsc trnrlsinissio~l con be intemrptcd ly 
~ u u d  hygiene prnct ices. 

not be considered, Many diseases n n  nssociatc~i zcritlt cotrtnrtrit~atcd rot~tcr sfipplies, 
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Types of Water-Related Diseases 

The concern of this guide is with improving health 
through better water and sanitation. The approach in 
this chapter-definitions and classifications-to the 
concept of "water-related diseases" reflects this pur- 
pose. A manual for medical practitioners would be 
co~cerned with curing diseases and thus would prob- 
ably classify them in terms of the microbes that cause 
them. This guide is looking chiefly toward preventing 
diseases, so a classification based on methods of trans- 
mission seems more appropriate. Such a classification 
is well-suited ior program design. Tlie goal is a classi- 
fication rvhich accommodates the full range of dis- 
eases tha: are problems in developing nations and 
which clearly identifies the areas for appropriate inter- 
vention. 

All human beings must take tvater into their bodies 
in some form and dispose of body wastes, or "excreta" 
(urine and feces). All persons, therefore, h'ive zuntn. 
stlpply and cxcrctn ifisposnl ~ttctllods~ Dipping from flow- 
ing streams, drawing buckets from wells, turning kva- 
ter taps, and catching rain water from roofs are all 
water supply methods. Excreta disposal methods 
range from depositing urine and feces directly on the 
ground to flushing indoor toilets. People must also 
take in food, done primarily with the hands, either 
fingers or "substitute fingers" such as forks and 
spoons. These processes take place in an environment 
that includes many varieties of ageltts that can serve 
as links in a disease chain. Hundreds of varieties of 
flies and mosquitoes, for example, thrive in the tropical 
and subtropical climates of the less-developed coun- 
tries. A number of aquatic (water-dwelling) organisms 
that do not occur in temperate zones cause problems 
in developing nations. Tlie environment in these 

Figure 1. A Typology of Water-Related Diseases 
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parts of tlie world is so important as a factor in illness 
that many water-related sicknesses are thought of, 
incorrectly, as "tropical diseases." 

It is people, however, who are tile chief agents in 
the spread of disease. When factories are built and 
agriculture is modernized, chemicals are dumped or 
flow into tvater supplies. As populations and cities 
grow and standards of living improve, people pro- 
duce more liouseliold waste, and careless disposal of 
this "solid waste" prod~~ces breeding grounds fcr flies 
and rodents that carry disease. People often do not 
wash themselves or clean their liouses enough, and 
when poor hygiene practices are combined with poor 
methods of excreta disposal, disease is often tile rc- 
sult. Hotvever rounclabotlt the route, when we retrace 
the steps of the cause of disease to the ill infant or 
adult in a developing nation, the trail often leads to a 
specific water supply. 

Figure 1 shows generally thc ways that water-relat- 
ed diseases are transmitted and provides a basis for 
classifying tliese diseases. First of all, it is,useftrl to 
tliink ot water-related discascs as originating either 
with: Peoylc nre the clrief ayotts in tlle syreod of disease. 



water supplies or 
excreta disposal. 

aquatic host of some sort which plays a necessary role 
in the life cycle of the disease-producing agent. In 

It is true that excreta disposal is not necessarily wa- 
ter-related, but escreta is so often introduced into wa- 
ter supplies that the connection should be establislied 
at the outset. From a disease control standpoint, water 
supply and excreta disposal are about equally inipor- 
tant. These are the beginning poinis in the process of 
disease transn~ission. 

A given water supply may c-ltse disease ci~lc to the 
nature ok 

the tvatcr site or 
the water source (the water itself). 

some cases, contact with the water is sufficient to pro- 
duce the infection because the agent penetrates the 
skin, usually the feet, legs and hands. 

Sometirnes the water must be consumed if the dis- 
ease is to be contracted. Again, the search for drinking 
water is one major reason people come in contact with 
tvater that causes disease; however, any contact, in- 
cluding swimming, fishing and irrigation farming, can 
result in infection. The two most noteworthy water- 
contact diseases, atiecting hundreds of rnillions of 
people in developing cointries, are schisl.osomiasis 
and Guinea worm. Schistosome eggs are found in 
human excreta. They hatch when they reach water. Many disease-carrying insects breed in or around 
The resulting larvae, in order to survive, invade spe- water sites. People thus contract the disease by being 
cific *:arieties of snail Iiosts. They n~ultiply ~\ritliin the bitten by the insects as they go to and from the site. snail and then esc,ipe to swim in tlie water and pene- What people do \vitli or in the water is irrelevant; it is 
tra te available human skin. Since the schistosome the insect, not tlie water, that is the immediate trans- 

niitter of disease, and people need not come into con- 
tact with water at all. Since the water is an indirect 
cause, Iiowever, diseases of this type are called water- 
related "insect vector" diseases. The need for drinking 
water is obviously a factor. Many insect bites are suf- 
fered by people who arc fetching water for household 
use. Hotvever, many flying insect vectors are founcl a 
number of miles from their breeding site. The time of 
day affects the risk of rliosq~rito bites, as many kinds of 
niosq~~itocs are most likely to bite at dusk, night and 
dawn in or near households. Mosquitoes breed al- 
most anywhere there is watcr, incltrding streanis, 
ponds, roof tanks, hoof prints, and discarded cans or 
tires. 

Another example is African trypanoson~iasis, or 
sleeping sickness. The disease is passed by the bite of 
the tsetse fly, one species of \vliich lives in rural areas 
near waterholes in niost of tropical Africa. People 
fetching water from these locations arc likely to be 

1 infected, particularly in tlic dry season ~vhen litrmar~ 
contact wit11 flies is niost concentrated. A niajor urban 

- problen~ in addition to outdoor water sites are watcr 
storage jars in which mosquitoes, such as thosc carry- 
ing yellow fever, breed. Large containers used for 
household storage where watel is hauled or piped 
water supplies are unreliable are especially favored as 
niosq~~ito breeding places. Onchocerciasis (river 
blindness), malaria, and clel~gue, the latter an influen- 
za-like disease fuund especially in Asian cities, ale 
transn~ittecl by insect vectors. 

Whether or not a ~ v a  ter site furnishes breeding 
places for insect vectors, its irsc as a tvatcr sorrrcc for 
people creates health hazards. Diseases may result 
from: 

contact wit11 the water or 
consumption of tlie watcr 

1-lunian beings fall victim to some discascs because 
their bodies co~iic in contaci with water containing a 
disease-ca~rsing organism. 7'he water shelters an 

Cotrsutnptiotr ofzclntcr frotn rrttprotcctcd sotrrccs strclt as this cistertr 
oftett l c d s  to ill hcnltlr. 

worms can bore directly into skin, they are a danger to 
a11 tvho come in contact with the water, wlietlier or 
not the water is drunk. 

On the otlier hand, as described in Cliapter Onc, 
Guinea worm larvae must be s~vallo~ved if  the infec- 
tious process is to continue. They rccluire a water- 
bound host, I~owever, a small watcr flea in wliich to 
live after contact of an infected liuman has deposited 
tlieni in thc water. 

Diseases contracted through the corrstrrrrptiotr of wa- 
ter-drinking, use in food preparation-arc diseases 
of watcr quality. Tlie quality is measured in terms of 
two types of coritaminatiim: 

chcniical and 
microbiological (gcrni). 



Waterborne chemical discases arc illncsses associat- 
ed wit11 ingcstiorl (consumption) of water cot-itaining 
tosic substances in Ilarmful ("poisonotls") concentra- 
tions. The substances may be of natural origin or man- 
made and indude metals (such as arsenic and Icad) 
and organic chemicais. These diseases do not affect 
people on a broad geogr'lphic basis but arc locality- 
specific. In some cases, contamination of water is 
caused by industrial wastes and drainage from fields 
containing harmful pesticides. In a global sense, these 
diseases arc not yet major problems in most develop- 
ing nations and will not be disrussecl in this guide. 

Microbiological discases, on the other hand, are a 
major source of concern, partic~r!arly those that follow 
the fecal-oral cycle. The connection bettveen escreta 
disposal and water supply is thus establisl~cd at the 
water source stage. Tllere are other water-relateci ex- 
creta diseases of equal importance, however. 

Most excreta-related diseases that affect people are 
fecal-oral in nature. In other words, the germ is pre- 
sent in human feces and enters the bodies of uninfect- 
ed people through the mouth. In many cases, the 
entry is made in the water people consume. In many 
others, food or fingers are entry vehicles. Often these 
food and finger germs could have been eliminated if 
water had been used for washing or cleaning. 

Water-related diseases traceable to escreta may thus 
be classified as either: 

water-carried or 
sanitation-rela ted. 

Some diseases that enter the water source infect 
people through wa tcr con tact. Schiston~iasis is an es- 
ample. But in the great majority of cases, the germs 
must be ingested. Thc most important n~icrobiological 
diseases contracted by water consumption are the wa- 
ter-carried fecal-oral diseases, such as amebic dysen- 
tery, bacillary dysentery, cl~olcra, diarrheas, enteric 
virus, hepatitis, and typhoid fever. 

The classical "watcrbornc diseases"-typhoid and 
cholera-are caused by fragile organisms whose only 
reservoir is man. They are highly infective and only a 
few are needed to prcduce disease. Since they are 
virulent and death is a frequent occurrence if the pa- 
tient is not treated, they are illnesses that communi- 
ties are particularly anxious to escape. They may occur 
dramatically as "conlmon source outbreaks." A per- 
son suffering from or carrying typhoid or cholera con- 
taminates the community tvater supply through 
excreta and many people become ill at the same time. 
The severity and sudden appearance of cholera and 
typhoid make them highly feared. 

Most diarrheal diseases which are common and 
widespread in all parts of the Third World are associ- 
ated with defective water supplies. The infections that 
can be spread from one person to another through 
water supplies can also be transmitted directly (hand 
to mouth, hand to food to mouth, flies to food to 
mouth) so that sanitation practices equal water quality 
as required health interventions. Sometimes the dif- 
ference is between epidetitia and crrdetttic conditions. A 

( Geographical Distribution of Sch~stosomiasis 



fecal-oral disease such as amebic dystentery is endem- 
ic when looked at from the standpoint of an individual 
village and may be transmitted in the village primarily 
t11ro~.gl1 poor sanitation practices. Other villages need 
not be affected. I f  ameba cysts enter the water sttpply, 
however, i t  may become epidemic, affecting villages 
throughout a region. 

There are some sanitation-related diseases where 
water plays a minor role. For example, human hook- 
worms penetrate the skin directly from damp soil con- 
taminated by excreta, and some disease-producing 
flukes (Clanorchis, Fuseiolopsis and Parogonimus) 
found in food are unaffected by changes in water 
supply. 

A greater number of diseases are related to hygiene 
practices tvhere water is a key element. Sanitation- 
related diseases may thus be classified as either: 

water neutral or 
tva ter hygiene. 

Many infections can be reduced in number if a plen- 
tiful supply of water is available and accessible. This 
applies particularly to diarrheas. Some studies of shi- 
gella infections in the United States have shown that 
making more water available tends to cut the frequen- 
cy of infection in half. Some hygiene-related diseases 
affect the surface of the body and the eyes, rnaking life 
miserable though rarely resulting in death. Examples 
are scabies and trachoma. Since proper washing is a 
big factor in controlling these diseases, they are some- 
times classified as "water-washed." 

How much water is needed for adequate personal 
hygiene? There is no really accurate answer to this 
question. As a practical matter, the best health condi- 
tions are achieved when water is readily available for 
use because i t  is piped into the home. However, this is 
probably a goal that developing nations cannot quick- 
ly achieve. 

To summarize, water-related diseases are those 
traceable to water supply and excreta disposal meth- 
ods. The most important of these diseases may be 
classified as: 

water-site- 
insect carried 
water contact 

water quality1 
microbiological 
(germ) 

sanitation- 
relatedlwa ter 
hygiene 

disease-carrying insects breed 
in or near the water supply. 
direct contact with water is an 
important step in the 
transmission of the disease. 

the disease is transmitted 
through the consumption 
of water that is 
microbiologically 
contaminated. 

the transmission of the disease 
is permitted due to 
inadequate use of water. 

The following is a list of the most significant individ- 
ual diseases in each of the categories. Many diseases 
can be placed in more than one category. For example, 
most diarrheal diseases are related both to water qual- 
ity and sanitation. 

Water-Site-Insect Carried: 
African trypanosomiasis (sleeping sickness) 
Onchocerciasis (river blindness) 
Malaria 
Arboviruses (yellow fever and dengue) 
Filariasis (including elephantiasis) 

Water Contact: 
Schistosomiasis (bilharziasis) 

Water QualitylMicrobiological: 
a Cholera 

Typhoid Fever 
Diarrheal Diseases 
Dysenteries (Amebic, bacillary) 
Guinea worm (dracontiasis) 

Sanitation-RelatedlWater Hygiene: 
Shigellosis (bacillary dystentery) 
Trachoma and Conjunctivitis 
Ascariasis (roundworm) 
Scabies 

Water-Site-Insect Carried Diseases 

Some of the Third World's most dreaded and eco- 
nomically destructive diseases originate at water sites 
because the insects that carry them-tsetse flies, black 
flies, mosquitoes-breed there. While piped water 
supplies would not eliminate the diseases (carriers 
breed in many collections of water not related to do- 
mestic water supplies and even breed in water storage 
containers), piped supplies in many situations would 
greatly reduce their incidence. Since universal piped 
water supplies are far in the future for many people of 
the developing nations, other prevention metl~ods 
must be used. Attacks on carrier breeding places are 
prominent among these. The chief water site diseases 
are: African typanosomiasis (sleeping sickness), on- 
chocerciasis (river blindness), malaria, arboviruses 
(yellow fever and dengue), filariasis (with accompa- 
nying elephantiasis). 

The transmission of these diseases is complex be- 
cause they involve at least three living things-a host 
(man and animals), a parasite that causes the disease 
(protozoan or worm), and a carrier (insect, fly or mos- 
quito). This complexity makes these diseases difficult 
to understand and to prevent. The discussion of them 
must therefore be more extensive if it is to be helpful 
to those who must be involved in developing and 
implementing action programs to deal with them. 



Airican trypanosomiasis (sleeping sickness) 
Tsetse flies, of \\rhicli there are many different 

kinds, carry [lie blood protozoan parasites (trypano- 
somes) that cause the disease known as trypanoso- 
niiasis. In English, i t  is often called "sleeping 
sickness" because of the syniptons exhibited by the 
victinis. Otlier names for i t  are "maladie du son~nieil" 
and "souna bana. " The try panosomiasis that Iiuman 
beings contract is of ttvo kinds, Gambian and Rhode- 
sian. The disease also affects cattle, it1 which case it  is 
usually called "nagana." 

'The tsetse fly is found only in tropical Africa, rough- 
ly in the four niillion square-niile belt south of the 
Sahara anci nortli of tile Kalaliari. The presence of the 
flies places a tremetidotls constraint on tlie clcvelop- 
ment of livestock and far~iiing in tropical Africa. Large 
areas are totally unsuited for cattle raising because of 
the invariably fatal cattle nagana. T\ie sliortagc or 
complete lack of livestock, with tile consequent lack of 
draft animals and unavailability of manure witli 
wl~icli to fertilize the soil, greatly affects agricultural 
clcvelopment anci productivity and thc nutritional sta- 
tus of tlie population. 

'The direct threat to human lifc is also great. I f  un- 
treated, tlic mortality rate from either Gambian or 
Rhodesian sleeping sickness is nearly 100 percent. Be- 
t~vecii IS96 and 1906, nearly a half niillion people died 
from the discasc along tlie Congo River. An ot~tbreak 
on the shore of Lake Victoria at the turn elf tile century 
\v,is estimated to have killed two-thirds of tlic popula- 
tivn. -Ten tliotlsand new cases of sleeping sickness are 
still reported in Africa every year, ancl many times 
tliat number probably go unreported. 

From the standpoint of wa ter-related cliscasc, i t  is 
G,imbian trypanoscmiiasis that is most significant be- 
cause tlie tly that transmits the discasc (Glossir~n jnlp- 
1;s) breeds in river areas. I t  thrives in high humidity 
and shady sites where tlic female lays not eggs but 
piipae; tlie adtilts feed on crocodiles, lizards, wild 
gmic-md 111an. Kliodesian trypanosomiasis occurs 
in clricr savc71i1ial~ areas. 

'I'sctsc flics arc blood-suckers. When they bite in- 
fcctccl animals or people, they suck the protozoa into 
tlicir bodies ivlicre tlie parasites c l i a n ~ ~  anci niuitiply. 
Tht. tsctsc flics pass them on by biting new victinis. 
Only about 2 percent of the flics arc infecteel. 'Two or 
tlircc clays after an infected tsctsc fly bites, tlie bile 
area s~vclls, itches, and beco~iics red aricl painful. 
Aboitt tlic sixth day, a round swelling witli a red spot 
011 top ~ ~ s u a l l v  appc~irs. .l'lie parasites arc now in the 
blood. In the first stage of tlie illness, tlie patient has 
fever and perliaps ~ \ \ ~ e l l i ~ i g  of the glands and splccn. 
In the second st'igc, tlic parasites are present in Iiugc 
numbers in the blood vessels of tlie brain, heart, and 
otlicr tissucs, atid constant drowsiness is the classic 
syniptutii. Eventi~~illy, the victim, i f  tlntrcatcd, passes 
into a conla 'ind dies. Dcatli conics in three or four 
years if tlie sleeping sickness is Ccinibian; i f  i t  is the 
Rhodcsi,iu varietv, i t  may conic in a few months. 

Short of moving entire populations out of an infcct- 
cd area-no easy task-the best way to achievc large- 
scale tsetse fly control is probaoly through cl~en~ical 
nieans. Applied either by aircraft or on tlie ground, 
compounds such as  DDT and Dieldrin havc proven 
effective in eradicating the flies. For river-breeding 
flies, insecticides applied to nearby shade-providing 
vegetation are usilally effective as a control method. 
However, there are environmental costs to the use of 
insecticides, especially with repeated applications. 
DDT accuniulates in the fatty tissue of many organ- 
isms, and Dieldrin is highly toxic for iish and tlie 
aquatic species they feed on. 

As a rulc, tsetse fly control slio~ild probably be inte- 
grated into an overall plan lor water supply, economic 
development, and land use that takes local health 
structure, financial resources, and available manpotv- 
er into account. Alteration of the fly habitat by bush 
clearing was among the first methods used in tsetse 
control after the link between the fly's breeding habits 
and vegetation was discovered. At first, the method 
was used to reduce man-fly contact at river crossings 
and watering places. Later, it was extended to savan- 
nah areas to promote the cattle industry. Gradually, 
bush clearing became more selective, and although 
the method is still used, it is usually undertaken in 
connection with other control metliods. 

Clearing can be done mechanically or by hand, tile 
clioicc depending on available funds and equipment 
and the type of terrain. In barrier clearings, all of tlie 
tree-type vegetation is removed for tlie purpose of 
isolating an area that has been freed of tsetse flies so 
that reinvasion from a nearby fly-belt or tlie advance 
of the fly into new areas can bc prevented. Such a 
barricr should be 500 yards or more in width, depend- 
ing on local corditions. Also, clearings slio~~lcl be 
planned as  a part of developing the land with regard 
to the potential for crop production or suitable graz- 
ing, so that land reclamation can liave a dual purpose. 

'There is still the hope tliat scientists may someday 
discover a vaccine that will protect cattle and people 
from sleeping sickness, but no such vaccine exists to- 
day. Environniental measures and, of course, prompt 
treatment of those infectcd arc the best available 
anstvers. 

Actual size 
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- Onchocerciasis ("river blindness" disease) 
The rocks and vegetation in or near fast-flowing 

rivers ancl streams arc tlie breeding grounds for black- 
flies (genus Sini~~iitlm). The bite of the fcnialc fly is tlie 
s t~r t ing point that leads to onchocerciasis and often to 
river blindness. 

Onclioccrciasis is caused by infection tvitli thrcad- 
like roundworms tliat as adults live in nodules under 
tlie skin or in loose clusters deep in the body. They 
produce huge numbers of larvae that live throughout 
tlie skin of tile patient but arc niorc concentrated near 
the adt~lt-worm-containing nodules. Tlie diseasc af- 
fects f:oni 20 to 30 million people worldwide, mostly 
in Africa south of the Sahara, soutlicrn Mexico, Gua- 
temala, ;l!~cl nortlierri Venezuela. In some localities, 
almost tlic entire population is afflicteel so tliat froni 5 
to 20 percent of all aciults Iiave been blinded ancl many 
others are in the process of losing tlieir sight. Itchi- 
ness, white skin patches, nodules under tlie skin, and 
sometimes s~vellings of tlie genitals or legs alid arms 
are symptoms of the disease. 

The larvae of the parasite are taken from tlie skin of 
al, irifcctcci person through the bloodbite of tlic black- 
fly. They become infective in tlie fly and arc passed to 
other people when the fly again bites. Tlie parasite 
larvae mature, mate and produce additional larvae 
tvitliin the Iit~man bocly, wliich spreacl througli the 
skin of that person. 

Onchocerciasis can frequently be detected by the 
presenceB of nodules (lumps) on the bony parts of the 
litlnian body-the head, the shoulders, the pelvis. 
Often, Iio\vcver, the worms are hidden, and tlic dis- 
case can only be confirmed by tests of skin snips un- 
der a microscope or eye examinations cvitli special 
instruments. The diagnosis of "river blindness" dis- 
ease is therefore a matter for licaltli professionals, not 
laymen. 

The disease causes blindness in the following way: 

Milliorrs of tiny larvae p rod~~ccd  by tlie adult worm clic 
in the skin of the infected person because they can live 
only wllen sucked up by a black fly. Tlie Iit~man body 
tries to protect itself froni the effects of the dead lasvac 
by forming scar tissue around them. Overa number of 
years, niany larvae die in the lcns and other parts of 
the eyes. Finally, enottgh scar tissue forms in tlie eyes 
so that the infected person can 110 longer see. 

For niany years, onchoccrciasis was fought, in some 
parts of tlie world, by campaigns to remove the nod- 
ules froni t~ncier the skin and thus eliminate the adult 
worms that produce the larvae. However, worms may 
be deep within the body, not near tlie skill, or so niany 
people in an area may be infected that operations to 
reniovc nodules are not practical. 

Drugs have been used with mixed success. No drug 
kills both the aclult worms atld tlie larvae tliougli some 
kill one or the other, and all drugs tested so far have 
dangerous side effects. In any case, drugs cannot re- 
pair the damage already done to eyes or other parts of 
tlie body. Given tliese drawbacks, the most promising 
approach, rvlierc large poptrlations are concerned, is 
to focus attention on the water sites \vliere they breed 
and attempt to eliminate the blackflies that serve as 
carriers for the diseasc. 

Because blackflies require rapidly flowing water, 
stream modification can Iiave a great influence 011 

tlieir reproduction. Dams eliminate breeding sites in 
.the upstream flooded areas, but they also can provide 
good breeding sites in spillways and in fast water 
immediately do~vnstream. 

Blackfly breeding may be reduced if dams on rapid 
streams are constructed with this in mind. For exam- 
ple, if the spillways are built in a series of steps, the 
largc area of water flow will provide ideal blackfly 
breeding conditions. There will be fewer blackflies if 
the spill~vay is on the vertical face of the dam. The 
blackfly pop~~lation can also be reduced by dam con- 



struction that releases water intermittently, thus inter- 
fering with the feeding of the blackfly larvae that may 
be present when the water flow stops. 

If the breeding places themselves cannot be elimi- 
nated, chemicals may be used to kill blackfly larvae. 
Since DDT is dangerous to the environment, other 
chemicals have been developed. One is a preparation 
called Abate, applied from the air over blackfly-pro- 
ducing rivers. Methoxycl~lor is another chemical. 
While not as effective as Abate, it is about five times 
less expensive, an obvious consideration. The long- 
term effects on fish and other life of repeated use of 
either chemical has not been determined, although 
both appear to be safer than DDT. Other chemicals for 
blackfly control are being studied. 

Malaria 

There are four varieties of protozoa that cause hu- 
man malaria. Only one (malignant tertian malaria) is 
seriously life-threatening, with a death rate of about 
10 percent among untreated children and adults who 
are not immune. The other three malarias, while gen- 
erally not life-threatening, all cause severe illness with 
some deaths where the patients are very young or 
have another disease at the same time. 

Malaria usually begins with the patient "feeling 
bad" for no specific reason. Chills, fever, headaches, 
nausea and heavy sweating follow. The cycle is re- 
peated daily or every several days for weeks, months, 
or even longer if not treated. Relapses are common 
and may occur without warning for many years. 

Malaria is transmitted by mosquitoes, females of 
many A~lopheles species, using the same bloodbite 
with parasite change and multiplicatiol~ as tsetse flies 
and blackflies. The mosquito-deposited parasites ap- 
pear in the red blood cells of the victim from three to 
14 days after malaria symptoms first appear. 

Susceptibility to malaria is universal, and the battle 
against the disease has been going on for many dec- 
ades. It has virtually been eliminated in temperate 
zone countries but continues to be a major problem in 
tropical areas of Africa, Asia and South and Central 
America. Even there, control programs have made 
great progress in lowering the number of malaria 
cases. Unfortunately, where control programs have 
been interrupted, malaria has again risen to epidemic 
proportions. Even more alarming is the fact that the 
parasites have recently shown high resistance to 
drugs and the carriers to insecticides long in use. The 
world situation with regard to malaria is thus a source 
of concern. 

Malaria-bearing mosquitoes breed in a wide variety 
of aquatic habitats, including wet, swampy places; 
sanitary improvements, such as draining and filling, 
that reduce breeding opportunities are encouraged 
everywhere as a preventive measure. In addition, the 
spraying of walls in dwellings and other places where 
mosquitoes rest is an effective control device; DDT 
and Dieldrin are the most common insecticides used. 

f 2) Parasites transform In fly 
1) Fly bites infected person, body to infecllous stage 

ingesting palasites with blood 

3) Infected fly bites healthy person, 
trarsrnitting parasites 

Transmission of Onchocerciasis 

Several drugs administered directly to people sup- 
press or cure the disease and are widely used by peo- 
ple traveling to malaria-prone areas. They are also 
used to treat the last cases in all area where control is 
well advanced. WHO is now supporting a worldwide 
anti-malaria campaign involving disinfection of air- 
craft, port sanitation, and administration of drugs to 
migrant workers. 

Arboviruses (yellow fever and dengue) 
There are many types of arboviral diseases, the 

most important of which are yellow fever and dengue 
fever. Both are transmitted by mosquito bites. The 
carrier mosquitoes are Aedes aegypti in urban areas but 
may be other Aedes species in rural areas or jungle 
settings. The mosquitoes breed in water, especially 
highly polluted water, so that improved water sup- 
plies and wastewater disposal can be important as 
control measures. 

Yellow fever is an infectious disease of short dura- 
tion, and the attack may be mild or severe. Common 
early symptons are fever, head and body aches, nau- 
sea, and vomiting. As the disease progresses, the 
pulse slows and weakens, and the passage of blood- 
through nosebleed, vomiting, or bloody stools-is 
common, Jaundice, the origin of the name "yellow 
fever," is moderate early in the disease but becomes 
more severe later. The death rate is only about 5 per- 
cent for people who live in places where yellow fever 
is common, but it may reach 50 percent among non- 
immune populations. If the patient recovers from yel- 
low fever, immunity is permanent; second attacks are 
unknown. 



Means of Applying Chemicals to Irrigation Ditches or Streams 

Dengue has many of the same early symptoms- 
fever and aches-but is often accompanied bv a rash. 
Patients recovering from dengue siffer fatigue for a 
long time. Epidemics of the disease are explosive, but 
deaths from it are rare. 

Urban yellow fever has virtually been eliminated in 
the Americas, but there are still outbreaks in Africa in 
areas near rain forests where jungle yellow fever is 
prevalent. The jungle disease has occurred from time 
to time in most of Central and South America and in 
East and Central Africa. There is no evidence that 
yellow fever has ever been present in Asia. Dengue, 
on the other hand, is prevalent in most countries of 
tropical Asia, and epidemics have recently occurred in 
Polynesia and Micronesia. The disease is also well- 
established in Central and South America. 

A vaccine has been developed for yellow fever, and 
this, combined with urban 'sprayi~g of insecticides 
and a varietv of international quarantine and report- Sottl~ discnses cart bc preuetlted ndntinisterittg vnccirtes. 
ing measure;, has helped to biing the disease inder 
control. There is as yet no vaccine for dengue, which 
must be attacked by identification and elimination of 
breeding places and by education of the public on 
personal measures for protection against mosquitoes, 
such as insect repellents and bed nets. A dengue vac- 
cine now appears possible within the next five years. 

Filariasis (including elephantiasis) 
Filariasis means infection of humans with one of 

several types of thread-like worms of the gcnus Fi- 
laria. The worms are transrriitted primarily by mosqui- 
toes, which may bite either in the daytime or at night, * 

depending on the species. Filariasis is commonly a 
disease of heavily populated rural and urban areas 
with inadeauate basic sanitation, a condition that fa- 
vors breeddg of the mosquitoes. At least one typeof i 

carrier is found in most of the warm regions of the 
world. 



Early symptoms of filariasis are fever and i1:flamma- 
tion of lymph nodes, where the adults frequently 
grow and live, or other parts of the body. If  the infec- 
tion is prolonged and repeated, lymph flow may be 
obstructed, leading to extreme enlargement of the 
limbs, breasts, or genitals. This is elephantiasis, a hor- 
ribly disfiguring and handicapping disease. 

In some developing cou~tries, males with diseased 
genitals have been observed carryins them in wheel- 
barrows. Although only about 1 percent of the cases of 
filariasis result in elephantiasis, it is a much feared 
disease. 

With no vaccination available, control of the filaria- 
sis-transmitting mosquito is the fundamental preven- 
tive measure. Even partial cor,trol may reduce or 
restrict the number of disease cases, so even small 
water breeding places such as in old tires, coconut- 
Iiusks, tin cans and the like should be eliminated. 

The reduction in water site diseases that might be 
expected with water supply in~provements varies 
with the disease. One estimate is that piped water 
supplies kvould reduce Gambian trypanosomiasis by 
SO percent. This is because journevs to obtain water 
tvotild be greatly reduced, and this particular insect 
vector does not stray far from its river habitat. On tlie 
other hand, yellotv fever would be reduced but 10 
percent. The yellow fzver mosquito breeds in water 
but rests far from its brceding place. Control measures 
will have to continue even after piped water supplies 
are in place. 

Water Contact Diseases 

In general, effective control of water site diseases 
requires country-wide if not region-wide efforts that 
extend considerably beyond water supply and sanita- 
tion. However, dra~iiatic achicvenients with regard to 
water contact diseases can result fro111 concentrating 
on water and sanitation alone. The mas: important 
water contact disease is schistosomiasis. 

Schistosomiasis (bilharziasis) 
Scliistosomiasis is infection with blood fluke worms 

uf one or more species of Sdtistosoitln. S. Itr~titatobirrtti, S. 
itintlso~ti, and S .  jn~a)i l ic~rt t~ are tlie most common. The 
disease is also called "bl!harziasis", after a physician 
who first diagnosed it, and occasionally "snail fcvrr", 
due to the important role played by snails in its 
transmission. 

It is conimonlv said tliat 200 million people world- 
wide arc infected with schistosomiasis, and an addi- 
tional 600-800 million are constantly cxposcd to thc 
risk of infection. I-Io~vever, estiniates vary widely be- 
cause data available on the point are unreliable and 
incomplete. Little is known of schistosomiasis infcc- 
tions in mainl'lnd China, for esartiple, and this figure 
could have a major impact on global estimates. 'Srans- 
mission of the disease 1s k~ io~vn  to occur throughout 
tlie African continent, altlrougli tropical Africa is tiiost 
strongly affected. I t  is rare in east and central Asia, 

except for China and the Philippines, but is found on 
the Arabian peninsula and parts of tlre Middle East. In 
the Americas, it is limited primarily to the west coast 
of South America, chiefly Brazil, and to Caribbean 
islands of thc Lesser Antilles group. Infections are 
found in the United States and in Europe, but no 
transmissions are known to occur there. 

There is little doubt tliat, on a global basis, scliisto- 
somiasis is one of the most serious tropical diseases, 
being found in seventy tropical or sub tropical coun- 
tries. Unfortunately, despite the fact that the disease is 
better understood and there are better means for its con- 
trol than ever before, schistosomiasis infections 
worldwide are increasing largely due to the increase 
in irrigated agriculture. 

Boilirrg tlre water roil1 kill sott~e discnsc-yrod~rcit~g orp~i i s~ t r s .  

While deaths directly from schistosomiasis are not 
common, the multiple long-term effects of the dis- 
ease, and tlie large number of people infected, make it 
a staggering health problem. When the disease is first 
contracted, there are some immediate symptoms-an 
itchy skin rash, fever, a cough-that disappear in sev- 
eral wecks. The major daniage to tlie human body 
conies two to five years later. It is caused by the eggs 
laid by the female worm in the blood vessels of the 
wall of thc intestine and urinary bladder, the migra- 
tion c ~ f  tlie eggs in the body, and thc response of tlie 
body to tlie eggs. Eggs lodging in body tiss~le may 
cause the development of tumors, lesions, ulcers, 
bleeding, and diarrhea. There can be daniage to tlie 
abdomen, liver, or spleen. Occasionally, eggs contrib- 
ctte to brain, lung, and Iicart damage and even paraly- 
sis of tiic lower body. A strong connection between 
one type of worm ( S o  /te~~~ntolrirriri) and cancer of tlie 
bladder is suspected. The seriousness of infection in a 
given victim is proportional to the number of eggs tliat 
lodge in or cut tlirotlgl~ tisstlc and therefore to tlie 
nliniber and length of time of infection by adult egg- 
laying worms. Infrecluent infection by a small number 



of worms generally does not restllt in sevc,e illness. 
Ordinarily, tlie disease de\vlops slawly as more and 
more worms are acquired during cliildliood and tlie 
number of eggs causing tissue daniage increases, with 
thc n~ax imun~ number being reached at 15-20 years of 
age. 

Scliistosomiasis is transmitted by a process involv- 
ing man, water, sanitation methods, and snails. Here 
are the steps: 

1. An individual with scllistosomiasis passes fe- 
ces or urinc containing schistosonie eggs 
which reach a body of tvater. 

2. The eggs hatch larvae known as "miriciclia," 
tvhich penetrate a suitable freslitvatcr snail, 
develop in the snail, and produce larvae 
known as "cercariae" which, day after day, 
escape to swim freely in the water. 

3. When given water contact opportunity, the 
ccrcariae penetrate liun~an skin anci travel to 
the blood vesseis between the liver and the 
intestine and bladder where they grow to 
maturity. 

4. TIie cggs laid in the wall of the intestine or 
bladder damage thc Iiunian body but some 
work their way through thc tissues to tlie feces 
and urine and are passed into water to contin- 

ue the tvorni's life cycle. 
Tlie control of scliistosomiasis can in\?olve interven- 
tion d t  any or all cf the steps in the transmission proc- 
e5s. Specifically: 

Chemotherapy niay be used to kill the adult 
worms in an infected individual. 
Better sanitation practices can prevent the con- 
tamination of water by feces and urine that con- 
tain worm eggs. 
Snails may be removed froni the water or be 
prevented from entering the water or thc miri- 
cidia and cercariae niay be removed by water 
treatment. 
Human contact wit11 the water may be reduced 
or eliminated so that cercariae cannot penetrate 
skin. 

First, drugs can be used to treat schistosomiasis pa- 
tients directly (chemotherapy). Sucli drugs have been 
available for many years, but many of tl~eni have scri- 
ous side-effects and are quite expensive, in any casc. 
Possibly the major problem with dnlg treatment is 
that drugs now available only kill the adult worm, not 
the eggs that do the real damage. In addition, if no 
environmental clianges are niade, drugs must be giv- 
en over and over. At present, there is no drug to 
prevent infection. 

w @ A d u l t  (a Eggs @ Miric idia  @ ~ e r c a r i a e  

Eggs rclcascd in ~ i ~ i ~ i d i ~  pcnctratc Free-stvinl~ning cerrariacs Ccrcari,lc c.isily 
cxcrct.1 conl.ltninale snail vector, where hurhl into strc.ini penc*tratr Iiu1n.111 5kin 
tvatur .inti h,ltch they devclop into or ot!icr tv8ltcr stiurrtB. ,ind travel 10 liver 
intc~ miritidia I ~ r v a e ,  thousands of where they dcvrloli 

ccrcariac larva. intu ~ d u l t s .  
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Seconclly, tlie basic reason for tlic tr,tnsmission of 
schistoso~i~iasis is tlic low level of sanitation tliat al- 
lows eggs to enter water containing snails. It follows 
that if the safe disposal of Iiunian wastes could be 
accomplisl~ed, it would eliminate schistosomiasis, as 
well as other infections. In practice, however, im- 
proved sanitation alone is not likely to fully control the 
cliseasc. Sniall children release cscreta rather casually 
and some schistosonics are carried by animals. Better 
sanitation tvould be needed for fields and boats as 
well as homes. And even one human evaci~ation of 
tvaste may n~ultiply into millions of cercoriae. 

Thirdly, if people have better water supplies, such 
as protected tvells, for drinking, bathing, ancl wash- 
ing clothes, they can avoid contact with contaminated 
water. Studies tliat have been done indicate that im- 
pressive results can be obtained in the transmission of 
schistosomiasis when adequate, reliable, and conve- 
nient water supplies are available. Of course, im- 
provement in tv'~ttSr supplies, even aside from tlie 
cost, would not provicle total control because some 
persons, such as workers in irrigated fields, would 
still be exposed. 

Finally, schistoson~iasis corrtrol may center on the 
snail host. Water trea tmcnt-storage, filtering, disin- 
fection-can prevent tlie miriciclia froni reaching tlieir 
snail hosts or cercariae from reaching Iinman victims. 
Rarely would water treatmcnt be 100 percent effec- 
tive. hocvcver. Another approach is to put chemicals 
in the water to kill the snails. The use of chemicals 
(called molluscicides) is a proven control method that 
can be followed by people who have little training. 

But there can be problems with t~sing chemicals for 
contr'ol. Usually, not all of the snails are killed and, 
even i f  they are, eventually snails froni a neighboring 
untreated region will spread. A new snail population 
will begin to develop so thc chen~icals will always 
have to be repeated at intervals. 

Some of the chemicals used to control the snails also 
can kill fish and plants living in or near the water. I f  
the water where snails are found is running water, 
rather than standing water, this is less likely to Iiap- 
pen. The clieniical to be used must always be carefully 
selected, both to be sure that it will kill the type of 
snails tliat transmit tlie scliistosomes and to make sure 
the lcast damage is done to fish and plants. 

The amount of chemical needed to Icill the snails 
depends on the amount of water present, how fast it is 
running, and the type of chemical selected. Equip- 
ment for putting the chemical into water is neither 
expensive nor hard to find, nor is tlie cost of chemicals 
prohibitively high. 

In addition to molluscicides, the snail population 
may be attacked by a change in its environment. 
While water resource developments are essential for 
econoniic progress, they may prove to be a liealtli 
hazard where schistoson~iasis is a problem. Often, 
when better irrigation comes to an area, schistosomia- 
sis follows, because snails breed in the new lakes and 
canals which are not protected from worm eggs from 
man or animals. But if irrigation methods are studied 
and improved, reducing the number of stagnant 
pools, ditches and seepage areas wherc snails live, 

Simple Methods of Applying - - 
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there will be less disease. Sometimes using covered 
rather than open irrigation channels, rotating crops so 
that different water levels can be in use during the 
year, and stopping the common practice of leaving 
water to collect in reservoirs overnight can reduce the 
number of snails in an area. If there arc fetver snails, 
there will be less schistosomiasis. 

Reducing human contact with infected water also 
interrupts the transmission cycle of schistosomiasis. 
New settlements cac be built atvay from irrigation 
canals and natural water courses and be provided 
with their own supply of safe water. 

Environmental control is expensive, slow, and un- 
certain. It is used to supplement drug treatment of 
patients or chemical attacks on snails, rarely alone. 
Until rigorous, scientifically respectable analysis 
makes its outcome more predictable, the situation is 
unlikely to change. 

Present knowledge of snail hosts is probably suffi- 
cient to guide engineering design of environmental 
control measures. However, such design is complicat- 
ed by the great variation in natural environments and 
irrigation schemes. Furthermore, engineering mea- 
sures affect a~ricultural productivity and project eco- 
nomics. There is little doubt that engineers could 
eliminate snails if unconstrained as to water or mon- 
ey. This complexity of requirements, some conflict- 
ing, has meant that environmental control has only 
rarely been the sole measure of an effective schistoso- 
miasis control scheme. This situation seems likely to 
prevail in the ftlture. 

Water Quality/Microbiological Diseases 

By far the major threat at present to water quality in 
developing nations is improper excreta disposal. Hu- 
man feces contaminate water supplies and trigger a 
variety of diseases of a microbiological nature. These 
diseases are endemic in areas where excreta disposal 
is haphazard, forming an important part of the sanita- 
tion-relatedlwater hygiene disease category. Howev- 
er, they are most feared when they surface through 
water consumption because i t  is in this way that the 
diseases are likely to achieve epidemic proportions. 
These are the classic and well-knotvn "waterborne" 
diseases-cholera, typhoid fever, diarrhea, dysen- 
tery, and tlie less well-known Guinea worm. 

Cholera 

'This dread intestinal disease strikes like the wind. 
The victim vomits and passes extremely watery 
stools. The body suffers dehydration, rapid acid 
build-up, and circulatory collapse, ending often in 
death. All this may occur within a fetv hours. In un- 
treated cases, the death rate may exceed 50 percent; 
with treatment, ~vhicli takes the form of intravenous 
fluid therapy, the rate drops to 1 percent. 

Cholera tias been known to exist in eastern India 
since the beginning of recorded history, but the first 
record of epidemics involving other parts of the world 

was in 1871. In the next one hundred years, there 
were six nearly universal cholera epidemics (pande- 
mics) after which the disease retreated to its Asian 
homeland. Except for sporadic outbreaks (such as 
Egypt in 1947), the most terrifying disease of the nine- 
teenth century seemed at that time to have vanished. 

The causative agent in classic cholera is Viltrio clto- 
lemr. A new type of this strain, called El Tor, was 
identified in 1905, but the type was not thought to be 
epidemic. This hope was dashed in 1961 when the 
seventh pandemic, featuring the El Tor cliolera, be- 
gan. The newer strain is more resistant to environ- 
mental factors and to a:~tibiotics than 'the classic 
strains, and the ratio of infected persons to clinical 
cases is higher. The symptoms of the disease are the 
same, however. 

The seventh cholera pandemic has swept through 
Asia and Africa and has reached into Europe. Cases 
among air travelers have occurred in other parts of the 
world, including a few in North America. One case 
occurred in Texas in 1973 tvith no known source. In 
the affected countries, there has been a tendency for 
the disease to persist in an endemic form. 

Cholera may be transmitted either from active cases 
or from carriers. All that is necessary, in both in- 
stances, is that food and water be contan~inated and 
then be ingested. Carriers are particularly a problem 
since tliere is no practical way of identifying them in a 
transient population. Cholera patients excrete the in- 
fecting agents for only a few days, but carriers may 
pass them for up  to a month and so be able to trans- 
port them over long distances. 

There are vaccines for cholera, but ordinarily  hey 
are not considered a practical control measure because 
they are expensive and give only short-lived protec- 
tion. The disease usually affects people of low socio- 
econoniic status who live in unsatisfactory conditions 
including a lack of safe water and effective sanitation. 
Change in these conditions, beginning with tvater 
and sanitation, is the best long-run control measure. 

Typhoid Fever 
As the name suggests, typhoid fever is character- 

ized by continued fever, headachc and malaise. The 
spleen and lymph are affected, and tliere may be in- 
testinal hemorrhaging in untreated cases. The victim 
is more likely to suffer constipation than diarrhea. The 
fatality rate for typhoid fever is about 10 percent, but 
this can be reduced to 2 percent or less with antibiotic 
treatment. 

The typhoid bacillus, the infectious agent, is trans- 
mitted by food or water contaminated by the feces or 
urine of man, either o patient or a carrier. 'The typlioid 
patient is usually not infective before becoming ill. 
After tlie onset of the illness, the patient is usually too 
sick to go out and pose a threat to water supplies b t ~ t  
faulty handling and disposal of patient excreta can be 
a threat. However, snme pcrsons who recover clini- 
cally continue to pass bacteria in their feces for years; 
they are the source of waterborne infections. 



Typhoid is \vorldwide in its incidence, but i t  is most 
prevalent in the clcvel>ping nations. Developed coun- 
tries such as the Un.ted States report only a small 
number of cases, ustlafly about tlie same from year to 
year. The availability of vaccines, which are effective 
in typhoid control, is an important factor. The coni- 
nion practice is to vaccinate persons likely to be ex- 
posed to typhoid througli tlieir occupatiolis (e.g., 
fc~od handlers) or travel and persons in institutions 
tvhere sanitary arrangements may be less than satis- 
factory. As with cholera, watcr supply and hygiene 
improvements are tlie most effective preventi\,e 
measures. 

Diarrhea 
The term "diarrhea" is used by laymen to ciescribe a 

specific set of syniptonis-watery stools and intestinal 
cramps often acconipanied by malaise. There are 
liiany infectious agents that may produce these syrnp- 
toms, however. Sometimes a specific infectious dis- 
case such as cholera, shigcllosis (bacillary dysentery), 
or salniol~t.llosis (intestinal inflammation) can be iden- 
tified. Viruses loosely grouped as "entcric v i r~~ses"  
may attack the enteric or gastrointestinal (digestive) 
tract of litlnians. A si~bc~itcgory of viruses, called rota- 
viruses, are considered a major cause of gastroenteri- 
tis, a type of diarrheal disease. So numerous are the 
possible causes of cliarrlica that tlie specific agent is 
often not identified at all. In such cases, the cliarrliea is 
referred to as "tlndifferentiated.." 

Whatever the specific cause, i t  is estimated that 500 
million cases of diarrhea occur each year in children 
trtider five pears of aSe in developing nations, cvitli 3 
to 4 percent of tlicsc ending in death. Wlien diarrliea 
is linked to malnutrition, as i t  frequently is in tlie 
developing world, i t  becomes tlie leading killer of 
stiiall children. Most high intcmsities of diarrheal dis- 
ease are associatccl witli defective water supplies ancl 
poor sanitation and hygiene practices. 

Dyscn tery 
rlie tern1 "clysentery" applies to a variety of intcsti- 

nal inflammations characterized by abdominal pains 
and intense diarrhea witli bloody stools. One of tlic 
more troublcsome types is amebic dy sen tery (amebia- 
sis), an infection resulting from a protozoan parasite 
found outside tlic htlnian body as a hardy cyst. 3ala1i- 
ticlial dysentery (caused by ri protozoan widely found 
in swine) has similar symptoms, but liun~ans apprar 
to have a high natural resistance to this discasc. T11c 
main epidemic danger c i~~i ies  wIie11 there is close and 
tlnli!.gienic assijciation \ v i t l i  swine. Sliigcllosis, clis- 
cussed bclo~v, is also a form of dyscntery. 

t\nicbic dysentery infection is tvorldtvidc 'inti, likc 
otlicr sucli clisc,iscs, is best addressed by sanitation 
practices and health eclucation. In cpidcniics, tlic dis- 
ease is transniittcel primarily bv tv,itcr co~itaminatcd 
t v i t l ~  feces c~~ntaining the cysts of infected persons. 
'rliere can be endemic infection by direct hand-to- 
nioutli transfcr of cyst-bearing fresh feces or raw vcge- 

tables. Flies and soiled hands and contaminated foocl 
are also means of transmission. Many persons who 
have the amebas in their intestines do not show synip- 
toms of thc disease, but for many years tliey may pass 
it on to others. 

The protection of public water supplies from fecal 
contamination is tlie chief way of preventing amebic 
dysentery epidemics. Good sanitation practices, ol 
course, contribute lo this end, but sonic svater treat- 
ment technirlues are also effective. As generally prac- 
ticed, chlorination does not kill the infecting cysts, but 
sand filtration will remove nearly all of them from the 
watcr. Diatomaceous earth filters remove them coni- 
pletely. Where watcr is being used in sniall quantities, 
as in canteens, treatment with high concentrations of 
chlorine or iodine are effective. 

G u i n e ~  worm (dracontiasis) 
I t  has been estimated that improved water supplies 

in tlie form of protection for water sources would 
eliminate 100 percent of the Guinea worms in the 
\vorld. At present, the disease is very widespread- 
Africa, tlie Middle East and India. In the past, tliere 
Iiave been cases in the West Indies and northeastern 
South America. For unknown reasons, tliere is great 
local variation in the disease. In some places, nearly 
everyone is infected; in others, very few people- 
mainly young adults--are. 

Like schistosoniiasis, Guinea worm depends on a 
water-dwelling host t'cr survival-a water flea of the 
genus C!lclolis. Larvae discliarged into fresli watcr arc 
swallo~ved by Cyclops, which becomes infective in 
about two weeks. Wlien people drink water from this 
source, tlie infectious agent enters tlie stomach, and 
tlie larval worm begins to work its way to tissue just 
under tlie skin. The mature female worm, ~vliicli may 
grow to a full meter in Icngth, lies embedded under 
the skin wit11 tlie opening through wliicli larvae are 
discharged lying in a blistcr, usually on the foot, 
tl~ougli tliey can be on any part of the body which is 
reguarly soaked in water. 

Sitrrple sntritntion fncilities like this }trizl!y 111n~ mirrce sr?triktiotr- 
relnted discnses. 



Persons infectecl with Guinea worm suffer from 
burning and itching of the skin near the blister, fcvcr, 
nausea, vomiting, and diarrhea. Deaths are rare, but 
the long term effects can be crippling when several 
ivornis arc invo!ved, as is common, or when the long 
channels in which tlie worms lie undcr the skin are 
infected by bacteria. When tlie foot with a Guinea 
worni blister is immersed in water, the blister btlrsts 
and the worm ciischarges a large swarm of larvae 
which when eaten by water fleas continue the cycle of 
contamination. 

There are no known immunizations for Guinea 
worm, \vliicli must be dealt with at the source. The 
infcctecl C!yclops may be filtered out of tlie water with a 
fine niesli cloth. Or the water may be drunk if it is 
boiled first or treatecl with clieniicals-chlorine orcop- 
per sulfate. A bettcr prevenlion method is iniprove- 
ment of the water source itself. When tlie source is a 
step-trell, therc is obviously maximum opportttnity 
for contamination to occur. Even ~vlien persons do not 
actually step in tlie water, infections may be transmit- 
ted if tlie shelf around tlie ivell slopes toward the 
water and allows spilled tvoler to run back into the 
source. As noted earlier, tlie replacement of step- 
~vells wit11 bctter water sources seems to have elimi- 
nated Guinea worni in tlie Soviet Union some years 
ago, ancl the approach has also been used successf~~lly 
in India. 

Sani ta tion-RelatedIWater Hygiene Diseases 

Some of the most common discases in developing 
nations can be reduced, both in prcvalence and in 
severity, i f  sufficient water is available for tlic im- 
provement of personal and doniestic hygiene. Obvi- 
O L I S I ~ ,  disease reduction only occurs if there is enough 
health education being practiced to turn water nzwil- 
abilit!l into watcr rrsc. Since tlie diseases stem basically 
fro111 poor sanitation practiccs-that is, improper dis- 
posal of fcces-improvement in tlicsc practices is also 
important. But water for washing nit~st be readily at 
l~ancl, whatever the sanitation facilities eniployecl. 

Most of the sani tLi tion-rela tedltva ter hygiene ciis- 
cases can be transmitted tlirot~gh drinking watcr, but 
since their niajor rot~tcs of transniission are t l i ro~~gh 
food, Iiand-to-niou t l i  con tact, and numerous other 
means, i t  is well to ciiscuss a number of them 
separately. 

In adciition to thclse that affect the intestinal system 
(cxaniplc: shigcllosis), livgienic discases include tliose 
of the eyes (example: trachonia) ancl skin (cxaniplc: 
scabies). Worms or lice may also be involved (exam- 
ples: ascariasis and scabies, respcctivcly). 

Shigellosis 
Sliigellosis is n type of dyscntcry-bacillciry-pri- 

marily involving the large intcstinc. I'hc symptoms- 
diarrhea, fcvcr, \~omiting, crnn1ps, sometinics consti- 
pation-are similar to amcbiasis. 'l'lic severity of tlic 
illncss and tlic fatality r'ltc vary with tlic patieni'sagc, 

state of nutrition, and level of sanitation. When pa- 
tients are not treated tlie fatality rate may exceed 20 
percent. 

The disease occurs worldwide. Two-thirds of the 
cases-and nearly all the deatlis-are in children un- 
der tlie age of ten. However, it can occur in all ages 
among populations suffering from malnutrition and 
poor sanitation, especially where there are crowded 
conclitions as in slum areas, city sliantytoivns, jails, 
institutions for children, and mental hospitals. Shigel- 
losis is an important type of acute epidemic gastroen- 
teritis among tropical populations, but where living 
conditions are poor, it strikes in temperate climates as 
well. 

Shigellosis is contracted directly or indirectly from a 
patient or from carriers. The individuals most respon- 
sible for transmission are those who fail to wash their 
hands after defecation. They spread tlie infection by 
direct contact with others or by contaminating food. 
Outbreaks may occur when water or  milk is directly 
contaminated with feces, but the hand-to-mouth 
transmission is more common. 

Given the methods of transmission and the suscep- 
tibility of children to the disease, breast-feeding 
throughout infancy is recommended as a precaution 
against shigellosis. I f  milk and water are to be pre- 
pared for infant feeding, they should be boiled. 

Trachoma and Conjunctivitis 
The conjunctiva is the thin layer tlicrt covers the 

\vliite of tlie eye. Conjunctivitis ("pink eyef') is an 
infection of the conjunctiva that causes redness, pus 
and burning in one or both eyes. After sleep, the eye- 
lids of a person infected often stick together. The dis- 
ease is easily spread from one person to another. 

Trachoma ("rough eye"), caused by a virus, is a 
chronic form of conjunctivitis that slowly gets worse 
over months or even years and may cause blindness if 
not treated. I t  begins with red, watery eyes, a condi- 
tion similar to ordinary conjunctivitis. After a month 
or so, small pinkish-gray lumps (follicles) form inside 
the upper lid, and the white of the eye is mildly in- 
flamed. The cornea, the clear layer that covers tlie iris 
and pupil, wili appcar grayish under , a  magnifying 
glass because there are many new tiny blood vessels 
(pannus) in it .  When tlie combination of follicles and 
p a n n ~ ~ s  appears, it  is almost certainly trachonia. After 
several years, the follicles begin to disappear, leaving 
whitish scars. The scars makc the cyclids thick and 
may prevent Ihem froni cpening all the way. Or they 
may pull tlie cyelaslics down into tlie cyc, scratching 
the cornea and causing blindness. 

Trachoma is the \.vorldls leading cause of prcvcnt- 
able blindness. Approximately 400-500 million pcot-le 
arc affected worldwide, with two million blinclcd an:.; 
eiglit million at risk of blindness. As much a s 3  pcrccnt 
of tlie population map be blinded in areas where the 
disease is endemic and uncontrolled. The worst af- 
fected areas arc North Africa, tlie Midcllc East, anci 



certain regions of Asia and Soutl~ America. Ali!iough 
tmchoma affects people worldwide, its absence in 
physicians and tourists suggests that long-tern1 and 
repeated exposure is necessary to establish the 
disease. 

Although no vaccine has been proven effective 
against trachoma, certain drugs retard the disease in 
the active stages. These may be oral tetracyclines, 
erythromycin or oral sulfonamides. Mass treatment 
rvith these drugs has sometin~es beer. practiced in de- 
veloping countries. 0; course, prevention is better 
than cure. 'rhe best teci.niques are clean hands and 
cloths that touch eyes achieved by regular use of ordi- 
nary soap and water, combined wit11 health education 
in the avoiciance of practices that spread the disease, 
especially common-use towels. 

Scabies 
This is an infectious disease caused by a mite tvl~ich 

penetrates the skin and deposits eggs. At the points of 
penetration, tvhich can be on many parts of the body, 
the pa ticnt itches intensely, but unless the scratching 
causes secondary infections there are usually no 
complications. 

The parasites are transmitted primarily by direct 
contact, particularly sexual contact, but there is some 
transference from i~ncierclothing and bedclothes used 
by infcctcd persons. Scabies occurs tvorldtvide and is 
common during tvar or social upheaval when person- 
al hygienc is apt to be overlooked. In communities 
where frequent bathing is the common practice, the 
disease is rarely found. 

Ascariasis 
Ascariasis, cr  roundworm infection, is a common 

and worldwide condition that occurs most frequently 
in moist tropical regions where prevalence may ex- 
ceed 50 percent of the population. Children of pre- 
school and early school age are more often and more 
severely infested than older children and adults. 

Symptoms of the disease are sometimes vague, 
mild, or even absent, and appearance of live worms in 
the stools is often the first sign of infection. Howev- 
er, heavy parasite burdens may cause malnutrition, 
digestive disturbances, abdominal pain, vomiting, 
restlessness and disturbed sleep. Serious complica- 
tions among children, especially in unsanitary areas 
of tropical countries, include bowel blockage and oc- 
casionally death if the adult worms migrate to the 
liver, gall bladder, or appendix. 

Ascariasis is not transmitted directly from man to 
man but by ingestion of eggs which have become in- 
fective by about two weeks of incubation in damp, 
warm soil. The unwashed hands of children that play 
in contaminated soil in and around houses where they 
are permitted to freely defecate is the principal source 
of infection. Salads and other foods eaten raw are a 
common vehicle. Contaminated soil may be carried 
long distances on feet or shoes into houses. Transmis- 
sion by the ingestion of contaminated dust is also 
possible. 

Ascariasis can be prevented by proper disposal of 
human excreta and by education of all persons, espe- 
cially children, in I~andwasl~ing and proper use of 
sanitation facilities. 
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CHAPTER THREE 
DEVELOPMENT AND USE OF WATER QUALITY 

STANDARDS 

SUMMARY 

Efforts at water supply improvement have usually 
been directed at achieving at least minimum adequacy 
in terms of both quantity and quality rather than 
through either alone. Developing nations today that 
want to attack disease and ill health through water 
improvements must surely develop water quality 
standards. 

The current methods of assessing water quality 
were fashioned over the past two hundred years in 
the urbanizing areas of Europe and North America. 
While these methods may not be completely and auto- 
matically applicable to the Third World, this exper- 
ience does offer valuable guidance. The standards 
with the most universal acceptance were formulated 
by the World Health Organization in 1971. 

The test of water quality standards is their ability to 
correctly guide the evaluation of water supplies as a 
source of microbiological disease, the diseases of chief 
importance to developing nations. Indicator organ- 
isms, especially the coliform group, are widely used 
as  tests to assess the possibility for these disease-pro- 
ducing pathogens to occur in a water supply. This 
approach is strongly endorsed by WHO. 

Water qualitv standards should be applied as a . . 
means to better health, not as an end in themsclves. 



CHAPTER THREE 
DEVELOPMENT AND USE OF WATER QUALITY 

STANDARDS 
Improvement in water supplies, including their 

protection against contamination by excreta, can be a 
major factor in the prevention of disease. How much 
of a factor depends on the disease. Experts on safe 
water and sanitation have estimated thai through wa- 
ter improvements the diseases discussed in the pre- 
vious chapter could be redcced by the percentages 
shown in Table 4. 

miasis (Gambian) 80 
20 

. The question is "what water improvements?" As 
. noted previously, the overall issue is one of the avail- --v; ability of water of sufficient quantity and good quality. 

With water site diseases, such as Gambian trypanoso- 
-1 

miasis, it may be enough if wzter is readily available 
- _ - so people can avoid infected water habitats. With san- ' itation-related diseases, such as trachoma, an ade- 

I quate quantity of water for washing may be sufficient, 
while for most diseases, it is the quality of the water 

r m  

p that really counts, In a n  actua! c~mmunity, m e  wzter 
supply must meet all these needs. 

- - Yellorv Fever 10 
, Filariasis 

-- I * 
- Schistosomiasis 60 

Role of Water Quality Standards 

- 

.' 

, - - 
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Always there has been some controversy among 
concerned persons as to the relative emphasis that 

Guinea Worm 100 
Cholera 90 
Typhoid Fever 80 
Diarrliea 50 
Shigellosis * 
Trachoma 60 

t;ic;::sis 40 80 

A sinrple Itand purnp ruitlt a protccted water source is often orouglt 
to preserve water quality. 

a* *not estimated 
) Source: Feachem, Watrr, Wastes arid Horltl ill Hot Cliii~ntfi. 

should be given to water quality improvements as a Some water site diseases car1 havoided (fpeoplc do not haw to visit 
method of disease prevention. Some feel that those infected water Irabitats. 
with detailed knowledge of the technical side of water 
quality, such as sanitary engineers, tend to assign un- 
due importance to quality. Others argue that water for 
washing is so crucial to health that it should be pro- 
vided in abundance and people educated in its use, 
even if the quality of the water is poor. In particalar, ments. If necessary, two sources of water, one for 
costly improvements in water qttnlity should not be drinking and another for washing and household use, 
allowed to stand in the way of water quantity improve- should be used. 



Opponents of this view, wl1ic11 admittedly is over- 
sirnplificcl here, counter that two water sources will 
rarely be feasible. For better or worse, the choice will 
be between water that is contaminated and water that 
is not. If this is the choice, insisting on water of good 
quality is the wiser course, especially since ensuring 
such quality in a water silpply will cost very little 
more. Enough water of good q~~a l i ty  helps to prevent 
all the water-related diseases, bot!i those that are liy- 
giene-related and those that are water-carried and 
to some degree even the water site diseases. Impure 
water helps to prevent olrl!i tliose that are hygiene- 
related. 

In practice, efforts at tvater supply improvement 
have usually been directed at achieving at least rlriiri- 
i1111111 adequacy in terms of both quality and quantity. 
In water program planning, the p:oblcn~ is likely to 
arise only at the extremes as ~lrilriilrlrrir levels are being 
determined. No rational person would be content 
wit11 a situLition where water was plentift~l but all of i t  
was infected with Guinea worm. On the other hand, i t  
\vould Iiarcily seem tvisc to ~vitlihold tvater iron1 
nccciy people until every trace of chen~ical contamin- 
ant, no matter how mild, had been eliminated. 

In sum, the qual i ty- \~ers~s- i~~ant i ty  isst~e is essen- 
tially theoretical. In tlic real ~vorld, some degree of 
water qilality is accepted as essential anci meaningful 
debate is over the balance betwt.cn quality and quanti- 
ty. In cievelopecl areas wit11 long histories of water 
supply improvements, sonic fairly exotic minerals 
niay be cited to sho~v  poor water quality. In develop- 
ing areas where water-relatcci diseases are wide- 
spread, water tliat is simply free of contamination 
from excreta may be jt~dged acceptable. 

Developing nations today that want to attack dis- 
ease through watcr improvenients must surely devel- 
op mid increasingly enforce water quality standards, 
not as an alternative to increasing quantity but as a 
p r ~ ~ d t v t  prerccluisite to i t .  'This cliapter sheds some 
light on this process by discussing the historical con- 
text for water quality standards, the content of the 
standards that are widely accepted toclay, and the 
problems of applying modern standards in develop- 
ing na tions. 

The term "watcr quality standard" refers to matters 
both of substance and procedure. As substance, a 
standard states what sl~ould not be found in water if i t  
is tr) be judged acceptable in quality. As procedure, 
part of the standard specifics the nieans for clelern~iti- 
ins tvliat is i l l  tlic watcr and I I L ~ V  often these means 
[Ire to be used. 

N o  ntiturL~lly-occilrring tratcr is con~plctely "pure"; 
all wtltcr cot~tains s011i~ elcnicnts tliat corrl~l be Iiarniful 
to l i ~ ~ ~ l t h .  1'11~1s c ~ n s ~ l n i p t i o ~ ~  of water involves 
sonic risk of an undcsirablc effect. A tvater quality 
standard is based on assessing the limits of acceptable 
risk. Water quality cannot be evaluated simply by de- 
termining the presence or abscncc of a disease-pro- 
ducing agent (germ or pathogen). 'The probability uf 

Sltclr sb irp l~~ st~~ritntio~r fncilitity 11s tlrb slronlcr (nbozlcl) ~:trd bat11 
lro~rsc (l~cloril) nrcl ~;YL.ctiae ill prcoentirrg d i s c ~ ~ s e  i/ ril~ltcr of ~ o a i  
qrrairtit!l 1111ti q~rnlity is nztnilnblr. 

\. 2 *,+ + % . , .  -, / - i  - \ ! , I  . a  



anyone's falling victim to water-relatccl disease is a 
statistical question related to a number of things, par- 
ticularly to the typc and nunibcr of pathogens. Not all 
pathogens have the same capacity to produce disease. 
They do not have equal "virulence" and some may be 
rendered ineffectual by unfavorable conditions in tlie 
human intestine or for otlier reasons. For example, 
some strains of Sliigella gernis are highly virulent and 
cause infection tvlien only a fetv cells ?re ingested; 
othcr Shigella strains rccluirc niucli larger doses for 
the sanic result. Tlic probability of contracting clisease 
generally increases as the number of pathogens in- 
gested increases. To summarize, here are the chief 
factors influencing the water-disease linkage: 

the typc of patliogcn involved; 
the length of time infective agents can live out- 
side the host; 
the virulence of tlie specific strain of organisni; 
the nuniber of cells ingcstcd; 
the age of the potential victim (tlie very young 
anci very ole1 usually are more s~~sceptible); 
tlic general health of tlie individ~~al (those suf- 
fering from malnutrition, infection, or othcr 
debility arc cspecic~lly clisease prone); 
the cxterit to ~vhicli the individtlal may Iiave 
acquired immunity tlirough earlier exposure to 
small qi~ai-tities of the pathogen; 
the presence of other factors, such as certain 
clieniicals, tliat affect t!ie relationship between 
the organisni and the individual. 

Despite tlic complexities involved, societies have 
long sought to define specific liniits for permissible 
impurities in water and effective methods for discov- 
ering when the limits arc breached. Most of the devel- 
opment of tvatcr quality standards has been in West- 
ern nations and has conie about primarily since the 
Inelustrial Revolution. 

The Historical Context 

The current methods for assessing water quality 
were fashioned over the past two hundred years in 
the urbanizing areas of Europe and North Amcrica. 
Although there are many similarities between the 
Western nations in this period and the developing 
nations today, there are also many differences. The 
differences include variations in water resources, pop- 
ulation size and growth rate, climate, available rc- 
sources, economic and social organization, and ini- 
portant pathogens. In addition, Western standards 
were cleveloped largely to meet urban problenis while 
most developing nations' problenis arc rural. I t  is thus 
clear that methods developed in the Western context 
cannot be completely and automatically applied to the 
Third World. Nonetheless, the experience offers valu- 
able guidance. 

Tlie association between filtli, lack of water and the 
presence of disease was not netv in the early nine- 
teent!~ century when concern wit11 water qualitv stan- 

dards began to grow. What was new-at least it liar1 
bcen dormant since the Romans-was the notion that 
public projects sho~lld provide water and remove 
fi l t l i .  Supported by tliis belief, sanitary reform gradu- 
ally spread across industrial nations, especially Great 
Britain. Reform was speeded by increasing evidence, 
a lot of i t  gatliered by thc famous Dr. Snow, that 
~170l l ; ' i f i  was transmitted through excreta in drinking 
water anel by greater acceptance of tlie germ tlieory of  
disease. By 1860, the basic foundation had been laic1 
for subsequent public sanitation work. At its core was 
the provision of a water s~ipllly tliat was con\lcnient 
and free of contamination by excreta. 

Still to be developed tverc methods for achieving 
the public health objective. The major institutional 
response was the public health board, tlie first of 
tvliich had already bcen established in 1848 in Great 
Britain. Between 1869 and 1877, ten state liealtl~ de- 
partments were establisl~ed in the United States, but 
their functions were advisory and cooperative rather 
than regulatory, at least partly because i t  was not yet 
clear how freedom froni contamination was to be 
acl~ieved. 

The first regulatory attempts relied on field investi- 
gations, or "st~nitC~ry surveys," to identify impure WCI- 
ter. Sonic of the things considered in sucli surveys 
were: color and liardriess in the water; presence of 
industrial activities; distance from wells to sources of 
pollution; and population of a drainage area. At tlic 
turn of the twentieth century, one writer summarized 
the "most advanced ideas" for establishing the purity - 
of surface waters as a s ~ ~ p p l y  of high organic purity, a 
watershed as thinly populated as pocsible, and exten- 
sive storage capacity. 

Gradually, laboratory analyses of both the chemical 
and bacteriological content of water began to be eni- 
ployed to supplement the sanitary surveys. The rec- 
ommendecl tests usually included clarity, color, odor, 
total solids, volatile solids, chlorine, free amruonia, 
nitrite and nitrate, magnesium and sulfate levels, oxy- 
gen demand, and metals. Wit11 the growing recogni- 
tion tliat diseases resulted from germs, specific niicro- 
biological tests assumed more importance. Tlie 
greatest problem was in interpreting the results. Sam- 
ples froni the same well sent to five different analysts 
might be graded as anything from "unusually pure" 
to "unfit for drinking." 

Given the variations in results, i t  is not surprising 
that laboratory analysis of water as  a basis for purity 
judgments was suspect. As late as 1925, most sanitary 
scientists and engineers opposed wiclespreac! applica- 
tion of specific laboratory-based standards, fearing 
tliat "saf~"  supplies wot~ld be unjustly indicted. Thcy 
continued to champion sanitary surveys as more reli- 
able. Even today, in the Uqited States, many commu- 
nities complain of overly-strict national standards and 
insist that their water supplies are perfectly safe, even 
when they contain, by lab tests, high amounts of arse- 
nic or othcr toxic chemicals. 



Nonctlielcss, tlie drive for objectivc watcr quality 
standards proceeded. The first sucli set of limits with 
broad applicability was promulgated by the U. S. De- 
partment of tlie Treasury in 1914 under tlie authority 
of Interstate Quarantine Acts. Tlie regulation required 
certification of tlie water supplies of railroads and 
ships involved in interstate commerce. A commission 
of fifteen sanitarians was appointed to recommend a 
standard of purity. The limits of purity were estab- 
lished solely on the basis of bacteriological laboratory 
analysis, using the "coliform count" for fecal contam- 
ination that was coming to be an accepted test. No 
physical or chemical limits were specified, nor was a 
sanitary survey required. 

Despite criticisms, the U. S. Treasury standard had 
the virtue of being a measure of quality endorsed by 
an accepted authority. It eliminated personal judg- 
ment in tlie interpretation of laboratory results and 
could be easily administered. Therefore, the standard 
came to be widely accepted even tvliere no interstate 
carriers were involved. Although sanitary surveys 
continued to be the most common basis for condemn- 
ing water supplies at the state level, tlie principle of 
fixed laboratory standards was clearly established. 

In 1922, a commission was appointed to formulate 
definite specifications tliat could be used by the U. S. 
Public Healtli Service (USPHS) in administrative ac- 
tion, and tlierc were revisions to the original standard 
to meet technical criticisms. A satisfactory ianitary 
survey report was required and its characteristics 
were detailed; chemical standards were added; tlie 
maximum permissible fecal contamii~ation was sig- 
nificantly reduced. The revised standard was issued 
in 1925, and there were subsequent revisions by the 
Public Health Service in 1942, 1946, and 1962. In 1975, 
the USPHS standards were superseded by the Pri- 
mary Standards issued by tlie U. S. Environmental 
Protection Agency. These are the standards tliat pres- 
ently govern public water supplies in the United 
States. 

Current International Standards 

The World Health Organization first issued its ltllcr- 
rr,rfiottnl Sfnridnrds for Drittkirt~ Wnfcr in 1958. These 
standards werc adopted, at least in part, by a number 
of countries as tlie basis for national standards and 
were cited in the International Sanitary Rcgulatians as 
applicable in deciding what constitutes a pure watcr 
supply at ports ancl airports. A second edition of tlie 
standards tvas publis1ic.d in 1963, and the most recent 
version appeared in 1971. A new edition is schcdulcd 
for late 1982. 

According to WHO, the current standards are 
based on: earlier editions of the l~rtertinfiotrnl Sfntrliarlls; 
the 1970 edition of the WHO Etrrop~-art Slntldnrlls for 
Dritlkitl~ Wnlcr; Tlrc Bnclcriolo~ia~l Esnttritlnliott of Wnlcr 
Strpplics publislied in 1969 by the Ministry of Housing 
and Local Government for England and Wales; tlie 
1962 cdi tion of Pttblic Hatltlt Scrz?in Drirrkirt,y Wnlcr 

Stnttdnrds, issued by USPHS; tlie 12th edition of Sfntl- 
dnrd Mctltods for tltc Esn,ttittnfiotl of Wnla. nr~d 
Wnstczunto., prepared by tlie American Public Health 
Association, American Water Works Association, and 
Water Pollution Control Federation; Wnfer TrPatrttort 
ntld ~sntnittnfior;, edited by W. S. Holden; and tlie wa- 
ter standards of the Ministry of Health of the USSR. 

Tlie 1971 WHO publication is concerned primarily 
with methods of ensuring that supplies of drinking 
water are not a danger to tlie Iiealtli of tlie users. It is 
divided into sections on bacteriological, virological, 
biological, radiological, physical and chemical exami- 
nation and sampling. Section 2 on bacteriological es- 
amination is concerned with: tlie choice of organisms 
to be used as indicators of pollution; tlie methods that 
should be used for the detection of these organisms; 
and the standards of bacterial quality tliat might be set 
for supplies of drinking water. Tliis is folloived by 
Sections 3, 4, and 5 on virological examination, bio- 
logical exaniination and radiological examination 
respectively. 

Itt~provcd zutlter slijrply systctt~s zoith storqc t n t r b  nrc otrc zt?ny of 
r~'ntrcitly coi~tnti~itratiotr. 



Section 6 on physical and chemical examination is 
concerned primarily with the limits of concentration 
that should be set for certain toxic substances that may 
constitute a danger to health; methods are recom- 
mended for detzcting and estimating these sub- 
stances. Consideration is also given in Section 6 to the 
approximate concentrations above which other 
chemical substances may affect the health of the user. 
The "highest desirable" and "maximum permissible" 
concentrations of chemical substances that affect the 
acceptability of water for domestic use are listed. The 
methods that may be used in the estimation of these 
chemical substances are indicated. In the part of Sec- 
tion 6 dealing with chemical examination, it  is sug- 
gested that certain methods should be used in the 
general examination of supplies for their aesthetic, 
pl~ysical, and chemical characteristics in order to 
make the results obtained in different laboratories 
more easily comparable. 

in Section 7 on sampling, methods of sampling for 
purposes. of bacteriological, virological, biological, ra- 
diological, and physical and chemical examinations 
are outlined, and advice is given on when and how 
frequently samples should be collected for each pur- 
pose. Some advice on the storage and transport of 
samples is also given. 

To support the recommended laboratory standards, 
WHO gives a strong endorsement to sanitary surveys: 

No bacteriological or chemical examina- 
tion, however careful, can take the place of a 
con~plete knowledge of the conditions at the 
sources of supply and throughout the distri- 
bution system. Every supply should be regu- 
larly inspected from source to outlet by 
experts, and sampling-particularly for pur- 
poses of bacteriological examination- 
should be repeated under varying climatic 
conditions, especially after heavy rainfall 
and after major repair or construction work. 
It  should be emphasized that, when sanitary 
inspection shows that a water, as distribut- 
ed, is liable to pollution, i t  should be con- 
demned irrespective of the results of chemi- 
cal or bacteriological examination. Contam- 
ination is often intermittent and may not be 
revealed by the chemical or bacteriological 
exan~ination of a single samplc, which can 
provide information only on the conditions 
prevailing at the moment of sampling; a sat- 
isfactory result cannot guarantee that the 
conditiocs found will pcrsist in tlic future. 

With a new supply, thc sanitary survey 
should be carried out in conjunction with tlie 
collection of initial ctlginecring data on the 
suitability of a particular source and its ca- 
pacity to mect cxisting and future dcmands. 
The sanitary survcy should include thc de- 
tection of all potential sources of pollution of 
the supply and an assessment of their pre- 

p 

sent and future importance. In the case of an 
existing supply, a sanitary survey should be 
carried out as  often as required for the con- 
trol of pollution hazards and the mainte- 
nance of the quality of the water. 

It is considered that the responsibility of 
the surveillance authority goes beyond that 
of merely pronouncing that water as  deliv- 
ered satisfies, or fails to satisfy, a certain 
quality standard. Surveillance should in- 
clude the giving of adviccl on how defects can 
be removed and quality improved. 

Evaluating for Microbiological Disease 

It is undisputed that the greatest danger associated 
with drinking water is that i t  may be contaminated by 
human excreta. If such contamination has occurred 
recently, and if it is caused partly by carriers of infec- 
tious diseases, the water may contain the living germs 
(pathogens) of these diseases. These are the diseases 
that are of most concern in developing nations. For 
these nations, t l~en,  the supreme test of water quat;ry 
standards is their ability to correctly evaluate water 
supplies as a source of microbiological disease. I 

Techniques are available that can identify and enu- 
merate most of the common types of pathogens in 
water. They have been employecl in research on the 
occurrence and survival of those organisms and in 
studies conducted during outbreaks of water-related 
diseases. However, direct identification of pa thogens 
is not used routinely because i t  involves many techni- 
cal difficulties and because there are alternatives bet- 
ter suited to evaluation of the risk. 

There is no single procedure to test for presence of 
pathogens. Each type of pathogen must be studied 
separately, using different laboratory techniques. 
Most of the available techniques are reliable only for 
grossly contaminated waters in which pathogen pop- 
ulations are high. Finding and enumerating the path- 
ogens in a typical finished water supply is much more 
difficult, very costly, and quite unreliable. 

Further, direct enumeration of pathogens is only 
capable of evaluating risk in samples actually contain- 
ing the pathogens in question. It is highly desirable for 
risk evaluation to go beyond merely enumerating 
pathogens when they happen to be present-which 
would bc rare in potable water-to provide a measure 
of the probability that pathogens might be present in 
that water supply on other occasions. Fecal contami- 
nated watcr oftcn may contain fctv or no pathogens 
simply because an active case of the disease may not 
be a contributor to the contaminating material at that 
time. Although the absence of pathogens would infer 
that tlie sample of water tested is safe, clearly the risk 
could increasc quickly upon addition of a carrier to the 
contributing population. In summary, thcn, direct 
enumeration of pathogens is not t~scful to assess the 
safety 01 drinking water. 



. . I licsc lit,. atiuns in attcmptinp, Lo cvaluatc pitL11ic 
licalth safety of ivatcr tliri~i~gli cllrcct lwumcratlon of 
patilogens liavc cLiuscd the \ttatcr suppl\r field to use 
"indicator organisms" instead. Inciicator organisms 
do not have 'I clircct rcllitionshitl to tlic numbers of 
pathogens prcsc~it in a watcrsaniplc but are tlsciul for 
Lissessing the clcgrce to which tliat watcr q o y  Ilc pol- 
luted by fccLil cclnta~iiination from hulncins ancl other 
warm-bloodcd animals. In~tc*~id of atten~pting to dc- 
tcrniine tlie risk oi contracting a specific ciiscasc 
through consuming the watcr, tliis test provides a 
nicasurc clf opportunity for transmitting I I I I ! ~  1!//11- of 
\vater-corriecl cliscasc that might result t~.oni fccal cvn- 
tam~nation. 

While tlicrc is no perfect indicator orginism, cffcc- 
tivc indicators liavc been founcl. Basically, this is the 
"coliform count" rcfcrrcd to earlier. Tlic organisms 
most commonly used as indicators of pollution arc E. 
a ~ l i  and tlie colit'orni group as a whole. 

In 1884, sti~dics by Esclicrich cstablislied that liugc 
populations of certain specific bacteria were present in 
tlie intestinal tr,~cts of Iiutuan~; and other warm-blood- 
ed aninials. Subsequently, i t  ~ v ~ i s  rt-cognized tliat 
presence of those organisms ( E s h C r i l - / ~ r , ~  coli or E. culi) 
in water may be regarlied as evidence that the tvater 
lias bccn contamiria tccl wi tli excreta. 'Slie total "coli- 
form group" of bacteria inclttdcs Escllcricltia coli as well 
as numerous other bacteria originating in fecal dis- 
charges nrrii fr(1111 I ~ I ~ I ! /  I I O I I - ~ L ' C I ~ I  S U I I ~ T L * ~ ,  as well. 

For otrt:r 70 years, the coliform group lias bccn em- 
ployed widely to evaluate sanitary quality of drinking 
water I t  should be cmpliasizcd tliat tlic rationale bc- 
hind .lsing tliis group of bacteria as "indicators" is not 
bascci 3n their putential for causing disease, altliougli 
under sonic circumstances certain coliforms may 
cause itifections. Tliey are valuable as indicators sim- 
ply because large numbers arc present in fecal dis- 
cliarges and thcir ntlmbers in a water sample show tlie 
extent of pollution by those discliargcs. Presence of 
thc col~forn~ group does not establish tlia t pa tliogens 
are necessa.ily in the water. Their presence indicates 
contamination of the watcr with fecal matter which is 
a proven source for pathogens. 

The total coliform group possesses some serious 
limitations. For cxarnple, the group includes meny 
types of bacteria that may not+originate in tlie intesti- 
nal tract of. man and which have little or no relation- 
ship to the potential for presence of pathogens from 
tliat source. Also, many'non-fecal coliform orpnisms 
are capable of multiplying under conditions present in 
streams or water treatment facilities. This can result in , 

very high populations of colifor~iis having little or no 
sanitary significance becausc patl~ogens do not multi- 
ply under those same environmental conditions. Fur- 
ther, there are two accepted procedures for obtaining 
coliform counts: the MPN (Most Probable Number) ; .  ', 
and MFC (Membrane Filter tests). Each yields differ- , 

' 

ent results. Finally, colifork growt11 may be sup. .I 
pressed by high populations' of other organisms, 

Despite tlicse li~iiitations, the total coliform group 
reniaitls the prcferrecl indicator because of its origin, - 

case of detcction and enumeration, survival char- 
- 

actcrislics, and Ions history of practical uscfulncss. 
1:ccal coliforms ( fccal bacteria and strcp tococci) are a 
subgroup ol  tlic total coliforms. Since they include 
orga!iisnis more likely to Iiaile originated in the intes- 
tinal tract, tlicy represent better evidcnce of fccal con- 
tamination. tIo\vcver, testing for this subgroup lias 
not been used niuch for evaluating the cluality of 
drinking watcr bccausc tlie total coliforni group lias 
provui more reliable fo, evaluating the adequacy of 
tvatcr treatment. Fecal streptococci have been usccl 
ocrasionally in stream pollution control investigations 
but \lave not been useful in cvaluatitig the niicrobiolo- 
gicai quality of finished drinking water stl:>plics. 0 t h -  
cr or,:anisnis-for example, Clostridium and sonie 
Salmonella species-have been tried and found unsat- 
isfactory. In short, although iiltcrnatives have been 
propuscd and even used froni time lo time, no orgsn- 
isni or group lias pet been found that is clcarly bettcr 
than tlic total coliform group. 

'The 1971 WHO standards endorse E. coli and the 
coliforni group as acceptable indicators of bacterial 
tvater rluality, the presence of tlicse organisms being 
sufficient gtoutirls for condemnation of a water sup- 
ply. Tliey accept citlicr tlic Most Probable Number or 
Membrane Filter tests as  detection nietliods wlicn 
they are properly conducted. With these procedural 
standarcls, WHO suggcsts tile following substantive 
limits: 

2.3 Stindards of Bacterial Quality Applica- 
ble to Supplies of Drinking-Water 

2.3.1 Pipcd supplies 

2.3.1.1 Water entering the distribution 
, system 

(a) Chlorinated or otherwise disinfected 
supplies. Efficient treatrr~ent, culminating in 
cl~lorination or some other form of disinfec- 
tion, should yield a \.rater free from any coli- 
form oganisms, however polluted the 
original raw water may liavc been. In prac- 
tice this means that it should not be possible 
to demonstrate the presence of coliform or- 

, ganisms in any sample of 100 ml. A sample of 
the water entering the distribution system 
that does not coniorm to this standard calls 
for an immediate investigation into both the 
efficacy of the purification process and the 
method of sampling. I t  is important, liowev- 
er, in testing clilorinated waters, that pre- 
sumptive positive tubcs should always be 
subjected to appropriate confirmatory tests. 

(b) Non-disinfected supplies. Where sup- 
plies uf this sort exist, no water entering the 
distribution systeni should be considered 

I 



satisfactory if i t  yields E.  n ~ l i  in 10 mi. I f  E .  coli 
is absetit, tlic prescncc of not morc than 3 
coliform organisms per 100 n11 may be tolcr- 
atcd in occasional samples from establisliccl 
non-disinfected pipcd supplies, provieicd 
that they havc been regularly and frequently 
tested and that thc catchment area and stor- 
age conciitions arc found to be sati~f~ictory. If 
repcated samples shotv thc prcscncc of coli- 
form organisms, steps should tlien be takcn 
to discover and, if  possibl~~, rcniovc tlie 
sourcc of the pollution. If the numbcr of coli- 
form organisms incrcascs to more than 3 per 
100 ml, the supply sliould bc considered un- 
suitable for use tvitl~out disinfection. 

2.3.1.2 Water in the distribution system 

Ideally, all san~ples taken from tlie distri- 
bution system, including consumers' prem- 
ises, sl~ould he free fronl coliform organisms. 
In'practice, .his standard is not always attain- 
able, and the following standard for water 
collected in the distribution system is there- 
fore recommended: 

(1) 'T l~ ro~~g l~o t~ t  any year, 95% of Sam- 
ples should not contain any coliform 
organisn~s in 100 mi. 

(2) No sa~nplc should contain E. coli in 
100 mi. 

(3) No sample sl~ottld contain more 
than 10 coliform organisms per 100 
n1l. 

(4) Coliform organisms shoi~ld not be 
detectable in 100 ml of any two con- 
secutivc samples. 

If any coliform organisms arc found the 
minimum action required is immecliate re- 
sampling. 'The repeated finding of 1 to 10 
coliform organisms iii 100 ml, or the appear- 
ance of higher numbers in individual Sam- 
ples suggests that undesirable material is 
gaining access to the water and measures 
should at once be taken to discover and re- 
move the source of the pollution. 

The presence of any coliform organisms in 
a piped supply should always give rise to 
concern, but thc measures--apart from the 
taking of further samples-that may be con- 
sidered advisable in order to safeguard the 
purity of the water supplied to consumers 
will depend on local conditions. 

The degree of contamination may be so 
great that action should be takcn without de- 
lay, even before the result of the examination 
of a.repeat sample is known. This is a matter 
for decision by those who know the local cir- 

cunistances and who arc responsible for safe- 
guarding tllc health of ihc community. 

2.3.2 Individual or small conimunity 
supplies 

Where it is economically impracticable to 
supply water to the consumers through a 
piped distribution network anci where rcli- 
ance lias to be placed on individilal ~vells, 
bores, and springs, the standard outlincd 
above may not be attainable. Such a standard 
should, however, be aimed at and every- 
thing possible sl~ould be done to prevent pol- 
lution of the water. By relatively si~ilple 
measures, such as tile removal of obvioils 
sources of contamination from tlie catchment 
area and by attention to the coping, lining, 
and covering, it should be possible to reduce 
the coliform coi;nt of water from even a shal- 
low well to less than 10 per 100 n11. Persistent 
failure to achieve this, particularly if E. coli is 
repeatedly found, should, as a general rulc, 
lead to condemnation of the supply. 

Evaluating Chemical and Physical Properties 

Altl~ough the greatest threats to human health in 
drinking water are bacteriological, the chemical and 
physical propertics of wa ter are also significant. Many 
chemical substances are tosic, and physical character- 
istics may lower the acceptability of water for domes- 
tic use by affecting its taste, odor, or appearance. 
Where possible, chemical and physical properties of 
water should be evaluated through laboratory analy- 
sis and sanitary surveys. Such examinations are con- 
ducted much less freqttently than those for biological 
disease-perhaps once a year rather than once a 
month (or even every day, depending on the size of 
the population involved). 

Direction of stream flow 
I I I 

Bottle held 
at base from body, boat or bank Into 

current 

\ Taking a Sample from Stream or Lake 



Toxic Chemical Substances 
A number of potentially harmful chemical sub- 

stances enter the human body as it comes into normal 
contact wit11 the environment. I f  they are also present 
in certain concentrations in drinking water, they are a 
danger to health. I-low great a danger depends upon 
the aniount of water ingested, body tveiglit, and 
aniount of the s~tbstance obtained from sources other 
than drinking tvater. Assunling an average daily in- 
take of water of 2.5 liters by a man weighing 70 kilo- 
grams, WI-IO's 1971 standards propose the following 
limits': 

Fluorides occur naturally in many public water sup- 
plies and are also found in foods. The average daily 
intake of fluoride may thus be substantial for some 
people. Fluorides may be beneficiai (they prevent cav- 
ities in the teeth of cliildren, for example) and, in the 
United States and Latin America, are typically added 
to drinking tvater when naturally absent. I f  ingested 
in excessive amounts, however, fluorides cause dis- 
coloration of teeth and even certain bone damage in 
children and adults. 

WHO'S 1971 fluoride liniits, adapted from USPHS 
drinking water standards, are as follows: 

Table 5. Tentative Limits for Toxic Substances 
in Drinking Water 

S ~ I ~ J S ~ I I ~ ~ L - C  Ll11pcr liii i i l  of c i ~ i i c ~ ~ i i l r ~ i l i o i i  

Arsenic (as As) 0.05 mgll 
Cadmium (as Cd) 0.01 mgll 
Cy.lnidc (,IS CN) 0.05 nigll 
L.cad (as Pb) 0. I mgll 
blercury (total as tlg) 0.001 mg/I 
Sclciiii~m (as Sc) 0.01 mgll 

'mg/l equals millil;ranis per liter 

Other Cliemical Substances 
Contaniination of ground or surface water with pes- 

ticides (a term that incl~tcles insecticides, herbicides, 
and fungicides) Inay be the result of intentional appli- 
cation (for esample, weed or insect control programs), 
industrial pollution, or agrictiltttral runoff. Altho~tgh 
pesticides 111 water s~tpplies generally make only a 
small contribt~tion to tlie total daily intake for particu- 
lar pop~tlations, they can create health problenis. For 
this reason, WHO and the Food and Agrict~lture Or- 
ganization keep pesticides under constant review, 

Nitrates 
Nitrates, if they are present in drinking water at 

concentrations higher than 45 mg/l, may be a health 
hazard to infants and possibly older children. Nitrates 
may cause n~ethemoglobinemia, a blood disease. If a 
water supply contains nitrates higher than the recom- 
mended liniits, an alternate source of drinking water 
for infants should be used. 

Table 6 .  Recommended Controi Limits for Fluorides 
in Drinking Water 

and there is at least onc center in eacll Co~lntry or Physical and Aesthetic Characteristics 
region that ciln carry out investigations into pesticide Water supplies may have many chemical-related 
rcsidues in clrinking water. characteristics that are not linked directly to liealth in 

the same way that arsenic or  nitrates are. However, 
they are linked indirectly because by affecting taste, 
odor, and appearance, they help determine wlietlier 
people are willing to use the water. People may shun a 
water supply that is safe in favor of a source tliat is 
bacterially contaminated if the former is smoky in col- 
or (turbid) or fishy in smell and tlie latter is not. These 

- "aesthetic" properties of water may be considered 
more important t l~an health-related factors. For this 
reason, drinking water standards commonly include 
tests for these cl~aracteristics. The WHO 1971 stan- 
dards are shown in Table 7. 

The Application of Drinking Water Standards 

Pr~Siems associatcd with the adoption and applica- 
.-' brick, large bolt) tion of recognized water quality standards are, to 

some extent, caused by failure to ttnderstand what 
purposes standards serve and Iiow they should be 
used. Standards are too often allotved to substitute for 

/ \ l i l i i r~i l  I IVL*~II,SC [I/ 

i i ~ t ~ . v i i i ~ i r i i ~  ~ f ~ i i l y  , ~ i r  
l ~ - t i i ~ ~ ~ r ~ i t i ~ r ~ ~  i i i  'C 

10.0-12.0 
12.1-14.6 
14.7-17.6 
17.7-21.4 
21.5-26.2 
26..3-32.6 

Rrc i i i r i i i ro~d~d coiitrol lirrrils 
for f l i ror i l fa  (ns F )  

irt rli,yII 

Lorcrrr 

0.9 
0.8 
0.3 
0.7 
0.7 
0.6 

111~1)~-r 

1.7 
1.5 
1.3 
1.2 
1.0 
0.8 



common sense nnci jttdgmcnt. Ii these two ingrcdi- poorest country to increasingly enforcc bacteriologi- 
cnts are not left out o i  the mis, stl~ndarcis can play a cally safe water standards. 
uscful rotc in p~tblic health protection. 

A rilorc legitimate concern is economic in nature. Judgmental Factors 
Poor nations fear tli'lt they will not bc able to afforcl A review of the standards adopted by 18 countries 
the Iiiboratory tests and ficlci survcys in\lolved, and i t  and of the 1971 WHO recommended standards re- 
is t r ~ ~ c  tliat tlic total pack'igc of stiinclards, controls, veals a remarkable uniformity. Althougl~ differ- 
infrastructure, anci equipment for an ct'fcctivc pro- ences occur in maximum pern~issible concentartions 
gram can be cspcnsivc. Nc\~crthclcss, tlie ~~scfui; less of a riumbcr of the cl~emical, physical, and bacterial 
of goocl bacteriological testing of water at all stascs of limits, these riifferences are usually not large be- 
its collection, storage, treatment a ~ i d  delivery is so cause most are based on WHO standards. With re- 
great in assuring the quality of tlic consun~cci rvatcr spect to bacteriological standarcis and quality, i t  is 
that p r ~ ~ d e n t  but strong cfiorts should be macle in the notetvortliy that there is total agreement on use of 
Licvcll>pment of nLltionnl or regional ,vi,; pro- coliform organisms and Most Probable Number or 
grams to provicic for bacteriological testing 11: rvatcr Membrane Filter counts as indicators of contamina- 
samplcs within the Wl-10 lluality staltciarcls for sani- tion of public health significance. In conkrast, a wide 
pling and hLindling. In practical t~:rms, this mcans spectrum of practice exists in tlie use and application 
pro\fiding bacteriological laboratories with the capa- of the standards. Many countries adopt WHO stan- 
bility oi cioin!: totLil coliiorm and E. coli standard dards but fail to enforce them. 
counts that arc SC) Ioca[cci in r ~ l ~ i t i i ~ n  to tlie systcms While there appears to be gcncral recognition that 
being tested tliLit tests can be bc,qun within 24 hours standarcis serve a useful purpose, whether as  goals or 
after the s a n i p l ~ ' ~  drc cira\vn. With such n~inimurn lab- design specifications, people of differing disciplines 
oratories in place, i t  sliould be possible f1.r even t11c have in the past frequently been critical of specific 

standards. A review of the standards and of tlie prob- 

Table 7. Substances 

51111.1~111i1. or 
~ ~ / I ~ I ~ I I ~ . ~ ~ , ~ I s ~ I ~ ~  

Sub5talncc. c.iusin): ~lir~.cilur~~tiuti 

Suhst inctss c,~t~htui): cic1(11rrs 

Suh.;t,~,ici% r,~usin): t.~stcs 

Su.spcndt,cl niattcr 

Tiit,il sulitls 

111 I r i~t~ge 

Anionic iictcr):ctit~"' 

hliner,~l ci i l  

I'l~ctiolic c ~ r ~ n p t r ~ t t ~ t I s ( ~ ~ ~  pli~*tiol) 

l'ot.11 hartltic.ss 

C.iIri~rtii (,is C,i) 

Chloridc (,is CI) 

Ctrppcr (,is Cu) 

l r t i t i  (ttit4il ,15 I+) 

hlagncsiutn (as lvlg) 

hl.ingancsc (,IS hln) 

Suliatc (.IS So,) 

Zitic isis Zn) n 
'On the platinum-cobalt scale. 

"Turbidity units. 
"'Diffcrcnt rcfcrcncc substanccs a rc  used in different cot~ntr ics .  
Source: Ir~frrirrrlic~trc~l Slrrrrrl~tril.s /or Dritrki11,y CVlrfcr, World I-lcaltli Orgcinization, Geneva, 1971. 

and Characteristics Affecting 

~ I I I I ~ ~ * S I I ~ I I ~ L ~  tY/tq1.f f11111 
IIIII!~ lqt. jin~ii~re.~.~! -- 

Ui~clil~ir~~ti~rn 

Otlours 

.l',~stcs 

Turhirlity; piihsibly g,is:rciitilchli~i,~l 
irritalitin 

TClstl~; gaslrciititcstinaI irritalicin 

'I',islr; corrusioti 

'I'.~stc and k~.iniiuig 

'I',ihtts dlid O ~ O L I ~  .~ftcr chI~)riti.~tioti 

Tli>tc. p,irticuI.irIy in chl~riti.l~c~I 
\\',it~~r 

li\ccssivc sc.ilc krrm,ititrn 

E\ccssivc hcale iorrnation 

Tdhtc; ciirr11sioti it1 Ii(it-\wtcr hy6tcn1s 

r\stringcnt t,~ste; discoluri~lion ,tnd 
ccirrosioti of p i p s ,  lilting!. ,in~l 
utcnsils 

7;1st~; discolor.~titrn; dcp~isits .~tid 
gro\+ftli iif iron b,~clcria; turbidity 

I l'irdncss; t,~stc; jidslrointcstin.il 
irril,ition i i i  Ihc presence of sulfate 

.I' dh e; i 1.. ~ s ~ i r l ~ r ~ l i o n ;  . dc~os i t s  
in pipe" tcurbidity 

Castrointcstinal irritation 
when niagticsium or sodiuni ilrc 
prcscnt 

/\slringrnt t,istc; op.ilcsccncc and 
sa~id-likc dcposits 

the Acceptability of 

Iiigyhe-st ik-sr~rrl~/t~ 
/CI  r.1 

5 ~ t ~ l i t ~ '  

Unt~bjccticrtiablc 

Uu~oLi~cctioti.il>Ic 

5 units" 

500 mg/I 

7.0 1t1 8.5 

0.1 mgll 

0.01 tngll 

tI.Otl1 tng!I 

2mEq"" 

(100 tng'l C.IC~=) 

/> 11igIl -- 
?UO nifi/l 

0.05 nirlI 

0.1 mfi1l 

Not morc 111.111 30 n~g!l if  thcrc drc 
150 mgll of sctlfate, il llirrc is 
lcss sulf.ilc, magncsiumup to 150 mfill 
niay Llc allo\vril 

0.05 mg/l 

200 mgll 

5.0 mg/l 

Water for Domestic Use 

~II I .YI I I I I I I I I  ~~t~r~irIssiI~/c 
Itvlr*l 

50 tunits' 

Utiobjcctii~n.~blc 

Unobjcctit~tiahlc 

; units" 

I500 nigll 

6.5 to 9.1 

1.0 mg/I 

0.30 nigll 

0.002 mfi/I 

l(1tnEqll 
(500 nidl CaCo?) 

200 nigll 

600 mg/l 

1.5 1ng1I 

1.0 tngll 

I 

. 150 mg/l 

0.5 tngll 

400 nlgll 

15 nigll 



lenis wliicli motivated the criticisms reveals, among 
otlicr things, that niost of tlic tro~tble has occ~lrrecl 
over bacteriological standards. Clicniical standarcls 
have appeared to draw criticisni only from those un- 
able 113 distinguisli between standards for toxic sub- 
stances and tliosc for such q~lalitics as corrosivcnt.ss, 
hardness, and otlicr characteristics having little to do 
with hcaltli. 

Aclclitiorial criticisms involve urban and rural appli- 
cation of stanl:'ards. There seem to have been few 
challenges of tlic accepted standards (such as those 
proposed by WHO) in application to large urban tva- 
tcr systems. The number of problcnis increases as  the 
size of the systenls dccrcascs. I t  can bc said witli rea- 
sonable certainty that the problenis of applying clrink- 
ins watcr standarcls are csscnlially tlie problems of 
rural water supply quality. This does not mean tliat 
tlierc have been rlo problems associated witli npplica- 
tion of the standards to large urban systems, only tliat 
urban problems can be more easily soivcd because of 
the greater resources available. The difficulty of ap- 
plying broad policies and standards to numerous 
small systems makes tlie problem more complicated. 
I t  is liere tliat judgment and technical competence in 
the interpretation of field and laboratory data is niost 
important. 

Econoniically, it is t~sually less expensive to make 
water bacteriologically safe to drink than to nieet some 
of the chemical and physical standards, especially 
those concerning toxic substances. Fortunately, in 
most areas, tlie task is one of taking the present 
sources and, through constr~~ction and protection, 
making them capable of niecting the bacteriological 
stanclards rvitliout chemically altering a water which 
tlie people already are accustomecl to drintcing. In oth- 
er worcls, prudent use of the standards Incans an em- 
pliasis on the important standards and a downgrad- 
ing of tliosc standards which arc of no licaltl~ 
significance. This assumes, of course, that tlie chemi- 
cal levels are not toxic. 

Cost Factors 

Tile cl~~cstion is sometimes asked whether it would 
not be better to employ less strict standards and to use 
tlic savings to provide rvatcr to more people, to in- 
crease convenient access to the supply, or to expand 
tlie quantity available. The implication is th'lt con- 
struction of supplies which produce tvater meeting 
tile WHO or othc~r rccognizcd standards will increase 
cclsts substantially over thusc for less rcfinccl systems. 
Unfortunately, those who raise tlie question seldoni 
indicate whether they bvould use anotlicr standard 
(c.g., one which permits twice as many coliform or- 
ganisms, or tivice as much arscnic, or three times as 
much nitrate) or none at  all. 

- As noted, conlpliancc with bacteriological stan- 
dards is usually much easicr and much less cosily than 
liieeting chemical , ~ n d  physical standards. Where all 
available sources of water nearby contain levels of 

toxic substances in excess of the standards, conipli- 
ance will usually be costly, requiring extensive treat- 
ment or transportation. Fortunately, tlierc arc not too 
many areas of the world where such problems arisc, 
although these do include portions of Argentina, 
Chile, Yemen, and Tanzania. In these areas, problenis 
will have to be considered on a case by case basis, 
taking into account alternative sourccs, epideniiolog- 
ical evidence, and other factors. 

Meeting most bacteriological standards should usu- 
ally require no greater investment than that necessary 
to make the water simply accessible and palatable. In a 
few instances, it may involve the additional capital, 
operation, and maintenance costs of chlorination; in a 
few others, the costs of filtration. 

Where ground tvater is available, it is almost always 
tlie best source of supply for rural areas. In most coun- 
tries, properly located, constructed (i.e., protected), 
and maintained wells whicl~ are deeper than 4ni and 
which take water from consolidated aquifers will pro- 
vide water ~vliicli, with few exceptions, will meet the 
strictest of bacteriological standards without need for 
chlorination or further treatment. Where wells and 
springs can be protected and made tight, reliance can 
be placed on good maintenance to yield water of high 
bacteriological quality. Routine laboratory testing or 
further trcatment will normally not be required, and 
costs need be no greater than if no standards were to 
be met. 

In rural areas where surface watcr is the only avail- 
able source, some form of trcatment will be necessary 
to nieet safety standards. Treatment must include 
making tlie water acceptable for drinking by the peo- 
ple and sliould also include making i t  safe. The cost of 
doing both will usually be little more than for one. 
Depending on raw water clial~acteristics, treatment to 
make surface water suitable for drinking can range 
from simple settling to chemical precipitation and fil- 
tration for reduction of turbidity. It may sonietimes 
also include taste and odor removal and reduction of 
iron and manganese. Each of tliese processes directly 
concerns acceptability of the water for drinking. Some - 
will affect usage. where these capital and operation 
costs have been accepted, the cost of adding cl~lorina- 
tion to any one of these steps required to make tlie 
tvater palatable involves such a small additional in- 
vestment that i t  is usually insignificant. 

In cases wl~ere  the costs of meeting standards are 
high, questions of alternative uses of the resources are 
unavoidable. But evcn in those cases, tlie questions 
frequently arisc from the misapplication of standards 
ratlicr than from standards pcr. sc. Common sense in- 
dicates that condeni~~ing a \~rc~tcct~i l  well on the basis of 
a single sample showing 10 coliforms/100 ml is inap- 
propriate, and that evcn tvlicre that level is consistent- 
ly observed through an adequate sanipling program, 
prohibition may drive users to rir~~~rutccled and clearly 
contami~iated sources. Water quality standards are a 
means to better I~ealtli, not an end in tliemselvcs. 
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PART TWO. WATER SUPPLY AND 
WASTE DISPOSAL SYSTEMS 

CHAPTER FOUR: WATER SUPPLY SYSTEMS 
CHAPTER FIVE: WASTE DISPOSAL SYSTEMS 

Part One described t11c relationship between watcr 
supply, sanitation, and health in clcvcloping coun- 
tries, st~rveycd the principal ~ v a  tcr-rcla ted diseases 
found in those countries, and cncouragccl the cstab- 
lislinicnt ancl use of sensible cvater quality stanclards 
as a mcans of preventing disease. The central theme of 
Part One is that improvements in water supply and 
sanitation facilities arc necessary to creLite a better 
l~ealth situation in t11c Third World. 

Part 'I'cvo desc;ibes the nature of the iniprovcn~clrts 
tliat can be maclc. Chapter Four gives dctails regard- 
ing the technology of watcr supply systems; Chapter 
Five docs the same for waste disposal methods. 'The 
central t l~cmc  of both chapters is the application of 
tccl~nology that is appropriate and available to dcvcl- 
oping nations at relati\lcly locv cost. 
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CHAPTER FOUR 
WATER SUPPLY SYSTEMS 

SUMMARY 

Altliougli water has many beneficial uses, the do- - 
mestic uses - drinking, cooking, cleaning, arid bath- 
ing - are especially important because of their 
relationship to disease and liealth. lmprovenients in 
water supply generally occur through changes in the 
source of water and in the nicans of distribtttion to the 
users. 

The technical steps involved in bringing water from 
its natural state to the user in acceptable quality and 
quantity are: 

Step I. Identifying a Water Soi~rct). So~trces 
are either surface water or ground water. 

Step 2. Retrieving the Water. This refers to 
the means used to retrieve tlie watcr froni its source 
and bring i t  into thc ciistribution system. Wells and 
intake structures arc examples of retrieval nietliods. 
Retrieval also includes devices for moving the watcr, 
such as windmills and pumps. 

Step 3. Treating the Water. This may not be 
necessary if there are no harmful contaminants in the 
water, lf there are such contaminants, there arc a 
number of treatment technologics available for deal- 
ing with them. - 

Step 4. Storing and Distributing the Water. Rinss to cap ruclls nrrd otllcr parts of wnter slipply systcrrrs rrtny lrc 
Water may be distributed directly from the source cortstrrictcd bcnlly. 
without storage. Since people do not ~ l s e  watcr at a 
constant rate, however, i t  is usually better to have a 
means for storing water in quantity so that liigli-de'- 
mand periods may be accommodated. 



CHAPTER FOUR 
WATER SUPPLY SYSTEMS 

. , 1 he value of water lies in tlic ability o f  pcoplr to use 
i t  for beneficial purposes and, throughout history, 
pco~71c Iiave been ingeliioils in devising \trays to llene- 
fit froni water as shown in Table Y. 'They use i t  irr lilr7r~' 
for thc propagation of niarine life, for ccinimcrcial 
navigat~on, for recreational pursuits and for its scenic 
~ ~ ~ i l u c ;  they use the flc~ill of ~vatcr  to produce hyriroclec- 
tric power or  to elispose of tvastcs; they illitl~rfrrrill water 
frclm the source to water their livestock, irrigate thcir 
fields, arici operate thcir factories. And, indiviciually 
or as groups, they rvithdraw tvatcr for domestic use- 
clrinkitil;, washing clothes, bathing, cleaning, aricl ex- 
creta ciisposal. 

t-lcrc we arc concerned with watcr for cionicstic use, 
bccausc i t  is this use that is niost ciirectly rclatcci to 
human health. I'coplc can make personal use of water 
in its natural state-they can drink from lakes and 
bathe in strcams. But much of the world's water is 
t~ndergrounri and not readily accessible, and the wa- 
ter that is on the surface is often neither safe nor con- 
\~cnicntly located. T ~ L I S  water often is unavailable fur 
domestic anci personal use without cvatcr supply 
systcnis. 

An Overvie~v of Water Supply Systems 
In its siniplest ter~iis, a "water supply systcn~" is a 

tvater source and a means of getting the watcr to the 
user. I f  a person rvalks a considerable distance to a 
stream, fills a jug with water, ancl rctt~rns home, this 
isa water supply systeni. If, in a city, water is punipcd 
mechanically from a deep well, stored in a large tank, 
treated in an expensive plant, arid distribtltcd tlirclugh 
pipes to kitchens arid bathrooms in honics thrii~~gli- 
out the area, this is a watcr stlpply system. Improvc- 
nients in water supply systems are made froni a 
baseline defined essentially by tlie source of water and 
the means of distribution to tlie user. With the source, 
the important concerns arc tlic quality and quantity uf 
the watcr; with the means of distribution, the main 
considerations arc protection from contamination and 
convenience to the user. Both are important from a 
health standpoint. If the water source is contarniriatcd 
and the water is not treated, disease may result. Or if  
there is no storage and the quantity at any given time 
is not adequate, tliere may not bc water for necessary 
washing. Whatever tlie quality and quantity of water, 
if it cannot be retrieved and protected, or if access to it 
is inconvenient, it may not be used and, again, tvater- 
related disease may be the result. 

Table 8. Beneficial Uses of Water 
I 

\.Valer Supply 
Domestic (personal) 
Industrial 
Irrigatiot~ 
Stock and CVil~llifc 

Propagation of Marine Life 
Fish 
Shellfish 
Others 

Rccrtw tion 
S\vtnirning 
Plcaslrre Boating 
Sport Fishing 
Other Water Sports 

Commercial Navigation 

I Hydroelectric Power Pr.,duction I X I 

I Wastes Disposal 1 X 1 
Scenic Valucs X 



As Figure 2 sliows, there can be a variety of water 
supply systems based on type of source 'ind means of 
distribution, ranging from least desirable to must de- 
sirable froni a Iie~~ltli st'lndpuint. In System 1, the 
silttrce is "uniniproved," i.e., highly susceptible to 
gmni contmiination. I t  niay be a pone1 wliere scliisto- 
somiasis lurks, or it may bc a step well containing 
Guinea ~vorni larvae. Likewise, the distribution is in- 
cimvcnient since each household niust obtain the wa- 
ter directly from the source. Time is lost fro111 other 
~vork and the water carrier niny be esposccl to water 
site diseases, such as trypanosomiasis. 

I,? System 2, although bvCi ter niust still be carried to 
the household, tlie tvatcr source lias at lcast becn im- 
proved. This niay be a natural spring that lias been 
protected froni surface contamination or n dug well 
with a Iiandpi~nip. In System 3, tlie means of distribu- 
tion has also becn improved. A small pipeline now 
r i~ns  O L I ~  fr011i tlie water source. 1-Iouschold carriers 
need nut go as far to water because they only walk to a 
tap on the pipeline, not to the scxlrce itself. 

While Systems 1-3 assume J scatterecl populatior~, 
System 4 assumes at lcast a cluster of households or a 
village setting. There is piped clistribuliu~i to a central 
place froni which all nearby ho~tseliolcls obtain water. 
In System 5 ,  there is even better distribution because 
an outlet for water has been proviclcd t'or each liouse- 
hold. In this case, the water source. litis been further 
improved by the addition of a treatnnent facility. In 
System 6, tlic n,ost desirable sittlation, there is an 
i~nprovecl soul-cc =,nc? a treatment facility, a ~ ~ d  water is 
piped into each Iiousr!~old, possibly to several taps. 

In developing nations, thc prevailing situation is 
still often System 1. Any iniprovcmctit bcyoncl tli'il is 
desirable. The niovc to Systcni 6 may tvcll be too cost- 
ly for many communities, and sonic inter~iiecliate 
stage will have to be accepted. 11 typical dct~cloping 
nation will have populations involtlcci in all six sitita- 
tions. The anno~tnced goal of tlie International Dcc- 
adc for Water-universal access to safe drinking rvater 
by 1990-might be acliicved if all people at least liacl 
Systeni 2 by the year indicated. Many nations will 
probably want to d o  better than that. 

The total activit}? necessary to niovc cclnimi~nities 
beyond Systeni 1 may be describecl as a development 
process. The process typically incluclcs an  assessment 
of needs, usually in ternis of esisting facilities ancl the 
likely impacts of improved facilities and a strategy for 
meeting the needs; some type of community orgcitii- 
zativn or other community involvement; nrrangc- 
mcnts for financing the facilities, including a plan ior 
user charges for service; and the design, installation, 
operation and maintenance of the facilities 
themselves. 

The first three elements of the development proc- 
ess-planning, comniunity participation, dncl financ- 
ing-are discussed in Part Three. The design, 
installation, operation and maintenance of tvatcr and 
waste disposal systems are the concern of this and tlic 
follotving chapter. As for water systems, their devel- 
opment occurs in four steps, each step representing a 
stage in applying technology to bring water from its 
natural state to the user in acceptable quantity ancl 
quality. The four steps are: 

Figure 2. Water Supply Systems Based on 
Source and Distribution Method 

System 1 System 2. System 3. 

System 4. 

f3 
System 5. @ System 6. 
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Water Treatment Plant 



Step 1. Identifying a Water Source. jottrces are 
surface water and ground water. 

Step 2. Retrievirig the Water. Tlira term "source 
development" also describes this step I t  refers to the 
nieans used to retrieve tlie water from its source and 
bring i t  into the distribution systeni. Wells and intake 
structures are esaniples of retrieval nieans. Retrieval 
includes devices for actually moving the water, sucli 
as rvindmills, hand and electric pumps. 

Step 3. Treating the Water. This niay not br 
necessary i f  there are no harmful contaminants in the 
~vatcr. Freil~lently, there are sucli contaniinants. Var- 
ious technologies chin deal tvitli them. 

Step 4. Storing and Distributing the Water. Wa- 
ter niay be distributed directly from tlie sotlrce tvitl i-  
out storage. Since people do not use tvatcr at a 
constant rate, however, i t  is usually better to licive a 
nieans for storing tvater in quantity so that high-de- 
niand periods niay be acconiniodatecl. Storage is usu- 
ally needed in sytenis that must treat the water. 

After water facilities have been installed, tliey must 
be operated and maintained if tliey are to perform 
reliably. Depending on the design, there may be tasks 
associated wit11 the normal operation of tlic systeni, 
stlcli as the addition of a chemical treatment agent on 
a periodic basis. Some maintenance tasks may be rou- 
tine, such as tlie cleaning of a filter. In addition, all but 
tlie most primitive systems require repairs froni time 
to time. The importance of this aspect of a water sup- 
ply systeni sliould never be overlooked. 

'l'lie operation arid ~tiaintenance function relates to 
cacli aspect of the development proccss. I t  must be a 
part of planning because the human resource rccluirc- 
ments of the system must be corisidcrcd. I t  must be 
takcn into account in financing because the clicapest 
system to install may not be tlie cheapest to maintain. 
I t  may be part of conimunity participation because 
conimunity residents may have to operate tlie systcni. 
I t  is, of course, a part of design because case of oper- 
ation and maintenance is a factor in the choice of all 
systcni components. 

With this overvietv, the remainder of this chapter 
describes the basic teclinology of tvater systems. 'l'lie 
discussion is organized by tile steps in systeni dcvel- 
opnicnt described above, concluding with a section 
on operation and maintenance. 

Identifying a Water Source 
Tlierc is enougli tvater on tlie planet to meet a11 

reasonable Iiunlan needs for tlie foreseeable future. 
'I'lic E'irtli docs not appear to be "drying up" by any 
natural process. klotvevcr, water is not distributed 
cvcnly, either on tlic s~~r facc  or beneath it. Africa, for 
csa~nple, includes both arid deserts and dripping rain 
forests. In addition, tlic things that people d o  in the 
conduct of tlicir lives-irrigating crops, operating fac- 
tories, building cities, maintaining livestock, install- 
ing plumbing-all liave a tremendous impact on tlie 
available water. Any nation undertaking a plan for' 

Figure 3. The Hydrologic Cycle 

providing its citizens tvith safe water must first an- 
swer tlie question, "Where will tvc get tlie cvater?" To 
answer the question i t  is necessary to uilderstand 
sonietliing of the sources of water in general and of 
the factors to consider in identifying specific sources. 

The Hydrologic Cycle 
Tlie tvater of the earth is constantly moving and 

changing forms in a process known as tlic hydrologic 
cycle. The total quantity of cvater available at Ilie 
earth's surface at any given time is substantially con- 
stant. Altliough minor amounts are contributed from 
volcanic sources, most of the available water is in con- 
stant circulation through three layers: 

the lithospliere (the crust of the earth) 
the liydrosphere (oceans and other bodies of 
surface water) 
tlie atmospliere ([he air above the earth) 

Huge quantities of water are temporarily removed 
froni circulation because they are buried in sedimenta- 
ry deposits or frozen as  ice. (In fact, about SO percent 
of the earth's total fresh water supply is in the form of 
ice.) Tlie remainder is subject to cvaporation, which 
may be taken as a beginning point in tlie cycle. 

Approximately 95,000 cubic miles of water evapo- 
rate from the eartli's surface to the atmospliere annu- 
ally. 'l'l~e exact amount varies according to local 
temperature and wind conditions. Mucli of this evap- 
oration forms clouds and returns to the ocean in tlie 
form of rain, snow, sleet, or fog. Other clouds, driven 
by regional wind patterns, move overland and precip- 
itate on the land surface. Part of the precipitation 
evaporates directly back into the atmosphere, forming 
one of the many short-circuits in tlie l~ydrologic cycle. 



Water falling on the surface of tlic carth can take 
several possiblc rou tcs: 

(1) !t may evaporate clircctlv. Some falling water 
collects on soil or vegetation froni which it directly 
c\~aporates. For csample, when the sun bursts out 
after a heavy rain, wet Icavcs will rapidly lose thcir 
nioist~~rc to tlie atniosphcrc. 

(2) It may temporarily become surfacc watcr. 
Some ~vatcr falls directly or  flotvs overland into sur- 
face dcprcssions, thus changing for the n~on~c t i t  thc 
volume of watcr stored o n  the surface. 'Shis is called 
surface water. S o n ~ c  of this watcr will be returned to 
t l ~ c  atniosphcrc through evaporation; tlic remainder 
eventually flows back into occa:is tvhcrc yet more 
evapor"io~i map occur. 

(3) It may become ground watcr. Much of tlic 
water fallin); to the surfacc penetrates the carth's LIP- 

per soils, which arc porous. 'I'hc watcr then slowly 
works its way docvn to the lotvest possible level, filling 
tlic tiny openings in the carth (pore spaces) and the 
cavities in rocks. This is grouncl water. ?'he level be- 
low whicli all of the gore spaces arc fillecl with water is 
known as  the water table. 'I'hc watcr is contained in 
"~lndcrgrounci rivers" called aquifers. 

I Ire e ,  ,tporcition process docs no1 end ivhcn the 
water cntcrs the grouncl. Some of tile water penetrat- 
ing tlic eartli is intercepteel as i t  movcs do\vn\varcl 
toward tlic watcr tablc and is brought back to the 
surfacc, where i t  evaporates, by a natural process 

Sonrc ~cmtcr is stored rri~der~roritni nirrl titrrst bc ralclrcd ?oit/r n iclcll called ~ ' ~ i l l ' r ~  act'". 0th" wafer is interce~te' (n/10uc, iu/li/p soiilc c,t,LygL>s tlfitl,rnl/y t / l rqy , l  sprjilss ( ~ l p / c ~ i u ~ ,  
plants, which use some water to sustain themselves 
and pass the rcni1iinder back to tlie atniosplicrc 
through thcir leaves (transpiration). There is, of 
course, great variation in the amount of water used by 
plants and in the depth of tlie soil from which they 
draw water. 'I'yye of plant life tlitts liac an important 
inipacl on water S L I ~ ~ ~ Y .  '~liroilgli all pliascs of tlic 
hydrologic cyclc, watcr quality changes. As water 
cvapor'i tcs froni tlic ocean, fresh water Iakcs, streams 
arid ponds, or as i t  is transpirerl into the atmosphere 
by plants, it is \.# . y pure. As it cntcrs the atniospherc, 
i t  comcs into contact with very fine-graincd matter. 
This "particulate" matter may be natural (volcanic 
dust, salt crystals) or man-niadc (fly ash, sniokc) and 
is instrumental in the formation of rain droplets or ice 
and snow. As a conseqtlcnce of this atmospheric con- 
tact with particulate tilatter, precipitation, whether in 
thc form of rain, ice, or snow, acquires minor quanti- 
ties of cheniical impurities. 

As groitncl ~valcr  moves tlirclugh rock anci soil mate- 
rials, i t  becomes cnrichccl in thc various elcments dis- 
solvccl from tlic clcco~nposing materials. 'She water 
tctids to incrcasc mosl commonly in hardness, alka- 
lini ty, carbonli tes, sulfates, chlorides, iron, and man- 
ganese, Watcr discharging froni tlic ground into 
intersecting streams ultimately returns to tlic sea. 'I'11c 
load of rlissol~~ed constitttents, as ~vcll as the suspend- 
ed load clf clays and silt, is deposited in the sea atid 
remains thcrc as tlic rvatcr continues in the cycle. 



Also, wl~cthcr watcr is on the surface or in the 
g r o i ~ ~ i d ,  i t  may acrluirc mall-made clicmical or biologi- 
cal impurities. 

In sum, tlic paths followed by watcr in the hydrolo- 
gic cycle determine not only the quantity of water in a 
given place but also its quality. T11ese paths also pro- 
vide 11s rvitli the most basic classification for water 
sourccs: s~~rfi?ce watcr arid ground watcr. Surface wa- 
tcr consists primarily of flowing (rivers and other 
streams) and csscntially non-flowing (lakes and 
ponds) bodies of tvater, but it also inclc~des rainfall 
itself and springs. A spring is found wlicrc groi111rl 
water naturally discharges to the surface. 

Surface Water Sources 
Streams may be eithcr intcrmitten t (they stop f ow- 

ing during dry seasons) or percnnial. Streams that 
depend entirely on dircct runoff of rainfall for tlicir 
source of supply will be dry when where is no rainfall. 
Streams that receive a significant portion of their flow 
from grouncl cvatcr, in the form of seepage along the 
course of the stream bed, or fro111 springs, have much 
morc reliablc flow during pc:iods of dry wcatlicr. 

Where a strealn is in contact with an underlying 
aquifer, composed of sand and gravel, limestone, or 
sandstone, there is dircct eschangc in the form of 
discharge or recharge between the stream and the 
nquifcr. At tlie end of an extended dry period, 
groundwater levels in the aquifer will be low, tvitli 
much of t11c shallo~v storage in tlic aquifer depleted. 
Watcr levels in the st re an^, rising in response to rain- 
fall, will be higher than those in the grounrl and thc 
stream will lose watcr into the aquifcr, refill it, and 
replace the s!oragc that was lost during the dry 
season. 

Di~ring dry seasons where thcre is little or no pre- 
cipitation to sustain streamflow, the water lcvcl of 
streams is often lower than the tvater lcvcl of thb sur- 
rounding aquifer. In this case, ground watcr from the 
surrounding aquifer discharges into the streanl, stis- 
taining a low flow through the dry season, When 
small or ii~termediate-sized strcan~s normally flow 
through the dry season, they probabl) arc sustained 
by groundwater recharge. 

Because the ultimate sourcc of all water is precipita- 
tion-whether in the form of rain, frost, sleet, or 
snow-the character and quantity of water available 
for runoff into streams is conirolled by climatic and 
physiographic factors. Significant among the climatic 
factors are: 

Precipitation: Form, intensity, duration, 
areal distribution, seasonal , 

distribution, and frequency; 

Evaporation: Temperature, wind, surface 
area; 

Interception: Type of vegetation, densi- 
ty of vegetation; 

Transpiration: Type of vegetation, soil 
moisture, h~~miclity, wind, 
duration and intensity of 
sunlight. 

Among the physiographic factors arc: 

Size, shape, gradients of the drainage basin; 
Soil moisture at time of precipitation, type of 
soils, land use and cover, permeability of soils, 
infiltration capacity of soils, groundtvater 
levels; 
Stream channcl geometry: cross section and 
longitudinal profile of stream, channcl storage. 

In choosing a surface water s ~ ~ p p l y ,  i t  is usually the 
low-flow character ok the spring or stream that is most 
important. If cvcn limited information abot~t  climatic ' 
and pliysiograpliic factors is available, it is olten possi- 
ble to make valid, preliminary judgments about thc 
low-i;ow reliability of a supply. For cxan~plc, an area 
of steep slopes, imperlneable soils, and small channel 
cross-sections receiving a few high-point intensity 
storms seasonally will probably be subject to flash- 
flooding and have no sustained dry-season flow. Con- 
versely, an area of moderate slope, well-distributed 
rainfall, permeable soils, and broad stream channels 
can be expected to have a mucl~ more favorable low- 
flow cl~aractcristic. I f  the latter area is heavily covered 
with vegetation, the seasonal fluctuation of ground 
water may be affected. 

Lakes are depressions containing water that were 
formed by natural and man-made activities. In deter- 
mining whether or not a specific lake can be used as a 
water source, primary consideration must be given to 
the amount of water available from storage in the lake, 
the amount of water recharged to the lake seasonally or 
annually, and the quantity of water that is intended to 
be withdrawn from the lake annually and during peak 
demand periods. I t  is obvious that if  annual recharge 
is less than annual discharge, the lake will eventually 
dry. For large lakes wit11 great volumes of storage and 
large surface areas to intercept rainfall, withdrawals 
by small water-supply systems will have no signifi- 
cant impact. Smaller lakes, and particularly man- 
made catchments, must be carefully evaluated wit11 
regard to both their storage capacity and the total 
amount, rate, and variations in rate or recharge. Re- 
charge can be in tile form of direct precipitation, sur- 
face runoff into the lake, in-flowing streams, or 
ground water. 

Another important factor in evaluating the yield of a 
lake or pond is the local rate of evaporation. Evapora- 
tion varies in proportion to the difference between the 
moisture content of the air at the surface of the body of 
water and the moisture content of the air above the 
body of water. Evaporation is affected by water and air 
temperature, wind, atmospheric pressure, configura- 
tion of the surface area, and water quality. Since all of 
these vary, the most reliable method of assessing 



evaporation in an unknown arca is by field invcstiga- 
tion using cvaporation pans. 

Rainfall, collected in cisterns, has been a sourcc of 
water for human use for centuries. In the simples1 
form of rainfall catchment, runoff froni a roof or other 
catchment arca is channeled into a storage basin. 'I'l~c 
storage basin must be large enough to meet the dc- 
mand for water through the dry season. Siniilarly, 
there must be sufficient annual rainfall to providc the 
runoff rcquircd to fi l l  the storage ba~ in .  

Springs can be a very good source of water for a 
commttnity stlpply. Generally, watcr froni springs 
can be used tvitliout treatnicnt if tlie sourcc is ade- 
q ~ ~ a t e l y  protected wit11 a spring box. Not all watcr 
from springs is free froni contamination. A sanitary 
survey of the spring site will help determine whetlicr 
con tamination is likely. 

Sanitary Surveys of Surface Sources 
A villagc interested in dcvelopnient of a comni~tnity 

tvater supply may have several sources of surface wa- 
ter available to it .  When a choice has to be made bc- 
tween sources, tlie quality of tlie water at tlie source 
and the quantity it  produccs must be consiclered. To 
determine tvater quality, a sanitary survey slio~tld be 
conducted. 

As discussed in Chapter 'Three, a sanitary survcy is 
CI field evaluation of local health and environnicntal 
conditions. Tlie goal of a sanitary survey is to detect all 
sources of existing and potential bacterial and chemi- 
cal contamination and to determine the suitability of 
the source for 3 community water supply. Information 
should be gathered through observation of local con- 
ditions, through sampling and testing of water, and 
through interviews and conversations with local lead- 
ers, hcaltli officials, and residents. The following fac- 
tors should be considered when doing thc survey: (a) 
physical cliaracteristics of the location cvhicli indicate 
potential contamination; (b) bacteriological qtlality of 
the water; and (c) physical and chemical qualities of 
the water. 

A water source should be as free from bacteriolog- 
ical contaminac: \n as possible. Tlie greatest and most 
widespread source of such contamination is human 
and animal feces and urine, or fecal contamination. A 
sanitary survey determines tlie degree to which water 
sources may be subject to harmful levels of fecal con- 
tamination. To find out if water actually contains fecal 
bacteria, it is necessary to take a water sample and 
have it  analyzed. 

By simple measures such as removing obvio~ts 
sources of contamination from a catchment area, fecal 
contamination may be controlled and even elimitialed. 
If contamination is not reduced by these ineans, then 
the water source sliould be considered unacceptable. 

The chemical and physical quality of water is also 
important. The problem is that only sottre chemical and 
physical properties can be determined through a sani- 
tary survey. Generally, complex laboratory testing is 
needed. In many rural areas, there is no laboratory for 

Surface zuatcr is oftell collcctcd bt corrtnirtcrs ntld cnrricd Irorrtcfor 
lac. 

water testing, and a sanitary survey is tlie only way to 
determine the suitability of a water source. An impor- 
tant element, discussed in Chapter Three, of a nation- 
al safe water program is the establishment and oper- 
ation of testing laboratories that can serve even the 
rural areas. 

In conducting the sanitary survey, bear in mind that 
100 percent acceptable conditions will rarely be found. 
Human, animal, and farm waste will be a problem in 
many areas. Water sources with some threat of con- 
hmination may have to be used as an alternative Lo no 
water at all. However, a safe groundwater source may 
be available and the community should look in this 
direction whenever a sanitary survey reveals (and lab- 
oratory analysis, if available, confirn~s) that surface 
sources are of questionable quality. 

Rivers ntrd Lnkes 

A study of the cliaracteristics of tlie watershed must 
be done to determine whether there are potential 
sources of contamination of surface water. The water- 
shed is the area within which rainfall flows over tlic 
surface of the ground into rivers and lakes. An accept- 
able watershed should be as free from human and 
animal wastes as possible. A11 area with latrines, sep- 
tic tanks or animals is not appropriate for a watershed 



" 
sourcc of fecal contamination tvhicli niay make water 
unsafe to drink. A study of the watcrslicd should also 
deterniine that streams entering ponds to bc uscd as 
water sclurces are not so contaminated as to make the 
s~tpply unfit for drinking. A contaminated stream 
flowing in tlic watershed could lead into th6'watcr 
supply and make the water unfit for drinking. 

Ideally, ti16 watershed sliould not be used fqr farm- 
ing. In densely populated rural areas, this ideal is vcry 
difficult to attain so atte~ition must be given to ground : 

water or plans made to treat the s~lrface water. On 
some farms, pesticides and fertilizcrs are used to in- 
crease crop production. Rainfall carries these elc- 
merits from the fields into the ivatcr source and 
contaminates it .  Also, if there are farms, erosion i's 
likely to occur. Thc soil that enters the pond or lake 
will settle to the bottoni and cause i t  to fill LIP rapiclly. 
This reduces the amount of water available to the us- 
crs and limits thc life of the pond. A bettcr site gliould 
be chosen, or trees and grass should be plclt~tcd in the 
watersliecl to prevent soil from entering thc tvatcr 
supply. Wliere an intakc is locatecl belorv an inhabited 
arca, tlic water qt~ality sliould not bc trusted. I f  tliere 
are possible sources of contamination upstream, then 
tvater trcatnicnt will be necessary. 

Direct Raitrfizll Cntcl~rircrrt Systcrrrs 

A sanitary survey can indicate potential sources of 
contamination in direct rainfall catclin~cnt systenis, 
~lsually roof catchments. The first stcp in the sanitary 
survey is to determine tlic roofing material already in 
place. Tile and corrugated metal niake tlic best collec- 
tors for drinking tvatcr. Watcr fl;oni tliatch~cl, 'arreci 
or lcad roofs is likcly to be vcrylcontaminntcd and vcry 
dirty. Catcliment systcnis sliould not be installed 
tvhcre liouscs have roofs rnadc froni thcsc materials, 
altl~ougli this rule is frcqucntly violated in developing 
nations. I f  possible, tile roofing should be tlpgradcd. 
Find out i f  a suitable cistern is available. The cistern 

during the wet season. 
Determine if tlir re arc sources of potential fecal con- 

, tamination. Livestock areas, privies, septic tanks and 
' othcr sewage disposal sitcs are sources of contamina- 

tion. If they arf located above the source or closcr than 
lOOm to it, contamination may occur and disease- 
causing bacteria can enter the water. 

The second step in the sanitary survey is to st~tdy 
the area at tlic spring site Tlic type of soil may indi- 
ca te that contamination is likely. Filtration to remove 
germs may be poor if permeable soil decper than 3m is 
within 15ni of tlie spring. Watcr passes quickly 
through coarse soils and pathogens are not filtered 
out. If this condition exists, or if tliere is any suspicion 
of contaniination, a water analysis must be done. 

, A spring flowing from limcstone may also be sub- 
ject to contaniination. Eartli movements create fis- 
sures and cracks in :;mestone allowing surface run-off 
to enter the ground rapidly with little or no filtration 
of inipuritics. If a spring flows from a limestone bcd, 
check the water after a heavy rain. If it appears turbid, 
suspcct surface contamination and eitlier analyze tlie 
water or choose a better site. 

Downspout can be turned 
to 1111 both conlalners 

Conta~ners on porch T~~ 
or plallorm 

sliould.bc clean, leak-proof anci covered to protect tlic 
cva tcr rluali ty. Direct Rainfall Catchment Systems 

Tlic first stcp in a sanitary survcy of a spring site is 
to determine thc pliysical conditions above tlic point 
wlicrc the tvater flows from the ground If tlierc arc 
large openings or fissures in the bedrock above : ! ~ r  
spring, co~it~i~iiination of tlie spring fro111 surfacc run- 
off may occur. Surface runoff cntcrs thc ground 
tliro~tgli the fiss~~rcs and contaminates thc spring tva- 
tcr ~lndcrgrou~id. 

Find tlic true source of tlic spring. Many tinics, a 
small stream disappears into the ground tlirotlgli a 
fissure and cmcrscs again at a lotvcr elevation. Wlia t 

. appears to bc a spring actually mt~y be surface water 
tliat lias flowed underground for a short distancc. The 

Sanitary Surveys of Groundwater Sources 
Water can be found al~iiost anywl:ere undcr the 

earth's surfacc. 1-lowevcr, ground watcr must main- 
tain good quality and be capable of sustained flow 
over long pcriods to be an acceptablc sourcc. 'ro locate 
adeq~~ate  supplies of ground water in developing 
countries, experience and conimon sensc must be 
combined with basic scicntific knotvlcdgc and tech- 
n iq~~cs .  TIie interpretation of gcologic data and the 
usc of exploratory tools may require training of local 
peoplc or tlie assistance of groundwater hydrologists 
froni govcrnnicnt and private organizations or univer- 
sitics, Howevcr, in most cases, grounclwater volunic, 
quality, and location can be determined with simple 
methods, if the evaluation is thorougli. 



A survey of existing wells in the area is a good 
starting point in deternlining whether or not a ground- 
water supply is possible. I-Iistories of existing wells 
will show how tlie tvatcr table has fluctuated in past 
years, and people can often recall the extent to which 
the water table dropped during extreme drought. A 
coniparison of the amount of water being drawn from 
the wells with tlie recovery rate of tlie water table 
inrlicates the water-bearing potential of tlie aquifer. 

A sturly of geological data, where available, can be 
helpful. Topographic maps can be used to mark pre- 
cise locations o f  pote~itial watcr well sites in the field 
and to constract land profiles and geological cross 
sections. By means of contours, the maps indicate the 
al t i t~~ric of potential watcr well sites in relation to the 
altitude of nearby s ~ ~ r f a c e  water bodies. Topographic 
niaps also provirle a wealth of information on surface 
fcatt~res rvliicli have a considerable bearing on the 
occurrence of ground water. 

Geologic maps shorv rvlicrc rock formations out- 
crop on tlic I'lnd s~~r facc ,  and indicatc their strike (the 
direction in rvhicli they lie) ancl their dip (the angle at 
which tliej* are inclitiecl to tlie horizontal). Other use- 
tul information shotvn includes tlic location of faults 
and contour lines, indicating depth to bcdrock in the 
area. Faults are lines of fracture where rock formations 
are dislocated. The location and areal extent of aquifers 
can be determined kom the type and location of rock 
outcrops and the location of faults. The width of the 
outcrop and the angle of dip indicate tlic approximate 
thickness of an acl~~ifer and the deptlis to which i t  can 
be f o ~ ~ n d .  The combination of strike and dip indicates 
the direction of a potential tvcll site that will penetrate 
tlie n i a s i n ~ ~ ~ m  tliickncss o f  tlic aquifer. The sttrface 
outcrops can be possible areas of recharge to an 
aquifer and niay indicate the direction of ground tva- 
ter. Tlie bedrock contours indicate the niaximuni 
depth to ~vhicli a well should be drilled in scarcli of 
water. Geologic cross-sections provide SOIIIE of the 
main clues to groundwater conditions in an area. 
They indicate the character, thickness, and succession 
of underlying formations and, therefore, the deptlis 
and thicknesses of existing aquifers. 

I f  maps and cross-sections of thc arca of interest arc 
not available, aerial pliotographs can provide n i ~ ~ c h  
information about tlic geologic ancl hydrologic setting 
of tlie arca. 'I'liis information includes: the probable 
thickness of water-table aq~~i fe r s  and sediment depo- 
sition; soil types; soil moisture; topography; liydrog- 
raphy (lakes, creeks, springs. '30th fossil and present); 
areas of ,grouud~vatcr discharge; type and density of 
vegetation; fracture traces; land use; man-made fea- 
tures such as dams and reservoirs; and farmsteacis 
that may liavc water rvclls. 

Well logs !nay not be available in developing na- 
tions. I f  they are, they should be t~sed. A well log 
describes the location, elevations, diameter, ancl 

\ Location Map for a Water System 

depth of the tvcll; depth, tliickness, and descrip:ic:? of 
rock f o r ~ ~ ~ a t i o n s  penetrated; water level varialions as 
successive strata are penetrated; yields from water- 
bearing formations penetrated and corresponding 
drawdown of the well upon completion. 

Field lrtvestigntiorrs 

'The nature and extent of the needed investigations 
in the field can be determined from the data accumu- 
lated during tlie preliminary investigation. If  geologic 
niaps are not availahit', it may be necessary to con- 
struct them from field observations. Tlie scale of suc11 
maps depends on the scale of existing topographic 
niaps, the size of tile area of investigation, and the 
objective of the groundwater exploration. 

Ground water is likely to occur in larger quantities 
under valleys than ~ ~ n d e r  hills. Valley fills containing 
weathered rock waste washed down from mountain- 
sides are often found to be vcry prodt~ctive aquifers, 
Tlie material may have been deposited by streams or 
sheet floods, with some of the finer material getting 
into lakes to form stratified lake beds. Some of tliese 
deposits may have been transported by wind and re- 
deposited as sand dunes. All these and other factors 
influence the rate at which the valley f i l l  tvill yield 
water. Coastal terraces, formed by the sinking and 
rising of coastal areas rclative to sea level in the gco- 
logic past, and coastal and river plains arc other land 
forms that indicate the prcscnce of good arl~~ifers. 

Any cvidence of surface watcr, such as  streams, 
springs, seeps, swamps, or lakes, is a good indication 
of L!ic prcscncc of some ground water, though not 
necessarily ground water of usable quality. The sand 
and gravel deposits f o ~ ~ n d  in river beds may often 
extend laterally into tlic rlver banks, tvliicli niay be 
penetratcd by shallow, highly productive wells. 

TIIC average flow of small streams often provides an 
indication of groundtvatcr conditions. I f  a stream 
niaintains a more or less uniform flow with no flash 



1 ocs not cry up tn I ry season, t 
surrounciing area may absclrb ii7atcr well. Where the 

I 

earth absorbs ivatc*r slotvly, the r ~ ~ ~ i i ~ f f  is I I S L I ~ I I ~  
heavy dnring rc\init~ll, and bcc,~usc very little ~vatcr' is 
stored, loti, precipitalion periods arc markcci by loitf 
flow or ciry strcani bccis. StrcamTloiv characteristics 

I 
slio~ild be interpreted \vitIi ~ ~ ~ u t i u n ,  howcvcr, si~icc 
otlicr iactors bcsidcs sctrfacc geology conic into play. .. I hcsc factotns i~iclucic freqtlcncy, d~iration and intcnsi- 
ty of precipitation, land usc, \?cgetatii~n, anci topogra- 
phy. 

Vegetation vrovidcs eood clucs to shallow rrround- 

Culttlral ncccpti~ncc 
DcpcniJability 1 

Quantity and cluality 
Cost 
Prosimity to uscrs 
I'oivcr rcq~tircments 
Availabilit;. of appropriate tcclinology 
Operation and maintenance rciluircnicrits 
Human rc!sotlrce and training rciluircmcnts 

Wliilc there are no absolutc rulcs to be L I S C ~  in 
weighing tliese factors, tlierc is onc gcncral principle 
that can be followed. I f  it is assumcd tliat keeping 
costs loiv is a primary cunsidcration, ground water 
from wells and watcr froni yrotcctcd springs are prcf- 
crable to surfacc watcr sources such as rivers and 
lakes. 'The reasons are: (1) Practically all sttrface water 
is subject to biological contaniination and the treat- 
ment of such watcr is expensive; ground watcr often 
requires little or  no treatment; (2) Lcss expensive grav- 
ity-flow distribction systems are easier to install from 
groundwater sources; surface sources are more likely 
to involve costly pumping. In general, in the poorer 
areas of the Third Worlci, grottnd water, shallow 
wells, and handpunips are thc prefcred technology, 

Retrieving the Water 
Wlien a suitable rvater source lias bccn identified, i t  

normally must bc developed bcforc tlic water is con- 
venient for use. "Development" means that some 
man-made device must be installed to retrieve the 
water from its natural state. For ground water, this 
device is normally a well. For surfacc water, otlier 
intake structures are used. Thc following section dc- 
scribes the metliods tliat arc in corntiion use for re- 
trieving water. 

Srlrfnt.c zitntcr, zi?lrctltcr f r s ~ ~ d  for Infodry  (nbozre) or irr n scc1111ic1i 
locntiot~ (bcloru), is ~rrorc srr1,ject to coirtmni~tntiorr tlmrt grorrird 
zoflter. 

Rainfall Catchments 
Basically, there are two types of rainwater catcli- 

mcnts: roof catchments and ground catclimcnts. 
Roof catchments should only be used where roofing 

materials are suitable, not on tl~atclied, painted, or 
!cad ,r fs. The water running froni t l~em is likely to be 
* v ~~itaniinated and water is likely to seep into 
I; , .iied roofs arid be lost. Centrally, sheet metal is 
preferable because of its light weight and strength. 
Tiles are also good because they can be made locally. 



tIotvcv.!r, they arc milch heatlicr than sheet metal and 
need a strong roof slructure to support them witlioi~t 
sagging. 

Ground catch~nents arc areas prepared in a special 
tvay to collect rainfall for a water supply. 'The amount 
of water thzt can be collcctccl depends o n  the amount 
of rainfall, tlie area of tlie catchment, ancl the runoff 
characteristics of the surface. Ground catchments, if 
prepared properly, will provide niore water than roof' 
catchments since more surface area is used for collec- 
tion. For this reason, they are more econoniical for a 
small comniunity. I f  rainwater is tlie primary water 
source, a roof catchliien t on each roof in a coniniuni ty 
is expensive and may be impractical. 

The ground catchment surface is very important in 
collecting rainwater efficiently. Ca tchnicn t surfaces 
must be impervious to avoid water losses from infil- 
tration and seepage. C'n pervious surfaces, rn~~c l i  of 
tlie rain will be lost for community use. Part of it will 
tvet tlie ground and part will be stored in small 
ground depressions; other tvater losses will occur 
through infiltration into the ground, evaporation into 

Tin or tile roof 

Rainfall Catchment with Cistern 

the air, and transpiration t l l ro~~gh  plants. 
One type of ground catchment; is a surface that lias 

been smoothed arid cleaned of vegetation. Conipact- 
ed clay soils make goocl catchnicnt surfaces because 
tile ciay is relatively inipervious and will need little or 
no treatment to seal soil pores. In areas where there is 
no impervious soil, various materials can be used to 
cover pervious ground surfaces to prevent tvater 
losses. Cement, asphalt or even polythene sheeting -.. -- - 
can be laid over the surfacc of the ground to prevent 
seepage and infiltration. The ~ilajor problem is that tlie 
materials used to cover tlie ground surface arc very 
expensive and may not be available in many rural 
areas. The need for storage in a cistern and for trcat- 
nient adds to the total cost. I t  is very important to 
prevent the intrusion of people and aniluals into thc 
ground catchment area since tliey can cause fecal con- 
taminaticn. Attention should also be given to tlie sur- 
rounding vegetation to prevent dry vegetative Underground Storage for Roof Catchment 

material from falling into tlie catchnient area and pre- 
vent attracting large numbers of birds to live or nest 
too close to the catchment area. 

Surface Water Intakes 
The installation of structures called "intakes" makes 

surface water accessible to a community. Three types 
of intakes are used for rivers and streams: infiltration 
intakes,'gravity f1o.w intakes, and direct pumping in- 
takes. 

One type of intake is designed so that tva ter from a 
stream or river passes through the ground and into 
storage. These are called infiltration intakes because 
the water collected is filtered as  it passes through tlie 
ground. Ttvo types of infiltration intakes are wells dug 
in river banks and infiltration galleries. 

If a well is dug in a river bank, water is pumped 
from the well to tlie users. During pumping, the water 
enters the well and tlie groundwater table is lowered. 



Wlic~i  tlic grouncl\vatcr table falls bclotv rivcr Icvcl, 
riiper water en tcrs the acl~~ifer.  t\s pumping continues, 
this ~ \ ~ a t c r  ill~tvs through the grouncl, is filtcrecl, and 
c\~cntually enters the tvell. 

I f  the infiltration method is to be usecl to s~ tpp ly  
water ti) a large population, infiltration pdleries niay 
ncecl to be constructccl. Infiltration galleries collect 
water fro111 an ~irca a l~ lng  n rivcr bank through collcc- 
tion pipcs parallel t o  the rivcr. Tlicsc pipcs move tlic 
watcr into a storage well wiicrc it is hclcl for pumping 
to '1 clistribution systcm. 

In niountainous or hilly regions, water from 
streams and rivers can be collectcd throtlgh intakcs 
placed clircctly in streams. In higher elevations, a 
gravity flow systcni can easily be installed to deliver 
\\rater if tlierc is enough t'lotv and  grade for Ilic water 
to reach the users. I f  the intakc is locatccl abovc any 
inhabiteci arca, the watcr may not require treatment. 
People and animals arc the major sources of fccal con- 
tamination. I f  neither arc  present at the place \\?here 
tlic watcr is collectcd, o r  upstream fro111 the cc~llcction 
point, fccal contaminatiun is ~lnlikely. 

Water can be p~tn iped  straight froni a stream or 
rivcr to treatment and storagc  sing direct pumping. 
'There are many typcs of temporary intakes but per- 
manent structures arc better. 

In order to clesign a n  int,ikc for a pond, lake, or 
rescrvior, it is necessary to ( I )  select the location for 
tlie intake, (3) decide 1111 the dianictcr and lengtli of 
pipc required, (3) clioosc bctcvccn flcsiblc and rigid 
plastic pipc, (4) design  in inlet strainer, (5) design 
floats and fiscd intake supports, and (6) clioosc the 
dppropriatc installation. 

111 reservoirs formed by dams, sc\vral typcs of in- 
takes can be used. Uoth floating and  fixed intakes will 
function cffeciivclv, but floating intakcs arc easier to 
install and should prove more practical. A perniancnt 
intake can be co~istructcd in the reservoir \vlicn a dam 
is being built. 'This type 11f intake consists of a concrete 
bos with an  inlet pipc built nest to the embanktiicnt. 

Develop nient of Springs 

tl natural surface discharge of grouncl \\later is 
called a spring or seep. Springs have niariy clcsirtiblc 
features as cvatcr stlpply sources. Ucca~lsc they arc 
gravity fed, no power source is needed to develop 
thcm, and opr%ration ancl riiaintenancc rcquircnicnts 
arc Iocv. F~ r the r~ i io r e ,  springs can be dc\~clopcd, gal- 
crally at lo& cost, in sucli a manner as  to protect thcm 
from contaniination ust~ally with Inca1 materials and . * manpower. I rue spring cvatcr, that is, tvatcr actutilly 
seeyilig from grouncl water anel not a strcani which 
tias gone ~~~ ide rg rounc l  for a short distance, usually 
rcquircs little o r  n o  treatment. 

Wliilc springs arc easily located, tlitlir location may 
not always be ad\~antageclus to dc\*clopmt.nt. 'l'licrc is 
no choice of where to develop a spring; i t  has to be 
near the discharge point. Springs arc also subject to 
v'iriations in flow. Tlicsc ni~iy bc sliort tern1 (daily) 

and/or long term (seasonal) cl~le t c ~  changcs in prccipi- 
tation. Further, cstcndccl changcs in climatic condi- 
tions s~tcl i  as  droughts can carlsc changcs in the flow 
froni springs. The nat~tral  f lo~v cannot be rcg~llatcd or  
usccl only on demartd a s  a tvell can. Th t~s ,  tlierc is 
L I S L I ~ I I ~  a great deal of watcr that is not used. 'The 
clcvclop~iicnt of springs can restrict o r  deny use of the 
water by former downstreani users. This frequently is 
the case w h c ~  e flocvs arc small. Also, becausc springs 
arc open to the cnvironnicnt, they arc  susceptible to 
direct contamination, and  care must bc taken to cn- 
surc their protection. 'l'hc best places for locating 
springs arc o n  t11c slopes of hillsides and  river valleys. 
Green vcgctation at a certain point i r ~  a dry area may 
~ I s c )  inclicate a spring. Springs can sonictimcs be 
found hy following a stream to its source. Jn general 
tho~igli ,  local inhabitants arc tlic best guides to 
springs in an  arca. 



There are two general requirements necessary in 
tlie development of a spring as a source of cloniestic 
tvater: (1) sclection of a spring wit11 adequatc capacity 
to provide the required quantity and quality of water 
tliroi~glioi~t tlie pear; (2) protection of the sanitary 
quality of thc spring. 

Proper development of a spring as a water supply 
requircs construction of an encase~iient or spring box. 
The features of a spring e~casement  involve: (I) an 
open-bottom watertight basin or well intercepting the 
source tvliich extends to bedrock or another inipcrvi- 
ous layer, or a system of collection pipcs and a storage 
tank; (2) a cover that prcvcnts surface drainage or 
debris froni entering the storage tank; (3) provision for 
cleaning out and emptying tlie storage tank; (4) provi- 
sion for overflow; anci (5) connection to tlic distribu- 
tion system or auxiliary supply. 

Springs usually become conlaminated when barn- 
yards, sewers, septic tanks, cesspools or other sources 
of pollution are located on higher adjacent land. In 
limestone for~iiations, however, contaminated mate- 
rial comn~only enters the water-bearing zone through 
sink holes and may be carried along wit11 ground rva- 
tcr for long distances. I f  n~atcrial from such sources of 
contamination finds access to pcrmeablc soil, tlie wa- 
ter niay rctain its contamination for long periods of 
time and for long distances. 

Tlie follotving precautionary measures will help to 
ensurc a consistently high quaiity spring water: (1)  
diversion of surface drainage froni the site; (2) con- 
struction of a fence to prevent entry of livestock; (3) 
yrotlision for acccss to the tank for rnaintenancc (pre- 
vent removal of tlie cover by a suitable locking device); 
(4) monitoring of the quality of the spring water tvitli 
periodic checks for contamination. 

Watcr s~r}lplics froir~ }irotect~d spritr,ys arc oftci~ plrrc R I I ~  ~ I IL 'S \ IL '~I -  
s i ~ ~  to ~ l a ~ c l o p .  

Water Wells 
Wells are tlie primary means for tapping grot~nd- 

water reservoirs. A well is simply a hole wliicli pierces 
an aquifer so that water nlay be pumped or lifted out. 
The amount of water wliicli can be extracted from an 
aquifer depends on its porosity and permcability. Po- 
rosity determincs the amount of water tvliich can be 
stored in an aquifer. Pernieability determincs liolv 
quickly and easily water can flotv through the aquifer. 
Both tliese factors are important for determining thc 
suitability of a well. 

There are many different types of wells, and they 
are classified in many ways. Sonic classifications in- 
clude large or small borc, ~i~echanically ot manually 
drilled, open or closed, deep or shallow. I t  is also 
common to describe wells in terms of the basic nieth- 
od of their construction as determined by the equip- 
ment and technique ttsed. Tlie cliief methods arc: 
Hand Dug, Driven, Jetted, Bored or Augered, Cable- 
Tool, Hydraulic Percussion, and Rotary Drilled. 

( Measuring Spring Flow I 



Hand dug wells arc circular holcs made with hand 
tools. Excavated material can be lifted to the surface by 
bucket and rope.' 

The hand dug well consists of three main compo- 
nents: the shaft, the intake arca and the well head. 
The shaft is the main structure extending into the 
ground from ground level to the aquifer. A permanent 
lining for the shaft is generally necessary in all hand 
clug wells. This lining protects against cave-ins during 
construction ancl supports the walls after completion. 
The lining prevents polluted surface water from enter- 
ing the well and ensures the quality of the water Rope to raise bucket 

source. 
The intake is the section of the ~vell that extends into 

the aquifer below the tvater table. Water from the 
aquifer enters the well through the intake and is 
stored in the well for use. As water passes through the 
intake, sedimeni is filtered out. 

The well I~ead is a structure built around the well 
above the ground and serves two very important 
ftinctions. First, it  isa foundation for the installation of First seclion of casing 

(I pump, windlass, windmill or other means for ex- 
tracting the water. Seconclly, the well head prevents 
contaminating objects from entering the well and 
keeps people or animals from falling into it. The well 
head is built up around the well using the well shaft as 
its foundation. The well head should ir~clude a drain- 
age apron. The drainage apron is a concrete slab ; 
which surrounds the well and channels surface waler 
away. 

Dug tvells have rarely been excavated to over lOOm 
and even those over 20m in depth are few. The usual 
average depth of a hand dug well is 10m or less. Hand 
digging wells is most successful in soils which are firm 
enough that cave-ins do not occur, yet not so consoli- 
dated that digging is made diffictilt and penetration 
slowed. Soils which do cave in can be, penetrated by 
lining the hole or by sinking concrete rings as soil is 
removed. Hard rock makes digging more difficult and 
slower and often can only be accomplished by blasting 
with explosives which is rarely a feasible alternative. 

Hand digging is an appropriate method of well con- 
struction in low-income villages because the residents 
can take an active part in the construction. This contri- 
bution of labor is important because the digging of a 
well requires more work than money. In a village 
where money cannot be contributed, labor can be 
donated to develop a well. With the exceptions of 
cement and reinforcing rods, the necessary materials 
are usually locally available, making it one of the chea- 
pest methods of well construction in a rural communi- 
ty. The equipment which is needed is light and simple 
and suitable for use in remote areas. 



Drive11 Wells c 
Driven wells arc constructcci by driving a drive 

point conl~cctcd to sections of metal pipc into the 
ground. 'The drive point is a pcrforatcd pipe or a wcll 
screen with a strong stccl point to break through peb- 
bles or t l i i t ~  layers of hard material. The drivc point is 
driven deep enough to penetrate an aquifer, wl~ere i t  
acts as a tvcll screcn, allowing water to enter the pipe 
\vliilc filtering out solids. Tlic pipe to which the drivc 
point is connected is made of metal to withstand the 
force of driving tlie pipe into tlie ground. The metal 
pipe serves as a casing for tlic conipleted well. 

Driven \veils are t~sually 30 to 50mm in diamctcr. 
Thc small diameter pipe used for these wells is light, 
portable, and easily installed by hand. Driven wells 
arc rarely deeper than 151-11. These wells may be uscd 
in compact soils, t110~1gli tliey are not s~~cccssftll in 
hard soils or heavy clay. 

( Driven Well I 

Man controls chopp~ng 
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( Jetted Well I 

Jetted Wells 

In the jetted method of well construction, a 11ole is 
drilled into the earth by pumping a stream of water 
through a pipe and drill bit at a high velocity. This 
stream loosens the material it strikes ancl washes the 
fine materials upward out of the hole. This method of 
well construction is most successful in sandy soils 
when t l ~ e  water table is close to the ground surface, 
though i t  may be used to penetrate some sandstone 
and schist formations. 

Two methods of constructing jetted wells may be 
used: the jet percussion metl~od which is used to in- 
stall a well casing, or the wash-down method tvhich is 
used to sink a well casing or a self-jetting well screen. 



Bored or At~gcrcd Wells c 
Wells may be bored or augered by manual or me- 

chanical methods. Hand augering is one of the oldest 
and most basic forms of manual well drilling. This 
method uscs an auger attachcd to a length of drill rod 
which is turned with a handle at the surface. As the 
auger is turned, loosened soil accun~~llates in or on the 
auger. When the auger has filled, it is drawn out of the 
hole and emptied. Drilling progresses quickly for the 
first 6 to 8m. As the hole deepens, more and more drill 
rod sections must be coupled and uncoupled when- 
ever the auger is emptied, 

Hand augering wells is successf~il in all soils except 
rock. 'The method will usually reach a maximum 
depth of about 25m. The diameter of hand augered 
wells ranges from 50 to 300nlnl. 

Cable-tool drilling is a percussion method in which 
drilling is accomplisl~ed by lifting and dropping a 
heavy chisel-faced drill bit and drill stem. The impact 
of the bit breaks up the rock and loosens the material 
in the hole. The loosened material, known as drill 
cuttings, is removed from the hole by a bailer. In hard 
rock the hole is usually drilled without a casing, but in 
soft unconsolidated materials casing is used to keep 
the hole from caving. 

Hydrnrrlic Percussiorr Wells 

Hydraulic percussion methods of drilling include 
those methods which use the up-and-down motion of 
drilling tools and a drilling fluid to sink holes. The 
"hollow rod" technique is used with large drill rigs, 
tvhick apply the up-and-do~vl~ motion to the tool 
string. Manual methods can be used lo lif t  and drop 
lesser lengths of small dialneter pipe. The mechnical 
and manual mcthods both use lengths of hollow drill 
rod, a check valve and a bit. The tool string is lifted 
and dropped a short distance into the hole which is 
full of drilling fluid (mostly water). On each down- 
ward stroke, drill cuttings suspended in the drilling 
fluid enter the pipe througl~ the check valve. Cuttings 
cannot flow out the check valve, and are eventually 
forced out the top of the drill pipe. The drilling fluid is 
discharged into a settling tank and recirculated into 
the hole. Casing is usually driven as drilling procccde, 

The hydraulic percussion method is well suited for 
use in clay and sand formations that arc relatively free 
of rocks or boulders. Wells of 30 to 150mm dianletcr 
and up to 80m deep call be installed in two or lhree 
days under ideal conditions. The n~cll io~l uses a mini- 
mum of equipment and can be rclnti\.cly incxpensive, 
depending on whethcr the vertical motion is supplied 
nlecl~anically or tnanually. Thc drilling operation rc- 
quires a minimum crew of three, and may require as 
many as six skilled workers. ' 

drill rod 

Bored Well 

\ Cable Tool Well 



Rotary Drillcd IVclls 

IZotary drillecl \vclls arc aclvanccd by rotating a clrill 
string with a bit attached to the end of it. As the bit is 
rotated, it loosens rock chips and cuttings. At tlie 
same time a circulating fluicl (water, mud or air) is 
forcecl down the inside of the drill pipe anel out 
through Iiolcs in the bit. The fluid carries cuttings up 
the space between the drill pipe and the hole wall. 
Cuttings arc removed from the drilling fluid at tlie 
ground surface and tlic fluicl is rccirculatecl. If air is 
being usecl, tlic cuttings arc ~iormally ciepositcd just 
outside the hole atid are removed manually. 

Conventional rotary drilling machines clrill holes 
from 250 to 300mm in diameter and 400111 deep, and 
some can drill over 1,000m. Most rotary drilling nia- 
chines are capable of drilling t l i ro~~gli  the hardest for- 
mations. ~ o t a r ~  drilling is-the faskst of all drilling 
methods. A rotary drilling rig can easily complete a 
kvell in one-c-iuarter of the tinic required for manual 
drilling methods. Hard rock is most quickly perietrat- 
ed when air is used to remove cuttings, but hydrai~lic 
rotary is equally fast when tvatcr-bearing formations 
are penetrated. 

Rotary drilling rigs and thc accompanying tools and 
materials arc very expensive to purchase, operate and 
maintain. The annual cost of ~iiaintcnancc is usually 
equal to about 20 percent of the drilling machine's 
initial cost. 

Production of Water 
Intake structures and wells arc only part of a solu- 

tion to the prnblcm of making sure there is watcr in 
sufficient quantity at tlie point of use. The water may 
be requircd for use at elevations higher than those at 
which i t  is found and, often, at sonic appreciable dis- 
tance from tlie source. In this case, sonic means must 
be constructecl for lifting tlie water and forcing it 
through pipes at si~itable velocities to the points and 
elevations of use. This means is usually a pump. Some 
external source of power must bc provided to drive a 
pump and cause it to l i f t  and force cvatcr from one 
point to another. 

There arc many sources of energy which can bc 
used to move water. Tlicsc include man and animal, 
gravity, wind, sun, and fossil fucls. Tiicsc arc convvrt- 
ed to useful power througli hand pumps, wind mills, 
hydro projects, electricity production and fossil fucl 
engines. Wliile all of these methods currently arc t~scd 
for producing tvator, the specific method chosen dc- 
pends on tlie quantity of tvater requircd, tlie type clf 
water supply, and tlie availability and affordability of 
a specific energy sourcc. In fact, availability or affoida- 
bility are ttsually the conlr.>lling factors in sclccting a 
power source in rural vil:.~gcs. If  relatively large quan- 
tities of water are required, the options arc also limited 

Wntcr cnrricrs amy ~ L ' ~ ( J ( ~ T C L ' ~  to cross r t ~ ~ g c d  tcrrnitl to rcncll runtcr 
sources. 
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since man, animal or wind power arc not sufficient to 
produce water in large quantities. 

Water locatccl at a higl~cr clcvation can be piped to a 
lower one by gravity flo\v. This type of systeni re- 
cl~~ires no other source of power, is very economiciil, 
ancl is simple to opcratc and maintain. Water tliat 
comes from a gravity flow systcrn at the outsct can 
also bc puniped with a hydraulic ram to higher clcva- 
tions. Since gravity flow systcnis are economical, tlicy 
shoulcl bc used whenever possible. Comparisons of 
gravity flow systems with other sources of power 
sho~lld takc into accou~it the cost of operation and 
maintcnance as well as capital costs. 

Wind energy is a very attractive cnergy source for 
thc production of water. Wind is free and a windmill 
is simple to opcratc and maintain. I t  does have draw- 
backs, however, including moderate production of wa- 
ter. Wind must be blowing at 8 to 12 miles per hour to 
start pumping; there should be a constant source of 
wind year round; and a suitable site is needed. Many 
of these conditions can be met along large bodies of 
water, in mountain passes, on tlie crest of hills, on 
open plains, and, seasonally, in many parts of tlie 
world. 

Before a site is selecteel, background wind informa- 
tion is i~ecessary. If not already available, whether 
through other windniill performance or by measure- 
ment, new measurements shoulcl be taken over a 
year's time. The sitc should be such tliat the windmill 
can be placed at least 4.5m above any wind obstruc- 
tions within 120m. Although the higher the wind 
speed the greater tlie water production, tlie practical 
maxlmum usable wind speeds are 25 to 30km per 
hour. Tliis is because windmills are designed to "furl" 
ur swing out of the wind at higher wind speeds to 
protect the mill from damage. 

Electricity gives the most flexibility in providing 
power for water production, Electric motors are avail- 
able from a fraction of a horsepower to many horse- 
power (HP) to meet a variety of pumping needs. Most 
pump systcms are adaptable to electric power. Electric 
motors are relatively economicdl to operate, are sim- 
ple to maintain, and are long-lived. They are the most 
efficient of the motor-driven pumps for producing 
water. If electricity has to be generated just for power- 
ing a motor, however, the cost can be much higher 
and the operation and maintcnance of the power-gen- 
erating equipment is costly and complicated. As a 
general rule, if a fossil fuel engine must be used to 
generate electricity, then it is probably more efficient 
and less complicated to usc the engine to drive the 
pump directly. If tlie electricity is to be used for other 
purposes, however, a generator can usually be sized 
to power pumps also with very little additional cost. 

Conversion of sunlight to electricity through photo- 
voltaic cells is an alternative to using a fossil fuel 
engine to generate electricity. While the technology is 
well known and is currently being used to power 
pumps, the capital costs are quite high and it will be at 
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least several years before it will be economical for most 
applications. It is an attractive alternative though, in 
that operation and maintenance are minimized and 
fuel is not required. If water is pumped to storage only 
when the sun shines, then the need for batteries is 
eliminated, thus substantially reducing initial costs 
and simplifying the operation and maintenance. 

Although fossil fuel powered motors are costly to 
operate and maintain, and fuel may be difficult to 
obtain, there often is no other choice if water is to be 
produced in sufficient quantities to be beneficial. 
Wher fossil fuel engines must be used, it is preferable 
to use diesel rather than gas. The initial cost is general- 
ly more, but the cost of fuel is less as are the costs of 
maintenance and repair. The diesel engine does not 
require spark plugs or points and operates at a low 
rotating speed, thus prolonging its life. Natural or 
bottled gas engines are low in operating cost and have 
a longer lifc because they are very clean burning. 
However, these fuels are not widely available. 



'The prcfcrrcel method of eicli\rcring ivatcr fri)ni llic 
source lo the point of use is by gravily flo\v bccausc no 
external power source or mcclianizcd apparatus is re- 
quircd. Hoivc\rcr, wlien a watcr source is at a lo\vcr 
elevation than tlic point of storage or use, or the rate 
of flow must be incrcasccl, some otlicr mctliod of 
p~uiiping must bc used. 

Pumps can bc placed into two categories based on 
their power source. Category One pumps can be 
powered by animals, litlmans, tvincl or water. Tlicsc 
p ~ ~ n i p s ~ ~ s i ~ a l l y  pri~duce low \lolumcs of watcr at or 
ticar the source. 'They include bucket, impulse, and 
positive displnccnicnt pumps. Category 'rwc) y ~ ~ n i p s  
arc i~silally po\vcrcd by electric motors or internal 
combustion engines. 'rlicse pumps incltldc single 
stage suction, jet, subniersiblc ancl line sliaft turbines. 
They produce mcdiuni to high quantities of watcr 
compared to Category One  pumps. 'The positive dis- 
placement p~ tn ip  nicntii>ncd in Category One can also 
be power driven and \vill produce relatively liigli 
qt~antitics of water. 

A brief clcscriptioti of the pi~nips and the relative 
merits follo~vs: 

Bucket. This system niay be corisidcred where rela- 
tively large diameter wells (dug) arc available, the 
\vclls arc relatively sliallow, and small rlttantities of 
water are needed or available. In sliallo~v wells, it is 
common to throw a buckct tied to a rope directly 
into the well. In deeper \veils, leverage is required or 
an animal is used to raise the water. Tliis is undcsir- 
able from a pitblic Iiealtli viewpoint as contamina- 
tion can and usually is introduced into the well by 

carclcss placcn~cnt of tlic rope atidlor bucket. For 
tliis reason i t  should not be considered unless i~llicr 
altcl.nalivcs arc no1 a\~ailablc. Continuous-belt buck- 
et pumps can be niaclc mucli more sanitary than a 
rope and bi~cket systcni bul arc much tiii~rc C S ~ C I I -  

sivc to install. Essentially this mclliod involves at- 
taching small buckets to a continuous loop. 

r l~iipillsc (I-lydraulic 12am). A Iiydraulic rat11 has \lcry 
few moving parts atid tlicrcforc is \fer\r cci~~ioniical 
to operate and maintain. tlyclra~tlic ranis may be 
c~sed singly or in tandem depending on tlic* amount 
of wLitcr available and required. 'l'lic tvatcr is raised 
to a higher clcvation by tlic Corcc of falling water. 
'rliis creates a drive force cvitlii~i tlic rain by com- 
pressing air wliich, in tur l~ ,  puslics a small amount 
of the falling water to a higher clc\ration. In order to 
tvork, most ranis rcqt~irc a flow of at least 12 liters 
per miniltc and a fa11 of 50~117. 
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a Positive Displacement. This pump consists of a cyl- 
inder containing a piston. It is called a positive dis- 
placement pump because i t  displaces an amount of 
water equal to the distance the piston travels. Effi- 
cirnt double acting pumps are available which 
punip on the upward and downward or forward- 
backward stroke of the piston. The cylinder may be 
located above or in the water. When above water, 
suction is required to lif t  tlie water to the piston. 
(Tliis type of pump usually requires priming and is 
less desirable than a pump with the cylinder in tlie 
water both fro111 a contaniination viewpoint and be- 
cause a source zf priming water is needed,) The 
cylinder can be driven by a variety of power sources 
including a hand windmill 01. motor. 

Positive displace~iie~it pumps are the punip of 
choice i f  only hand or wind energy is available or if 
motors are available and deep pumping and low 
flow are ~~equirenients. 

\ Positive Displacement Pump I 

. . . . '  . 

a. Shallow Well 

b. Deep Well 

(shallow and Deep Well Pumps 1 

r Motor Driven. These may be divided into shallow 
well pumps and deep well pumps. Shallow well 
pumps must be located within at least 7m vertically 
of the water surface when a t  sea level and 
closer at higher elevations. Tliis is because they rely 
on a vacuum in the suction side of the pump'to get 
water to tlie pumping mechanism. (The actual suc- 
tion capability varies with the pump being consid- 
ered.) For every 300111 of elevation above sea level, 
tlie pump must be 25cm closer to the water. Shallow 
well pumps include surface mounted positive dis- 
placement (piston type) pumps and centrifugal 
pumps wl~icli, in turn, include shallow well jets, 
turbines and straight centrifugal punlps. 

Deep well pumps can pump water from over 7m 
deep either because the pump itself is in tlie water 
(such as a submerged piston pump, a submersible 
pump or a line shaft turbine) or becausc the pump 
uses jet action to l i f t  tlic watcr to within the suction 
limits of the pump. Wliilc piston p u ~ n p s  can theo- 
retically pump from very great depths, there are 
practical limitations because of the weight of tlie 
sucker rod. Tliis, combined wit11 other limitations, 
indicates that 300m is tlie grcatest depth from wliich 
piston punips are effective. 



Line shaft turbines, like the positive displacement. 
pumps, have the advantage of the motor being at the 
surface. However, a drive shaft connects the motor 
to tlie pump. Tlie deeper tlie well, the inore bear. 
ings are required along tlie drive shaft and the great- 
er tlie chance of bearing failt~re. In addition,. the 
shaft needs to be relatively draight, which requires 
a very straight well hole. Sincc i t  is extremely diffi- 
cult to keep deep wells straight,' the pumping depth 
is often limited. For this reason, practical pum'ping 
depths in small diameter wells (12 to 24n1ni) should 
be limited to 12 to 35m deep. Larger wells, 30mm 
and larger in diameter, can be pumped a1 greater 
depths. However, bearings are still a problem as is 
the possibility ol  breaking a shaft. 

Submersible pumps have the advantage of allow- 
ing placement in wklls tliat are' less straight. They 
can usually be set at greater depths. Since the motor 
is below the pump, the whole unit must be pulled for 
repairs. However, m c e  thdre are no moving parts 
connecting a motor at the surface fo the pump, in- 
stallation is much simpler. Operation and mainte- 
nance problems are reduced due to fewer moving 
parts. These pumps can produce water from great 
depths, but the greater the depth, the larger the mo- 
tor and the electric cable to the motor. 
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Treatttrctrt of surface w n t ~ r  is often ttecessny to ttmke it snfe for 
dottleslic rise. 

Treating the Water 

Water intended for domestic use, including drink- 
ing, must be free of organisrrls and clieniical concen- 
trations tliat are hazardous to human health or that 
cause the water to taste, smell, or look bad. Water 
treatment is the process of niaking impure water pola- 
ble, i.e., safe to drink and use. Sincc treatment pro- 
cesses are sornctimes expensive, i t  is best to develop a 
water source that is naturally potable. Hotvever, 
many water sources, especially surface watcrs, are not 
naturally potable and some tvater treatment is often 
necessary. 

In any watcr treatment situation, tlic priority treat- 
ment process is disinfection since tlie abscncc of path- 
ogenic organisms in a water supply is essential to 
good health. Clarification of water silpplies is often 
necessary for efficient disinfection. Conditioriing is 
important to develop an aestlictically pleasing watcr 
supply. 



Individual Household Treatments 
Individt~al houscholcl water lrcatmcnls are simple 

methods of killing somc pathogenic organisms in  
small cluantitics of drinking watcr. They are approyri- 
alc lor groups witlio~tt thc rcsotlrces or finances to 
construct and operate ln r~cr  treatment sysiems. Local 
niatcrials can be adaptcd to tlic design of thcsc mcth- 
ods and the neccbsary constrcrction'and operation 
skills arc minimal. Foul' typcs of individual household 

tion. A screen at the inlet will filter grit. A spigot for 
drawing water can be adlied to rcduce thc risk of 
contalninatioti. Tlie storage container must be cleaned 
often to prevent bacteria from growing in the sctticd 
sludge. Ideally, stored water should be boiled or 
chemically disinfected to make it  completely safe to 
drink. 

. . 

Filtrntiorr 
treatments arc storage, filtration, boiling and clien~ical 
disinfection. They can be t~scl:l alone or in combina- Turbid water stipplics can be clarified by filtration, 

tion with each other, depending upon the quality of which is the process of passing water through a po- 

the water supply. rous material to remove suspended particles. Scveral 
types of filters are uscd for household water supplies. 
Most types are relatively ineffective against bacteria , Storage ! and fine turbidity, but will strain out coarse materials. 

The simplest method of water treatment through The filtering rncdiuni can become blocked or contanii- 
storage is holding water in a container for at least two nated itself after prolonged contact with turbid watcr. 
days beforc using it. This short term storageof house- I t  must be cleaned frequently to avoid adding bacteria 
hold water supplies will kill some disease-cai~sing or- to the water supply. Filtered water sl~ould be boiled or 
ganisms and it will settle m'ild turbidity. I t  will ~iot  kill otherwise disinfected before drinking. 
nll pathog~ns snd is not effective for lieavy turbidity. Porcelain or ceramic filters are available commer- 
Storage containers can be of metal, glass, plastic, or cially in some arcas, but they arc usually expensive. 
glazcd ceramic materials. 'The use of earthen pots They consist of,a filter candle which filters water from 
st - ~ l d  be avoided if possible because of the risk of one storage vessel to another, or from one compart- 
bacterial growth in the porous clay walls. Housel~old ment to another within a single storage unit. They 
containers are normally from 10 to 30 liters in volume. may also be attached directly to the taps of a water 

Storage containers must be covered to keep dirt and delivery system. Ceramic filters are relatively com- 
other contamination from entering the water supply mon in prosperous areas. They are effective for mild 
to kcep algae from growing, and to prevent evapora- turbidity, but must be cleaned whenever sediments 
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build up on the candle and rzduce the filtering action, 
The candle is cleaned by scraping it  with a bntsh and 
by occasionally soaking it in a mild chlorine solution. 

Charcoal, ricel~ulls and othcr local materials are 
son~etin~es used as filtering mediums for small water 
supplies. Charcoal removes bad tastes froni some wa- 
ter supplies. These materials must be changed often to 
prevent recontamination. 

A sand filter is an inexpensive and simple filter to 
construct and maintain. I t  is made of a large barrel 
partially filled with a layer of clean sand on top of 
small stones. Turbid water poured into the top of the 
barrel flows through the sand, which traps the sedi- 
ment. The resulting clear water comes out of a pcrfo- 
rated pipe at the b0ttc.n of thc barrel. A layer of gravel 
can be placed on top r:,f the sand layer to prevent 
erosion of the sand !vhcre thc turbid water is poured 
in. A continous fiow through a 200-liter barrel filter 
can process appro.~irn~~tely 2700 liters of water per 
day. The sand layers must be changed every two to 
three weeks to prevent bacteria from growing in the 
sediment trapped in the sand layers and recontamin- 
ating the water. 

Household sand filters are often used with rainfall 
catchments or other soul zs  where water may contain 
small debris. They can filter large quantities of water 
quickly but do not kill pathogenic organisms. They 
must be carefully maintained because dirty filters can 
breed and spread bacteria. A liousel-rold sand filter is 
only a clarification process that prepares water for 
boiling or chemical disinfection. 

Boiling is > l i e  most effective way of disinfecting 
small supplies of water. All pa thogenic organisms are 
destroyed in water brought to a rolling boil. Cooking 
pots or large steel drums over fireplaces arc common 
vessels for boiling water supplies for groups of less 
than twenty people. The water must be covered, 
cooled and stored in the same container it is boiled in 
to prevent recontamination. Con,itructi~rg a boiling 
unit is simple and inexpensive, Fu! fucl required to 
boil the water (such as firewood, r.hdrcoa1, kerosene or 
bottled gas) may be difficult to get 'ifid can be expen- 
sive. Boiling is impractical for largc quantities of water 
or large groups of people, or fur those who cannot 
afford or have no access to fuel. In China, most drink- 
ing water is boiled while the morning meal is being 
cooked. While the water is boiling, i t  is poured into 
large thermos jugs from which is is drunk as tea or hot 
water throughout the day. This rrocedure has been 
quite cost effective in controlling waterborne disease 
and has played a significant part in the dramatic drop 
in the death rate achieved in recent years. 

Contaminated water can be disinfected with chemi- 
cals. Iodine, bromine, and chlorine can eliminate most 

disease-causing organisms ir, wzter, but they do not 
kill all pathogens and t h y  are not effective against 
organisms embedded in solid particl~s. Chemical dis- 
infection is only appropriate for clear water supplies. 
Turbid water nus t  be settled or filtereci iirst. 

Chiorine is the most widely used chemical disinfec- 
tant and is marketed in many forms. Directions for use 
are supplied on the purchased package and should be 
carefully followed. A small amount of chlorii~e pow- 
der or liquid can be added to a water supply and . 

allowed thirty minutes to react to the contamination 
present. Liquid laundry bleach is often the easiest 
form of chlorine stock to apply in this martiler, but it 
losses its disinfecting ability when stored for a long 
time. 

Chlorine added to a water supply reacts with soil 
particles and inorganic materials as well as disease: 
causing organisms. The amount of chlorine needed to 
disinfect a water supply is called the "chlorine de- 
mand," and it changes according to the condition of 
the water to be treated. Extra chlorine must be added 
to turbid water, for example, to overcome the inorgan- 
ic materials present and kill the bacteria as well. The 
amount of chlorine left over in a water supply after 
killing any bacteria present is called "chlorine residu- 
al." It provides some continuing protection of the wa- 
ter supply against subsequent contamination. The 
level of chlorine residual in a chlorinated supply must 
be measured regularly to be certain the treatment re- 
mains effective. 

Manual chemical disinfection is not always reliable. 
The quality of raw water often changes, and it is diffi- 
cult to determine how much chemical is needed for 
proper disinfection. An insufficient amount will not 



disinfect the supply at all, and an overtrcatcd supp1.y 
can have such a bad taste [ha! the treated water is 
rejected by the users. A simple rule of thumb is to add 
a chlorine solution such as laundry bleach to a con- 
tainer of water just until a chlorine taste is noticed. 

Simple Community Treatments 
There are simple community water treatment meth- 

ods appropriate for groups larger than a single ).louse- 
hold, They require larger volumes of water and more 
constrrtction, operation and maintenance skills than 
simple household methods. Three types of simple 
community treatment are plain sedimentation, slow 
sand filtration, and chemical disinfection. Depending 
upon the quality of the water supply, they may be 
used separately or in combination. 

Plain sedimentation is a method of clarifying very 
turbid water. It is often a preparation for filtration. 
Plain sedimentation is holding water or moving i t  
slowly through a large basin until most of the sus- 
pended particles have settled to the bottom. 

A sedimentation basin is usually rectangular and 
made of concrete, but it may also be made of steel, 
stone, or local materials. I t  must be compietely leak- 
proof and it should be covered to prevent algae 
growth or recontamination of the water. Water enters 
a typical sedimentation basin through an inlet near 
the top of one end of the basin, is slowed by a baffle or 
s:;lling wall near the inlet, and leaves the basin 
through a trough at the top of the tank on the far end. 
Valves or gates can be added to control the speed of 
the water. Floors of sedimentation basins are often 
sloped to make removal of settled sludge easier. The 
size of a sedimentation basin depends on the average 
daily water needs of the community i t  is serving. The 
basin can be designed to provide a constant flow or i t  
can be filled and emptied as needed. Building a sedi- 
mentation basin requires trained designers and skilled 
construction workers. 

Water is usually held in a sedimentation basin for at 
least two days. Very turbid water may need a chemical 
additive to induce settling. Water passing out of a 
sedimentation basin is clear but probably needs to be 
disinfected before i t  is safe to drink. 

Slozo Snrtd Fil ter  

A slotv sand filtcr removes pathogens and clarifies 
large water supplies with low turbidity. It consists of a 
steel drum or a large concrete tank partially filled ~vith 
layers of small stones and very fine sand. Thc filter 
tank is flooded wit11 water which slowly seeps 
through the sand. After several days, a thin slime 
called a schmutzsd~cke forms on top of tlie sand. The 
schmutzedecke contains forms of microscopic life tliat 
filter out and kill most uf the pathogenic organisms in 
tlie water passing through it. The clean water flows 

out ol 3ottom ol OW sanc ? a 
drainage system of baked clay bricks or concrete 
pipes. The filtered water is usually stored in an outlet 
tank. Valves control the rate of water flow so tliat a 
constant depth of water remains on top of the sand to 
preserve the schmutzedecke. If the schmutzedecke 
dries out, the filter bed breeds bacteria, making the 
fil tcred water more contaminated than the raw water. 

Design of a slow sand filter system requires some 
skill. The inlet and outlet arrangements, flow rates, 
tank sizes, sand sizes, and sand volumes must be 
carefully calculated. Construction of the filter tank 
does not require highly skilled labor, but construction 
costs are high and a large'site is needed. Operation 
and maintenance skills and costs are low. The filter is 
cleaned every several weeks when the iilt'er rate slows 
by draining it and carefully scraping several centi- 
meters of sand off the top of the sand bed. Raw water 
is allowed to flow through the sand again until the 
schmt~tzedecke has reformed. This usually takes a 
couple of days. The dirty sand can be cleaned and 
reused. 

T11e slow sand filter can reduce the bacterial count 
of the raw water by 85 percent. It can reduce turbidity 
significantly, although sedimentation is necescary for 
very turbid water. Water not completely disinfected 
by the slow sand filter can be chlorinated afterwards. 
Because of its capacity to improve the physical and 
bacteriological characteristics of a water source, the 
slow sand filter is an excellent means of treatment for 
rural communities with limited resources. 

Drain Inlet Holes distr~bute 

valve \ water evenly 

slants toward -w/ 

Plain Sedimentation Basin - 



Storage, sedimentation and filtration reduce the 
bacierial conlent of large quantities of water, but rare- 
ly disinfect a supply entirely. More complete treat- 
ment of a clear water stlpply can be achieved with 
chemical disinfectants, if regular operation and main- 
tenance are possible. A chemical disinfectant dispens- 
er can be used to add a small amount of chemical to a 
well or storage tank at a constant rate. Chlorine is the 
most widely used chemical disinfectant because it  is 
relatively inexpensive a d  available in many areas. 

Simple chlorinators, which dispense chlorine at a 
constant rate into a water supply, can be bought or 
made with local materials. Design and adjustment of 
cl~lorinators can be complex. Regular testing and 
maintenance are nccessary to ensure their effective- 
ness. 

There are two types of simple chlorinators. A diffi~s- 
er is used in non-flowing water supplies like wells, 
cisterns and tanks. I t  consists of a pot or another con- 
tainer filled with coarse sand and chlorine powder 
submerged in a water supply. The chlorine seeps into 
the water supply through holes in the container. Dif- 
fuser chlorinators have slow rates of disinfection and 
are most effective in wells or tanks not producing or 
holding more than 100 literslday. For larger wells, 
more pots are required, 

7-7' - 
6.8rnm holes 

Simple Diffuser Chlorinator 

h drip-fwdcv is a large tank which feeds a chlorine 
solution at a constant rate into a reservoir of slowly 
flowing water. I t  consists of the tank (usualiy about 
200 liters and made of concrcte or an empty steel 
drum), a cover, a floating valve (often a bowl or a 
wooden float), an outlet, and a flexible tclbe leading 
from the valve to the outlet. 

solution In wale1 

Driu-Feeder Chlorinator 

The tank is filled with chlorine solution, and the 
valve floats on top of the solution. A hole in the bot- 
tom of the valve is blocked with a stopper which has 
two holes in it. One hole has a flexible tube passing 
through it  which runs from the bo~ol 10 the outlet of 
the tank. 'The other hole has a smaller tube passing 
through it which rises in the bowl to just below the 
level of the chlorine solution in the tank. This place- 
ment causes the chlorine solution to flow up through 
the small tube, collect in the bowl and drip down the 
other tube to the outlet and into the water supply. The 
flow into the bowl can be altered by raising or lower- 
ing the small tube. Regular attention to the level of the 
solution and occasional replacement of the parts are 
necessary for drip-feeders. 

Advanced Community Treatment 
Advanced treatment processes for community wa- 

ter supplies arc those that require highly skilled de- 
sign, construction and operation and are usually very 
expensive. They are rarely appropriate to rural water 
supply systems, but several are briefly described herc. 

Conditioning is the elimination of minerals and 
substanccs that give water a bad color, taste or odor. I t  
makes water aesthetically accey table, and makes hard 
water soft and thus more useful for laundry. Condi- 
tioning water supplies is less important than disinfec- 
tion, but pleasant water encourages people to use a 
safe source. 



Aeration is the conditioning process of exposing 
watcr to oxygen i n  the air. I t  changes iron ancl manga- 
nese in watcr to so!irl particles so they can be re- 
moveel. Aeration will also rcrno\tc sonic of the gases 
and organic matter that cause b'icl tastes and orlors. 
Many methods of aeration can be ~lscd on small water 
supplies. The adtrice of an cxpcrt is recon~nicnelcd. 

Desalination is the process of removing salt from a 
water supply. I t  is usually a highly technical and very 
cxpensivc process. Solar clistillation is the simplest 
method of desalination, but is rarely appropriate for 
small water supplies. Choosing a low-salt tvater 
source is recomrrtcndecl. 

Clarification. Coagulation and flocculaiion is a 
chemical process that speeds sedimentation of water. 
An ~ i u m  solution added to turbid water causes small 
particles to collect into larger particles which settle 
quickly. Coagulation and flocculation is often used in 
sophisticated treatment systems. 

A rapid satlli filter is a tank containing coarse sand 
' 

used for clarification of turbid water. Water is forced 
quickly through the saitd bed. A schniutzedecke does 
not have time to develop in a rapid sand filter so no 
disinfection takes place. A pump is necessary to back- 
wash tlie sand. Construction and operation costs can 
be high and maintenance is required often. 

Disinfection. Motorized chlorinator units feed a 
chlorine solution into a watcr supply under pressure. 
The chlorine is in gaseous, liclt~id or powder form, and 
several different types of motorized units are avail- 
able. They require a power source and sophisticatcd 
design and maintenance. 

Treatment Plants. A small, prefabricated package - 
treatment plant may be an econon~ically viable alter- 
native for some small communities. Treatment plants 
are highly technical systems which combine several 
different processes to clarify, disinfect and condition 
large volumes of water. They require a reliable source 
of energy, skilled design, construction, operation and 
maintenance personnel, and constant supplies of 
chemicals. They are expensive to design, buy, operate 
and maintain. They are rarely appropriate for small 
rural water supply systems, although they can some- 
times be used at small town hospitals, sch~ols ,  or 
other locations where it  would be economically feasi- 
ble to have trained operating personnel. 

Emergency Water Treatment 
Methods of emergency tvater tn7atment are those 

which can be established on short notice. Disasters 
which cause a disruption of water supplies demand a 
fast appraisal of local conditions and available water 
resot.rrces. Emergency water treatment is needed 
whcn a source becomes contaminated, when a .treat- 
ment facility has been tiestroyed or when a change in 
water source is necessary, 

Disinfection is the priority treatment process to pre- 
vent outbreaks of waterborne diseases. Boiling water 
or adding chlorine or iodine tablets to supplies are 

suitable methods for disinfecting small quantities of 
drinking watcr. For 1a1.gc groups an automatic cl.llor- 
ination unit of  sonie kind is most efficient and effcc- 
tivc. Diffusers or drip-feeders arc designs most easily 
improvised from available materials. More sophisti- 
cated motorized chlorination units rnay be used i f  a 
reliable power source is available. 

Planning for Treatment 
The addition of any forni of water treatment to a 

water systen~ causes an increase in (a) the cost of dc- 
veloping the system (b) the amount of maintenance 
required and (c) tlie risk of breakdown. 

If i t  is deterniincd that water treatment is necessary, 
the following factors must be considered when choos- 
ing the treatment system to use. 

Amount of funds available to carry through thc pro- 
ject. Most rural communities have limited funds and 
cannot afford expensive projects. The choice of us- 
ing a treated or a non-treated source and the choice 
of a treatment technique depends upon the funds 
available to the community. 

a Costs of construction. The construction of a water 
treatment facility is expensive and construction 
costs must be estimated before choosing the pro- 
cess. Compare the construction costs of the processes 
that will provide the needed treatment. Also, com- 
pare the costs of the treatment system and a pipeline 
to the community from a source needing no treat- 
ment. If the difference in cost is not great, tlie devel- 
opment of the pipeline may be the better alternative. 

a The trained personnel available or the possibilities 
for establishing necessary training programs. 
Trained personnel are needed to operate and main- 
tain water treatment systems. The success of water 
treatment depends on the dedication, skill and su- 
pervision of trained personnel and the equipment 
and supplies available to them. If trained personnel 
are not available or are inadequately trained, the 
water treatment system will not function properly 
and water quality will be poor. 

Costs of operation and maintenance. The cost of 
chemicals (e.g. chlorine) for treatment, fuel to run 
pumps, and salaries for personnel may be beyond 
the means of the community. Chemicals and spare 
parts must be readily available to avoid the closing 
down of the treatment system. 

The general policy should be one that restricts the 
use of water treatment in rural areas to only those 
cases where it is absolutely necessary. By selecting a 
source of water which needs no treatment, a commu- 
nity can save money. In cases where water treatment 
is absolutely necessary, the most efficient and least 
expensive metllod must be chosen. 



Storing and Distributing the Water 

An i~iipro\rcd tvatcr systcni should includc some 
typc of storagc, so that water may be conserved for 
periods of pcak usc, and some systcm of distribution 
so that tlie tvatcr nccd not bc collcctcd at the source, 
which is usually a time-consuming prclccdurc. Sps- 
terns of storagc and distribution in developing nations 
range fron: simple cisterns to individual household 
water taps. 

Cisterns 
The simplest and most direct distribution systcn~ 

for a watcr supply is the collection of rainwater froni 
roof or ground catchment areas with provision for 
storage in cistcrns or tanks at ground Ickcl and in close 
proximity to thc users. Roof catclin~cnt requires no 
fclel or potver and has served for centuries as a direct 
supply for families. Storagc requirements for such a 
simple systcm depend on the frequency and amounl 
of the rainfall, the nature and area of tlie catcl~nient 
surface, and t l~c  watcr rcquircnients of tliosc being 
served. 

Although simple in principle, rain~vatcr collection 
systems, rvlien propcrly constructed with under- 
ground cisterns for individual homes in a community, 
are not always economically attractive. Cistcrns 
shotlld be constructed of masonry, brick, or concrete, 
and must be of sufficient size to provide an adcquate 
supply during low rainfall periods. To makc maxi- 
mum use of available roof arcas, gutters lcading to thc 
cistern should be installed. The cistern must bc prop- 
erly designed with provision for screcning to exclude 
leaves and otlier debris that may be collected from tlie 
roof. Although roof catchment water is of reasonably 
good quality and preferable to untreated surface wa- 
ter sources, boiling or disinfection by otlier means is 
recommended before usc as drinking water. A sand 
filter may be installed ahcad of the cistern to improve 
water quality. Tliis adds to the cost of construction 
and requires a level of maintenance that often is not 
provided on a rcgular basis. 

The cistern must have an access manhole with a 
tight cotter to exclude insects, animals, dust, and oth- 
er contaminants. Despite the precautions taken to en- 
sure proper construction of a cistern, i t  will require 
periodic cleaning and disinfection. Water is usually 
withdrawn from tlie cistern by a hand pump al- 
though, for large installations, motor drivcn pumps 
may be used. 

Cotrstntctiotl ofn lnrgc contttrlitlit!y s torn~e  tnrtk is orle trlcntts 
of zuntcr stornge. 

Sttmller tntrks cntl be used to strpply livestock. 
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An intermediate level system that is widely used 
consists of supplying water from a gravity or pumped 
supply to a distribution system of public standposts 
located throughout tlie village or community. Stand- 
posts should be built in sufficient numbers to ntizi- 
niize tlie time used to fill containers. Obviously, the 
greater the number of standposts, tlie more tlie capital 
outlay for the system. In some instances, private 
standposts at individual homes can be provided with 
additional costs borne by the household receiving the 
special service. Provision of such service should be 
encouraged, since this is the initial step in providing 
individual house connections if interior plumbing is 
installed. If the pressure in the distribution system is \Design of Standpost with Multiple Taps 
acicquate, there is an imrncdiate benefit to tliose with / 

a private standpost. I t  provides a facility to fill an 
elevated or roof-supported storage tank and allows 
irrigation of a garden. 

PtrbliC stnrtrlposts stqlpiicd tlrrorr,qh n cor~rr~rlrttity zimtc~. ldn~tt  cntr 
IJC rut ndcqlintr i i ~ t c r  systc11t. 

When standposts are used as water distribution 
points, careful attention must be given to the design of 
tlie loading platform structure. Among the factors to 
be considered are the height of the platform or loading 
surface, drainage from the platform, adequate sup- 
port for the riser pipe, and the type of faucet. Public 
standposts are subject to heavy uses and abuses, and 
should be constructed of durable materials that will 
last for long periods of time without deterioration. 

The distance from the faucet to the loading platform I 

on which containers rest while being filled should be 
sufficient to accommodate the vertical length of the 
containers, and the spout shoi~ld project far enough 
so that it will not be necessary to tip the jug or vessel 
being filled. The height of the platform sliould be used 
to minimize the amount of lifting. Drainage from the 
facility is of particular importance to avoid standing 
water and nuisance conditions. Tlie riser pipe should 
be encased within the structure to prevent bending or 
dismantling the pipe. Faucets must be of good quafity, 
strong and durable. Self-closing faucets are desirable 
to avoid waste resulting from carelessness in allowing 
water to run without containers in place. 

Even with good location and design of standpost 
facilities, a routine inspection program and frequent 
repairs will be required to maintain them in good op- 
erating condition. Every effort should be made to pro- 
vide an attractive facility to encourage its use and 
discouragc people from returning to the use of what 
may be a more convenient but unsafe source. 

Although tlie water supplied at tlie faucet may be of 
good quality, significant pollution can occur between 
tlie points of collection and use. This is more of a 
problem where water is stored in large containers 
within a home instead of being used directly from the 
collection container which is usually rinsed at the time 
of collection. Those concerned with t l~e  design of dis- 
tribu tion systems sliould recognize tlia t the provision 
of a safe supply at the standpost can be negated by 



secondary contamination resulting froni poor pcrson- 
n l  hygiene practices by the users. 

Priva tcly-owned systcnis with proper govcrnmcn t 
control provide an option for supply and distribution. 
Si1c1-r systems may be found at an i~idividually-owned 
trading store, a school, or a religious institution. Also, 
a private individual or company may supply water, 
either by sale of water directly froni the tap or by 
delivery to individtral liomcs by truck. Public subsidy 
of privately-owned supplies niay be desirable to allow 
some public control that will assure continuity in 
maintaining the supply and in providing public 
access. 

Selection and Design of Distribution Systems 

Fron? a technical standpoint, the distribution sys- 
tem should be designed by a competent engineer who 
tvill gather the inforniation necded. This inforniation 
inclucies a topographic survey of tlic area to be serbcd, 
the nature and location of the source of supply, tlie 
water quality characteristics, tlic water quantity de- 
mands, the possible necd to provide for fire protec- 
tion, the minimum pressure to be maintained in tile 
system, and the availability of niatcrials and person- 
nel, both for the constrt~ction phase and the continu- 
ing opcration and nlaintenance of tlie systcm. 
Although :he criteria for the technical design are of 
great importance, economic, social, and political con- 
sidcratio~is are major influences on the selection of 
appropriate tec1inology. Unless tlic systeni is locally 
suitable, it will receive neither p~tblic support nor use. 

Although sopliisticated metliods of cost-bcnefi t 
analysis are available for decision-making for fully in- 
tegrated systems, such ~netliods arc not applicable to 
most situations in cieveloping countries. 'There arc 
simply too many variables that cannot be quantified 
and tvhose relative importance froni one country to 
another, or even within different regions in the same 
country, covers a wide range. Rigorous economic 
analysis may indicate that overall cost-effectiveness 
favors a system whose initial cost is high but, because 
of anticipated lower costs for maintenance and oper- 
ation, is more cost-effective than one with lotver initial 
costs. Limitations on available funds may justify a 
least-capital-cost solution, further enhanced by tlie 
need to use locally available materials even though 
use of higher quality materials would reduce long- 
term niaintcnance costs. Although i t  is not possible to 
generalize for all situations in developing nations 
throughout the world, systems with the lotvest per 
capita initial cost are often chosen even though long 
hauling distances and jot~rney time may be involved.' 
Chapter Nine discusses the economics of water sup- 
ply in greatcr detail. 

Wells with hand punips arc the simplest and chea- 
pest nicans of providing a good supply. I f  the pumps 
arc of good qualit!. and tl-rcrc is organization to niCiin- 

tain them, these systems are also the most reliable 
since hand pumps are simple in construction and easy 
to repair. 

Piped supplies, tvhcther by gravity from springs or 
upland sources or froni sources where punips are re- 
q~tircd, can be designed to minimize hauling dis- 
tances i f  standposts are used. Piped supplies with 
standposts have advantages over hand pumped 
wells. They not only make it possible to provide a 
greatcr number of distribution points more conve- 
niently located and reduce manual labor required for 
pumping, but they also allow greater quality control at 
tlie sourcc. The cost of a piped supply is usually great- 
er than that for a well and hand pump systeni and 
generally requires more inspection and maintenance. 
Despite the benefits of a piped supply, the additional 
costs may not be justified or economically feasible in a 
rural setting or small village. 

Before making a decision to develop a piped sup- 
ply, tlie social and economic benefits as well as the 
health benefits should be carefully evaluated. Health 
benefits may not be realized to the extent anticipated 
unless concon~itant attention is given to personal hy- 
giene education. 

The transniission and distribution of water through 
a piped supply to individual homes requires several 
interdependent units which must be properly de- 
signed, constructed, operated, and maintained to pro- 
vide tlie service intended. As noted earlier a source at 
sufficient elevation to allow gravity flow at the pres- 
sure necded to supply the consumer is higl-rly reliable. 
The water would be transported through pressure 
conduits to a service reservoir and then to a pressure 
pipe. A combination of gravity flow to a treatment 
plant and pumping to the distribution system niay be 
required, depending on topography. 

Direct pumping into water mains is common but 
has the disadvantage that an interruption in power 
disrupts the supply. In a direct pumped system, wide 
variations in pressure can occur depending on de- 
mand, tinless the pumping arrangement is sucl-r that 
additional pumps are activated as  demand increases. 
The pumping arrangements necessary to meet vari- 
ations in demand can be provided but reqttire careful 
design and opcration. A preferred system is pumping 
with provision for storagc of water in elevated tanks. 
Constant speed pumps can be used. During periods 
of low demand, tlie excess water being pumped is 
used to fill the reservoir. The stored water provides a 
st~pply during peak hourly denlands and is available 
for fire fighting ptlrposes. Elevated storage also as- 
sures that a predetermined pressure level can be 
maintained in the systcm. 

Other advantages to clevatcd storagc arc: (1) the 
use of s~nallcr diameter pipes from source to reservoir 
than would be required if pumyage were directly to 
the village distribution system; and (2) with proper 
valving, supply can be maintained during periods 
when niaintcnance and repairs of tlie transniission 



conduit from sou rcc to reservoir ,Ire rccluircd . 
From thc cilnsumcr's point of \*ic~v, a cont in~~ing 

supply of watcr, eve11 during porvcr i ~ ~ ~ t ~ l g c s ,  a 
s t~yply at reasonably uniform pressure, as t~rovicled 
by a scrvicc rcscrvoir, instills confidcncc in tlic rcli- 
ability of the systcm. This is important bcca~lsc con- 
sumer confidence in the system fre~lucntly i!~flucnccs 
the ease of collection of cliargcs. I f  a simple, dct,:~tid- 
able cvcll and hand p ~ ~ n i p  systcm is replaced by J 

piped supply ~vithout a scrvicc reservoir, interruption 
in tlic pipcci s ~ ~ p p l p  ca~~sccl  by pump failure, power 
outage, or a break or csccss lcakagc in the piping 
systcm may destroy const~nicr conficicncc and make 
tlic cotisunier reluctant to pay for the s ~ ~ p p o r t  of tlic 
systcm. The more complcs and cspcnsivc systems 
rcqi~irc a higher level of operation and maintcnancc 
tvhicli me~ins that oycrating personnel with tlic skills 
to make repairs quickly and effectively arc needed. I t  
is also iniportant to have an adequate inventory of 
rcplaccnicnt parts for pumps, pipcs, valves, and othcr 
devices. 

Storage Requirements 
Thc volunie of storagc that must be provided tie- 

pcnds on the pattern of watcr ivithdralval in the com- 
munity. Tlicrc arc wide variations in ~vitliciraival 
patterns in different parts of the world. A factor of 
particular importance is the peak ciaily dcnian~l rate. 
In addition to ~nccting the peak daily demand, provi- 
sion s l io~~ ld  be made to storc enougli water for normal 
breakdown or maintenance interruptions, 

The location of the service reservoir influences prcs- 
sure distribution and available supply. I f  topograpliy 
is suitable, the rcscrvoir sliould be located on high 
ground, close to the center of tlic demand area. I f  tlic 
site is flat, an elevated storage tank will be required. 
This s h o ~ ~ l d  be close to tlie central distribution area to 
minimize friction losscs by avoiding long service 
mains and larger diameter pipes. An attractivc rescr- 
voir in the center o l  town is often a sourcc of pride to 
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Elevated Storage for Large Populations 

the pop~~lation,  anti \vil l i  a small a n i o ~ ~ ~ i t  of park arc~i 
,inti landscaping can serve as a t ~ c a l  pi~int fiir C O I ~ I I I ~ L I -  

nity social anci political gatherings. 
'I'hc choice bctwccn ground storage anci elevated 

tank storagc to equalize flo~v rLi tcs anci p rcssures cic- 
pcn~ i s  on local t~pographic~il conditions. Storage in 
g r c i ~ ~ ~ i d  Icvcl rcscrvoirs is ~ ~ s u a l l y  advantageous be- 
cause of lower initial costs and case 01. mciinlcnancc. I f  
high ground is availablc within rcasonablc distance of 
tlie community. 7 g r ~ ~ t n d  Ic\rcl rcscrvoir can provide a 
gravity supply at aciccluatc prcssurc to the distribu- 
tion system. 'I'lic pipeline froni the rcscrvoir must be 
dcsigncd with sufficient capacity not only to supply 
present needs, but also to meet future dcniarids in 
areas whttre growth is espectcci, arid to suppl\r fu turc 
community facilities such as  hospitals or schools. Lo- 
cation of sucli future facilities may be restricted i f  the 
puniying ccluipnietlt, rcscrvoir, and pipelines arc not 
propcrly clesigncd. 

'I'hc pressure in the distribution systeni depends on 
the tvatcr levcl niaintaiticd in the reservoir. During 
periods of heavy dcmand, the hydra~~l ic  grade line- 
tlic levcl to which water would rise at any point in the 
system-becomes steeper because of increased head 
loss from greater friction in tlic distribution systeni 
pipes. Wlicn the tank is locatcd in the center of the 
distribution area, watcr is pumped into tlic reservoir 
during periods of low clernand, while at tlic sanic timc 
a supply is provided to tlic consumers. During per- 
iods of high dcmand, water is supplied to consumers 
froni both the source and from the reservoir, although 
tlierc is some decrease in pressure in parts of the sys- 
tem. 

Ground levcl rcscrvoirs are usually constructcci of 
masonry, mass concrcte, reinforced concrcte, or steel. 
Reservoirs may have cart11 embankments as rvalls if 
soil conditions are sucli that tliere is no excessive leak- 
age. If lcakagc is a problem, the rcscrvoirs can be lined 
with concretc, rubblc masonry with cement joints, or 
plastic sheets. Such rcscrvoirs are not usually cov- 
cred, and evaporation losses may be excessive. Water 
from open reservoirs should be treated before it is 
distributed because of contamination f ron~  the catcli- 
nient area and froni humans or animals. 
T \ 

Overflow and vent 

Ground Level Storage Tank 



Elevated tanks may be constructed of reinforced 
concrete, steel, or wood. Steel is most widely used, 
but requires more maintenance to protect it from cor- 
rosion. Wood tanks for smaller communities are rela- 
tively easy to construct where suitable materials are 
available. Careful construction is required to prevent 
leaks and resulting deterioration and ~lnsightly ap- 
pearance. Wood tanks also present problems since 
they more readily support bacterial growth than do 
concrete or steel tanks. Althotlgh the basic consider- 
ation in the design of storage facilities is cost, pleasing. 
architecture should not be overlooked. An elevated 
tank can be aesthetically attractive and gain public 
esteem at little additional cost to the community. 

Snmll scnle elevnted s torqe tallks cnrr be co~rslnrcteli 
irtexpetrsively. 

Distribution System Layout 
'The configuration of thc distribution system is dic- 

tated by the layout of existing community housing 
and the direction of development. Systems are de- 
scribed as branching, grid, and looped or belt sys- 
tems, but in many cases the system may be a 
combination of types of layout. 

The grid or grid-loop system layout is preferred. 
The pipes are interconnected which providcs for cir- 
cula tion throughout the distribution system, rcducing 
stagnation at dcad ends such as can occur in n branch- 
ing system configuration. With proper location of 
valves, it  is possible to isolate a small portion of the 
grid system for repairs and still provide water to con- 
sumers at other points without interruption. Incorpo- 
rating a loop in the system improves water pressure 
and delivery to commercial, indtrstrial, or heavily 
populated districts. 

Design Map of Transmission Main and 
\Distribution System J 

Branching systems are simple to design and con- 
struct and are less costly than other types because 
they require less pipe, fewer valves, and smaller di- 
ameter pipe for most sections of the area. In small 
villages, tlle branching system may be the preferred 
choice despite the disadvantages of stagnation at dead 
ends. This disadvantage can be alleviated by periodic 
flushing at hydrants located at dead ends. 

Pipe Materials 
The principal factors to be considered in the selection 
of pipe are: local availability; durability, which in- 
cludes strength and resistance to internal and external 
corrosion; initial cost, and ease and cost of installation 
and maintenance; types of joints to minimize leakage; 
and ease of tapping and making repairs. 

The relative importance of these features varies, de- 
pending on local conditions, with the result that dif- 
ferent materials will be selected at different locations. 
Materials in common use are cast iron, steel, asbestos 
cement, concrete, plastic, copper, brass, galvanized 
iron and steel, and wood. Bamboo is also used, par- 
ticularly in gravity systems in rural areas. Although a 
bamboo system is relatively easy to construct, and 
where available is inexpensive, it is not suitable for 
pressure systems and has a relatively short useful life. 

Regardless of the type of pipe used, it is important 
that the pipe be handled and laid with care to avoid 
damage during construction and subsequent failure 
resulting from improper support of the pipe when in 
place. Cast iron pipe has a long history of successful 
use and is produced in various diameters. Although 
quite resistant to corrosion, the carrying capacity may 
be decreased as a result of tuberculation, wl~ich is the 
formation of pits and growth of nodulcs on the interi- 
or of the pipe. This type of pipe is usually lined with 
cement mortar, plastic or other linings. The pipe can 
also be protected from external corrosion caused by 
contact with certain soil types. With proper lining and 
coating, cast iron pipe has an extremely long service 
life. The usual length of cast iron pipe is about 4m. 

Steel pipe is lighter and more easily handled for 
asscmbly purposes than cast iron pipe. It is, however, 



more subject to corrosir:rn unless properly lined ancl 
coateci. Steel pipc is available in a wide range of sizes, 
froni 1.25cni diameter up to 180cni. Largcr dianietcrs 
can be provided by riveting or tvclding steel plates on 
tlie job. Large diameter pipcs arc s~~bjec t  to collapse 
unless thc pipeline is provided wit11 adequate vacutlni 
relief devices. 

Asbestos cement (A-C) pipe is made of asbestos 
fibers, sand, and cement. I t  is strong, light in weight, 
easy to install and can be readily tapped. The pipe is 
not subject to corrosion by water supplies although it 
can be corroded by sewage. Couplings fcr A-C pipe 
arc relatively inexpensive and have rubbcr rings to 
provide a watertight seal. A-C pipe is available in sizes 
from lOOmni and larger, in 4m Icngths. Asbestos fi- 
bers have been linked to cancer so it is best to use 
another type of pipe. 

Plain concrete pipe is relatively inexpensive ancl 
~ ~ s e f u l  for pipelines under low pressure. It is not sub- 
ject to tuberculation. For low pressure i~istallations, a 
caulked mortar bell ancl spigot joint can be used. I're- 
cast concrete pipe with lock-joints is used for high 
pressure installations to provide a watertight system. 

Plastic pipe is widely useti and has many desirable 
features. I t  is available in sizes from 1.25cni and up. 
The types of plastic pipe in common use are polyvinyl- 
chloride (PVC), polyethylene (PE), polybu;yl.~ne (PB), 
and ABS (acrylonitrile, butodiene, and styrene). I'las- 
tic pipc does not corrode, is light in weight, and easily 
installed. PVC and I'F pipe are the types principally in 
use for potable watci supplies. Polyethylene (PE) tub- 
ing is available in 30m rolls in small sizes, is very 
flcxiblc and easily handled. Copper, brass, and block 
and galvanized iron and steel are widely used with 
satisfactory performance, particularly in thc smaller 
diameters, as service piping from the distribution sys- 
tem to standposts or to individual homes or othcr 
buildings. 

Regardless of the type ~ ~ s e d ,  all pipe sliot~ld be han- 
elled with care, inspected for defects, and tlic inside of 
tlie pipc cleaned of dirt or any other materials which 
may liavc gotten into the pipe dttring transport and/or 
construction, 'rhc pipc should be properly supporteel 
anel, when laid i l l  a trench, provided witli adequate 
bedding to avoid t~ndue  stress on i t  resulting from the 
backfill (cover) placed over the pipe or from uneven 
settling of tlic backfill. 

'rhe grade at cvliich pipcs 'ire laid sliot~ld be uni- 
formly up or down, avoiding a ripple-type of gradc 
and avoiding liigli points as niucli as possible. At 
placcs where high points are unavoidable, air relief 
valves should bc located. Tlicse could consist of T- 
fittings, with a vertical leg uf the T n i ~ ~ c l i  larger in  
diameter than the diameter of tlie pipeline. Tlie 'S 
sliould be plugged at tlie top. The plug can be tapped 
witli a line going to the ground surface where a faucet 
can bc locatecl to allocv for pcriodic manual relcasc of 
air. 

'rhc sudden shut-off of a punip or closing of a valve 

can induce water liamrner in a pressure pipe with 
res~tlting pressures far in excess of norrtial operating 
pressure. The condition liad been known to cause 
buried pipes to blow out of tlie ground. Consequent- 
ly, i t  is very important to "anchor" pressure pipes at 
all vertical and horizontal bends. The best way to do 
this is witli restrained joints, but concrete thrust 
blocks can also be used. Tlie advantage of the former 
is tliat they depend only on the weight of the pipe 
itself and the water i t  contains to keep the joints from 
blowing apart. Thus, tlie ground can bc excavated 
near the pipe and the pipe will still be protected. The 
disadvantage of tlie latter is that, i f  the soil adjacent to 
tile concrete thrust block is excavated, the pipe is no 
longer protected. 

Before the pipe is covered, i t  should be tested for 
leakage by slowly filling i t  wit11 water. The pipe line 
should be practically watertight for small diameter 
systems. Any joints that show excessive leakage 
sliould be repaired or replaced. Backfill material 
should not contain large stones or other objects which 
could hit the pipe and damage it. 

Before a new line is put into service, i t  should be 
flushed thoroughly at a sufficient velocity to remove 
any particles of dirt which r.lay have entered the pipe 
during the laying process. Following tlie flushing op- 
eration, the pipe line should be disinfected by filling it 
with a chlorine solution with a concentration of 50mgll 
of available chlorine. The strength of the chlorine 
sliould be tested several times during a 24-hour period 
to ensure that the chlorine level is maintained. l'he 
chlorine scilution should be flushed out at standposts 
and individual services to ensure their :',isinfectic;;;. 
Tlie entire stretcli of line being disinfected sliould be 
thoroughly flushed out with the potable source water. 

, '  The line can then be used by consumers. 

f Trench 
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(??eration and Maintenance 

Operatic>n ancl maintenance consiclerations m ~ ~ s t  be 
stressed at each stage of the cvatcr systcm devclop- 
mcnt process. It should bc kcpt in mind tliat at tlic 
villagc lcvcl in clcvcloping nations, a trained engineer 
will not bc on hand to clcal ,vitli thc malfunctions tliat 
inevitably occur. Oftcn, systcm users tlicmsclvcs will 
have to ycrform rot~tine niaintcnancc tasks. Dcvclop- 
ing the liuman resources to maintain systcnis is dis- 
cussed in Chapter Eight. I-Ierc i t  slioulcl simply be 
notcd tliat trainccl pcrsonncl and otlicr rcsourccs arc 
likely to be scarce. Thcrcforc, wlicncvcr clcsign dcci- 
sions arc being made, thc ll~lcstion slioulcl be askccl: 
"How casy will tliis bc to operate and n~aintain?" Ask 
tlie cl~tcstion cvlicn: 

a ~vatcr source is identified; . 
a retrieval syslcni is being designed; 
a trcatment technology is being sclcctcd; 
a clistrib~~lion systcm is being designed; 
a p~111ip is being chosen; 
lengths of pipc arc being selected. 

11 systen~ ~vhicli is tcclinically ~vcll-designed is of no 
t ~ s c  if i t  falls into disrepair and is ignored by tlie in- 
te~lded users. System planncrs should establish a 
niaintcnancc prograni to keep tliis from occurring. . . 1 his inclurlcs infrastructi~rc clevelopmcnt, personnel 
selection, training, supply of spare parts, and comniu- 
nity support. 

Operation and Maintenance of Facilities 
Corrcct operation and maintcnancc procedures 

sliould be cstablislied wlien tlic project is bcgun. 
'l'liesc procedures will help maintain quality by assur- 
ing that tIi.2 well or intakc structure is protccted 
against contamination. Thorough and regular inspec- 
tion of pumps and monitoring of conditions which 
affect tlic syslcm's yield will liclp keep the quantity of 
wa tcr provided constant. Materials required for main- 
tenance, st~cli as chlorine and tools, sliould be kept in 
stock. Thcse procedures arc most successful when 
one or more individuals are trained and assigncd the 
responsibility of carrying them out, there is systematic 
supervision and when the community provides ade- 
qitatc funds for them. 

Careful design and consideration of thc situation 
for which a system is planned should reduce mecliani- 
cal difficulties, but mechanical problems or failures 
s l i o ~ ~ l d  be cxpected and planned for. Spare parts, ma- 
terials and tools should be kept on hand so that trained 
personnel, if available, may make the necessary re- 
pairs as soon as possible. If this is not feasible, a sys- 
tem for procuring tlie required materials or expertise 
should be establislied. In some villages, tl~ere may be 
someone alrcady responsible for operation of an cxist- 
ing facility-tlic clcctric light plant, a corn processing 
mill, a bicycle repair shop, Advantage sl~ould be taken 
of tliesc skills in operating and maintaining the water 
supply system. 

In thc same way, t l~cre may be an organization with 
a sliop located at thc regional level to oversee the 
operation and niaintenance of farm or highway equip- 
nient. 'I'his organization might be willing to add an- 
other sectioi to backstop thc operation and 
niaintenance of rural water supply systems in the 
area. These possibilities sliould be investigated by the 
national or regional safe water agency and tlie local 
water committee before i t  is decided to set up separate 
water supply operation and niaintenance support fa- 
cilities at the local and regional levels. 

Need for Routine Maintenance 

The basic requirement for a lnaintenance program is 
the availability of dctailed maps and records showing 
the location and sizes of all wells, intakes, trcatmcnt 
and storage systenis and structttres, and all pipes, 
valves, pumps, standposts, hydrants, house connec- 
tions, and any otl~er information tvhicli will facilitate 
routinc inspcction and maintenance. Rcliance should 
nevcr be placcd on memory. All records of service and 
repairs of equipment sl~ould be maintained it1 a cen- 
tral set of rccord booksand, togctlier ~ . i t l i  tlie location 
map, should be kcpt to datc. 

A major deficiency in the management of rural wa- 
Irrtltrolrcr nmirrtotnrrce of/rrrrrrlrs (rtote 7imtcr /eflkns~) Z O ~ I ~  ez~ertttml- ter supply systcms is the lack of a systematic routine 
Iy cntrse scriorrs polrlrrrrs. niaintcnancc program. The person in cliargc of tlic 

system, with liclp froni tlie water and sanitation agcn- 
cy, tnust clcarly ~icfinc in writing responsibility for 
main tcnancc and see that the detailed main tcnsnce 



Mains sliould be fluslied regularly to prevcnt accumu- 

Mov~ng S I U J ~ C  
lation of cxccssive deposits, particularly in over-sized 

to droin lines wit11 low velocitv of flow, and. at dead ends. 
Pipeline maintenance includes repair of main 

breaks, joint leaks, broken service lines, and Icaks in 
valves and other fittings. Thcre sl~ould be no du!ay in 
repairing any dctccted Icak. Every leak should be 
looked on as an emcrgcncy situation. A policy of pre- 
ventive maintenance of equipment shoul4 be institut- 
ed and supervised for all systenis. Such a policy 

I ( reduces the requiremelits for-standby units. 

k c l e a n i n g  Out Sedimentation Basin 
Maintenance as a Test of Progress 

scl~edules arc followed. Managers also have tlic rc- 
sponsibility to ensure that maintenance personnel 
havc proper tools, replacement pipe and spare parts, 
and access to shop facilities for maintenance and re- 
pair. Managers sl~ould know to wlioni they can go at 
tlie local, regional or national levcl for assistance 
when confrontcd with problems they cannot correct 
alone. 

Wetter quality must bc clearly understood and 
should bc uppermost the minds of those rcsponsible 
for the opcration and maintcnance of the water sys- 
tem. Periodic testing to determine bacteriological 
quality in thc system should be a routine procecltlre 
wlierever possible. Unfortunately, in many areas 
tliro~~gllout t.lie world, bacteriological control on a 
routinc basis is not possible becausc of the lack of 
laboratory facilities within reasonable proximity of the 
village. The cooperation of a ncarby hospital shoulcl 
be solicitecl to test thc water periodically i f  it is at all 
possible to gct samples to the hospital facility. Othcr 
alternatives are the use of potable water-testing kits 
and/or mobile laboratories. 

It is incunil-ent o11 thc operator to take special pre- 
cautions to tlioroughly disinfcct tlic system whcnevcr 
a pipeline failure is repaired or an  extension made. 
Tlic operator must also be constantly on guard to pre- 
vent cross-conncctions bctwccn tlic comniunity's 
supply and one which is not under the jurisdiction of 
tlie community. Such cross-connections can occur, lor 
example, when an ilidividual uses a private wcll of 
unknown quality as  an alternate supply and through a 
connection to tlie community supply introduces thc 
potential for contamination. 

Maintaining positive pressure in the systcni sliould 
be stressed in instructions to operators. Pumping 
from tlie system (e.g., for rooftop storagc or for fire 
fighting) sliould not be allowcd to drop tlic pressure 
below atmosplieric pressure. Valves anci liydrants, i f  
providccl, should oc inspccted on a regular schcdulc 
at least evcry tlirce months. Hydrant repairs s l i o ~ ~ l d  
be made at once to stop watcr wastage from Icnks. 

' h i s  cliaptcr began witli the thought that, in the 
Interna tional Decadc for Water, dcvcloping nations 
wo~lld try to improve water systems in as  many com- 
munities as possible. I t  would be unfortunate if im- 
provcmcnts werc scen largely in terms of new system 
construction with little attention paid to how well sys- 
tems are maintained, as tias often bcen the case in the 
past. Internationcil donor patterns have probably been 
a factor in this; development funds have been avail- 
able from external sources whereas maintenance 
funds usually must come from the developing coun- 
try's limited budget or  from the community. What- 
cvcr the reason, lack of r~tnir~tcrrnrtce is the rrrnirt renso11 
rtitnl runter syslcnrs irt clcoelopitr,y rrntiorls ltrcnk dozort. 

If scarce resources are not to be wasted, developing 
country governments and international donors must 
place greater stress on maintenance. In fact, the case 
can be made that niaintcnancc and repair of existing 
systenis should even rcceive a liiglier priority than 
new construction. In tlie first place, most devcloping 
nations already have a baclclog of systems tliat need 
major repairs or routine maintenance. Sccondly, if the 
intent is to serve more penple, tlie nunibcr of water 
supply systems actually working, not the number of 
systems built, is the real measure of tlie quality of 
service. Thirdly, i f  tlie developing country govern- 
ment wants quick results in its water supply program, 
the best way to get them is through repairing systems, 
some 20 percent of wl~icli may be out of order at  any 
given time. 

Finally, repair and niaintcnancc o l  systems should 
receive particular stress becausc it represents a more 
difficult task than new construction. In tlie long run, 
successful opcration and maintenance requires com- 
nittnity participation of some kind. 'rlie comniunity 
cntliusiasm that lcads to participation may bc easily 
kindlcd for thc short period rcq~tired for new con- 
struction; it is much niorc difficult to maintaiti dcvo- 
tion to successf~~l opcration and maintenance year 
after year. 

Tli~ls  thc rcal test of progress by developing nations 
in improving watcrstrpply systems lies not only in the : 
number of new systems but also in tlie numbcr of 
effcclivc maintenance programs tliat are carefully set 
up ad supervised. A country tliat shows solid rcsults 
in the latter area is trtlly building for the futurc. 
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CHAPTER FIVE 
WASTE DISPOSAL SYSTEMS 

SUMMARY . 

Waste disposal includes non-water carried human 
excreta disposal, domestic wastewater disposal, solid 
waste disposal, and industrial waste disposal. The 
most common non-water carried human excreta dis- 
posal methods are bury and cover, overhang toilets, 
bucket deposit and collection, pit or vault privies, 
bored hole latrines, water-sealed privies, aqua privies, 
compost toilets, chemical toilets, burn-out or inciner- 
ation toilets, and oil-flushed toilets. These are listed in 
order of least to most complex. 

'Domestic wastewater disposal methods suitable for 
use in rural communities in developing nations in- 
clude septic tanks, cesspools, evapo- transpira tion 
beds, elevated mounds, package aerobic units, sand 
filters, trickling filters, and stablization ponds. If cer- 
tain conditions can be met, the water-sealed privy is 
probably the best non-water carried excreta disposal 
method. The choice of a wastewater disposal method 
depends on the amount of wastewater to be disposed 
of, the resources available, and the type of soil 
present. 

Urban or town solid waste disposal on an orga- 
nized, community-wide basis can be an expensive, 
labor-intensive undertaking. In many rural villages, 
scavenging and re-use of waste materials makes solid 
waste disposal a relatively miror problem. If a solid 
waste disposal system is needed, it should probably 
be one such as composting that allows for re-use of 
waste material or a sanitary landfill which allows the 
land to be used later for another productive purpose. 

Ittrproper disposnl ;If wastewater perpetuates the threat to public 
henlth. , 

Industrial waste disposal is and will continue to be 
an increasingly important problem in the developing 
nations. There is a wide variety of physical, chemical 
and biological proce5s.l~ available to remove particular 
types of pollutants from industrial wastewaters. The 
treatment method will depend on the precise type of 
industry and the pollutants which need to be removed 
from its wastewater. 



CHAPTER FIVE 
WASTE DISPOSAL SYSTEMS 

Waste disposal covcrs ( I )  11r;:i-water-carricd human 
excreta disposal and domestic wastewater clisposnl 
from bathing and food handling in tlic home, (2) solid 
wastcs, and (3) incltlstriai wastes. Methods of human 
excreta disposal inclucle non-water carried arrange- 
ments such as pit or vault privies; on-site disposal 
such as  septic tank systcms that do not use collccti~ig 
sewers; anci water-fluslied systems that carry wastes 
to sewers. The latter two procedures can readily han- 
dle ciomcstic cvastcwatcr tvliicl1 is oftcn called gray 
water or sullagc. Within tlie three broad categories of 
human excreta disposal methods, there are a number 
of variants which arc discussed here in order of the 
sin~plest means to the more complex. Solid waste 
choices are treated in a sin~ilar manner. Finally, indus- 
trial tvastes arc consiclercd briefly becai~se, even 
tliotlgt~ they are not a major proble~il in rural villages, 
tiley may affect tlie quality of rural water sttpplies. As 
industrial processes grow and move into the country- 
side, those responsible for the liealtl1 of tlie peoplc 
need to think ancl plan ahead for tlie coming industrial 
pollution proble~ns which will be generated. 

While the resources needed for each tvastc disposal 
method are indicated and tlie requirements for oper- 
ation and maintenance are given, details of design, 
dimensions and construction arc not included. These 
may be found in the appropriate Technical Notes list- 
ed at the end of the chapter. This chapter is intended 
only to provide an overview of waste disposal meth- 
ods. The compendium of methods is quitc long but, in 
some instances, many of the alternatives can be read- 
ily set aside bccai~se of cultural preferences, required 
technical skills, or the availability of water. There will 
then remain only two or tlirec methods from which a 
choice is actually made. 

Excreta Disposal Without Water Transport: Alternate 
Methods 

The following methods, in order of least to most 
complex, are the most conimon ones for disposing of 
human excreta without water transport: (1) Bury and 
cover; (2) Overl~ang toilets; (3) Bucket deposit and 
collection; (4) Pit or vault privics; (5) Bored I~ole la- 
trines; (6) Water-scaled privies; (7) Aqua privies; (8) 
Compost toilets; (9) Chemical toilets; (10) Burn-out or 
incineration toilets; (1 1) Oil-fluslied toilets. 

Bury and Cover 
This metliod is as simple as it is primitive. A person 

uses a paddle, shovel or any improvised digging tool 
to open a small hole, defecates and covers the feces, 
effectively isolating it.It is important to bury the feces 
four to six inches ~ i e c p  to lessen the chance tliat Iiook- 
worm larvae that liatch in the feces work tlleit. way to 

tlie surfacc and infect barefoot workcrs. While bi~ry 
and cover can be fairly safe in dry climates and ciry 
seasons, it  should not be used in high rainfall arcas on 
land that is a watershed for a domestic watcr supply. 
Sandy, soft top soil ~nakes digging easy. Clays and 
rocky earth make the nicthod diffici~lt anci perhaps 
cven i~npossible. Young cliilclrcn cannot use this 
nietliod and i t  is unsuitable for s~nall lionicsitcs or 
clensely built-up villages. Uury and cover can and 
sliould be used by field workers ancl other outdoor 
laborers without access to alternate facilities. 

Overhanging Toilets 
A pcrch over a body of water is a type of toilet. The 

perch milst clear the bank to be sure tlic cxcrcta falls 
into tlie water. The point of discharge niust be down- 
stream of other water tlses. Tliis method is primitive 
but i t  is no worse than the dangerous practice of 
towns and cities discharging sewage without any 
treatment to streams, rivers, lakes, bays, and tlie 

Core ltrrist be take~l to olsure t h t  ~i1nsIr1t~ater is not rtsed for cooki~rs 
or drinki~rs. 

oceans. Overhanging toilets can be highly dangerous 
to health if the percli is over a pond where fish can be 
infected witli human liver flukes (Clonorchis or 
Opisthorchis) or a stream whcre crabs and crayfish 
can be infected witli lung flukes (Paragonimus). 

Bucket Deposit and Collection 
Waste disposal by defecating and urinating in a 

bucket is a common practice. The bucket can be placed 
below a seat against tlie outer wall of a hotise. There 



must be someone to remove the bucket, empty it, 
clean it and p ~ l t  it back in place. Many societies simply 
reject having people do such tasks. Careful handling 
is required throughout to avoid contact witli infec- 
tious Iiuman excreta. The excreta Iias fertilizicg and 
soil conditioning value after it has been stoiaed or 
composted. 

Pit and Vault Privies 
These are excavated chambers in tlie earth with a 

minimum capacity of lm', If the excavation is lined 
with concrete, brick, or plaster-sealed masonry, it is a 
vault privy, Otherwise, it is a pit privy. The key struc- 
tural feature to eitlier type of privy is the slab or floor 
wliicli covers the pit, supports the users, and deter- 
mines the dimensions of tlie pit and the privy super- 
structure. Where privies are promoted a r ,  l installed 
in organized campaigns, concrete slabs are usually 
made at a central shop. Although wooden or bamboo 
slabs may be used, tlie advantages of concrete slabs 
are strength, durability, re-use over subsequent pits, 
and ease of cleaning. The slab should have slightly 
raised step plates for positioning while squatting and 
a cover for the drop hole that can be set aside when the 
privy is being used, or a more elaborate seating device 
with a riser, seat and cover can be installed. 

The bacteria and chemicals from human excreh 
move from tlie pit through the soil. Pathogenic organ- 
isms move very little as they do not survive in a totally 
alien environment. Chemicals in solution, such as 
chlorides and nitrates, can move with subsurface wa- 
ter flow for 200m or more. Pits should be located at 
least 15m from well and spring water sources. The pit 
should be downslope from the water sources as the 
infiltration water will follow the surface slope. 

Customarily pits are square and usually are shown 
that way in illustrations. However, a circular pit of 85 
to 90cm in diameter can be hand dug and is more 
resistant to caving as the walls liave the strength of an 
arch. Where soils are loose, sandy and cave easily, 
liners of wuod, bamboo or masonry must be used. 
Lining will increase the cost of a unit by 40 to 60 
percent. The more readily available lining materi'il, 
wood and bamboo, will rot in two or tliree years, 
wliicli is about fivc years short of the expected useful 
life of a pit. Tlie life of a pit or vault depends on the 
amount of use i t  gets and the speed of decomposition 
of tlie excreta. In hot regions, decomposition is rapid 
tvliicli extends the life of a pit or vault. Tlie bottom of 
the pit or vault sho~lld not reach into the water table if 
it can be avoided. 

The privy superstructure sliot~ld bc of local materi- 
als and use local nietliods of building. Elaboratc dc- 
signs and structures such as brick and concrete block 
arc impractical becausc they cannot bc moved wlicn 
tlic pit is full and tlie slab must be moved to cover a 
new pit and becausc the costs become exliorbitant. 
They may be inconipatible with tlie modest Iiomes of 
rural people. Incredible tliougli it may seem, there 

I Pit Privy 

have been projects in which the privy installations 
cost more than the families' homes. 

Where a seat is used, a lid provides a cover for the 
pit below. The cover for a squatter slab can be a board 
fitted to cover the opening with a vertical handle FOcm 
in length. 'I'lie matter of a cover can be left to the 
famil'y's choice but its availability and use is important 
i f  fly-breeding and foul odors are to be avcided. The 
greatest health benefit of a privy pit or vault is that 
Iiuman excreta, particularly feces, is isolated, off the 
g r o ~ ~ n d  surface, away from water sources, and much 
less accessible to insects and domestic animals. 

There may be fly breeding and odors associated 
witli privies. The best preventive measure is keeping 
tlie lid in place and claily cleaning of the slab, seat and 
cover since urine on them is a major source of odor. 
Odors from pit contents can be totally controlled by 
the addition of lime or agricultural limestone but sucli 
materials may not be easily available to rural people in 
most of tlie tvorld. The ashes from wood or straw 
cooking stoves, if added to tlie pit regularly, will also 
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ness of the privy and the use of the cover to ensure 
darkness in the pit or vault since flies move toward the 
light. An effective means of fly control is a tube, 6 to 
lOcm in dianieter and l m  long, inserted obliquely 
from outside tlie edge of tlie mound and the privy 
silperstructure just into the pit. If flies are bred in the 
pit, they will move up  the tube toward the light. If the 
exit end is open, they will fly away carrying germs and 
be able to go on breeding. If the exit end of the tube is 
capped as it should be with plastic screening, tlie flies 

a IC screen will live out their lives in frustration. Met 11' 
can be used but it will usually corrode in less than a 
year. The tube also provides some ventilation of the 
pit, reducing odors. 

A vault to hold human excreta dropped directly into 
i t  requires an impervious chamber. The most likely 
material is concrete, although brick, concrete block or 
masonry can bc used. Whatever tlie material, vaults 
are costly. They may be suitable where lionies are 
close together, yard spacc is very limited, and there is 
no prospect of water-carried waste disposal. Vault 
construction is demanding of skills, material and cost. 
As the vault is a storage chambcr where some decom- 
positioti reduces the volume of tlie contents, sooner or 
later i t  will have to be emptied. This should be consid- 
ered when tlie vault site is chosen and i t  is construct- 
cd. The contents of the vault must be disposed of or 
treated for use as  fertilizer. Sanitory trenching and 
composting are acceptable methods of disposal. In 
comparison, at tlie cnrl of the useful life of a common 
pit privy, all of tlie above-surface parts can be placed 
over a newly dtlg pit and the old one covered with the 
newly excavated earth. Vault privies are not itsed 
widely. They may be a good alternative in areas with 
loose sand and badly caving soils. 

Bored Hole Latrines 
Such latrines were used in some campaigns in the 

South Pacific, particularly on the Philippine Islands 
fifty years ago. They persist in the literature. A spe- 
cially built boring machine manually turned by a crew 
of four is required. The machine bores a hole 30cm in 
dianieter which extends to the uppcr groundwater 
strata so that the excreta will niove into the ground 
water and extend tlie life of the bored liule. Tlie vol- 
ume of the hole is only 0.2m3 since 5m is t l ~ e  maximum 
depth. Filling is rapid and thc family cannot replicate 
tlie hole at a new location unless they havc acccss to a 
boring machine and the necessary labor. The slab size 
required for a bored hole latrinc is about one-lialf of 
that for a hand dug pit. The reduced expcnse of a slab 
is offsct by the cost of tlie boring rig and the labor to 
opcratc and maintain i t .  The small volume of tlie hole 
and the pcnetration of excreta into tlic upper ground- 
water strata are serious disadvantages of bored hole 
latrines. Their use should be avoided. 

rivtes c?nc ,, rlvies 
Some privies are designed so the excreta drops into 

water, Tliis can be done either by using a trap seal 
similar in shape to a water closet trap or by extending 
a drop tube into a water-filled receiving clianiber. A 
water-sealed privy ilses a trap while an aqua privy 
uses an extended tube. These units are considerably 
more elaborate than pit privies and carry tlie vault 
type one step further. Tlie purpose of water seals is to 
prevent the escape of odors from the chamber in 
which excreta accumulates. 

Evnr n r~cifinrerrtary zunter-seuled privy is an brprovcmrertt over tro 
systern at all. 

T' c water-sealed privy lias a U-shaped trap below 
the opening tlirougli wli~cli feccs and urine pass be- 
fore they fall into thc pit. These units are also called 
"pour-flush privies." The trap seals odors so they can- 
not escape from tlie vault into the privy enclosure. 
Urine and fccal material must be flushed clear of tlie 
trap after each use with abo~l t  three liters of watcr. A 
supply of water must be in the privy ;t all times. In 
arid areas and during prolonged dry seasons, there 
may not be enougli water to sp,lre for fluslling. Tlie 
watcr docs 11ot havc to be clcan as i t  is going to a 
chamber or pit containing human excreta so sullage or 
gray tvater can be uscd. 

Water-seal traps must be madc in a cen'tral shop. 
'I'hey must bc durable, strong, anci have a very 
smooth inipervio~~s inner surface. Concrete and vitri- 
fied clay arc satisfactory materials for water-seal traps. 
Unglazed clay does not work well as feces sticks to i t  
and urine is absorbed jntu i t .  Forms are necdcd to 
make traps and people must have or lcarn tlie skills 
required. 'The Ministry ~f Health of Tliailand devel- 
oped an cxcellent procedure for making concrete traps 
tvitli cxccptionally smooth inner surfaces. 



\ Privy with Pour-Flush Bowl I 

A slab type pit privy with the trap set in the slab 
directly over the pit can be designed. The seal not only 
keeps odors in the pit, i t  keeps insects and other ani- 
mals from moving in and out. A venturesome rat 
might get in, but it will not get out. 

A trap with an off-set seepage pit can also be used. 
The likelihood of stoppage in the connecting line from 
the trap to the pit is a great disadvantage of this design 
and it requires more fabricated material-the pipe. 
There is no advantage to an off-set pit. 

Rather than a trap, aqua privies have a tube that 
extends into an impervious water-filled vault. Water 
is not needed for flushing but it is required for clean- 
ing. The funnel-like opening and chute must be kept 
meticulously clean since they can quickly become 

I Completed Aqua Privy 
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filthy and malodorous. Cleaning after cacl~ use is nec- 
essary. The interior surface must be smooth, impervi- 
ous and easily cleaned. 

Since the vault is filled with liquids at all times to 
keep the seal, there is displacement of liquids wit11 
each addition of waste and water. Tlie displaced liq- 
uid is carried by a pipe to a seepage pit or a subsurface 
soil absorption line. An aqua privy is much like the 
tank portion and absorption line of a septic tank sys- 
tem except the excreta is being deposited directly to 
the "tank." The vault can be constructed in the same 
rnanner as for a vault privy. Aqua privies may be 
converted to modest-sized septic tank systems when 
water closets are installed in a house. These can also 
be incorporated into small bore sewers when sewer- 
age becomes available. The cost of aqua privies is 
much greater than that of common pit privies. For the 
vast majority of rural village home use, aqua privies 
are too costly. 

Water-sealed and aqua privies accumulate semi-sol- 
id sludge. Like septic tanks, they must be cleaned out 
from time to time. They therefore must be designed so 
that a part of their cover can be opened to get at and 
remove the sludge. There must also be a sanitary 
means of disposing of the sludge by trenching, com- 
posting, or adding to a stabilization pond. 

Compost Toilets 
Composting involves aerobic stabilization of organ- 

ic material. In Scandinavian countries, Canada, some 
parts of the U.S., and France, there are a variety of 
compost toilets in use in vacation homes on lakes and 
in the mountains. Such home-made models may be 
feasible for some users. Compost toilets require no 
water, they do not freeze and, if properly designed 
and operated, they can be installed in homes and 6th- 
er buildings without excessive odor nuisance. Under 
properly controlled conditions, the composted excreta 
can be used to fertilize soil. 

Aerobic composting is a relatively odorless process 
of treating organic wastes to make them odorless, un- 
attractive to flies, reasonably dry and suitable for use 
as fertilizer for certain crops. The process takes place 
in materials with a moisture content of from 40 to 65 
percent. The material must be exposed to air by peri- 
odic turning and mixing or by other means. Wet mate- 
rial can be applied over, or mixed with, dry or pre- 
composted material to bring the moisture content to 
within the required limitations. 

Compost units have been improvised from such ob- 
jects as oil drums. In the Philippines, a modified com- 
post toilet consists of a perforated oil drum in a well- 
ventilated, woven palm enclosure, under the floor of a 
simple bamboo house. By periodic stirring, the fresh 
excreta is mixed with partially composted material 
and becomes dry and almost odorless. If perforated 
drums are used, one can be rolled out of the enclosure 
and replaced by another. The partly filled drum can be 
rolled periodically or the material stirred to complete 
composting while the other is being filled. 



( Compost Toilet I 

Two essentials for con~post toilets are air and venti- 
lation. The air supply from outside passes under the 
composting mass and to some extent through i t  and 
over it. If the process becomes anaerobic, the odors 
are very strong and perhaps even dangerous as explo- 
sive methane is a large component of the gas mixture. 
Such units are not suitable for widespread campaigns 
for improved excreta disposal in rural villages. 

Chemical, Pump-Out Toilets 
Such toilets are familar to travellers on jet aircraft. 

What looks like a conventional water flush toilet is in 
fact a chemical mix whicli is recirculated through filter 
screens. The intense blue liquid contains dispersants, 
emulsifiers, deflocculaters, and deodorizers. Aircraft 
units recirculate the liquid as many as 80 times cvith- 
out it appearing to have had any contact with human 
excreta. That is the most sophisticated use of chemical 
toilets. 

Simpler forms are portable units for workers har- 
vesting crops, on construction jobs, and for public use 
at temporary entertainment events. Such variants are 
a plastic molded unit much like a privy, with a toilet 
seat and a tank below it. The tank contains the chemi- 
cal mix and there is no recirculation. After sufficient 
use, the tank is pumped out and the mix replaced. The 
pumpage is trucked to a sewage disposal point. The 
need for specially prepared chemical mixes, pumpage 
and disposal rule out the use of such units in rural 
villages and towns. 

Incineration or Burn-Out Toilets 
These require an input of fuel, gas, kerosene, or 

wood which are generally too limited and too costly to 
use to burn human feces. It is far better to collect the 
raw feces and spread them on fields of crops not to be 
eaten raw. There have been applications in rural areas 

in cold climates in which the receiving chamber serves 
as a fire-box wit: chimney and openings for fuel and 
air. 

Oil-Flushed Toilets 
Toilets like this are very elaborate and have a place 

only where the energy facilities and mechanical capa- 
bilities of an urban industrialized community are 
readily available. The flushing liquid is pumped recir- 
culated mineral oil. The flushed material goes to a 
holding tank where the feces settle. Settled sludge is 
pumped out periodically. The oil rises to the top of the 
tank. It is filtered cliemically to remove odiferous sub- 
stances and prepare i t  for re-use. Oil-flushed toilets 
have been used in areas with severe water shortages 
but they are not a good choice for rural areas of tropi- 
cal and semi-tropical regions. 

Excreta Disposal Without Water Transport: Ranked 
Choices 

1. The runter-scnlcd privy isolates human excreta 
from the ground surface and from water sources. The 
trap seal preverits access by itsects and small domes- 
tic animals, including rats, and prever, : t ,  ,e escape of 
odors. Water must be readily available x t d  each user 
must flush the trap. The slab and trap must be cleaned 
often. Finally, traps must have impervious, smooth 
inner surfaces. If all of these requirements can be met, 
the water-sealed privy is the best choice. 

I Concrete Trap or Bowl for Water-Sealed Privy ) 



2.  The pit /rr.iz~!/ wi:li concrete slab is a niajor step 
forward in controlling the disposal of human excreta 
over use of l l ~ e  open ground surface. A successful pit 
privy campaign requires preparing people for acccp- 
tance and LISC ~f the privies and follotving up with 
niontlily visits by a sanitation or health aide to encour- 
age use, cleaning and maintenance. When a family 
reaches tlie point of tlii~iking of its privy asa  part of its 
house, excreta hygiene lias become a part of tlie fam- 
ily's living habits. Pit privies are tlie least costly alter- 
native even with concrete slabs. I f  loose sand and hard 
rock make digging a pit extremely difiici~lt, i t  niay be 
necessary to resort to n bucket and collection system. 

( Typical Pit Bases 

3. ALII I~I  p r i v i ~ ~ s  require an impcrviotis walcr-tight 
receiving chamber and n seepage systeni to carry off 
the displaced lirluids. 'Thc systcm provides coniplctc 
isolation of the rxcrcta, controls odors and prevents 
animcll and insect access. Aqua privv cli~ltcs or cxten- 
sioli tubvs mi~st  be clcancd at least daily and in sonic 
instances after each use, l'lle sccyage system must 
have a~nple  i~bsorption so that the licluids do not come 
to tlie ground st~rfacc. Aqua privics call 1att.r be con- 
verted to scptic tank systems or bc conncctccl to scwcr 
systcms. Such conversion rcrluircs r~lnning water in 
the housc and a water closet. 'I'hc construction of the 
vault and seepage svstcm is costlv in materials and 

and impervious to prcvclit filthy accum~ilations. Aqua 
pivicls arc not a good method for area-wide projccts 
intcndcd to reach the majority of families in rural vil- 
lages. 

4, Vnllll yrizrirs arc aqua privies without tlie extcn- 
sion tctbe into a liquid-filled chamber. The impervious 
vault is simply a holding pit that prevents secpage 
into the soil. Since it is fitted with a removable access 
opening, the vault can be cleaned out. A va~llt privy 
can be converted to an aqua privy, a water-sealed 
privy, a modest sized scptic tank system, or incorpo- 
rated into a small bore sctver system. I f  running watcr 
in a liousc is not in view in less than tivo or three - 

years, the added cost of a vault privy is not justified. 
5. Bored Irolc Infritrrs havc serious disadvantages 

which were described earlier in this chapter. Tlie unit 
lias a low capacity and the faniily cannot replicate it. 
Excavation requires a heavy, cumbersome boring rig. 
Motor-ciriven l~ores, costly and difficult to maintain 
pieces of equipment, have been used in such places as 
dam construction sites, and oil and mining camps. 
Also, bored liole latrines contaminate tlie upper 
groundwater stratum. Rored liole latrines have no 
lasting advantagcs over pit privies. Tlieir o~i ly  advan- 
tage is that thc size of tlic covering slab can be kept 
down to 6Ocm by 60cm where a slab for a dug pit must 
be 1OOcn1 by 100cm. Assuming both slnbsare the same 
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thickness, the slab for a bored holc rcquires only a 
little more than onc-third of thc concrete and reinforc- 
ing material which a pit slab must haw. 

6 .  O v e r . / m i r ~  toilets sin~ply drop I~uman excreta into 
a river, streani, lakc, bay or sea. Obviously, they intro- 
duce excreta into the water. The amounts may be in- 
significant in light of the water's assimilative capacity, 
so the mctliod may be acceptable and hygenically 
prefcmble to indiscriminatc disposal on tlie ground. 
The one exception is in areas where scl~istosomiasis is 
prevalent. That is not a minor exception as i t  is esti- 
mated that there are 200 million or more cases of that 
debilitating disease in the world, and the number of 
cases is increasing. Before a community uses over- 
hang toilets, determine if scl~istosomiasis, Clonorchis, 
Opisthorchis and Paragonimus are present. 

7. Blrr!y nilif coz1o. is an improvised method of isolat- 
ing 11un1an feces. I t  cannot be used in a family yard but 
it may be the only means for nomadic people. I t  is a 
useful method for field anci crop workers, for cvoods- 
men, and even for miners. Bury and cover takes feces 
off tlie groi.ind surface and makes them less accessible 
to animals and insects. This method requires a great 
deal of com~i~u~i i ty  edtlcation to have it done deep 
enough and every time. 

sewage, and othcr liquid wastes on thc site of or in 
close proximity to the siructure served. W11cre piped 
water is provided, increases in water use and in t11o 
volumc of wastewater to bc disposcd of follow. Poten- 
tin1 health hazards will increase ~ ~ n l c s s  provision is 
made fnr proper wastewa tcr disposal. Tllc on-si tc 
treatmer\t and disposal facility for tlie wastewater may 
consist o i  a conventional septic tank with an under- 
ground absorption system (sanitary ficld), a cesspool, 
an evapo-transpiration bed, an elevated mo~tnd or fill 
system, a p,ickage aerobic unit, a sand filter, a trick- 
ling filter, 01, a stabilization pond system. Physic,il- 
chemical and activated sludge processes arc 
inappropriate (or on-site wastewater disposal. 

Wastewater Quantities 
Water used for purposes such CIS latrine and water 

closet flushing, clotlies and dish washing, cooking, 
bathing, and personal hygiene becomes wastewater. 
Table 9 provides thc approxin~ate water use for somc 
fixtures ancl faciiities to use in estiniating waslewater 

. .. 
Table 9. Water Use by Fixture 

Non-Sewered On-Site Wastewater Disposal I Approsirrmtc i lm t~r  
Type 01' F i ~ t  11 rc r~~i~~rir~~irrrrrt  irt 

Wastewater disposal requires thc availability o l  cva- 
ter: Non-sewc.red wastewater disposal includes the 
treatment and disposal of waterborne excreta, 

I 

Water-sml or pour-flus11 latrine, pcr I I usc 1 1-3 1 

Washhasiti, per usc I 1 
Fl~~sli  toilet, ta~ik type, pcr use 

Bathtub, per usc I 120 I 
13-23 

Sliorvcr, per usc I 95-115 1 

flows. Table 10 sliolvs cstimatcd daily rvater con- 
sumption in rural areas of regions of the world. These 
are rough estimates only. Watcr use and wastewater 
flows for dcsign purposes shottld be clctermincd 
wlicre possible by actual field measurements taken in 
the area to be scrved or in a sitiiilar area. 

The cvastecvater coniing only f r c m  flushing cvater 
closcts and latrines is called "black water." All othcr 
wastervatcr is "gray ~vatcr" or "sullnge." I t  has bccn 
estimated that the gray water production in a dcvclop- 
ingcountry is 75 to 80 percent of total tv,lter usc which 
may range irom 15 to 40 liters per pcrsc~n per day, 
depencling on whether water is available from a 
standpipe or from a housc connection. Otlier sources 
report tlia t a b o ~ ~  t one-third of t l ~ c  total wastewater is 
black water. 

tlomc with complctc plumbing, use 
pcr person per day 150-300 



Table 10. Daily Water Use in Rural Regions of the 
World 

Subsurface Soil Absorption Systems 
The provision of running water in or adjacent to a 

dwelling cr other structure immediately introduces 
the need tor sanitary disposal of the used water. 
Where municipal sewerage is available, connection to 
the public sewer is satisfactory. Where a public sewer 
or wastewater removal system is not available or an- 
ticipated, the method of collection, treatment, and 
clisposal of wastewater must be on each site. Wit11 
suitable soil, the disposal of wastewater can bc sim- 
ple, economical, and inoffensive. Careful mainte- 
nance is essential for continued satisfactory operation 
of subsurface soil absorption systems (sanitary fields). 

Where the house has running water, a sink, lava- 
tory, bathing facility and water closet, the wastewater 
must be disposed of in a sanitary manner. Three 
means are: 

(I) Cesspool, or cesspool followed by a seepage pit, 
soakage pit or trench, or absorp tion fie1.I. 

(2) Septic tank followed by an absorption field or 
bed. 

(3) Septic tank followed by one or more seepage 
pits. 

All three of these methods depend on the separa- 
tion of solids for digestion and storage in a tank or pit, 
and the absorption of the liquid overflow into the soil. 
Only wastewater from household plumbing fixtures 
should go into the system. Rain water, including roof, 
footing, and floor drainage, must be excluded from a 
subsurface soil absorption system. This relatively 
clean water should be disposed of separately as it 
would overload the system and cause overflow of 
sewage onto thc ground surface. Ov~rloading a sys- 
tem means that the absorptive capacity of the soil is 
exceeded. This happens frequently. 

A cesspool is a pit with covcred, open-joint or perfo- 
rated walls that receives wastewater. + Ccsspools 
sl~ould not be used if the ground water is a source of 
water supply since they dcpcnd on wastewater seep- 
ing into the ground. Many health agencies prohibit 
the installation of cesspools where ground water is 
close to thc surface or where creviccd and channeled 
rock is at depths close to the ccsspool bottom. Under 
these conditions, cesspool liquids can travel readily to 
wells or springs used for water supply. 

Cesspools should be located downslope from 
sources of water supply. No horizontal distance may 
be safe in coarse gravel unless the water-bearing stra- 
tum is below the gravel and separated from it by a 
layer of thick clay or hardpan. Lesser distances may be 
permitted where ground water is not to be used pres- 
ently or in the future. In all cases, the bottom of the 
cesspool should be at least l m  above the highest 
groundwater level. 

Cesspools are used where excavation is easy and 
their side walls can be readily supported by brick or 
concrete block without mortar, and where upper 
ground water will not be withdrawn for human use. 
Circular cesspools are less likely to cave in. The need 
to build a strong cover is the only limit to the cliarneter 
of the hole but one and a half meters is usually the 
limit. There are ways to estimate the necessary i; 3th 
in accordance with soil absorption capacl;~~ " t ~ c -  
ters is usually the depth limit for hand . a * - 

The cesspool hole functions as a ,ectl, ,. A~.,., a 
storage unit and an uncontrolled digc-!ion unit. The 
liquids seep through the open liner joints into the 
surrounding earth. If that is loamy, sandy soil, the 
cesspool will function for several years. In any event, 
it can be readily replaced. 
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A septic tank performs the same functions as a cess- 
pool with ttvo differences. 'The tank is impervious and 
watertight so tlic displaced l i q ~ ~ i d  must be dischargccl 
to be absorber1 into the soil, Within the tank, lhc pro- 
cesses arc the same as in a cesspool pit: settling of 
solids, storage of solids and ~~ncontrollcd digestion of 
solicls. 

In considering dimensions of a septic tank, storage 
is the determining factor. Where wastewater volumes 
are up to 100 liters per person per clay, 400 to 500 liters 
for a family of four, the tank v o l ~ ~ m e  sho~~lcl  c q ~ ~ a l  four 
days of wastewater-'1000 to2000 liters. With this tank 
volume and, most importantly, with very favorable 
soil absorption, a septic tank system can work for 
many years. Unfortunately, these conditions arc 'not 
met very frequently. 

Septic tanks can be made of concrete and concrete 
block, brick, or stonc masonry. Precast reinforced 
concrete, steel and fiberglass tanks are often available. 
Masonry or brick tanks require two lcm cement plas- 
ter coats on the inside to provide a smootl~ watertight 
.finish. Steel tanks should not be less tiIan 12 to 14 
gauge metal thickness and should be coated inside 
and outside tvith a heavy, contin~~ous,  protective ma- 
tcrial resistant to acid ancl corrosion. Tar, asphalt or 
epoxy paints will do. 

The recommended liquid depth of a septic tank is 
1.25111; the ratio of width to length is one to two or 
three. Depths as shallow as 75cm and as deep as 2m 

(Septic Tank and Sewer Pipe Trench Sites .. - - .. . - . .- I 

have been fo~lnd satisfactory. Compartmented tanks 
are somewl~at more efficient in keeping solids in the 
tank. Open-Lee inlets and outlets are generally used in 
sniall tanks and baffled inlets and outlets are recom- 
mended for the larger tanks. 

Convcntional subsurface absorption systems (sani- 
tary fields) consist of narrow trenches partially filled 
with crushed stone or washed gravel through which a 
perforated or open joint pipe is laid. The septic tank 
effluent is distributed through the pipe and gravel or 
crushed stone to Lhe surrounding soil. Absorption 
systems are referred to by various terms including 
absorption trencl~es, absorption field, leaching or per- 
colation field, tile field, drain field, or subsurface irri- 
gation lines. 

Side View 

I Trench slope = 1 ~n 100 

( Sewer Pipe From Septic Tank to Absorption System 



Soil characteristics determine the length of absorp- 
tion lines needed. Soil is made up of decayed or 
broken down rock containing varying amount of or- 
ganic niatcrial st~cli as  animal and plant wastes. Soil 
can be described as gravel, sand, silt, and clay, de- 
pending on wliicli is predonlinant, or sandy loam, 
gravelly loam, silty loam, loani, clay loam, and clay, 
with and witliout large stones or boulders. Loam is a 
niixture of gravcl, sand, silt, and clay containing de- 
cayed plant and animal mattcr or Iiumt~s. On the aver- 
age, topsoil will be about 10 to 15cm deep. 

Clay loani and clay do not absorb well because they 
swell on water contact and prevent a'osorption. Tliese 
types of soil are unsuitable for subsurface disposal of 
wastewater. Some of tlie clay cliemicals in soil can be 
displaced by salts, acids, and bases through ion-ex- 
change processes. This accounts for,soil acidity and 
alkalinity, the friability of sorrie clays, the binding of 
potassium and ammoniuni in soil, and the travel of 
nitrogen through soils. Wliere such cliaracteristics arc 
known, clay soils niay be absorptive for a year or two, 

The permeability of a soil, or tlie ability of the soil to 
absorb and allow water and air to pass tlirougli, is 
related to tlie cliemical coniposition, texture ancl 
granular structure of tlie s~i! .  The soil texture de- 
scribes :lie proportion of clay, silt, and ~ 2 n d .  The 
granular structure of tlie soil refers to tlie agglomer- 
ation or clumping of particles of clay, silt, and sand. 
The microbial population modifies soil properties. A 
lump of soil witli good structure will break apart, cvitli 
little pressure, along definite cleavage planes. If tlie 
color of the soil is ycllo~v, brown, or red, air and water 
can pass through. I f  thc soil is grayish or liiottled 
brotvn and red, there is a fluctuating water table or 
lack of aeration. I'hesc are tight soils that are probably 
t~nsuitablc for subsurface absorption of wastewater. A 
grayisli soil, however, niay be made stlitable i f  
drained. klagnesiu~n and calcium tend to keep tlie soil 
loose, whereas sodium and potassium have the oppo- 
site effect. Sodium liyclroxiclc., erroneously ~ised in so- 
called septic-tank cleaners, causcs a breakdocvn of soil 
structttre with resultant smallcr pore space a i d  re- 
duced soil permeability. It may liquify some solids in 
tlie tank, but it reduces absorption in the soil. 

Aerobic oxidizing bacteria, tliat is, oxygen-loving 
bactcria, are found in the zone of aeration. This zone 
extcnds tlirougli tlic topsoil and into the upper zone 
of the subsoil, depending on tlic soil structure and 
tcxture, earthworm population, root penetrations, 
ilnd other factors. 'Ilie lopsoil contains organic mattcr, 
minerals, air, water, supportive vegetative organisms 
sctcli as bacteria, fungi, and niolds as wcll as  protozoa, 
nematodes, actinomycctes, algae, rotifcrs, earth- 
worms, insects, and 1argc.r nninials. A gram of topsoil 
can be expected to contain millions of bacteria and 
other organisms. In their fccciing, tliesc organisms 
changc tlie complcx organic mattcr in tlie tank efflu- 
ent to simpler chemical forms. Eartliworms play an 
important role together with other soil flora and fauna 
in kceping soil aerated. 

Scptic tank cffluent, for cxaniplc, whicli contains 
n~aterial in solution, in colloidal statc, and in suspcn- 
sion, when discl~argcd into or close to tlie topsoil, will 
be acted upon by tlicsc organisnis and be reduced to 
"soil" as wcll as liqt~ids and gases. This occurs if tlie 
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sewajic is not discharged at too rapid a rate or in too 
great a volumc and conccntration into tlie earth in tlie 
zone of aeration. A watcrloggcd soil destroys tlie acr- 
obic organisms, producilig anaerobic conditions tliat 
tend to preserve the organic matter in septic tank cf- 
fluent. Tliis dclays its decomposition and increases 
~nech~~nical  clogging of tlic liquid-soil interface witli 
organic matter inclt~ding slimes and sulfides. 

The ability oi soil to absorb septic tank ovcrflow is 
measured by percolation tests whicli have been used 
in tlic United States znd Canada for over 50 years. 
Tliis test consists of digging a hole, filling it up  with 
water, and measuring seepage of the water into tlie 
soil. Wliile it is a uscful indicator of very impervious 
soils, such as clays, and soils which readily absorb 
water, such as sand, it may be misleading for soils 
wliicli have marginal absorptive capacities. One rca- 
son the percolation test may not yield accurate infor- 
mation for such soils is that is does not exactly 
simulate what occurs in an absorption system whcre 
the soil is not under continuous liquid contact. Great- 
cr success is being realized by the examination of soil 
characteristics to predict soil suitability for septic tank 
discharge absorption. Soil scientists from agriculture 
practice are the best source of learning about these soil 
cliaracteristics. They have been most valuable in help- 
ing people in health agencies to classify soils for septic 
tank soil absorption line use. 

( Conducting Soil Permeability Test I 



, Scplic lank lcacliing pit systcnis, also referred lo as 
scepage pits, can L7c used for thc disposal of settled 
sewage effluent. A leacliirig pit is a ccsspool that rc- 
ceives only settled wastebyatcr siricc tlic scptic tank 
separates tlie solids \vhcn all gocs wrcll. A Icacl~irig pit 
can also bc uscd for scparatcd gray water with fcw 
solids, and for aqua privy or scptic privy liq~lid clvcr- 
flows. Manuals on septic tank systems p rovidc in for- 
mation on sizing using percolation tcst rcsults or soil 
characteristics. 

I f  leaching pits arc i~sccl, tlie soil niust be suitable 
and tlie water supply must bc from a public system 
connection o r  a protectcd privatc wcll, Wells or 
springs must be 50 to 70111 from tlie scepage pit and a[ 
a higlicr elevation. The bottom of tlic pit sliould be at 
least 0.75 to l m  abovc tlic highcst groi~ridwatcr level 
and any channeled or creviccd rock. If this cannot be 
assured, subst~rface absorption fields should bc used. 
In special instances, where st~itablc soil is found at 
greatcr depths, pits can be dug to thc absorptive strtl- 
turn. 'I'liere must not be ally use of grcz~lnd water at 
these depths. 

A leaching pit may be round, oval, square, or rcc- 
tangular. Tlie vrall below tlie inlet is dry-wall con- 
struction. Tliat is, it is laid with open joints, witlioul 
mortar. Field stoncs, cindcr or stone concrete block 
precast perforated wall sections, or special ccsspool 
blocks arc used for tlie wall constructicm. Concrcte 
blocks arc usually placecl with tlie ccll Iiolcs horizon- 

tal. Crushed stolie dr coarsc gravel should be filled in 
between the . \ . .  ,&/side of the leacliing pit wall and the 
earth hole. ' :. 
Advantages and ,Disadvantages of Septic Tank Sub- 
surface Absorption, Systems 

A scptic tank systcni requires an ample supply of 
piped watei, suitable soil, space for the absorption 
system, and an adequate depth of suitable soil over 
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clay, hardpan, bedrock, and ground water, A safe 
separation distance must be possible between the ab- 
sorption sysrenl and any well water supply, spring, or 
surface water. The septic tank must be cleaned out 
every three to ten years. Usually, the contents of the 
septic tank are pumped out using a sewage pump and 
hoses and are emptied into a container with all equip- 
ment mounted on a truck. Or, the tank can be cleaned 
out by hand. The septage must be disposed of careful- 
ly and safely. One method is to dig a trench or pit at 
least 60m from any water supply or dwelling, empty 
the septage.into it, and cover the pit with dirt after the 
liquid has soaked in. Septage can also be safely dis- 
posed of by composting or feeding it into stabilization 
ponds. Water use and leaking fixtures should be con- 
trolled to prevent overloading the s.l?tic tank and a 
consequent sewage overflow to the surface of the ab- 
soption system. 

Soil mounded 

1 Septage Disposal Ditch 

A properly designed, constructed, operated and 
mairltcined system can provide many years of trou- 
ble-.free service. Sewage will be disposed of in a sani- 
tary manner, modern plumbing fixtures which are 
easily maintained and cleaned can be provided within 
the dwelling unit or school or commercial building, 
household chores are simplified, and the system itself 
will require little maintenance. The annual cost of a 
home septic tank system is usually less than munici- 
pal sewerage but slightly more than an aqua privy and 
considerably more than a pit latrine. 

Success of a septic tank system depends on the ca- 
pacity of the absorption system, trench or pit to absorb 
the water. The greatest convenience of a septic tank is 
that it makes full household use of running water 
possible so that flush toilets, lavatories, bath tubs, 
showers and sinks can be installed. Unfortunately, 
only a small percentage of the people in most develop- 
ing nations can afford such facilities in their homes. 

Alternative Means for Disposing of Septic Tank 
Discharges 

When soil conditions are so unfavorable that an 
absorpti In trench or pit is certain to fail, another way 
to dispose of septic tank discharges must be found. 
The best alternative is to develop or wait for a public 
sewer connection. For individual homes where dis- 
posal of wastewater is at the point of desperation, all 
too frequently where trenches and plts have failed, 
there are two choices. Their use in the developing 
nations will be restricted to wealthy people since both 
methods require a pump, electricity, and pump con- 
trols. 

The mound s!yste~lt is nothing more than an absorp- 
tion area above the original, impervious ground sur- 
face. The system can be used in areas  wit^.; high 
ground water. For families of four with a water closet, 
lavatory, bath or shower and sink, thz mound should 
be about 50cm high, 10m long and 7m wide. Within 
the mound are absorption lines. The septic tank dis- 
charges to a small sump pit that will hold 100 to 150 
liters. A float control starts an electric motor driven 
pump whenever the sump pit is full which will be 
three or four times per day. The pump fills the lines in 
the mound. In very favorable topography, flow may 
be by gravity so that a pump is not needed. Liquids 
from the lines leave the mound by thermal evapora- 
tion and transpiration through the grass and plants 
growing on the mound. The first sign of overload is 
seepage to the original ground surface along the edges 
of the mound. 
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. . 1 Iic " ~ u ~ ~ - } I ~ . L * ~ ~ I I I ~ L ~ "  s,ilsl~*~ri gets its name fro111 lhc 
p i ~ ~ i i p  characteristic wliich moves tlic scptic tank cf- 
fluent from the sump pit at very I O M ~  f I ~ \ v  rates and 
very low pressure. Smtill, 2.5 to 3cm, dia~nctcr plastic 
pipe tvhich is pcrforatcci to rclcasc tlic licl~lids is Iaicl in 
the top 6 to 8cm of the suil. 'l'liis systc~ii tvill tvork i f  llic 
top layer of soil is porous with all the cliaractcristics of 
high qi~alily agric~~ltural topsoil. O\vrload \ \ r i l l  be cvi- 
ciclit as the pilmpcd liquids conic to tlic grounci sur- 
face. Aside fro111 the electricity, pump and pump 
con trot needs, the "low pressure" system req~~ircs  
small dianictcr plastic pipe. Tlic restrictions are severe 
for tropical and semi-tropical use. 

'There are otlicr nica~is of disp~sitig of scptic tank 
effluent and ~vastetva tcr. 'l'hcsc incluclc sand f i l  tcrs 
for effluents and various combinations of acrobic sta- 
biliza tion processes. Tlicsc arc ltot applicable to indi- 
vidual home requircmcnts, although tlicre is 
eqi~ipmcnt available for pumping air into secondary 
conipartnicnts of individual scptic tanks. Otlicr\visc, 
these mctliods arc bcst ior community collection and 
trcatnicnt of tvastccvaters. Tlic most likely community 
systcni is one or niorc stabilization ponds. 'l'liis is the 
only type of comni~tnity system discussed licrc. 

Stabilization Ponds 

Human cxcl.cta contains all tlic n~ttricnts ~iccelecl to 
sustain animal lifc ancl support plant gro~vtli. Wheth- 
cr excreta is disposed of on tlic ground, in a pit, or into 
water, a tligorous biological rcgi~nc uses i t  as food. 
Bacteria start tlie proccsscs a ~ i d  protozoa and other 
higher lifc l'ornis continue tlicni. Fungi, insect larva, 
adult insects and worms follow in a chain of transfor- 
mations arid predation. In water, algae, crustacca arid 
fish arc active participants in the process of one eating 
the uthcr. 

Types of Stabilization Ponds 
'rhc prcscnce of dissolved oxygen from the air anci 

yiiotosyt~tliesis determines cvlictlier the process in a 
stabi1izatic.n pond is e>dorless or odoriferous. 111 tlie 
presence of oxygen, tlic process is acrobic. I t  ends 
with oxidized products such as carbonates, sulfates, 
phosphates and evater. In the absence of oxygen, llie 
products are disagreeable in odor and appearance. 
This is anacrobic decomposition tvliicli ends with par- 
tially decomposed products stlch as hydrogen sulfide, 
n~crcaptans arid skatolc, all nialodorous. Mctlianc is 
an ociorlcss gas with good fuel value produccd during 
anaerobic dec~)tiiposition. Digestion of wastes, solid 
and l iq~~id ,  which is dcsigticcl to recover methane are . . bio-gas proccsscs. I licsc arc clcscribccl in tile scction 
on solid tvastcs. 

'rlic presence of oxygen determines i f  decomposi- 
tion is aerobic or anacrobic. Many anacrobic organ- 
istiis arc sensitive to the presence of oxygcn and 
cannot survivc in aerobic cnvironnicnts. In waters 
that are anacrobic, many desirable aquatic clrganisms 
stlcli as fish cannot survive. In anaerobic evatcrs, tlic 

fish map be dcad bc~t llic walcrs arc not, l'hcp tccm 
with anacrobic organisms, In all na t~~ra l  aclc~atic sys- 
tcms, as well as stzbilization ponds, botli anaerobic 
and aerobic dccomposition are going on. Anaerobic 
conditions occur on tlic bottom, wlicrc osygcn sup- 
plies arc limilcd, tvhilc acrobic decomposition occurs 
in llie upper part of the pond wlicrc oxygen is sup- 
plied by photosynthcsis and by absorption frotii tlic 
almosplierc. Stabilization ponds can be designed and 
managed to opcralc in various niodcs. 

Stabilization ponds arc idcntificcl by tlie predonii- 
nanl biological action within them. These arc nirn~~1.o- 

liir; filclrllntii~~*, a combination of anaerclbic and aerobic; 
and riinl~ir~ntil~ri, cvhich is csscntially acrobic. A fully 
ncrobic pond is for growing and harvesting algac. Afislt 
or. ilascr~li-rr. /)1ni11 pond is acrobic and managed to pro- 
duce food. Tliesc latter two types are productive pur- 
pose pi>~ids. 

Waste stabilization ponds arc tlie siniplest of all 
waslc treatment tecliniq~tcs. 'l'herc arc about 2000 sta- 
bilization ponds in tlic Unitccl States bcing t~scd for 
the trcatnient of ni~~nicipal tvastcs and possibly an 
cqud ~iuniber for the trcatnicnt of industrial or agri- 
c~tlt~lral wastes. Stabilization ponds havc bccn and are , 
bcing ~lsed in over forty countries undcr a vaticty of 
climatic conditions. 

Valves 

B 
,Anaerobic pond 

NOTE: During normal operation valves A 
and C are open, valves 0 and D are closed 
lo drain the anaerobic pond, valve A is 
closed, valve B IS opened. To drain the 
facultat~ve pond, valve C is closed, 

"1 Treated sewage 
to crops 

( Stabilization Pond Layout I 



Anaerobic ponds arc. often built in tandcm with Fac- 
~lltativc ponds so that anaerobic ciccompositio~i of or- 
ganic ~vastcs is follo\vcd by furthcr lrcatmcnt in 
f,ic~tltali\,c ponds. t\nacrobic ponds arc about 1.5- 
2.5nl or  morc in depth. Rctcntioti tinic in thcsc ponds 
is frclm five lo 20 clays. Thcsc po~iris car? produce fo~ll 
odors ~tnlcss alnat ~tral covc.~, s ~ ~ c h  as f;.~ts nnri oils from 
slaughter Iiu~tscs, is fortiicc! 011 top of the ponci. 

Fac~lltative ponds arc shallow bodies of water 1-2m 
dccp spread over a large arca. Wastewaters arc re- 
tainccl for scvcn to 30 days to rcnclcr them stable and 
inoffcnsi\rc tor discharge into receiving waters or  on 

land. Organic makter contained in the waste is stabi- 
lized and converted in the pond partly intd more sta- 
ble matter i r i  thc form of algae cells and partly into 
inorganic products tvliich leave the pond in the effltl- 
cnt. In facultative ponds, acrobic conditions are niain- 
tained near the surface as algae activity 'relcascs 
oxygen. An anaerobic environment exists near the 
bottom tvhere organic mattcr has settled. Most of the 
tvastc stabilization ponds uscd are of the facultative 
tY Pea 

Aerobic stabilization ponds are only about 1-1.5m 
deep and usually arc ~lsed  for algae culturing and 
harvesting ratlicr than ordinary waste treatment. 
Thcsc arc also called photosynthcsis ponds, particu- 
larly whcn they are very shallow. Retention time is 
from 10 to 40 days. 

hbturation ponds provide five to 10 days additional 
detention time, follotving full treatment in a faculta- 
tive p n d ,  to ensure the "die-away" of fecal organ- 
isms. 

Fishlvascular plant ponds are a form of maturation 
pond for the prodt~ction of fish and the growth of 
vascular plants. These must be aerobic for the survival 
of fish. 

A typical pattern is an anerc~bic pond follotved by a 
facultative pond or, in cases where the waste is espe- 
cially tro~~blesonie, a small anaerobic pond followed 
by a series of facultative ponds. Success depends on 
the q~lantity of wastewater, its strength and the pond 
size. 

Wastewater Strength 
Wastewa tcr strength, or its concentration of biologi- 

cally oxidizable organic nutrients, is stated as the bio- 
chemical oxygen demand, BOD. A sampling of the 
wastcwatcr is placed in well-oxygenated water in a 
bottle which is tlicti incubatcd for five days at 20°C. 
The oxygen ~ ~ s c d  by tlie microorganisms already in 
the waste during the five days is dctermined by mea- 
suring thc dissolved oxygcn before and after incuba- 
tion. The difference between these two dissolved 
oxygen (DO) measurements is the demand for oxygen 
cxerted by tlie microorganisnis in the water. The BOD 
of a wastewater, or  a streanl, lake, bay or sea sample, 
or a treatment process san~ple, can be determined. 
The test givcs a measure of tlie oxidizable organic 
material. It does not measure materials which are not 
a food for microorganisms, nor does it give informa- 
tion on inorganic conipounds o r  syntlietic organic 
compounds which the microorganisms cannot use as 
food. BOD values are expressed in mgll, or milli- 
grams of oxygen used in a litcr of water, usually over a 
fivc-day period. The daily domestic wastes from a 
home, excreta included, has a BOD from 175 to 
250mgllitcr. Smaller volumes of wastewater generally 
have higher BOD values. BOD tests of wastewater 
entering a pond compared to tests of the effluent from 
a pond show thc success of tlie pond in treating the 
sewage. 

Stabilization Pond Requirements 
Stabilization ponds are tvell adapted to tropical and 

semi-tropicsi 'Ireas wliere water-carried sewage flows 
to a common point by gravity. Tlie sewage system 
may bbl a simple one serving only a few homes. Or, it 
may be morc extensive, connecting many more 
homes to a network of sewers. Tlie basic requirements 
are in the areas of land availability, human resources, 
climate, siting, and facility design. 

A stabilization pond requires a substantial a m o ~ ~ n t  
of surface area for proper operation. In warmer cli- 
mates, less area is needed than in more moderate 
climates. For a pond serving 1500 people, approxi- 
mately one hectare of area for a pond 2ni deep is 
needed, At four peo?le per family, that would be 
about 400 homes. 111 rural villages and small towns, 
the cost of acquiring the land and its availability are 
not likely to be a major problem. The site must be 
dnwnslope and preferably downwind of the village 
and must not cause groundwater contamination. 

A stabilization pond may require more operation 
and maintemnce than sanitation facilities for individ- 
ual dwellings. The person who maintains the sewers 
that carry wastewater to the pond can also maintain 



the pond, In most sniall communities, niailitenancc 
rerlitires only the part-time scrviccs of a semi-skilled 
person. Operation arid maintenance incltldes repair- 
ing pond \valls, ct~tting or removing tvceds near the 
bank to rcducc niosquito brcccling, inspccting and rc- 
pairing fence and warning signs, inspccting and re- 
pairing flotv control gates and observing the pond for 
signs of overloading. Periodic draining of the poncl 
followccl by sludge drying and removal is necessary to 
get rid of sl i~dgc acc~~mulations. This sludge is usually 
safe to use as fertilizer on crops that arc not ilsed 
directly as food. 

Cli~iiatc conditions significantly influence the size 
of a waste stabilization pond. Rainfall and cvapora- 
tion niay aftcct the depth of tlic pond since rapid 
evaporation can espose deposited sludge and cause 
odors. Cloud cover for periods of a niontli or more 
niay rccltlirc as n1uc11 as a 25 percent increase in the 
surface area of the pond. I f  there is littlc or no wincl, . . add 10 to 20 percent to the surface area. I hc n~asiliii~ni 
niising effect of tlic tvind can be obtained i f  tlic pond's 
surface I- as an unobstrtlctcd wind path of 100 to200ni. . . I lie single most important clin~atic factor affecting 
size is tvatcr temperature since rvarmtli speecls up 
biological actions. 

If  gravlty flow is to be used, the pond site must be at 
a lo~ver elevation \,lan the dtvellings i t  will serve. Dis- 
tance from tlic cl\\rcllings is a consideration. Faculta- 
tive ponds should be 200 to 500n1 from residential 
areas. 'rile distance required will depend on local cus- 
tonls, climate, loading applied to tlie pond, adequacy 
of design, and the standard of niainte~iance provided. 

I t  is often beneficial to build more than a single 
pond. Two ponds facilitate servicing, sludge drying, 
and cleaning since one pond can be drained while the 
other remains in service. In addition, wherc BOD rc- 
duction is a major consideration, tlie practice is to ilse 
citlier a combination of anaerobic ancl facultative 
rvastc stabilization ponds or facultative ponds indc- 
pendently. When i t  is important to rccluce the nun~bcr 
of pathopnic organisms, ponds connected in series 
procluce t!ie best results. A series-cc~nncctcd systenl 
might include anaerobic, facultative, and maturation 
ponds or c~11y a fact~ltative and maturation pc)nd. 

The layout ancl n;ode of operation depend on the 
objcctives and the d c g r ~ e  of flexibility required. Series 
dcsign is generally usccl \\?here tlic organic load is 
great and it  is desirable to rcducc tlic coliforni cotlnt. 
I'arallel systems arc usecl wherc co~~siderable flexibil- 
ity of operation is a high priority. TIic Mrorld Hcaltli 
Organization has publislied a comprchensive man- 
ual, W n s t c  Stnbilizntiort Potrds by Ernest F .  Cloyna, that 
provides details on design. Sanitary engineers exper- 
ienced with stabilization ponds sl~ould be consulted 
when ponds are being designed. 

8 Coniliiunities which have or plan to have sewers 
with household connections and require waste- 
water trea tmcn t slioitld consicler stabilization 
ponds as their best choice. 

Pri~vision for maintenance must be niade. A local 
person sliould be trained for tlie work. 

The design and construction sliould benefit from . 
the esperience of ponds already in use in tlie area. 
Publications of the World Health Organization pro- 
vide useful guidance. 

Stabilization ponds produce an effluent greatly re- 
duced in BOD. That effluent can be discharged into 
natural waters. It can also be used for irrigation, 
preferably not on food crops that are eaten raw. 

In summary. the follotbVing regarding stabili- Trecsfrorr~ escnzullnl site rttny ~ I C  r e c (~uer~dfar  l ac  ns ,lorls /rentirrs 
zation ponds shoi~ld be considered: ftrel or RS I ~ l ~ i l l f i ~ r ~  s r l pp l i~ '~ .  



Rural Solid Waste Management 

Among public services unclertakcn by a coniniuni- 
ty, solid waste managemetit \ \ r i l l  rank as a costly one. 
Tlie benefits tvill be the reelt~ction of p~tblic liealtli 
problenis, iniproved cleanliness and appearance of 
liomcs, public areas, markets, streets arid roads, and 
tlie elimination of clandestine clumps, Tlie develop- 
ment of an improved environnicnt tlirougli a conimu- 
tiity effort will contribute to increasing the level of 
home and personal hygiene. I t  will also help to set a 
standard of cleanliness, bettering tlie quality of life. 

This discussion focuses on lia~idlirig of solid wastes 
i n  rural villages of 1000 or fetvcr people. There is very 
little rli~antitati\'c information on solid bvastes in tlicsc 
settings, nor is tliere niuch information on tlie compo- 
sition of solid wastcs froni such villages. The modes of 
foocl production, distribution, and use differ froni 
larger urban areas in the sanic countries. ~Mucli must 
be based on conjecture from the economies of rural 
villages and wide variations arc certain to be 
encountereel. 

Coniniunity solid ~vastc niauagcnient requirts spc- 
cific funding. Financing cannot bc left to cliancc either 
initially or for tile ft~turc. Collection is the 11:ajor cost 
item-perhaps 70 to 80 percent of tlic cost-as i t  re- 
quires containers, some type of veliiclc, and a largc 
amount of labor. Collection is a tra~isportation oper- 
ation in wliicli tile return trip froni tlic clispc>sal sitc is 
an empty one with no payloacl. In a labor-intensive 
economy, two or tlirec workers per 1000 people 
served riiay be neeclcd. 

, Goals and Objectives of Solid Waste Management 

Tlie primary health objectives of solicl tvaste ~iian- 
agenient are to reclucc fly breeding in putrcscible ma- 
terial, and rat feeding ancl liarboragc in tlie wastcs. 
Wlicrc Iiunian feces are liandlcd bv bucket collection 
and cartage, inclusion of tliis as part of a solid waslc 
plan tvill rccluce worm infections anionc cliildrcn ancl 

L ,  

may help in tlic control of scliistosomiasis in adoles- 
cents ancl aclults. 'l'o acliie\,e any great rccluction in 
conimniu~iicable disease related to Iiunian fcccs and 
insect and aninial vectors, tile solid waste effort 111ust 
be part of an cnvironnicntal sanitation plan wliicli 
includcs ~ a f c  and ample water, sanitary Iiandling 01 
Iinman and animd cscrcta, food sanitation, and, clc- 
pending on the eliseases occurring, contrcjl of insect 
ancl animal vectors. In liglit of tlic continuccl rapid 
population gro~vtli in the Tliird GVorld, attention also 
ncccls to bc focused on the plant foods nitrogen (N),  
pliosporus (P), ancl potassium ( K )  and t l i c x  trace clc- 
mcnts wliicli arc present in solid wastcs, l'hcsc plant 
foods increasingly ~ v i l l  Iiavc to be rcturncd to Ligricul. 
tural soils i f  fooc! supply sufficient to prr,tcct the 
Iiealtli of tlic greater populations ~vliicli lie ahead is to 
be pruduccd and sustained tlirclugli tlic nest century. 

One objective of solid waste nianagcnicnt is to Iiavc 
a clean ,inel tidy place i n  ~\~liicli to live. Cleanliness 

creates an environnicn t tliat supports good liealtli 
liabits, that brings pride and pleasure to all, and tliat 
provides a model for tlic liabits of children. 11 clcan 
cnvironnicnt adds to tlic \laluc of all property, public 
and private. That repays tlie community for sonic of 
tlic cost of an effective prograni. 

Recovery of materials including animal manure, 
trees and sludge and of energy, even on a modest 
scale, is another objective of solid waste managcnicnt. 
T11e attainment of tliis objective dcpcnils on th.3 liabits 
of tlie people, wlio may already carcfullv sCilvage all 
niatcrials of value and may already usc a l l ~ a s t c s  with 
fuel value for home cooking or water iicdting. F~irtlicr 
recovery may not be uscful. Other sources of waste 
sucli as markets and public litter containers niay be a 
sufficient source of recoverable matter to nin;4c sal- 
vage wortli~vliile. 

Tlie objective of aerobic coniposting of solid filastcs 
is to produce liunius ctrliicli can improve food-grow- 
ing soil by adding to its moisture holding capacity, its 
porosity, and, in a very limited degree, its nutrients. 
Where solid tvaste ciiaracteristics arc favorable, com- 
posting produces a uscful material. Usually one-half 
of tlie tvaste is not compostable. 'Tliercforc, tliere must 
be a disposal nietliod for i t .  

The Materials That Make Up Solid Wastes 

Indications are that used liouscliold conimoditics of 
all sorts are liandlcd very frugally. Recovery and reuse 
are applied cliligcntly to food stuffs and a11 nianufac- 
ti~rcd materials. Depending on local conditions, vcgc- 
tation, leaves, dead shrubs, branclies and trees, 
Iiusks, and fruit and vegetable peelings are a largc 
waste component. Even tliese ~naterials may be uscd 
as fuel and tlic fruit and vegetable peelings fed to 
aninials. Against tliis background, tlic basic principles 
and practiccs of solicl waste nianagcnicnt will be ex- 
amined to provide patterns for clioosing plans appli- 
cable to a local coniniunity. 

Tlic cliief niaterials tliat makc up solid waste, par- 
- 

titularly from a village lio~ne and its surroundings, arc 
listed tvitli coninicnts in Table 11. The observations' 
made enipliasize recovery and re-use. Sucli practices 
niinimize the quantities tlicit tvould go into a commu- 
nity solid tvaste collectiun and disposal system. 'rile 
extent of tlicsc practices will vary in accordance tvitli 
tile entry of a conimunity into an energy-nioncy ccon- - 

umy. As that incrcases, disposnblc solid wastes in- 
crease. 

Acceptable social and cultural bcliavior have a sub- 
stantial influence on solid waste production. Wlicrt:, 
lionic and yard clcanlincss arc a norm, s~vccpings arc 
gcncratccl daily as inlcrior floors and dooryards arc 
stvcpt daily. Tlic nunibcr, kind L ~ ~ i d  prosiniity of do- 
mcstic aninials dctcrmincs tlic animal matlure un sitc. 
Local custom and practice influence the use of manurc 
as a fuci or a fcrtilizcr, or siniply leaving i t  to dry out in 
a Iiot aric1 cliniatc. 
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-a Table 11. Components of Solid Waste from a Rural Village Home 

Kitchen ci~id t.ulil~ary wastes r r  
Discardc'd p.lycr i ~ n J  paper proci~lcts 

I1iscardc.d containcrs, glass,iiictal, plastic 

Animal ,iianurc 

Household discards 

I Discarded building materials 

Dead animals 

The quantity will be minimal; all possible will be fed to domestic 
animals, cliickcns, pigs, dogs and cats. This is prltrcsciblc matter, food 
for flies, ratsand cockrclaclics. In the solid waste lexicon, this and only 
this is gnrbagc. 

c\ part rvill be salvaged for re-use; somc rvill be ~ l s c d  as fucl. 

All that can be clcanccl will be salvaged; steel containers arc fasliioricd 
into household utensils such as cups, water vcsscls, storage rcccptaclcs 
a n ~ l  pots. 

Whcrc disposal is by means of container collection, feces is cclnsidcrcd a 
solid tvastc material. 

Whcrc large animals arc housed on the h o n ~ c  site, animal manure is 
considered a solill i\'astc material. The same applies to animal manure 
removed from village streets and roads. 

Worn-out clothing, furniture, bedding, cooking equipment; t l ~ c  
quantities arc usually small. 

Thcsc come frcm tlic house, the yard and tlic street fmntagc; somc 
part niay be conibustiblc. 

Dcpcnding on condition and typc,'wood, brick, slicct mctal and 
asbestos sheeting will be salvaged; combustibles rvill be used a s  fucl. 

The quantities rvill be sniall in tropical and semi-tropical regions as  they 
will only be froni cooking fuel; may be spread on honic ttcgctablc 
gnrdcns as soil nutrients. 

May be buried nearby without arvaiting collection or may be left to 
scavenger animals. 

Requirements for Collection 
Collection ~ncthods vary with home practices and 

collectiar~ plans. If household and s l~op  salvagc are 
extensive, tlie wastes for comtnilnity collection may 
be quite small. Collection should then be from public 
receptacles on a once a week schedule. Receptacles 
shoi.ld be placed at intersections spread about 200n1 
apart. A variety :.f locally available containers are pos- 
sible. 

The public receptacle system is less costly than door 
to dsor collecfion. I t  permits more economical use of 
vehicles, whether run bv motor, animal-or h u m a n  
power, and routing of coilection is simpler. The loads 
per person vehicle are more easily controlled. Hotvev- 
er, the receptacles are open to vanda!isrn and theft by 

of reach for animal scavengers. A stucly of waste 
quantities and the type of collection vehicle will deter- 
mine whether collection on a particular route has to be 
once or. twice weekly. 

The choice of vehicles will depend on what is avail- 
able at the !east cost. For use in rural villages there are 
handcarts, pedal tricycles, animal carts and motor tri- 
cycles. The follotving points should be considered: 

For emptying containers by hand, tlie loading 
height of vehicles should not be more than 1.6m. A 
much lotver height of lm is desirable and easily 
attained in hand and animal drawn carts. 'l'he lower 
the loading height, the ea s i~ r  the work, the less risk 
of lifting injuries and tlie Il!ss spillage of wastes. 

people and  scavenging-by animals. Putrescibles wiil Handcarts should be built t7r easy loading and un- 
require? that the receptacles be covcred, The contain- loading particularly if there is transfer to a larger 
ers should be marked as public property and with vehicle. Handcart platforms for four to six 70 liter 
some slogan or picture urging cleanliness. containers or for two 200 liter containers have been 

Door to door collection requires that each house- found to be satisfactory. 
hold have a storage container. On collection days, it  A survey will be tlie best guide to quantities of solid 
should be put at the front door, and covered so it is out wastes being produced in a community. Even if i t  is 



approsiniatc anel possibly incomplete, i t  \ \ r i l l  be a bct- 
tcr tiicasLlre than wn be founci atiywlicrc csccpt Table 12. Characteristics of Domestic Solid Wastcs 

through infor~iia tion from otlicr villages nearby. Data 
may have been collected by a regional body such as a 
provincial agency or by a national ptlblic Iicaltli or 
pilblic works agency. Table 12 gives a wicic range of 
solid \vastc cliliracteristics \vhicli inclicates tlic items 
which should be csaminccl in a solid waste stucly. The 
range is too great to be of 'iny tlaltte in planning a local 
rural village solid ~vastc project. Particular attention 
sliould be given to the local patterns of salvage aricl rc- 
LISC. 

Alternatives for Disposing of Solid Wastes 
'The altcrna tivcs arc: ( 1 )  recovery of re-usable matc- 

rials; (3) incineration; (3) sanitary landfill; (4) conipost- 
ing; (5) for atiinial nianurc arid h~~l i ia t i  feccs, anaero- 
bic ciigcstion to produce methane $as and to allo\v 
field-sprcacirng of the eligcstcd material; (6) cartli- 
\i1orni feeding. 

Rccovoy 

Salvage ancl recovery frim solid wastes is a clesir- 
able practice. First, i t  must be dcterniincd i f  tlicre is 
enough salvagnblc matcrial being collected. In rilral 
cconomics, recoverable materials arc l o ~ v  in cluantity 
at the oittset although ccntral markets n i q  be a source 
of sonie salvagable items. Wlierc salvage and recovery 
are to be done by a public agency after collcctiun, 
there are three things to be cc~nsidcrcd. It will still be 
necessary to dispose of the remaining residues, wliich 
iv~ll be aboctt onc-half of tlie original collection by 
weight. 'There must be a market and use for the rccov- 
ercd materials. Finally, rcco\,cry on tlie scale of a rural 
village will be by manual labor. 

Incincrativn is niorc than opcn burning and it is not 
easily aclapterl to rural village waste. To have self- 
sitstainecl btlrning, the tvastc must contain a mmi- 
niurn of 50 pcrccnt by tveiglit of conib~tstiblc or 
volatile niatcrial and a masimuni of 50 percent mois- 
ture. Tliesc criteria arc rarely met in rural villages 
where the m l y  off-sc: may be conibustiblc leaves, 
twigs, vines and branches. tlo~vever, these may be 
valued and used as cooking fuel. 

With burnable waste, an incinerator is ncedecl. Lo- 
cally made Jcvices arc rarely satisfactory. Wlien insuf- 
ficient air is produccci, tlie resirlt is incomplete 
burning with odors and smoke. The ash niust be han- 
dled and a means provided for disposal. TIic usual 
nietl~od is to use it as  fill material on-site. Incineration 
is not a satisfactory method for rural villages i n  dcvcl- 
oping ccluntries. 

Tlie sanitary landfill is the niost widely used nietli- 
od of disposal in developed countries. There are 

liefcrcnce 1 .  Flintoff, I:r,ink, "hlanagcmctit of Solid CVastcs in 
Dcvclopi~ig Countries," \VtIO Rcgiotial Publicatioti, ' 

South-East Asia Series, Ncrv Dclhi, Indi.1, No. 1 ,  
1976. 

Reference 2. Rcport of \,VtlO Expert Committee, "Solid \.Vastcs 
Disposal and Contr~)!" Technical Rcport Series No. 
4S4, Geneva, 1971. 

l ~ t ~ l ~ ~ ~ t ~ ~ ~ t ' t ~  2 

I ILI SO 

0.2 to 3 

100 to 50U 

5 t ~ )  'J0 

0.25 to 55 

No D.ita 

No Dal,~ 

0. I 

No D ~ t a  

- 
\~ttlrrrrr~. rrrrrl G?rrrl~r~srtrorr o l  St~li~l IVt~slz 

Volt~rn' per capita in liters per L ay 

Weight per capita in kilogranis 
per day 

Density in hil~rgranis per cubic 
tnctcr 

Putrcsciblcs in percent ly weight 

P.~pw it1 pcrccnt by weight 

Class in pcrccnt by wcight 

Metals in percent by ~\~ciglit 

Plastics in percent by rvcight 

lncrt niattcr in pcccnt by ~vciglit 

means for adapting it to sniall conimilnitics with a 
minini~~ni  of mechanical equipment. A sanitary land- 
f i l l  differs from an opcn d t l t n p  in four respects: 
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The site is selected so tliat the wastes and their pro- 
ducts are controlled, and so that tlic method can be 
applied econoniiccllly. 

a The wastes arc compacted to conserve space. 

Tlie wastes are covcrcd daily, tvilli rare esceptions, 
with 15cm of soil to control insects and rodents, to 
prevent fires and to discourage scavengers. 

a After a final cover of 40 to 50cm of arable soil and 
after tlie provision of drainage, the completed fill 
area is available for a beneficial use. If  tlie site is 
properly selected, the completed landfill can be ari 
attractive and usefit1 community property. 

The sanitary landfill is a process of controlled burial. 
Tlie requirements for i t  hcgin with the selection of a 
site. It should be tvitliin a short haul from the collec- 
tion arFa, but distant from dwelling areas. A lancl area 
tliat will be improved by solid waste fill  is desirable. 
Cover materials must be readily available. The best 
means of obtaining cover material is to excavate a 
trench or scoop out an area. The space opened is then 
filled tvith wastes, compacted kly the best possible 
means at hand, and the esca\fated material is used to 



cover the wastes. I f  i t  is necessary to bring cover mate- 
rial to tlic site, the cost will bc higher which may lead 
to neglecting co\lcring of wastes. 

Tlic best soil condition for the sitc is loamy clay 
tvhich is readily tvorkablc. This provides good cover 
and limits the movement of clrainagc froni tlie f i l l .  Tlic 
groundwater level slioulcl be at least 2n1 below tlic 
bottom of the projected f i l l  level. A stable all-weather 
road to the sitc is necessary so that tvastc clisposal is 
not interrupted for more than two or three clays dur- 
ing rainy seasons. Ownership and future use of tlic 
site and a surr~~uncling 200ni zone should be con- 
trolled. Upon completion, access to and use of the site 
niust be limited by clcsignating it  as dedicated p~lblic 
land. Tlie site should liavc planned beneficial ~lscs. 

I Natural ground 
surtace 
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The area required depends on the amount of waste 
per person, the number of people served, tlie degree 
of compaction, and the dep t l~  of the fill. For 0.5kg per 
pcrson per day, the wastes of 1000 people, compacted 
to 200kg per m" witli In1 depth at the fill, will require 
only 0.2 hectare over a three year period. One hectare 
with In1 of f i l l  will last for fifteen pears for 1000 people. 
For small populations witli low amounts of waste, the 
area requirement is small. 

Three landt~il methods are silitablc for rural villages 
in developing countries. Any of the three can be 
adapted to mechanical or manual methods. These are 
t l ~ c  area method, the trench method, a l ~ d  the mound 
met hod. 

An ideal topography is one in which there is an area 
about 2n1 below the surroundings. A depth of l m  
would suffice. In many cases, carth cover must be 
brought from higher ground nearby. Compaction will 
be restricted to that cattsed by the delivery vehicles. 

Some compaction can be done nianttally by beating 
broad padcllcs against the wastc pile. 

'I'lic trench mcthod differs from the area method as 
tlic source of cinVcr ma tcrial altvays con~cs directly 
frorii the trench tliat is C L I ~  to liold the tvastcs. 'She 
excavatecl material is set to one sicle of the trench for 
later use as both daily cover and final cover. 'She 
trench ncccls to be only 1-1 Y ~ r n  Jccp since the fill  rate 
for a rtlral village of 1000 people tvill be only 2-3111' per 
day. Tlie trench can be hand dug. 

Tlie mour,cl method requires cover soil froni an off- 
sitc point as  nearby as possible to rninimizc tlie cost 
and time for hauling. Sites which arc clifficult lo csca- 
vatc because of l~ardness, rock or wet soil conditions 
are suited to the mound mctliod. Thc ~iiethorl is tllc 
Sdine as building a r(wd rnibankment. The ~vastc is 
placeci on the undisturbed ground surface, or the top 
soil cover can be skimmed beforchanci and set aside 
for final cover. Thc wastc is compacted by ivhatcvcr 
means available, including animal drawn sleds. 

Trench 
I 
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END VIEW 1 
\ ~ r e n c h  Landfill 1 

Decomposition in a landfill is an anaerobic process. 
Bacteria, fungi and other biological organisms feed 
upon the wastes buried in a landfill. Initially, tlie rcac- 
tions are aerobic witli carbon dioxide and water the 
primary products. As the oxygen is eshaustcd in three 
to four months, depcnding on the moisttlrc in the 
landfill, tlie action is by anaerobic organisms. This 
change is marked by a rise in the production of nicth- 
ane gas. Thc quantities of methane coming from a 
small f i l l  generally are not enoug!~ to consider recov- 
ery. Nor are the %IS quantities a hazard unless en- 
closed buildings are built directly over the fi l l  or close 
,o its edge. 

Landfill sites are open to rainfall, surface drainage 
and, in poorly chosen locations, penetration by 
grountl watcr. Water leaving the f i l l  ur dump will 
carry dissolved, mixed and sttspended pollutants into 
the surrotlnding soil and rock formations. This mix- 
ture is called leachate. As noted, carbon dioxide is an 
end-product of both aerobic and anaerobic biological 
processes. I t  is readily soluble in watcr. 'She res~tltant 
carbonic acid promotes the solution of m n y  materials 
in the wastes. 'The process also converts sonic solid 
organic materials to liquids which are carried by the 
water leaving the fill.  

The composition of leacha tc is highly variable. 
There is cvidcnce that tile risk of pathogenic organ- 
isms leaving thc site in leachate and moving more 
than a fetv meters through the soil is very slight. Ex- 
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tqnsive stuclies to recover enteric viruses in landfill 
ieachatc have been riegati\v, As pathogenic bacteria 
have much poorer survival rates than entcric viruses 
in an alien environment, there is little risk of patho- 
genic bacterial passage froni a fill. Tlic greater risk is 
the disposal of tosic chemicals in substantial quanti- 
ties in a dunip or fill. Such poisons, notably arsenic, 
have been known to contaminate ground water. 
Movement will depend on the cschange capacity of 
the soil anel the contact time. A "cordon satiitaire" and 
prohibition of groundcvater cvitlidrawal within thc ra- 
dius uf one kilometer in thc direction of groundwater 
tlorv is usually aniplc precaution against the travel of 
biological ancl chemical con taminants. 

Uses ot' a comp!etcd landfill site are limited. I t  
should be planted with grass as i t  is completed to 
pre\ent clrainage and erosion problems and preparc 
tlic sitc for future use. Other than open sheds, no 
buildings should be placzd on conipleted landfills 
sincc they will settle rapidly during the first ferv years 
and since there is a danger from methane gas. Mcth- 
ane gas is inflanimable and explosive and the acconi- 
panying gases are estreniely odorous. 

Landfill sites arc frequently usec! as playing fields. 
A fill serving 1000 pcople for about five years will be 
one liectare in area. One-half hectare acconimodatcs a 
football iield. 

Cornposting is the natural way of renerving topsoil. 
I t  is n process-by which bacteria and other organisms 
feed upon fallen leaves, dcad ivoocl, dry grass and 
otlier dead vegetation. 'The end-product of compost- 
ing is humus. Composti~ig is a feeding procclss and 
only tlie biodegradablc portion of solid wastcs, organ- 
ic matter, can bc converted to humus. Non-biodcgra- 
dablc materials such as glass, nictal, sand, grit and 
plastic are not foocl for the organisms that create com- 
post. Tlicy will havc to be separated fro111 tlie humus 
bet'nre i t  can bc uscd to cnrich toy soil. I t  is best to do 
separation as tlioro~tglily as p~ssiblc before conipost- 
ing. However, i t  can be delayccl i~ntil after the cotii- 
posting is completed. As in tlic riatilral proccss, 
composting of tvastc materia! can be an,lt.robic or acr- 
obic. In tlic absence of oxygen, microorgani~ms capn- 
ble of thriving under tliosc conditions fced slorvly on 
tlic biodegradable material in the solid wastes. Coni- 
pletion of this action requires sis to 12 nionths. I t  goes 
on t~ticler sealed conditions, in a covcred pit or in a 
closed container above ground and is a very nialoclor- 
ous process. Coniposting generates locv Iicat cvliich . . slowly kills the patliogcnic organisms. I his is tlic 
sanie biological process th,tt gocs on in a sanitary land- 
f i l l  or in an anacrobic stabilization pond. The Uanpi- 
lore and Bcccari methods of treating solid rvastcs are 
anacrobic composting. Eeithcr one is cvidcly used. 

The aerobic proccss is tlic feeding of t:iicl.c-organ- 
isms tliat need oxygen for growth, reproduction and 
survival. A practical nicnns of providing tlic ncccsary 

an turning 
\ 
Fresh garbage 

compost pile I 
conditions by manual handling is to place tlie biodc- 
gradable:; in piles of manageable size, 1.5m high and 
2m in diameter. To provide thc necessary oxygen, the 
piles must be turned inside out every three to seven 
days. Piles of this size can be t ~ ~ r n e d  by forks and 
shovels. The aerobic process requires about tlirce 
weeks for completion. Failure to turn on schedule re- 
sults in tlie anaerobic organisms taking over and vile 
odors and a niarked slocvdown of clcconiposition re- 
si11t. For bcst results, a moisture content of 40 to 50 
percent by wcight is needed. 

Microurg,inisnis must have nitrogen to grow. This 
need is exprcsscd as a ratio of tlie carbon in tlie solid 
wastes to tlie nitrogen. Neither the carbon nor the 
nitrogen arc in cleniental forni. Rather, they are in 
org'lnic forms of carbohydrates, fats and protcins. 
'Thcre is always aniplc carbon for thc microorganisms 
froni dry vegetation and paper. The nitrogen niilst 
come from protcins in putrescible wastcs, from food, 
fresli vegetation and animal and human feces. Thc 
optimum ratio of carbon to nitrogen is bct\veen 30 to 1 
and 35 to 1 by weight. 

Coniyosting docs not nccd any niicrobial starter. 
The variety of organisms in solid cvastcs is enough to 
start the action whether i t  is annerobic or acrobic, just 
as natural decay processes get under cvay in ciead 
matter. Acrobic composting generates more lieat tlian 
the anaerobic process. Temperatures in the center of 
an aerobic pile reach 60" to 70°C; 55°C for a period of 
three to five days kills patliogens including Ascnris 
l i~~rtbricoirl~s, tile round worm. This para.c.ile is 
known to be the most resistant human pathogen in 
tlie free cnviro~imcnt. 'rttrning is important to cxposc 
all patliclgc~is to the liigli tcniperaturcs. Eggs and lar- 
va tliat niay bc on tlic surface of tlie pile must be 



turned into tlie ncwlv formed center so they are cx- 
posed to tlic lcthal temperat~~rcs. 

Frank Flintoff of the World Health Organization de- 
scribes the propertic., uses and ~iulrients of ,lcrobic 
compost i l l  illis way: 

Compost is n !~rown, pcaty material tlie main con- 
stituent of  ~\.l~icli is humus. It has the following 
physical yl.ot-c.rtics ~vlien applied to the soil: 

- t l ~ c  I ~ g h l ~ i ~ * ~ i g  oi heavy soil, 
- i ~ n p r o v t ~ ~ t c * ~ ~  t ot t lie tcsture of light sandy soil, 
- incrc~st~cf \~ 'atcr  retention, 
- cnlari;i~:~., systcnis of pla~its. 

Conipost also makes available additional plant nu- 
trients in threc ways: 

- it contains nitrosen (N), phosphorus (P), and 
potassium (K); typical percentages being N, 
I 2%; P, 0.7%; K, 1.2%, but with fairly wide vari- 
a t ion~ .  
- t\,iicti used in conjuction cvitli artificial fertiliz- 
ers it makes lhc phosyliorus more rcadily avail- 
able and prolongs the periccl over tvhich tlie 
nitrogcn is available, tliils iniproving nutrient 
take-up by plants: 
- all tracc elcnients (micro-nutrients) rcqu~red 
by plants are available in compost. 

Notc tliat tlic N, P, and K content of compost is lotv 
compared to clien~ical fertilizer ~vliich usually con- 
tains S perccnt each of nitrate, pliospliate and potas- 
sitlni oside. To obtain a reasonable degree of nutricnt 
valuc and humus conditioning, conipost must be ap- 
plied to tlie soil at the rate of about 40 tons per hectare 
per year. Forty tons is about 60m3in voli~nie, so a large 
bul!: of matcrial must bc handled. Tlie 40 tons will 
contain abo~l t  500kg of nitrogen. Tlie annual yicld of 
nitrogen froni the conipostcd solid wastes froni 1000 
pcoplc will be cnougli to covcr only 2.25 hcctarcs at 
the dosc rate of 500kg of nitrogen per year. By weight, 
the finished compost yield is about 50 percent of tlie 
collectccl solid waste. 

For acrobic composting in piles, the solid ~vastc 
must contain enougli p~~trescible matter and papcr to 
support bacterial fecding. 'I'his should be about 60 lo 
70 percent by tvcight of the ~vastc, including nioisturc. 
The carbon to nitrogcn ratio s l io~~ld  bc about 30 to 1. I f  
the waste is dry, i f  i t  contains '1 lot of sand and grit, or 
if  tliere is \,cry little frcsli vegetable matter and food 
tvastcs, the waste is not s~~ i tab lc  for composting. I t  can 
be rcadc suitablr? by adding frcsli fcces froni animals 
and Iiu~iians. This should bc considered only i f  large 
anloutits of such fcces arc available regularly. Thc ad- 
dition of feces or of largc amounts of markct wastes 
liigli in putrescribles will provide tlie nccdcd mois- 
ture, nitrogcn anti rcadily availablc carbon. 

Nnn-biodegradablc ti7c:crial should be separated as 
caref~~lly as possible. Cans, bottles and plastic con- 
tainers arc often salvagcci by the lioctsclioldcr or by a 
private house-to-house sca\?cnger. I f  not, or i f  re~iiains 
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of broken items are included in the solid waste, they 
~liust be removed at tlie compost site. This will liavc to 
be cionc by hand, spreading and raking tlie material 
on the ground or on long tables. This requires a lot of 
hand labor. Plastic filni should be removed since plas- 
tics will nat compost. All paper and dry vegetable 
matter muat gc  to the compost pile. Water shotlld be 
on liand to dampen tlie compostablcs. 

I t  is best to reduce tlie sizc of tlie conipostable mate- 
rial to increase tlie surface area upon which bacteria 
can feed and speed composting. Separation of non- 
compostables will break up some of tlie compostables, 
but it  is very difficult to shred solid wastes tvitliout 
macliinery. Large putrescribles should be cut up and 
~iiatted paper sliould be loosened. With that much 
done, tlie building of the compost pile can begin. 

A level site of hard ground that drains tvell is neerl- 
ed for pile building and turning. The piles should be 
sized for easy turning with liand tools, rakes, forks, 
and shovels. A pile at least 1.5m high and 2m in diam- 
eter is convenient to work and yet is large e!iougIi to 
retain tlie biologically generated hca t tliat speeds 
composting, kills pathogens and prevents fly-breed- 
ing. Piles sliould be spaccd about 3m apart for edsy 
forming of a new pile from turnea material. By the 
fourth or fifth day, tlie first turning is due. Piles 
shoulcl be turned every five to seven days thereafter 
for three or four weeks of higli temperature compost- 
ing and tlicn be cured beforc use. 

Before composting is adopter1 in any particular lo- 
cality, test piles should be builts to see how the coni- 
posting proccss acts upon the iocal wastes. I f  tlic 
rcsults are favorable, tlirec things mt~s t  bc 
deterniined . 

(11 What tv i l l  be done with the finished compost? 
For a s~iiall village of a fetv hundred people or less, the 
amount of compost will be.sniall. I t  can be ~lscd on 
public land or given to liouscliolders. The volume of 
finished compost from 500 pcoplc will be less than 
1m"er day. I f  the wastes arc high in t~on-composta- 
bles, tlic yield may be only 0.5rn"cr day. 



(2) What will be donc with the non-con~postables? 
As thc volume cvill be small from a village of 500 peo- 
ple, the rcsiducs shoulcl be buriecl on the composting 
site. 

(3) Where will the composting site be located? It can 
be closer to the village than a sanitary landfill site. 
I f  composting is dollc corrcctl;~, there will be very few 
flies and no odors. For a population of up to 1000 
people, an area of 100n1 by 200n1 will readily accom- 
modate 20 compost piles, provlde for separation and 
preparation activities, 2nd have burial space for the 
non-con~postablcs. The location should keep the haul- 
ing distance for tlie raw material and finished compost 
as short as possible. The area for the piles should be 
level, well drained and have a hard sitrface for easy 
handling and clean-up during turning. Water should 
be av,lilable at the site. Not only is cvatcr needed for 
dampening dry wastes, but i t  is needed for the work- 
crs to wash up as ncedcd during the day, before eat- 
ing and at the end of the day. 

Composted solid waste is a dark, loose-textured 
material. Squeezed in the hand, it forms a firm ball 
with a moist surface. This is the humus that will bene- 
fit crop soil. F.veryt11ing clse, possibly one-quarter to 
one-third ot the pile, tiepcnding on how carefully sep- 
aration w.ls done, is trash. I f  there has been no separa- 
tion before forming the pile, tlie amount of trash will 
be larger. I f  the compost is to be p ~ l t  to beneficial use, 
the trash must be removed. There may be some sal- 
vage of bottles, cans and metal scrap, i f  these have not 
already been removed. I t  is nct necessary to cover the 
compost during storage. 

Con~post must be adequately matured before it is 
L I S C ~  or i t  may keep seeds from germinating or rob the 
soil of nitrogen as decomposition continues. Compost 
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should be cured for at least two weeks, 01 four to six 
wecks i f  possible, before using it. Use of firlished com- 
post should be planned. 

The completion of the compost action can be judged 
by the appearance of tlie dark, odorless humus as i t  
increases in the pile. At the end of the composti~~g 
time, the temperature in the pile will drop. There is no 
longer enough food for the active organisms. 

The yield front the pile method, using the pile size 
recomn~ended, will be about 1m1 of cleaned finished 
compost per pile. The weight will be about 500 to 
600kg. At the usual application rate of 40 tons per 
hectare, the yicld of one pile can bd! applied to about 
125m2 of land. 

The choice of what to do with the finished compost 
will depend on the demand for it: 

The compost can be sold with the purchaser coming 
to the site for it; 

r The compost can be given without charge to those 
coming to the site; or 

r Thc village can use the compost on public land or 
deliver it to those who want it. 

Animal manure is produced in all villages, Manure 
from cows and horses is produced at the rate of 10 to 
16 tons per animal per year. Pigs produce from 300 to 
900kg of feces per animal per year depending on their 
size and food intake. Chicken manure is too scattered 
to consider collection unless the birds are closely con- 
fined. 

In a rural village, animal manure is found in the 
streets and roadways. This material becomes part of 
the public cleaning and collection where such service 
exists and the manure is handled along with collected 
solid wastes. Its nitrogen content will be a welcome 
addition to a compost pile. 

Where cattle and goats are brought to the homesite 
each night, there is manure accumulation close to the 
dwelling. Because of its fly breeding capacity, such 
accumulations are a public health concern. There are 
fottr means that may be used to contain the hazard; 
the choice will depend on local custom and on the 
quantity. 

r Use thc manure as a fuel. Where this is practiced, 
the manure must be dried. 

Remove the manure for land spreading twice week- 
ly before a fly breeding cycle is completed. 

If  seasonal cycles prevent immediate. land spread- 
ing, stack the manure for storage. Storage at the 
dwelling is not reconiriended as it must be done 
meticulously to prevent nuisances. 



a Cr~llect animal manure from housetiolds as a com- 
munity service. If there are many dwellings with 
aninial manure, solid waste collection work will be 
increased greatly. Whether the collection of manure 
is separate from other household wastes or not will 
depend on three things. The first is the value placed 
on the manure as a natural soil f e r t i l i~ r .  The second 
is the method used for the disposal of other collect- 
ed solid wastes. The third is whether the manure 
collection is sufficient to consider anaerobic diges- 
tion for the recovery of methane. 

The alternatives for coniniunitp n~anagenient of col- 
lectcd animal manure are: 

(1) Land spread immediately, 
(2) Stack and store for land spreading as  seasonal con- 

ditions require, 
(3) Add to sanitary landfill, 
(4) Add to compost piles, 
(5) Build an anaerobic digestion facility for the recov- 

ery of methane. 

Alternatives 1, 2, 4 and 5 conserve the value of the 
manure. In a sanitary landfill, method 3, the manure 
is simply bi~ricd along with other solid wastes froni 
tlre conini~~nity. In a compost pile, the manure is add- 
ed directly to tlie other wastes. I t  enhances the process 
l .~~causc i t  is readily used by the microorganisnis for its 
organic nitrogen cc~ntent. Alternatives 1 and 2 involve 
the community in a manure transportation, proccss- 
ing ancl distribution activity which requires consider- 
able skill in organization and management, Alterna- 
tive 5 is a metllod which is simple in concept but 
requires ccircful design and assembly of units and of 
fittings. I t  will also require resources, material and 
skills not usually found in villajics of developing 
countries. Operation and maintenance of gas gener- 
ators and the use of the gas require constant attention. 

Bio-gas from anaerobic digestion of ~ i ~ i m a l  manure 
for tile recovery of methane is most widely used in 
countries in the Orient. This process requires gas- 
tight construction either of separate units for diges- 
tion and for gas-holding or a combination digester and 
gas-holder in one unit. Such an installation requires 
knowledge and skill to build and to operate. I t  can be 
potentially dangerous due to a highly explosive mix- 
ture when air is mixed with methane gas in a con- 
tained space. 

I'hc process is strictly anaerobic bacterial action. 
Animal and Iitlman excreta arc the feed materials. 
Otlicr pu trescible materials, fruit and vegetable 
~vastcs can be added in limited amounts. Large 
amounts produce acid conditions tvhich slotv down 
the bacterial action and may stop i t  altogether. There 
is no gas-prodt~cing valtle froni sand, grit and inor- 
ganic stvccpings. Nor tvill dry vcgctation, straw and 
papcr produce much gas. The addition of such niateri- 
als, other than that which is part of manure and bcd- 
ding clean-up, I.: a poor use of digcstcr space. 

Mntture fro111 fnrrri ntrblnls rrrny lrnve vnriozts l t s a  itdtrditlg r t d h -  
nne yrodtrctiorr. 
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Table 13 surnniarizcs information on anaerobic gas. 
I'roduction is filllicr modcst. A year's manurc froni a 
cow or a hor- can gcncratc from 350 ( 1 ,  6001nbf gas. 
Assunii~~y ;II:; of gas per das  ;s used tli~s will supply a 
rural fanilly for fo~tr  to ~iio~itlis. The rate of gas 
production is vcry dependent on tcnipcraturc. It is ten 
tinies as fast bctrvcen 30°C ancl 35°C as i t  is at lS°C. 
'I'hc total volunic generated at co~nplction is the same, 
about 601u"cr tori. 'I'lic gas from an,lerobic dcco~iipo- 
sition is mostly mctlianc, but onc tliircl is carbon dios- 
ide and a little is hydrogen sulfide. Tlic nietliane 
content is lower than natural gas froni ~vclls by about 
15 to 20 percent. Tlic fuel value is high enough to 
conipare favorably witli oil and charcoal. t\ correctly 
sized unit wit11 the rcquired feed of manure in a warm 
climate can produce 21-19 of 9 s  each day with a fuel 
value ec l~~al  to 3kg of charcoal or about 1.5 liters of 
kcroscnc. Methane is explosive in the range of con- 
centrations from 5 percent to 14 percent in air. 

A family's gas nccds for cooking, lighting, tvatcr 
heating and running a 'LVO liorsepotver stationary en- 
gine is 2ni"er day. I t  takes tlic daily nianurc prodi~c- 
tion of 10 pigs, 35kg, to provide tliat niucli gas. A 
more generous supply of 3m"er day requires the 
manure of 15 pigs, 50kg each day. The equivalent 
tvould be the daily manurc of two or three horses or 
two cows if all the manure were collected. The otvner- 
ship of that many animals by a single family is very 
rare in most rural villages in developing countries. 
Methane gas generators can be built and operated In 
cooperatives tliat include several families. 

Enrtltzuorttr Fceditrg 
Earthworm consumption of solid wastes is another 

natural process. In tlieir natural cycle, eartliworms 
feed upon organic matter of alniost any sort. Their 
excrement, called castings, have very good soil 
amendment characteristics. Earthworms reproduce to 
replace and add to the worm population in the feeding 
site. The method, frequently called annelidic coti- 
sumption, is in practice on a commercial scale in Can- 
ada, Japan and in tlie United States in California and 
Florida. The excess earthworms are harvested and 
marketed for fishing bait and for addition to heavy 
soils. Enougli is known of tlie survival needs of two or 
three species of earthworms to put the method to use 
in those places where the required needs are known 
and can be controlled. Before the method can be ap- 
plied to a different environment and different annelid 
species, the local eartlirvorms' response to a solid 
waste feeding site must be determined on small scale 
plots. Local moisture, temperature and pH conditions 
must be knotvn. 

T l ~ e  solid waste for earthworm action sliould be 
high in organic matter, including paper and all forms 
of cellulose. Eartliworms digest a vcry wide variety of 
organic compounds. They are not dependent on tlie 
putrescibles such as food wastes and manure. The 
composition of sc~lid wastes in rural villages in devel- 

Table 13. Characteristics of Anaerobic Gas: 
I'roduction, Temperature Effects, 
Composition, Calorie Value and 

Equivalents, Family Requirements, Digester 
and Storage Requirements for Family Units 

Production: With 50 percent conversion of carbon to gas, 1 ton 
of animal manure will produce 50 to 7 0 d  per 
digester cycle. 

Composition: blethanc-66 pcrccnt; Carhon dioxide-33 percent; 
Hydrogen sulfidc-l to 2 perccnt 

Fuel Value: 4,000 to 6,000 calories per mB: equivalent to 1 liter of 
alcohol; 0.8 liler of gasoline; 0.6 liter of crt~dc oil; 
1.4kg of charcoal;2.2 kilcvatts of electricity. 

Explosive Liniits of Methane: Lowcr (mininium) 5 percent, Uppcr 
(niaximum) I4 percent as a mixture witli air. 

oping countries, which is high in dry leaves, 
branches, and other plants, is fitted to eartliworm 
consumption. Low pittrescibles and lotv paper will 
not matter. Inerts of sand, grit and dust in excess of 40 
percent by weight is not desirable. Glass, metals and 
plastics must be removed, preferably before building 
tlie feed bed. Earthworms eat from 80 to 115 percent of 
tlieir weight each day on a wet weight basis. That is 
200 to 300mg per day. At tlie 200mg rate, 5 million 
earthworms can consume one ton of organic matcrial 
each day. Worm activity increases bacterial, fungal 
and enzymatic actions in the soil. The tunnelling of 
the worms increases soil aeration and tlie movement 
of water. 

For survival and growth, earthworms need a mois- 
ture content of 30 percent in their surroundings. De- 
partures of more than about 15 percent from this 
optimum are very damaging. A soil temperature of 
about 10°C is best for temperate zone earthworms and 
soil temperatures above 25°C to 33°C are lethal.Experi- 
ments would be necessary to determine proper soil tcm- 
peratures for tropical and subtropical species. A pH in 
the neutral zone is required since acid conditions 



cntl worm action. 'To discourag~ the wornis from nii- 
gr'iting to escape to a favor,.b!c cnvironmcnt, a bordcr 
of loosc~icd earth shoulcl be prov~~ied around each 
fccding cell. 'This bordcr is an escapc zone if  unfavor- 
ahlc conclitions of moisture, tcnipcraturc or pit dcvcl- 
op. Initially, about 1OOO worms per m3 of in-place solid 
wastes arc needed to start action. One thousand adult 
wornis weigh about 1kg. 

In hot dry cliniates, earthworm feeding will not 
b'ork. Where there are frequent hot sunny days, 
shade or ground cover is needed to protect the 
worms. For solicl waste use, worm feeding near the 
siirtacc is desirable. Heavy rains which soak tlie fcccl- 
ing sites also flood the soil pores and worln tunnels 
causing the wornis to conic to the surface. There they 
beconic easy prey to birds, certain beetles and centi- 
pedes. These natural enemies also qeck the wornis in 
tlie ground. Other predators arc moles, shrews and 
slugs. 

Beforc this method can be usecl, thcrc must bc infor- 
mation on the life needs of local earthworms. Tlieir 
responses to the c1ianl;cs of rainfall, suli, and soil 
conditions t1ir0~1gIi an annual cyclc must bc known. 
Experiments on a modest scale of a fe\v n i b f  wastes 
ni~ist be made. Of cotirse, there must be enough local 
wornis that can be gatlicred to start e\*cn a sl~iall test. 
Such small tests can be done in 100 to 7,UO liter contain- 
ers, so that the worms cannot move away. 

Summary 

A summary of solid waste disposal options is given 
in Tablc 14. I t  sliorvs the principal advantages and 
disadvantages of the six disposal options discussed as 
they apply to rural Cillages in developing countries. 
Thc following n~lmbcrs are consistent with Table 14. 

1. Snlz)np ntrd ~.L'COULYIJ should be practiced in all sit- 
uations. This rarely needs to be urged upon people 
who already re-use containers and recover conibusti- 
bles for cooking fuel. 

2. The main advantage of corrrposfirrg is tlie useful- 
ness of the humus product. The input material must 
have enough organic material, putrescibles and paper 
to feed tlie bacteria. Sixty to 70 percent of organics by 
weight is needed to sustain tlie conipost organisms. A 
carbon to nitrogen ratio of 30 to 1 is required. 

3. Aside from initial salvage bcfore burial, a sa:iilnl.y 
lnrrdfill is a method to ~vliich all wastes can be added 
without preparation. Drainage must be controlled to 
protect water sources. Compaction savcs land area. 
Good cover material is needed. A finished fill pro- 
vides a recreation area sucli as a football field. 

4. Artncr.obic di,yccsfio~ of nrtirttnl ttrntrrrre produces 
methane, an excellent cnergy for cooking, water Iieat- 
ing and lighting. The building of a metlianc generat- 
ing facility requirr-, materials, tuols and skills not 
usually foilnd in rural villages of developing coun- 
tries. A steady supply of aninral manurc is needed. 
Human feces and urine can also be used. Training is 

nccdcd for operation. Replaccnicnl parts arc needed 
fd; n i i n  tenance. 

5 .  Enr.l/rzc~orrn c~)rrsllill~ltiulr [f stllii! Z(,~SIL~S is a ncrv 
~iictliod in limited L I S ~ .  Its product-more tvornis, 
tlicir castings and Ii~~mus-arc very guc~d for crop 
soils. There must be rvornis available locally and their 
characteristics must be known. Small test bccls IIILIS~ 

bc operated through at least one yearly cycle of rainfall 
and tcniperature changes. Incrts must be separated. 

6. ltrcirrcrntbrr is rarely stlitccl to rural villagcs in 
developing countries. The perccntagc of non-conibus- 
tibles is high. A dtlrablc, well-functio!iing incinerator 
is difficult to build with locally civailablc m,itcrials. 
lncincration may require supplenicn tal fuel. 

Industrial Wastewater Problems 

The principal focus of tliis program guide is on the 
water problems of rural areas, including villages and 
small towns, in tlic Third World. As a rule, thesc 
types of coniniunities are pre-indtlstrial with little or 
no industrial activity. Howcvcr, thcre is great interest 
in industrial dcveloplnent and there are many centers 
of indttstrial change and growth in tlie developing 
countries. This industrialization 1x1s already or will 
soon reach the types of communities with cvliicli tliis 
gtlide is concerned. It is tliereforc appropriate to dis- 
cuss some of thc problems of industrial wastewater 
whicli, before the present decade is over, may be rel- 
evant to rtlral and small town situations, and to sug- 
gest some general co,isiderations of which leadcrs 
and doers in thc. water arid health ficld nccd to be 
aware. 

I t  has becn noted elsewhere that the installation of 
an abundant high quality water supply in a town or 
village may, in itself, be an important factor in starting 
industrial activity. Among tlic first industries that are 
likely to start are those that prepare, refine or further 
proccss thc agricultural or raw materials that have 
long been produced. Simple item manufacture may 
also be among tlie carly industrial starters since they 
can take advantage of locally available raw materials 
and abundant seasonally unemployed farm labor. In 
many industrial production processes, there is a re- 
quirement for safe disposal of wastewater which fre- 
quently includes treatment. 

Industrial wastewaters generated in small or large 
plants vary widely in cliaracter and flow among var- 
ious indtistries, different c~rigins within specific pro- 
cesses, and even frorn tin:) ro time for any given 
operation. The types and co.'centraCons of potential 
pollutants in an industrial :iscliarge depend upon 
many factors. These include tlie nature of the industri- 
al operation, tlie raw materials employed, the cliemi- 
cal reactions carried out, the efficiency of utilization 
and recovery of raw materials and products, and tlie 
degrec of control over water uses in tlie plant. 

There often is a tendency to attempt to relate tecli- 
nologies and methods of attack on industrial 
wastewaters to those which liave proven successful in 



Table 14. The Advantages and Disadvantages of Solid Waste Disposal Options 

Disnclvnr itngts 

Separation required at source or 
at disposal point; must have a usc 
or market for the salvage; 
l~azardous work; rcsidues must 
be handled. 

Must have 70 percent pu trescibles 
and paper; must separate and 
dispose of non-compostables; 
must have a market or use for 
the conlpost; must turn and 
dampen piles; reqt~ires much 
labor; some hazards in work; 
carbon to nitrop,en ratio of 30 to 1 
is needed. 

Site has limited use on 
completion; long hauls may be 
required; must protect against 
surface and groundwater con- 
tamina tion; proper cover material 
is needed. 

Digcster and gas holder require 
materials rarely found locally; 
valves and piping needed; must 
have the appliances to use the 
gas; steady supply of animal 
manure needed; opera tion 
requires skill. 

Must have initial supply of 
worms adapted to local 
conditions as wornis are 
sensitive to temperature, 
moisture and pH; must 
separate inerts, glass, metal and 
plastics; feed beds must be 
caref~tlly prepared; must separate 
worms, castings and 11umus from 
remaining inerts at end of 8 
weeks; must protect worms from 
predators. 

Must have 50 percent 
combustiblcs by weight; requires 
an incinerator unit; smoke and 
odors arc frequent. 

Metlrod 

1. Salvage and Recovery 

2. Composting 

3. Sanitary Landfill 

4. Anaerobic Digestion of Ani- 
mal Manure and Human Excreta 

5. Earthworm Conslimption of 
Solid Wastes 

6 .  Incineration 

Advnr r trip 

Should be used wit11 all disposal 
methods; conserves materials. 

Produces useful product to en- 
hance crop soil; can bc done man- 
ually; a large area not needed; 
hauls can be short; manure and 
feces can be added. 

All wastes buried at one time and 
in one place; can bc done 
manually; depending on amount 
of salvage attempted, labor 
requirements are modest. 

Makes use of collected manure; 
produces methane for cooking, 
water heating and lighting; 
residue is a valuable soil amend- 
ment high in nitrogen. 

Not dependent on high fraction 
of putrescibles; produces more 
worms, castings and humus; 
product very beneficial for crop 
soil; can be done manually; land 
requirement modest . 

Reduces weight by 60 to 75 
percent and volume by 85 to 90 
percent; complete bur~~ing 
eliminates insect and rat 
attraction and breeding. 



copin7 with dorncstic discharge. This can lead to seri- 
ous mistakes in evaluating industrial wastewater 
characteristics, problems, and solutions. The charac- 
trristics and amount of an industrial wastewater USLI- 

ally bear no relationship to the population near tlie 
industry, nor of persons employed by t11c plant, ex- 
cept for usually minor contributions by sanitary 
wastes and flows used for hygiene of plant workers. 
Tlie bulk of industrial flow, and pollutional materials 
in that flow, vary radically from industry to industry 
and are related to the type of opera tion, especially raw 
materials employed, finished products produced, 
types of proccsses used and production rates. 

Many of the processes and systems commonly used 
for lnunicipal wastewater treatment have potential in 
the industrial wastewater field. However, application 
of the technology should be approached with great 
caution because industrial wastewater usually differs 
significantly from niunicipal sewage, including types 
of constituents, their concentrations, variations in 
flow characteristics, and presence of substances 
which can intcrfere with treatment processes. Valu- 
able clues about the approacli which sliould be taken 
can come from reviewing experiences of others with 
wastewaters of similar characteristics. 

Similarities in types of systems used to treat mnnici- 
pal and illdustrial flows arise only because the same 

- general teclinology often can be employed for treating 
a wide variety of wastewaters. Biological treatment, 
for example, can acconiplisli certain changes in char- 
acteristics of domestic wastewater and often can be 
used successfully to accomplisli similar changes in 
certain industrial wastewaters. On the other hand, 
biological treatment may be totally inappropriate for 
other types of industrial wastewater, or may be suit- 
able only with radical changes in design. 
Types of Industrial Wastes 

The types of industrial operations which often lead 
to discharge of potential pollutants through water in- 

1 clude transporation of raw materials and waste pro- 
. ducts, separation of substances which must be 

removed during production of finished products, 
chemical reactions carried out in an aqueous solution, 
and various clraning operations. 

Process wastes are industrid] discliarges which are 
directly related to processing of materials witliin man- 
ufacturing operations. Tliesc: flows may contain raw 
materials, as well as finished products and interme- 
diates produced during manufacturing. In most in- 
dustrial plants, process wastes col~tain the bulk of 
potential pollutants discharged, although they often 
may not include most of the water flow. They usually 
offer the greatest potential for causing stream pollu- 
tion probltlms and are wastewaters from which con- 
stituents irecluently mtlst be renioved. 

Uses of watcr can vary widely with the type of man- 
ufacturing or processing operations. Some industries 
may t ~ s e  no water in handling and processing materi- 
als and, therefore, may produce no process wastes. 

This category, sometimes refcrrc~d to as "dry" indus- 
try, includes operations such as blending powders, 
forming and shaping metal, and plants bascd on us- 
ing other solvcnt systems, for example, "dry clean- 
ing" of clothing. 

Other establishments use water for liydratllic trans- 
portalion of materials. For example, in some regions, 
the lumber industrv uscs natural streanis, flumes and 
ponds Lo transport i n d  store logs. Some food-process- 
ing operations use water to transport vegetables and 
remove waste products. Mining often uses substantial 
amounts of water for hydraulic transportation of ore. 
Tlie pulp and papcr industry uses water to transport 
chips and fibers during pulping operations and for- 
mation of paper. 

Some industries are based on separating substances 
in raw materials which cannot remain in finished pro- 
ducts. For example, fruits and vegetables are pro- 
cessed to remove skins, seeds, shells, and vines 
before packing and marketing. Pulping operations 
separate ce!lulose fibers, needed to make paper, from 
lignins and oth~:r constituents of wood. Some manu- 
facturing uses water to purify manufactured pro- 
ducts, wit11 dissolved impurities discarded in 
wastewaters. In other types of industrial operations, 
chemical reactions are carried out in water-based sys- 
tems to accomplish certain changes in materials. Tlie 
use of water as a medium in whicli reactions take 
place forms the basis for much chemical rnanufactur- 
ing, tcxtilc dyeing, and many other industries. Some- 
times, wastewater flows may originate in removal of 
water from the fini:.lied product tlirough evaporation 
or drying, These flows frequently contain substantial 
concentrations of many constituents. 

Finally, almost ,711 industries usc water for cleaning 
and housekeeping. Tlie food ar?d dairy industries, fnr 
example, require large quantities Lo clean food, stor- 
age containers and processing equipment. In the cot- 
ton industry, large quantities of water are used for 
cleansing and rinsing cloth. In wool processing, an 
early step is scouring to renlove grease, oil and other 
impurities froni fibers before making or dyeing the 
yarn or cloth. 

Wastewater flows may originate from several 
sources within industrial plants, including sanitary 
wastewaters, process wastes, cooling waters, boilcr 
wa tcrs and storm runoff. These usually differ widely 
in characteristics and in methods ilsed for collection, 
treatment and disposal. 

Solving Industrial Waste Problems 
In a study of a pollution problem, the first step is to 

conduct an  inventory of wastewater discharges 
tlirougliout the plant to dcterrnine tlieir sources, qual- 
ity characteristics and flotvs. Basic environmental data 
abottt tlie watercourse to which the waste is to go 
should bc collected to permit discharges froni a par- 
ticular source to be examined as part of the entire 
problem along that stream. 

Sampling and analytical metliods are of crucial im- 



porlancc. Selection of proper sa~iipling loc;ation, lim- 
ing and tccliltiqt~cs mils1 be donc witli great care lo 
ensure that the samples ci~llcctccl arc responsive to the 
needs of llic program. Stanclarcl analyliccil methods 
frcq~~cntly are not applicable to indt~strial wastc- 
walers anel s l i o ~ ~ l d  be L I S ~ ~  only aftcr confirming that 
data prod-~ced by them actually arc valid for tlic 
wastcwatcr in question. 'l'lic problem most commonly 
cncountcrccl is yrcscncc in industrial wastctvatcrs of 
interfcrcnccs which may not have been consiclcrccl in 
devclopmcnt or  sclcction of lhc "standard" 
tccliniqi~c. 

1\11 approach to solving industrial waste proble.11~ is 
based irpon exploring scvcral alternatives in a rational 
scciuencc. 'Slie steps include: 

opcralions. 'Shat can be acconiplislicd by combining 
flows from multiple OLII-falls or by providing niiscd 
cclc~alizalion basins for combination of flows rclcasccl 
at various times, as \vcll as from diffcrcnl Incations. 

Proper localion ancl dcsign of ocltfalls niay help 
minimize impacts of discharges on rccciving streams. 
111 sonic instances, major benefits may be rcalizcd by 
installing storage facilities witli yrogrammccl rcicascs 
Lo conform witli the assimilative capacily of tlic stream 
or municipal sewage system. 

Industrial wastewaters rcliiaining aftcr in-plant rc- 
ductions sliould bc esaminccl for opport~~nit ics to 
minimize problcms through segregation of waslc- 
tvatcr into slrcams requiring different handling. Com- 
binations of wastcwater whicli can bc accomplislicd 

c l iar~ing its wistewateis into a public system. The I resoonsibilitv for its treatment and disoosal is then 

advantageously sliould be niadc and wastcwatcr dis- 
('1 Or problem cllargc sllould be Llscd to take fu l l  benefit of ktrliatc\,cr 

t1irout;li in-plant actions, dilution may be available. 
(2) control and optimization of wastcwatcr dis- 

cliargc locations and patterns, Disclrnr,yitrg itlto Mrttriciynl Sczuers 
(3) discharging tvastcwatcrs, with or witlio~tt prc- Sbmc industries have the option of handling their 

treatnicllt, illlo sl,wage s)tstenis, ancl own wastewater discharges separately or releasing 
(4) industrial wastcwatcr treatment. flows into municipal sewage systems for joint treat- 

ment and disposal. This slio~tld be considcrcd careful- 
111-l'lntrt Actiotrs ly wlicrc tlic option is available. Frequently, i t  may be 

niorc economical to combinc industrial and m~~nicipal  
Tlie in-plant approach slioulcl bc triccl first bccacrsc, wastewater flows for joint treatment than to treat 

i f  it prO\It.S possible to modify lllall~lfa~tllrillg or othtY tllenl individually for separate disc]largc, In  evaluat- 
operations to a point which rlir~iinates the wastcwatcr ing co,,lbining treatlllcnt, s l l o l l l ~  be paid to 
flow, tlicn none of thc other alternatives need be pur- toxic polllltants that u p  i n  as well as those 
sued. Efforts IIILIS~ bc made to bring about in-plant renlaini,g in discllargcd water, Sludge polliltants 
changes to minimize wastes. A detClilcd invcntory of may serious problems for sllldge re-use or dis- 
wastewater SoLlrcCS \.vithiIl the industrial plant is posal. ~ f t ~ ~  exploring df tile other altcrnativcs, it 
needed as a resource in subsequent investigations. usually is ncccssary to consider treatment of the rc- 

Where feasible, wastewaters should be cliniinated. maini,lg f low before discllarge. Many options are 
Unfortunately, this is seIdoni f~asiblc, although i t  has availab!c for treatment 
becn acco~iiplislied by a fcw industries. In many in- Discliarge into p~lblic sewers is sometimes the only 
stances, i t  is feasible to reduce wastewater discharges alternative for illdLlstries located in metropolitan 
significantly. Tliere is a difference bctwccn reductions areas. ~1~~~ nlay have no direct access to a surtace 
in flow and reductions in pollutional constituents, tvatercourse,  ti^^^^ access is available, but in-  
Flotv reductions usually are hclpf~ll, but not always. dustries may be prollibited by laws and 
Iieductions in pollutional constituents are always dc- from discllarging into \.vatercourses wllich flow 
sirable. through citics and towns. Limited prc-treatment on 

Frcqucntly, substantial beticfit niay be rralizcd sitc, sLlc~l as or  aeration, can be donc. 
tlirough changes in character of thc wastewater by Some industries are too reniotc to liave reasonable 
modifying in-plant operations. This can be acconi- access to or they be 
plisl1ed by c11anfiing nlan~lfactllring Processes or by from discharging into a public systcm because of ca- 
substituting different raw ~iiatcrials or  chemicals in pacity limitations of sewers or treatment plants. In 
them. some instances, tile municipality may be tlnwilling to 

In considering in-plant modifications for improved responsibility for treating wastewaters from 
wastcwater control, i t  sliould be recognized that a ,, industry, 
change in a manufacturing proccss docs not ncccssar- 
ily liave to yield a profit to make it financially attrac- 
live lo the company. I t  sllould cost less than 

for 
problcmt such as treatment at the end of the pipeline. 

For those industries tvhicli have the option of dis- 
charging into a public sewerage system or disposing 
of wastewaters by direct discharge intoa waterco~~rsc. 
the question sllo~lld be explored caref~llly. There are 
many to a typical j j  dustrial plant in dis- 

E q ~ ~ d l y  careful consideration sliotlld be given to 
combining wastewaters from different mariufact~~ring 

with persons and organizations specializin~ in that 
type of activity. This leaves maximum tim:? for the 



industrial personnel to concentrate on production or 
other activities in which they have special expertise. 

In sonie instances, joint treatment may yield sub- 
stantial savings tliro~lgh economy of scale, where the 
industrial wastewater is compatible. with the treat- 
ment systeni employecl by the city or town. Potential- 
ly harni f~~l  inipacts which can result fro111 discharge of 
industrial wastes inl.3 p~lblic systenis should be ex- 
plorcri carefully. Those impacts include hazards to 
operating personnel, damage to sewers and treatment 
facilities, overloading or upset of treat~iient plant op- 
eration, and discharge of objectionable niaterials to 
receiving streanis when they are not adequately re- 
moved by the treatment plant. Special efforts should 
be made to establish reasonable rate structures to 
charge industry for receiving and treating its waste- 
water. 

I t  is vitally important tliat proper controls be estab- 
lished to regulate discliarge of industrial wastes into 
p~lblic systems. Monitoring should be establislied i.3 

ensure tliat those controls are met on a continuing 
basis by eacli discharger. 

Where industrial wastewater may create a prvbieni 
in the public systeni, i t  may be necessary to require 
changes in flow characteristics or quality :.I avoid 
harniful effects. The controls may be accomplished 
through in-plant modifications or through pre-treat- 
nient of the industrial wastewater before discharge 
into the sewage systenl. 

End-of-the-pipcline treatment is a last resort for 
coping with ind~lstrial wastewater probienis. Con- 
struction and operation of treatment facilities are al- 
ways possible, but usually involve major expendi- 
tures. Further, after commitmcnt has been made to 
this investment, it scldoni is possible to recover much 
of the cost through subsequent in-plant changes to 
reduce loadings or alleviate impact on the receiving 
stream. The major savings which might be realized 
through alternatives to treatment usually m ~ t s t  be in- 
stituted bcforc installation of treatment facilities, allow- 
ing appropriate modifications in plans for those 
facilities. 

There are many processes and teclinologies avail- 
able for treating industrial wastewaters. These include 
physical, chemical and bio!agical systems which are 
capable of removing various and particular types of 
poll~~tants.  Tlie types of processes available in each 
category range from those which are relatively simple 
and require little mechanical equipment to others 
based on complex technology. The selection of the 
best combination of processes must be done carefully. 
Tlie treatment processes must be fitted to the charac- 
teristics of the wastewater to be treated, to the specific 
water quality goals to be met by treatment, arid to 
local availability of materials, equipment and human 
resources. 
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PART THREE. EFFECTIVE WATER SUPPLY AND 
SANITATION PROGRAMS 

CHAPTER SIX: PLANNING WATER SUPPLY AND SANITATION 
PROGRAMS 

CHAPTER SEVEN: MAKING COMMUNITY PARTICIPATION WORK 
CHAPTER EIGHT: DEVELOPING HUMAN RESOURCES 
CHAPTER NINE: ECONOMICS OF WATER SUPPLY AND 

SANITATION PROGRAMS 

Part One of this manual summarized the problems 
that unsafe water supplies and sanitation practices 
posc to 11uman hcalth. Part Two described some of the 
technical solutions to these problems. Part Three ad- 
di*esses the question of how to match the solutions to 
t11e problems through comprehensive, effective water 
supply and sanitation programs. 

C11apter Six deals wit11 planning water and sanita- 
tion programs at national, regional or community lev- 
els. It is an overview of how a planner or other person 
in charge of developing such programs sl~ould pro- 
ceed. The following chapters of Part Three address 
tl~rce specific aspects of water and sanitation pro- 
grams that are so  important they often determine 
whether a program succeeds or fails. Chapter Seven 
deals with community participation, Chapter Eight 
with developing human resources, and Chapter Nine 
with the economics of water supply and sanitation 

Rendtittg tile poirtt of tumirtg ott tnps for n ttew rvatcr systetn 
requires plnttnbtg, corrrntrtttity pfirticipntiort, traitling nnd 
fittnttciit,~. - 

programs. 



CHAPTER SIX 
PLANNING WATER SUPPLY AND SANITATION 

PROGRAMS 

SUMMARY 

The planning of water supply and sanitation pro- 
grams must occur within a political situation that is 
realistically assessed by the planner. The approach 
chosen should reflect the political realities of the area. 
Variations depend largely on the extent to which plan- 
ning approaches are expert-biased or user-biased. 
Generally, the most successful water and sanitation 
programs are user-biased because this approach en- 
sures community understanding and support of the 
program. The approach that is most likely to result in 
an efficient and successful program is a step-by-step 
process that involves the community extensively at 
every stage of project planning and implementation. 
The key factors in water slipply and sanitation pro- 
gram planning are total costs, institutional and hu- 
man resources, and community participation. 

The planning process occurs in seven steps: 

(1) Recognizing the Problem 
(2) Formulating Goals 
(3) Collecting and Analyzing Data 
(4) Generating Alternatives 

Tlre selectiott ofa zunter sllpplv systettt nirtst Ire appropriate to the 
treeds of the users. 

(5)  raising and Selecting Programs 
(6) Making New Programs Work in Practice 



CHAPTER SIX 
PLANNING WATER SUPPLY AND SANITATION 

PROGRAMS 
Water and sanitation program planning occurs in a 

political and social setting wliicli must bc understood 
before th i  detailed work of preparing specific plans 
aimed at raising standards in a given geographical 
area can proceecl. Tlie first two sections of tliis chapter 
describe some of the broad socio-political factors 
which influence and limit tlic planner's work in water 
and sanitation, They also explore some of the myths 
which surround the planning proccss and tlie dangers 
which proceed froni taking these ni)~tlis too seriot~sly. 

Later sections of the chapter describe the mechanics 
of program planning in great detail. Tliese procedural 
details must be read throt~ghout in liglii of the reserva- 
tions set out in the first two sections. Textbook de- 
scriptions of planning procedures tend to be written 
as i f  men and women, and particularly "men and 
women in organizations," were wliolly rational crea- 
tures cvhose tlioughts and acts were at all times domi- 
nated by the operation of purc logic. A much more 
realistic l-rypotl-resis is that a great deal of social behav- 
ior, including the behavior of planners and of the large 
number of people and institutions they interact with, 
is heavily influenced by emotional factors of many 
kinds. 

To summarize, the bulk of Part Three refers to the 
curltatt of planning, while the first two sections of this 
chapter aim to correct this irilbalance by looking at 
planning as a social process in wliicli groups ancl orga- 
nizations ranging from international agencies to local 
villages use political and social means to achieve their 
objectives. "Political behavior" is used in a limited 
technical sense to refer to the ways groups handle 
problems of conflict. Tliese conflicts may sometimes 
be quite open and explicit bttt often they are not. 

Political Setting 

The political dimensions of the plantiing process 
often are sources of conflict, The follo~vi~ig analysis 
greatly oversiniplifies a complex subject as  a means of 
dealing briefly with i t  and of identifying what seem to 
be the types of cot.~flict likely to influcncc water si~pply 
and sanitation prograni planning. Tlie most common 
of these are as follows: 

Theexternallinternal dimension. Tlie main cxaniple 
of tliis is the differe~ces in perception and objectives 
bctween international agencies or the administra- 
tors of bilateral aid programs on the one hand and 
national governn~cnts of developing countries as 
the potential recipients of aicl on the other, 
The bureaucracylgrass roots dimension. This refers 
to niajor potential conflicts of interest and objectives 

withifia single country between national or regional 
governnients and local communities. This "vertical" 
dimension and the differences of views associated 
with it is similar to the externallinternal dimension 
but in one critical respect it is different. Tlie latter 
involves two groups who are similar in kind, wliile 
one of the parties on the vertical dimension-the 
local community-is radica!ly different from either 
of the others. The local con~munity whose condi- 
tions the planner seeks to improve tends to develop 
its views in a more informal and social way than tlie 
national bodies with which it deals, but its repre- 
sentatives tend to be much less articulate than their 
opposite numbers. 
The professional dimension. Conflict can arise from 
this source at all levels within the planning system 
except possibly the smallest local community. In 
particular, conflicts of perception and objectives 
tend to arise between the health specialist and the 
water supply and sanitary engineer. 

The ExternallInternal Dimension 
Tlie objectives of international or bilateral agencies 

in setting priorities for the distribution of their re- 
sources and in planning how these might best be used 
are inevitably different from those of the potential 
recipient countries who are intended to benefit from 
an aid program. The planning process must recognize 
the possibility of conflict and make adequate provi- 
sion for coping with or resolving it. 

Some of tlie reasons objectives are likely to differ, 
possibly leading to conflict, are as follows: 

Different time scales may mean that the two parties 
are looking for results in different time periods. 
Criteria for measuring success or progress may be 
different. 

a The need for flexibility in planning is likely to be 
perceived as more important by the recipient than 
by the donor, 
Possible adverse effects of the plan, if it is success- 
ful, on other parts of the national economy are likely 
to be of higher priority for the recipient country (for 
example, impact on the local labor market). 
The control of resources such as equipment and out- 
of-country specialists tends to be a high priority 
matter for donor agencies while the need to reduce 
limitations tends to be more important to recipients, 
These contrasting emphases on resources on the 
one hand and limitations on the other are a potent 
source of conflict within tlic planning process, par- 
ticularly as the plan is bcing implemented and its 
outcomes monitored. 



There are two interesting examples of the kind of 
action which has been taken by donor agencies to help 
resolve problems arising through conflicting percep- 
tions or objectives. First, regional projects and pro- 
grams, based on the developnlent of regional re- 
sources capable of serving the needs of several 
countries or part of a large country, can be a means of 
securing greater flexibility in responding to local 
needs. This has been thr approach to human resource 
development and training in the Caribbean. 

Second is the increased attention being given by 
Unitcd Nations agencies in particular to the need for ' 

key human resource development studies to go along 
with technical ones. Human resource quality and 
availability are likely to be the largest single local limi- 
tation in the implementation of a plan which looks 
fine on the drawing board but needs trained people to 
give it life. 

The Bureaucracy/Grass Roots Dimension 
Some of the differences of perception described 

above also apply in the vertical dimension between 
national bodies and local communities. Certainly dif- 
ferent time scales apply and criteria for measuring 
success tend to differ widely. Perhaps the most impor- 
tant of the factors is the contrast between the national 
emphasis on the importance of resources and the 
local concern with limitations. The possibility for mis- 
understanding and conflict in this context should not 
be underestimated. 

The two main factors in the vertical dimension are, 
* 

however, somewhat different in kind and certainly in 
importance compared wit11 those already listed. They 

are also closcly related. These factors are perceptions 
and communications. Perceptions of "superior 
knowledge" on the part of national administrators 
and technical experts can sometimes stray well over 
thc boundaries justified by administrative experience 
and technical qualifications. These perceptions, often 
rooted in a culture's superiorlinferior status habits, 
are reinforced by difficulties local people may exper- 
ience in voicing their feelings on the subject of water 
supply and sanitation and even in producing informa- 
tion which may be of direct practical use to the 
planner. 

Methods of communicating within the offices of a 
national ministry of water supply and sanitation, 
which arc basically bureaucratic, and methods of com- 
municating within local communities, which are es- 
sentially social and informal, are as different from 
each other as they can be. It is not surprising that 
difficulties and misunderstandings arise between the 
two groups since they have such radically different 
ways of communicating. The bureaucratic version is 
fornlal, recorded in Writing, and in the broadest sense 
tecl~nical in content. The local system is informal, un- 
recorded '~nd  mainly social in content. 

The increasing attention being given to community 
participation in the development of improved facili- 
ties which people will understand and use recognizes 
the importance of this subject. But if this problem is 
dealt with by manipulation, i.e., using rank, econom- 
ic power and other means of applying pressure to 
reinforce the old philosophy that the people at the 
center really do know best, such programs are likely to 
fail. 



The Professional Dimension: The Doctor and The 
Engineer 

'I'lic "profcssional dimension" exists a1 every lcvcl 
of tlic systcni. I t  occurs within the aid agcncics, na- 
tionally bctwcen t~iinistries of licaltii and ministrics of 
rvatcr sapply, and localiy betwccn inclividual doctors 
and engineers. As in tlic case of tlic other two dimen- 
sions tlicrc arc problenis of pcrception, differing ob- 
jectives and comniunications. One of tlic conven- 
tional solutions in many developed and sonie 
developing nations to bridgc gaps of professional 
(n1is)undcrstanding is tlic steering c~*nimittee. 

By pt~tting peoplc of different professions on steer- 
ing committees to monitor major projects froni tlic 
feasibility study onwards, i t  is too rearlily assumed 
tliat this will in some niagic way solve the professional 
colnmunication problem. I f  this is all that is done, the 
situation may even be worsened. Wlia t is needed, in 
addition, is some provision for learning to take place 
by botli groups witliin the stceririg committee system. 
'I'his in turn rcqi~ires very careful ~houglit about the 
structure of the coniniittce and its proceedings. One 
possibility is to provide an aid to learning by attaching 
to tlie group someone who is professionally in the 
learning business, just as the other two groups are in 
the liealtli business and the engineering business. 

Any description of tlie political setting for water 
supply and satiitatio~i planning on a world-wide scale 
oversiniplilies a very complex subject. The problen~s 
identified here are essentially those arising from rela- 
tionships within social systems rather than between 
iridividuals, 

Even so, it is possible to s~~nimarize the political 
dimensions discussc!d here in tabular form. Their elid 
points can be tabulated as shown in Table 15. 

The process of coping with or resolving the conflicts 
whicli this table highlights is on-going and involves 
the groups and individual5 on one side of tlie table 
becoming more aware of the issues of concern to those 
on the other side. 

Program Design 

In designing a water supply and sanitation pro- 
gram, there are several alternative planning ap- 
proaches tliat may be used. Eacli planner must choose 
his or her own approacli but this section provides 
some basic principles and concepts to aid in making 
this choice. To maintain consistency and allow com- 
parison, human resource development and training 
plans will be used as illustrations. The approaches 
and concepts described are applicable to all types of 
plans, whether general or specific. 

. Table 15. Political Dimensions of the 
Planning Process - 

Exlrrtarl 
(concern with rcsourccs) 

Nntiottal Blrrattrcrnc!/ 
(concern with systems) 

- 

Eir,yitrccrit~,y 
(conccrn with things) 

Overall conccrn with 
Q U A n r 7 l T Y  

of data, materials 
and equipment 

lt~tertrnl 
(concern with 

limitations) 

Locnl Grnss Roots 
(concern with social 

k~e~rlt lr  
(conccrn with pcoplc) 

Overall conccrn 1 Q$$ 1 



Alternative Planning Approaches 
The four approaches to the design of a program 

discussed lierc are not, of course, the only options 
open to the planner. Tlie range of possibilities and 
combinations is endless because tliere are many possi- 
ble versions of each approacli. Tlie four approaches 
are key points on a spectrum along wliicli tliere are 
many alternative positions for tlie two key parties to 
tlie process: the party wliicli provides tlie furtding, the 
know-how and exercises ultimate administrative con- 
trol, and tlie party wliicli is to benefit from the 
program. 

There are, in fact, far niorc than two parties in- 
volved in tile design process. In tlie simplest of cases, 
an external funding agency, one or more consultants 
and con tractors, a national andlor regional govern- 
ment and the final user are all involved. For the pur- 
pose of tliis discussion, all organizations otlier than 
the final user are being grouped together. 

Tlie spectrum of alternative design a pproaclies 
ranges from tlie authoritarian extreme to the de~no- 
cra tic estreme. Tlie authoritarian program provides 
for as much as possible to be dortc for tlie final user, 
whose main role is to get in the way of tlie experts as 
little as possible. At the democratic extreme, the high- 
est priority is given to involving tlie final user o r p i -  
zation to the extent of its staff first learning to do what 
tlie expert would otlierwise do and then doing it .  

Within tliis spectrum tlie four main planning ap- 
proaches are: 

Approach 1. The expert designs and does it for the 
client. 

Tlic program design provides for thc "outside ex- 
perts" to do literally everytliing, except possibly the 
most basic manual tasks wliicli rcquire no special 
learning. 

Approach 2. The expert designs and does it for the 
client but teaches "them" how to maintain it. 

The DOING is as in approacli 1 escept that someone 
is taught liow to operate andlor maintain the system 
whicli has been installed. 

Approach 3. Expert and client design and do jointly. 
In the cotlrse of this joint activity, the client learns 

how to plan, implement, opcrate and maintain tlie 
system. 

Approach 4. Expert teaches from the beginning and 
the client designs and does. 

This is the best arrangement from the viewpoint of 
the client bccat~se it  creatcs tlic maximum opporturiilp 
for learning and transfers control to local liarids at tlic 
carlicst possiblc monient. 

Expert bureaucratic reaction to tliis range of choice 
tends to be, and often is, to try and operate as close to 
Approach 1 as possible. The case for doing this is that 
it  secures maximum initial performance so far as the 
qunrtfit!j of output goes, it ensures optini~tm use of 

Iiardwarc and teclinology, i t  niakcs the best use of 
time, i t  is systeniatically recorded for posterity, and 
for program start-up i t  appears, by lar, tlie most cost 
effective approacli. 

Tlie practical advantages of tliis approacli arc clear- 
ly understood. 'They also are usually clearly articulat- 
ed by tliosc in favor of Approacli 1 wlio tlieniselves 
operate in bureaucratic systems wlicrc tliesc kinds of 
criteria for judging effectivcness are used it1  marry 
situations. 

Tile casc for Approacli 4 or even Approacli 3 often 
loses by default partly because its advantages are diffi- 
cult to quantify. The more important rcason tliat these 
approaclies often arc not used is that potential advo- 
cates for them, usually clients, are often relatively in- 
articulate. Sometimes, they only fecl tliat tliere is 
somctliing radically wrong from their point of view 
but do not know quite liow to put it into words. Ap- 
proacli 4 is so infrequently used as a basis for program 
design that i t  is not well-developed atid tlierc are too 
few exaniples of it to show people. 

The advantage of Approach 4 is that it builds re- 
sourcefulness into thc local situation. Evcn if tlic 
qi~antitative rcsults of tlie new system are less tlian 
tliose which might Iiave resulted from Approacli 1, 
what is achieved is undcrstood, is operated and main- 
tained effectively, and tlie potential is created for mul- 
tiplying tlie new way of doing things by the usc of 
local resourccs and local skills. The objectives of Ap- 
proach 3 or 4 arc mucli more extensive tlian tliose of 
Approach 1 or 2, They arc also more long-term, in the 
scnse that the benefits of using the former strategies 
occur over a mucli longer period of time. The objec- 
tives of Approacli 3 or 4 include thc intangible aim of 
developing in local people a scnse of ownersliip in thc 
project so that they feel "it is orir scheme" not "it is 
tlteir sclieme. " 

Tlie above description makes clear the central prob- 
lem of choosing a planning approach where the crite- 
ria for measuring success are so different for two of 
tlie main approaclies. Approacli 1 addresses produc- 
tivity, costs, systematic recording, and optimum use 
of time, Approach 4 emphasizes local resourceful- 
ness, comniittiient and ownersliip. Who in his or her 
right mind, it might bc asked, tvould opt for Approach 
4?Tlie answer lies in the inescapable fact that, at some 
stage, local people must run systems designed and 
installed by experts. Tlierc is some evidencc tliat the 
closer planning comes to Approacli 1, the greater tlie 
problem at tlic final hand-ovcr stagc. Depcndency rc- 
lationships can be as satisfying tc) tlic expert as they 
are frustrating to the client, but thcy are not everlast- 
ing. Clioosing an option more like Approacli 4 may in 
tlic long run be the most cost effcctivc approach after 
all. 

Selecting a Planning Approach 
Tlie following simple nlodels arc suggested as aids 

in the process of thinking about program design and 
selecting from alternative design approaclies, Their 



main purpose 1s to provide some of tlie irisiglits nccd- 
cd to ilse Approaclics 3 and 4 confidently. 

Model I. "The wheel." The "wheel" can be used 
to examine the total organizational environment with- 
in wliicli tlic new water and sanitaiion program is to 
bc introduced. 11.1 this model, shown in Figure 4, tlie 
organization within ~vliicli tlic proposcd cliange will 

occur is sliown as a large circle. Its circumference re- 
presents tlie contact belwcen tlie organization and the 
wider environnient in wliicli it opcratcs, for example, 
a national writer supply corporalion in a single coun- 
try. A smaller circle at tlie center of tlie large circle 
represents that part of tile organization in wliicli tlie 
planned cliange is to take placc. 

Figure 4, Model 1: The "Wheel" 



All tlie key factors both inside and outside the orga- 
nization which are likely to influence the proposed 
change can be  show^^ in this model. Of the four 
groups of faztors ~ ~ s e d  in the model to describe an 
organization, most of all is known about the resoirrces 
available. Records on this subject are extensive and 
people within organizations feel most comfortable 
when dealing with this subject. As a result, far too 
many decisions about proposed change are initiated 
in the resources area without necessarily taking into 
account limitations in other areas. 

Until recently, far less was known about the systcttrs 
nttd procedrrres of an organization than about the quan- 
tity, quality and disposition of its resources. Now 
there is more understanding about how organization- 
al systems work and how different systems affect each 
other. Not only has knowledge about systems in- 
creased, but the range and complexity of the systems 
used has grown rapidly and in most organizations this 
has been greatly increased by the use of the computer. 
This, in turn, means that a great many more decisions 
about change in an organization are initiated in the 
systems area. The limitations whicl~ may arise from 
other areas, including resources, are not necessarily 
taken into account. 

In the next segment of the "wl~eel" is an area callecl 
"lrurrtnrr relntio~ts." This term denotes all the intangible 
relationship factors which determine motivations ;lnd 
morale within organizations. Again, systematic 
knowledge in this area has increased greatly in recent 
years. Still, a great deal less in general is known about 
these factors than tile previous two groups. Human 
relations factors are also heavily culture dependent so 
what is known about one culture is not necessarily 
valid in a different one. Organizations often initiate 
change in this or other areas without adequately as- 
sessing in advance its likely effect. 

The final segment is called niirrs nttd objcctiz~es and 
groups together all those factors related to the overall 
identity of the organization and how its members per- 
ceive that identity. It does not deal only with the offi- 
cial written "constitution" of the company or the 
annual restatements of business or public service ob- 
jectives. I t  also includes the different perceptions 
which individuals and groups may have of the organi- 
zation as a whole and its mission in society. When 
change is proposed, the degree and nature of these 
differences in perception may be much more signifi- 
cant than any of tlie official doctrine about organiza- 
tional purpose. 

. Change initiated by action in any one segment of 
the organization will only succeed if the changes in 
the other three areas which will inevitably follow are 
consistent with the intention of the plan. The inability 
to recognisc these interactions causes most plans to 
fail, Planning approaches 1 and 2 tend to be initiated 
in the resources/systems segments, and often under- 
estimate the consequences in the human relations and 
aims and objectives segments. 

An important point to keep in mind is that the least 
is known about the factors in organizational develop- 
ment that have the greatest effects on attempts to plan 
change. Milch less is known about Iiow to describe 
11umar1 relations in organizations than about how to 
record cash flow. It is t l ~ e  deep knowledge of simple 
things t l~al  allows expert-based approaches at the au- 
thoritarian end of the planning speclrum to be used. 
But i t  is the complexities of social behavior and the 
problems of local perceptions of identity and owner- 
ship which can frustrate these planning approaches in 
the long run. 

The "wheel" does not point out how to .\void these 
kinds of frustration but at least i t  helps to ensure that 
no one is too surprised when they occur. If used in the 
early stages of the planning process, a model of this 
type may help select a better planning approach. In 
general, i t  also is a reminder of where effort should be 
put inside an organization. Usually, improving orga- 
nizational records and systems are far less important 
than improving human relationships arid clarifying 
misunderstandings about aims and identity. 

Model 2. Resources and Limitations. Earlier in 
this chapter, external experts were contrasted with 
user organizations by stressing the former's preoccu- 
pation with resources and the latter's concern with 
local limitations. A n~odel has been developed to de- 
scribe the relationship between resources and limita- 
tions where organizational change is being planned. 
This model was developed as a training concept be- 
cause the resource being studied at the time was staff 
training, but the basic model applies to any form of 
change, A training example is used in Figure 5. 

This model shows quite simply that the benefits to 
an organization from training, for example, will be 
limited in three main ways: by individual motivation, 
by internal limitations within the organization, and by 
external limitations within the local markets for labor 
and products. Training does nothing but create a yo- 
tetrtinl which may be only partly achieved or, in some 
circumstances, not acl~ieved at all. 

In these circumstances, there are four ways to im- 
prove the situation: improve the size or quality of the 
initial tnining effort, try to influence the individual's 
motivation, try to change the organization's systems, 
and try to manage the external environment better. 

Program design plans in the water supply and sani- 
tation area may be frustrated in precisely this kind of 
way. What this model suggests is that dilninisl~ing 
returns are likely to set in at a relatively early stage if 
attempts are made only to improve the resources. In- 
stead, work should focus on the limitations, particu- 
larly those within the organization since they can be 
influenced. I t  would be a much better idea to antici- 
pate these possibilities at an earlier stage in the plan- 
ning process, which means in general somewhat 
more empliasis on limitations and changing them and 
rather less on resources. 





Model 3, The Training Development Process. I f  
anytl~ins cl(1sc to Approach 4 is ilsed in designing a 
new water silpply and sanitation program, there must 
bc a parallel investment in improving the quality of 
the national training dclivery system. 'This system 
must be nlade self-sustaining as quickly as possible, 
Altl~ougli training is addressed in some detail in 
C'liipter Eight, one model of the training develop- 
ment process is included here to emphasize its impor- 
tance to Approacll 4. 

This model, shown in Figure 6, illustrates tllc basic 
stages of the training developn~ent process which can 
take place at any of four le-rcls: the individual ~lnder- 
taking, the rural sector, the urban sector, and the 
overall national system. An approach is needed that 
improves the overall quality and relevance of the tctal 
training system on a continuous basis. 'l'hc goal is to 

make the systenl not only more efficient but also more 
sensitive to need and more capable of producing bet- 
ter solutions in the future. This model is about ntlrlli- 
/)lyirrg what is being learned within the organization 
about training development so that the total training 
systen: is constantly being improved tliroi~gli actual 
experience. 

This discussion has not attempted to provicle a 
wide- ranging list of alternative planning options. In- 
stead, the options 11ave been deliberately restricted to 
highligl~t the contrast between expert-based ap- 
proaclles which are technically sound but socially sus- 
pect, and more social learning-based approaclles 
wliicl~ look more risky but possibly have Inore lung- 
term potential for success. The models sl~ould be use- 
ful in pointing out tlle issues involved in choosing an 
approacll to planning social change. 

Figure 6. Model 3: Training Development 
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Tlic remainder of tliis cliaptcr is devoted to tlir clc- 
tailed proccdurcs rcrli~ircd in planning an enifiron- 
men tal hca11h program. 'She planning process can be 
divided inlo sc?\lc'n steps: (1) recognizing the problcm, 
(2) fortnulat~~ig goals, (3) collecting arid analyzing 
data, (4) sencrating altrrnatives, (5) appraising and 
selecting programs, (6) making new programs work in 

I practice, arid (7) evaluating programs. Eacli of these 
steps will be ciiscussccl in turn. 

Step 1: Recognizing the Problem 

The first step in water and sanitation planning is to 
identify the problems or conditions that need to be 
changed. Tlie related processes of problem identifica- 
tion and goal formulation (Step 2) are tlie main roots 
from which a water supply and sanitation program 
grows. For effective planning, problems need to be 
well-defined in terms of their extent, magnitude, and 
importance. Unless a problem is clearly perceived and 
i~nderstood, it is difficult to obtain approval from indi- 
viduals and institutions required for eventual p1'1n 
implementation. 

such plans cannot or should not be made. What it $OL*S 

mean is that a wrong assumption is often made by 
planners. This wrong assumption is tliat because wa- 
ter supply ancl sanitation services are operated on a 
regional atid local basis, and "national needs and re- 
quircnients" are argued to be no more than tlie sun1 of 
local and regional needs, national needs will for the 
most part be catered for in the course of dealing with 
local ancl regional needs. Alternatively i t  is assunied, 
again quite wrongly, that if tliere are "national needs" 
wliicli must be ministered to separately and directly, 
exactly wliat these needs are will only in some myste- 
rious wily be revealed dffcr. local urban and rural plans 
of action liavc been worked out. 

In practice, tliere are a number of "key result areas" 
in most sector studies where it is essential that objec- 
tives,be set and action taken at the national level, more 
or less immediately. Failure to do this is often a reason 
for things going wrong at lower levels at later stage. 
The examples that follow areall taken from tlie human 
resource development area because it is liere that fail- 
ure at tlie problem identification step to recognize and 
act on national level needs is often most damaging 

National Needs and Sector Studies and yet, regrettably, most common: 

'Shere are several different approaches to tlie proc- 
ess of recognizing water supply and sanitation prob- 
lems. These arc complementary to each other rat11c.r 
than alternatives. At the most general level arc the 
formal comprehensive stt~dics of national 11ceds 
which arc used to set out long-term policies, develop- 
ment timetables and implementation strategies. Char- 
acteristic of these studies are the sector investigations 
carried out by thc World Bank and other international 
lending institutions. Worlcl Bank studies of tlie water 
supply ancl waste disposal sector at the national level, 
tor example, icietitify problems and constraints first, 
then analyze goals necessary for a national plan, and 
finally, makc reconimcndations for organizations, 
policies and practices required to achieve the goals. 

investigations of tliis kind are usually intended by 
tlie international agencies concerned to provide a data 
base for decisions regarding le\feI of funding required, 
the relative in~portance of urban and rural develop- 
ment, tlic quality of service needed teclinical op- 
tions available. 'Sliey do  not normally lcad to specific 
action programs ready for ininicdiate implcnicnta- 
tion, notwithstanding tlic fact tliat they involve the 
use of a considcrablc amount of expensive high-level 
manpower. The World Bank estimates that even a 
liniited sector sli~cly in a smcill country may require up 
to six person-lveeks of effort and involtle at a mini- 
mum an cngincer, a financial analyst, and an ccono- 
mist. In longer studies, a Iiunian rcsourcc develop- 
ment and training specialist is oftcn added to the team 
or a detailed Iiunian resource clevclopmcnt invcstiga- 
tion tnay be commissioncd scpara tely. 

'She fact that sector studies at the national level do 
not usually lcad to specific action plans for immccliatc 
implementation s l i ~ ~ ~ l c i  1101 be taken to mean that 

Forecasts of significant increases in tlie demand for 
particular categories of high level technical human 
resources (for example, civil engineers) can only be 
properly made at  the national level. Preliminary ac- 
tion can also be taken to initiate those early parts of 
the educational planning process which are particu- 
larly time-consuming. 
Organizational changes may be needed, such as a 
central training and development unit to serve as a 
"focus organization" for human resource develop- 
ment in the water sector and to advise and assist 
local t~ndertakings from an early stage in tlie liuman 
resource development aspects of tlieir plans. 
Wicler ranging proposals to recruit and train train- 
ing staff may be initiated at the national level in 
anticipation of local needs wliicli miglit otherwise 
take much longer to fulfill. 

Another example of problem identification at tlie 
general level can be found in the national decade 
plans being prepared as part of the International 
Drinking Water Slipply and Sanitation Decade. In the- 
ory, these plans contain not only a needs assessnient 
for the water supply and sanitation sector but also an 
invcstigatlon of the linkages between water si~pply,  
sanitation, health, agriculture and urban and rural dc- 
velopnicnt that are necessary to achieve decade tar- 
gels. As in tlie case of sector studies, these plans 
generally spell out reconiniendcd policies, strategies 
ancl goals but do not clevelop specific action prc- 
grams. Again, tliere is no conclusi\~e reason wliy tliis 
should be so. Certainly Iii~man resources implications 
of a sin~ilar kind are oftcn likely to ariw and to require 
relatively early action. Broad clecadc-type plans, as 
well as the more cotiventio~ial sector studies, arc often 



~tscd in the prcpara tion of ~ialional dc\lclopmcnt 
;.Ions which occur in a cyclical manner every tl~rcc lo 
six pears. 17crsonncl rcquircmcnts again are high. 'The 
Worlci I-lcaltli Organizalion cstimalcs lliat i t  takcs l\tro 

lssmcn t to iivc \\leeks j~lst 10 carry oul llic ncccls assc:: 
portion of clccacic plans. 

In looking at the outcomes and possiblc uses of 
national Icvcl studies, i t  should be stressed tliat they 
may also be a sclurcc of information on linkages be- 
tween urban and rural nccds and rccluircmcnts. The 
recognition that conimon problems exist may be valu- 
able in avoiding ~tnneccssary cluplicdtion of Iiard- 
ware, staff or know-how. 

I3clo\v tlic gcncrnl Icvcl of sector st~~clics ancl nation- 
a1 dccadc plans is the program Icvcl. At this level, 
action-oricntcci sets of projecls and activities arc cic- 
vclopccl in clctail. Programs must opcratc within the 
policies and stra tcgics cstablishcd at the national lcvcl 
and arc also dircctly supported by any scnlices crcated 
as a result of judgments made there. Probleni idcntifi- 
cation at the program level thercforc should lead to 
thc formation ot specific objectives, which in turn are 
lirikeci clircctll~ to individual project clcsigns and to tlie 
types of results dcsirccl. 

Guidelines for Probleni Identification 
Sollie guicielincs are available for identifying watcr 

supply and sanitation problems. Tlie primary purpose 
of cnvimnmentnl sanitation is to eliminate the caLlses 
of comm~~nicablo disease (see Cliapter Tcvo), identi- 
fied by the Worlcl tlealth Organization as unsanitary 
water supply, contamination from Iiunian excreta, 
and insect vectors of disease. WHO adds, however, 
tl iat  as tlie commu~iity develops there should be a 
progressive espansion of sanitary services to provide 
better standards of liealtli and improved conditions of 
living. 

Linlcinl; ~ \ ~ o t t . r  ancl sanitation problems to essential 
Iiuli~an needs is another useft11 approach to problem 
identification. A recent USAID study in rural Jordan 
identified tlie following five-level liierarcliy of funda- 
mental liunian needs: 

1. pliysiological needs, 
2, safety needs, 
3. social needs, 
4. ego needs, 
5 .  self-fulfillment needs. 

In tliis ranking, tlie sinipler but more urgent physio- 
logical and safety needs must be met before the more 
complex ego and self-fult'ill~~ie~~t needs can be 
achieved. This hierarcl~y was the11 used to develop tlie 
folloiving ranking of basic human needs in tlie rural 
arcas of Jordan: 

1. basic ma terial needs (food, lio~lsing, clothing, 
tva ter) 

-1, income and cconomic opportunity nccds (cm- 
ploy~iicnl and income mainlcna~icc) 

5 ,  personal adj~1st1iicnt and social participation 
ncccis (child care, family planning, recreation, 
c~tltural and religious scrviccs, family co~lnscl- 
ing and s~~ppor t ,  conim~~nit)r organization, 
participation in dccision making, participa- 
tion in community lvurk). 

By combining a hicrarcliy of nunian needs with 111e 
idea that development aclivi ties should progress 
tliro~~gh distinct stages of priority, it  is possible to 
define general priorities ut problems. An early at- 
tempt at this was made by the American I'ublic Health 
Association, wliicli proposed tlie following stages of 
environmental health activity: 

ensuring the elements of siniple stlrvival, 
prevention of disease and poisoning, 
maintaining an environment for efficient human 
performance, 
preservation of conifort and enjoyment of living. 

These stages can be viewed in terms of importance 
or urgency, wit11 simple survival ranking tlie liigliest 
and comfort tlie lobvest. 117 addition, tliey provide 
sotiie indication of the likely sanitation-related yrob- 
lems contributing to each stage. T ~ L I S ,  simple st~rvival 
in stage 1 is probably related to inadequate water 
quantity, while disease prevention and poisoning in 
stage 2 is likely to be largely due to problems of water 
quality and excreta disposal. Stages 3 and 4 are more 
complex and probably relate to all of the above prob- 
lems as tvell as to additional isscles of accessibility to 
water supply and costs of sanitary services. 

Water and sanitation problems should be identified 
using both a supply approacli and a needs approach. 
The supply approacli involves a review of Iiealth stat- 
istics, physical and biological environmental factors, 
and socio-economic conditions in order to tlnderstand 
tlie coniplex interrelationships between people and 
tlieir environment. The needs approacli involves de- 
fining problems on tlie basis of felt and expressed 
needs. In practice, the needs approacli is sometimes 
more workable, both for defining problems and for 
influencing tlie officials who make decisions. 

In summary, problem identification at the national, 
regional and local comm~mity program levels should 
be specific and factual, address the basic needs of the 
people, reflect the relative degree of urgency between 
problems, and encourage subsequent action. Tlie fol- 
lowing procedttrc for identifying and describing water 
supply and sanitation problems is suggested as a gen- 
eral guideline for the purpose of regional and national 
program planning. Within tliesr guidelines, details 
and variations necessary for specific conditions can be 
developed as needed. P 

2. healti: ~~:ccds (curative and preventive care) 1. Pre-define the range of relevant water supply 
3. education needs (knowledge and skills, syc- and sanitation problems. Be sure this range is specific 

cia1 and adult education) to the type of programs that can be developed. Since 



t~ r i )g ra~~i s  can be cithcr broadly based or narro\vly 
t'oc~~scci, i t  would bit s \t~iistc of resources to be overly 
concerned with cscrcln ciist~osal practices i f  Llic srrbsc- 
qucnt program will dcal only \\rill1 the cspansion of 
pipecl \vater s~~pp l i c s .  I-lo\ve\~cr, SLICII  C O I I C ~ ~ I I S  i O l l l l / f /  

be appr~priiitc it' a c ~ ~ i i ~ r c l i c ~ i ~ i ~ c  pri~g~'ani i~l' piped 
water s~ tp t~ ly ,  waslc\vatcr and cscrcta disposal, and 
hcalth education is anticipated. Consider both tlic 
slrpply and needs approaclics in defining tlic range of 
rclcvant problems. Some of tlic major factors to con- 
sider arc, first, the basic Iiuman nccds of the people 
likely to be ciircctly afl'cclcd by the program; scconci, 
thc current operational pracliccs of .thc orgsnizations 
active in the arc'i; and tliirci, the policies of the nation- 
al and international funding institutions that will be 
rccluirccl to support the prograni. 

2. Estimate the relative degree of urgency or pri- 
ority of water supply and sanitation problems. Eacli 
country is likcl\t to have a different set of priorities, 
dcpending upon its stage of dc\~elopment, a\failablc 
resources, and current policies. A very poor country 
with a low level of de\felopn~cnt may give priority to 
problems of water sources inadequate for basic subsis- 
tence and to the spread of classic waterborne diseases. 
A more developed country may decide that incom- 
plete coverage with piped water s~tpplies and the be- 
ginning of industrial water pollution are the urgent 
problems. Iiank the water sup ply and sanitation prob- 
Ienis, with due attention to tlieir interactions, accord- 
ing to tlieir general order of importance so tliat 
subseqttcnt action programs can be directed at tlie 
most pressing nceds. 

3. Collect sufficient information to define the 
yroblelnsadequately. Tliis inforniation will be c~sed to 
identify t11e presence and general extent of problems 
but not to assess their full magnitude. Avoici estensivc 
data collection in tliis pliase since tlie nature of tlie 
desired prograrii isstill unknown. Information may be 
available fro111 some, or all, of the follocving sources: 

statistics - census data on pop~~lation, eciucation, 
employment; hcalth statistics on mortality, morbid- 
ity, life expectancy, medical care, and niedical 
facilities; 
reports and files - project reports, special ~ tudies ,  
technical publications, annual reports, notes, 
n~cnioranda, and correspondence contained in offi- 
cial files; 
statements of experts - government administrators, 
tcchnicians, and field workers; university rcsearcli- 
ers; officials of international cicvclopnienl organiza- 
tions; missionaries; 
statements of local people - comniiunity develop- 
mcnt groLIps, village councils, water users' organi- 
zations, traditional leaders; 
personal obscrvation - visits to problem areas; ob- 
servations of water supply sources, water usage, 
excreta disposal facilities, and health facilities' 

Hi~llest  prii~rit!y irmy Ircgivcrr'to rrt~pr.otccted zt~nto. sorrrccs tllnt nrc 
rayoiisil~lc for tlrc spr~mi  of zuntcr6onle dismsc. 

workload; informal discussions witli people rcgard- 
ing tlieir perceptions of problems. 

4. Analyze the information and define the prob- 
lems. As indicated earlier, only tlie presence and gen- 
eral extent of problems and not their specific 
magnitude need be determined at tliis point. The level 
of analysis depends on the country and on the type of 
program likely to result. In general, include only the 
niost important statistics and data. Concentrate on 
qualitatively identifying the priorities of the existing 
problems. 

5. Present the findings in a system a t' IC manner. 
The identified problems sliottld call attentio~i to an 
ob\lious need for action. If further authorization is 
iieeded to continue the planning process, the proh- 
lenis must be presented in sucli a manner tliat the 
necessary approvals can be readily justified. Tliere- 
fore, document tlie findings in a brief report with tlie 
follo~ving basic format: 

(a) State tlie basic goal or policy of water sup- 
ply and sanitation that is niost appropriate. 
Examples cottld be the elimination of chol- 
era, the redttction of distances tlia t water 



mt~sl  be carricci, or the protection of watcr 
SOLI rccs. 

(b) List the watcr anci sanitation problems tliat 
have been icicn ti ficd . 

(c) Rcvicw thc sources of data that liavc been 
~tscd.  

( ( I )  Describe each of the watcr and sanitation 
problems listccl in (b) and inciicate tlicir rcl- 
ativc prioritics with regard to the goal stat- 
ed i n  (a). 

Using the Guidelines 
Thc steps in p robleni idcn t i  fica tion describe i l ~ l r i ~ t  

has to be done. All of these steps must be gone 
through but exactly / l l ~ i l t  may vary greatly. In this rc- 
spcct, one of tlie niain choices to be madc is the cstent 
to which the people likely to be affected by tlie pro- 
gram arc to be involved in the work of the S1~1dy. Tlic 
two niain arguments for provicling as much scope as 
possible for sucli involvement are, first, that full in- 
\~olvemcnt in the process of thinking t l i ro~~gh the na- 
ture of the proble~iis lo be overcome is more likely to 
lead to local conimitnient to tlie final objectives of the 
program. Scconcl, participation in the s t ~ ~ d y  is a valu- 
able learning experience leading to tlie clcvelopment 
of skills and insiglits which will be needed at the pro- 
gram imple~iientation stage. 

In addition to tlic direct involvement of local people 
in tlie study, there sliot~ld be some systematic attempt 
to establish the nature and strength of local percep- 

tions alid fcclings about any cxtcrnal or national lcvcl 
juclgmcnts wliich may be niadc about local prioritics 
in the arca of walcr s ~ ~ p p l y  and sanitation. Wide divcr- 
gcnces of vicw can exist in [his respect yet never be 
artic~tlatcd t~nlcss a deliberate atlcnipl is madc to 
identify tlic~ii, I t  cannot and must not bc assunicd that 
significant differences of vicw in this arca will in some 
fnshion automatically bccomc known. 

Whcn groups of peoplc arc engaged in a common 
task-in this case, tlic idcn tifica tion of environrncn tal 
health problenis in a given region--tlic group proccss 
and cornniunication within it goes on at thrcc differ- 
cnt lcvcls which all interact. Pcople have knowledge, 
S L I C ~  as technical data, about tlic subject mattcr which 
thcy communicate to each other. This is tlic l lr i irkirrg 
lcvcl of t1ie plLinning prucess. People also take action 
within the process. Thcy have meetings, ~iiakc cicci- 
sions, write n i i ~ i ~ ~ l c s ,  and give instructions to subordi- 
nates. Tliis is tlie r7ctirl,y lcvel of tlie plan~iing proccss, 
Finally, peoplc react emotionally to tlie situation. 
They resent cxpcrts, thcy arc afraid of possible cffccts 
of the plan on their jobs and futures, thcy feel thrcat- 
cneci in a variety of ways, tlicy may display anger and 
frustration or repress them. This is tlic f ~ * r l i r ~ , y s  lcvcl of 
tlic proccss. An  alternative way of describing these 
thrcc aspects of group activity is to say tliat group 
work can be considered from tlirec viewpoints: its 
content (the thinkinp, lcvcl), its tasks ancl procedures 
(the acting lcvel), and its intcaractions (the feeling 
level). 



Figure 7. Levels of Group Activity 

Contcnt ('Illinking) 

Task (Acting) 

lntcractioris (Feeling) 

This is not just a theoretical niodcl of hotv groups of 
people behave in the process of deciding on which 
problems they are going to address. I t  is a practical 
reminder that obstacles to succcss may arise at any 
one of tlie three levels of group bcliavior and will have 
to be dealt with. Tlic three levels of group activity in 
performing any task may be illustrated as sliowr~ in 
Figure 7. 

Kecy in mind in collecting data as a basis for dcfin- 
ing problems that it is essential to separate facts from 
opinions and weight the latter accordingly. In this 
area there is a danger that the espcrttan~ateur distinc- 
tion can c o n f ~ ~ s e  tlie issue. A "statement by" a techni- 
cal espert is often treated as a fact while a "statement 
by" a layman on tlie same s~tbject is only an opinion. 

A fact may be defined as  a piece of information that 
can be verified independently, of which many people 
can bc made aware, and about which they can agree 
without too mucli trouble. An opinion is usually a 
collection of facts Iieavily tainted by a persistent, cmo- 
tionally-based attit~tdc ~vhicli may be l~eld by a single 
indivicl~~al or shared by a group. 

A useftil test to distingi~isli bctwccn the ttvo is to 
look for cvidericc of jitstifying beliavior wliicli is LISLI- 

ally strongly present \vlie;c opinions arc being ex- 
pressed, hotvever plausibly dresscd up as facts. There 
is no reason to assii1iie that opinions arc niorc likely to 

a be held by amatetlrs than cspcrts in any given techni- 
cal field. 'This latter view is, of coursc, an opinion! 

Figure 8 summarizes tlic process of problem identi- 
fication. It may be useful in tliinking tlirough all of tlie 
steps in that process and Iiow they fit Logether. 

Step 2: Formulating Goals 

Coal formulation is the process of establishing spe- 
cific objectives for a water supply and sanitation plan. 
This is the second of the two main bases supporting 
water and sanitation planning. Objectives arise out of 
a desire to reduce or eliminate tlie problems identified 
in the first planning step. The result of goal forniula- 
tion is a statement of what will, or should, be accom- 
plislied by the plan. In general, this statement occurs 
within tlie context of existing goals and policies of 
governnicnt. When si1c1-1 goals and policies do not 
exist, i t  is difficult to show official justification for a 
program intended to address problems. 

To be effective as a means of both justifying and 
guiding s~tbseqtlent actions, the process of formulat- 
ing goals must be broad-based. It should includc a 
review of tlie general framework of goals and policies 
controlling water and sanitation activities. It sliould 
also include a clear statement of tlie purpose of the 
resulting plan and identify measitrable intermediate 
and final points for assessing progress in the subse- 
quent implemcntatio~i stage. 

As is true for most steps in planning, goal formula- 
tion is an evolving process. Its oittconic is shaped by 
balancing problcms, needs, policies, and resources. 
Tlie goals and objectives relevant at tlie program plan- 
ning level vary in their degree of detail. IJrogram plan- 
ning objectives are more specific than overall national 
health goals ("complete physical, mental, and social 
well-being") yet less detailcd than individual project 
targets ("provide 60% of tlie population of coniniunitg 



Figure 8. Process of Problem Identification 
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X \villi watcr supply tlirough I i o ~ ~ s c  connections a~iil 
the remainder with commual slanilposts by 1985 at a 
total cost i)f $500,000"). '1'11 ensure tha t goal formula- 
tion is closely linked to the cic\~clop~ircnl of the plan, 
the different lcvcls of objcclivcs must be clearly dc- 
fined in  a ~iic~~surablc cc~ntcst. 

As shown in 'I'l~blc 16, the range \vitliin ~vliicli objcc- 
tivcs arc targeted vLirics from spccific i r ip~~ts  ti) 1111t- 

puts, then ~ L I ~ P O S C S ,  and finally gcncral goals. 'l'hc 
achicvcmcnt of objccli\lcs at any lotvcr Ic\~cl shi1~1Ii1 
cause at least a partial ichic\rcn~cnt of goals at tlic ncst 
higlicr Icvcl, although as objectives shift from specific 
i ~ i p ~ ~ t s  to general goals, the lcvcl of rictail and tlic 
a m o ~ ~ n t  of control cscrciscd by tlic planner decreases. 

Corrcsponcling to tlicsc Ic\~cls of objccli\lcs arc par- 
ticular types of actions. -1'11~1s~ at tlie input lcvcl (bot- 
ton1 of 'l'ablc 16), goocis and services arc identified. I\ 
project plan describes the activities intcndccl to pro- 
clucc tlicsc rcsulls. At tlic nest step, tlic output Icvcl, 
the progran~ pla~i is the corresponding proccclurc for 
action. This plan outlines tlic steps necessary ti1 

acl~ievc a broaclcr range of specific outcomes. Con- 
tin~ring ~~ptvards ,  the purposc Ic\lcl represents the pri- 
mary reason for tlic program. TIic purpose of a plan is 
achicvcd or not achieved under the guidance of strate- 
gy, which is one of several distinct ways of integrating 
overall goals into a plan. And finally, tlic goal Ic\lcl 
refers to a grcatcr end to which all lowcr lcvcls should 
contribute. Coals arc eventually achicvcd through 
politics, which arc officially adopted courscs of 
action. 

Table 16. Hierarchy of Objectives 

Effective planning requires that thc action procc- 
durcs-project plan, program plan, strategy, anti 
policy-bc clcfinc~l i l l  tcr~iis tliat arc as explicit anil 
mcasurablc a s  possible.. Quantitati\v mcasurcs sIio\\~- 
ing numerical cliangcs arc ~~sua l ly  Llic best, I'ollo\vcd 
by il~~alitati\lc mcastlscs slio\ving citlicr the direction 
of cliangc or ~~rcl'crcnces for one o~~tconic  ovcr 
another. 

So~~rccs  of information for thc forrn~~latio~i of objcc- 
tivcs for goal, purposc, and outpi~t Icvcls arc highly 
diverse. Somc objcctivcs can bc derived discctly from 
Llic problems ancl nccds idcntificd in step one of plan- 
ning. Information on the gcncral framc~vork of ac- 
ccptablc objectives, I i i~tvc~cr,  s i ~ ~ i i c t i ~ i i c ~  can be 
obtained from past plans and official docc~nicnts, from 
discussions with go\vrnmcn t rcprcscn ta tivcs, and by 
infcrcncc from thc practices of dcvclopmcnt organiza- 
tions. It  is unlikcly at the preliminary stages of any 
program planning effort that tlicrc is already a ~vcll- 
clcvclopcd set oi relevant objcctivcs for all thrcc lev- 
cls. 'rliis forces tlic planncr to develop an appropriate 
set of objectives on the basis of govcrnmcnt policies, 
institutional practices, statcments by officials and 
tcchnical experts, and his or her own understanding 
of the problems and nccds of tlic affected area. 

Rcmcmbcr that tlic ~~lt iniate purpose of goal formtl- 
lation is tlie devclopmcnt of a plan which effectively 
addresses the problcms previously idcntified. Sup- 
pose that a country has the bzsic goal of improving 
cn\~ironmental health by providing safe and accept- 
able tvatcr supplics to the cntirc population by the 
ycar 2000. Furthermore, supposc that several govern- 
ment organizations haw bccn niadc responsible for 
the dcvc lop~i~e~i t  of urban and rural water systcms, 
but tliat progress toward tlie ~~ltiniate goal Iias been 
slow because of a shortage of funds. 

In response to thcsc conditions, suppose that a re- 
gional water planner has recently conducted an inves- 
tigation and found that approximately 50 rural 
communities arc using watcr supplies that niect none 
of the national standards for water quality, source 
protection, or pcr capita consutnption rates. I t  is offi- 
cially dccidccl that a plan tvill be prepared reconi- 
nicnding the provision of improved water supplies to 
tliesc 50 villages. To bc approved and fundcd, hotvcv- 
err tlic plan  nus st sl~otv that a water supply program 
addressing tlie problc~ns identified in tlie villagcs ef- 
fectively contributes to the national goal of improved 
cnvironnicntal health. 

T11e process of goal form~~lation for tlie above exani- 
ple can now be carried out in tlie following steps. 
Rcfcr to Table 17 for details of eacli level of objectives. 

Ol~jtrliilr 
Lt.llc.l 

Goal 

Purpose 

Output 

Input 
1. Select a potential solution to the problem. ' r l~e 

first step is to find a solution to the watersupply needs 
of tlie 50 villages. I t  is decided that tlie plan, which is 
not yet ftilly developed, will call for the constrrrction 
of an improved cvater system in each village. Depend- 
ing on water source conditions and tlie type of settle- 
ments, t11e systenis cvill range from treated and piped 

. . 
L 

/\r~ticlrt 

Policy 

Strategy 

Program Plan 

Project I'lnn 

S~III~L.L*S~I/' 
/~t/i~r~rt~~tiort 

National Dcvclopnlcnt lJlati 
Official documents 
Slntcmcnts by political lcaiicrs 

National Dcvclopnicnt I'lan 
Official docutiicnts 
Statcnicnts by administrati\.c 
cdficials 
Operational practices of 
institutions 

National Dcvclopnicnt Plan 
Official iiocunicnts 
Statements by tcclinical 
officials 
Operational practiccs of 
institutions 
ldc~itificii problcnis 

Feasibility studics 
Official ilocunicnts 
Stntcmcnts by technical 
officials 
Opcrational pr,iclices of 
iristitt~tio~~s 
Existing projccts 



Table 17. Sunilnary of the Goal Formulation Process 

watcr supplies with communal standposts to untreat- 
ed, but protected, shallow wells with hand pumps. At 
the input level, the construction of individual water 
systcms reprcsents the form of action. Speci.fic mea- 
sures of cost, time, and personnel arc left for the de- 
tailed projcct design phase. At the output levcl, the 
plan itself is the action mechanism. Relevant mea- 
sures of this objective could include the number oC 
systcms completed, populations served, and total wa- 
ter supply capacity. Specific targets for each of these 
measures can be used to establisl~, and later monitor, 
the rate of progress. 

2. Define the primary purpose of the program. 
Objectives a t  the purpose level represent the primary 
reasons for the program. In this case, they include 
improvement of water quality through source protec- 
tion and treatment, reduced water-carrying effort 
through greater accessibility to supplies, and overall 
increased per capita water consumption. Each of 
these objectives can be made measurable. For exam- 
ple, measures might be no fecal coliforms found in 
water samples, no house more than one-half kilome- 
ter from a protected source of water, or an increase in 
water consumption to 40 liters per capita per day. The 
emphasis on achieving one type of objective over an- 
other is termed "strategy." 

. . 1 ~ I I ; ~ I * / s  

I .  75'1, covcrajic by l9HU 
2. I(lo'L COVCrdgC by 2000 

I .  No fccill coliforni 
2. No1 cscccd 5110 nigII 
3. Not cxcccd 0.5 km one way 
4. Average of 4Ll litcrslcaplday 

I .  10 in 1982; 20 it1 1983; 
20 in 1984 

2. 5000 in 1982; 20,OL)O in 1983; 
30,OOU in 19114 

3. 400,000 1/14 in 1982 
1 ,(100,000 Ild in I983 
2,400,000 Ild in I984 

To be dctcrnii~icd 
at projccl tlcsigti stage 

3. State the overall goal of such programs. One or 
more national goals under which water supply and 
sanitation programs can be developed should be iden- 
tified. I t  should now be possible to see that the 
achievement of objectives at the purpose level contrib- 
utes, although only partially, to the national goal of 
improving environmental health through 100 percent 
water supply coverage. Measures of progress toward 
the national goal could be the number of people or 
villages expected tz receive acceptable water supplies 

I ~ ~ ~ ~ I I S I I ~ I ? ~  
.--- 

I .  Water supply covcriigc 

I .  ITccaI colifornis in \valcr saniplcs 
2. Salinily in ~valcr si~mplcs 
3. LValking distancc lo \\later 
4, Per capita daily cl~nsunit>tion 

1. Numbcr of systems 

2. Number oi population scrvcd 

3. Water supply capacity 

C I ~ I ~ L ~ ~ + / ~ ~ ~ L ~  L ~ ~ i l ~ l  

Goals 

Purpose 

Output 

under the planned program. Table 17 illustrates one 
method of summarizing objectives, measures, and 
targets. 

I .  Construct i~idivid~~al I .  Cost 
water supply prujccls 2. Titile 

3. Pcrsonncl 

Ll/~it~l~/ii~~~s 

I. Iniprovcd c~i\~iroti~~ictil,tl 
Ilcilllh 

1. Impri~vccl w,itcr q~tiilily 

1 .  Construct 50 iniprovcii 
walvr supply systc~iis 

Througl~out the process of goal iormulation, as at 
every stage of tlie program planning process, a devel- 
opmental-step-by-step-approach should be used. 
The planners and technical experts who initiate the 
process of goal formulation and see it through to satis- 
factory completion should use the process as a learn- 
ing experience to develop the skills and build the 
confidence of local people who will have to live with 
the consequences of the plan when it has been execut- 
ed. This will help ensure that they are able to repeat 
the process themselves in the future with a progres- 
sively diminishing need for external help and guid- 
ance. They are also likely to be more aware than the 
experts of potential limitations in the local situation. 
These limitations must be considered in setting over- 
all goals and precise targets, particularly time-related . 
targets. The learning opportunities which the process 
itself provides cannot be simulated at a later stage. 

Step 3: Collecting and Analyzing Data 

The third step in planning water supply and sanita- 
tion programs is data collection and analysis. This 
provides the basis for finding solutions for problems 
in accordance with some controlling objectives. Data 
collection and analysis is a process of answering spe- 
cific questions on current problems, future needs, 
available resources, and possible solutions. 'The key 
aspccts of this process are selecting the right questions 
to ask and using the appropriate level of effort to ob- 
tain the answers. 

Data collection and analysis is an evolving process, 
I t  tcnds to occur at many points in tlie overall plan- 
ning effort. The bulk of formal data collection occurs 



as part elf step 3, but usually sollie initial inforniation 
is collectcd during thc problcm recognitian pl.~ase, 
and additional data is often required when tlie plaq- 
ning process reaclics tlie point of generating alterna- 
tives, Very detailed data is usually required in tlic 
design of incliviclual projects within tlie overall pro- 
gram, arid'follow-up evaluation data is needed in the 
final evaluation step. 

In major planning efforts, data collection and analy- 
sis is often divided into two distinct phases. Prelimi- 
nary data supporting tlie problems identified in step I 
is enougli for most regional planning purposes. In 
very large programs or in planning sit~~ations involv- 
ing ~~nexpected p~.oblems, a second data collection ef- 
fort sonietimes is undertaken to resolve questions 
arisi~ig in the generation and comparison of alterna- 
tives in steps 4 and 5. I t  is i~iiportant to remember that 
the development of water and sanitation programs is 
a continuing cycle of forni~~lating questions and find- 
ing answers. This cycle occurs thro~~gliout all steps c ~ f  
the planning process, although tlie current step is the 
most concentratert pliase of data collection and 
analysis. 

Types of Data Nrcded 
Data collection varies according to the types of pro- 

grams to be developed. For most programs involving 
new constr~rction or improvements to existing water 
supply and sanitation facilities, some form of sanitary 
survey is usually required. A typical comniunity sani- 
tary survey will cover some or all of the following 
matters: 

1. Description 3f area: 
(a) locatioti, topography, clinia te; 
(b) geology and hydrology, cspecially soil con- 

ditions, and yields of watcr sources; 
(c) pop~~ la  tion; 
(d) industries and agriculture. 

2. Medical and sanitary data: 
(a) general health of thc population, with em- 

phasis on water-related comni~~nicable dis- 
cases ancl infections (intestinal infections, 
Iielminth infestations, trachoma, and con- 
junctivitis); 

(b) mortality and morbidity data; 
(c) organization, personncl, budget, and activi- 

ties of sanitation agencies; 
(d) existing sanitary conditions, especially dis- 

tribution and usc of la trines and water sup- 
plies, as wcll as conditions of solid waste 
disposal, food sanitation, insect control, 
Iiousing, and school sanitation; 

(e) sociological and cul tural patterns, especially 
commt~nity organization, customs and be- 
liefs, and health education. 

5 .  Resources available: 
(a) general economic level and per capita 

income; 

(b) assistance in training and liellltli education; 
(c) hotlsing, transport, vehicle repair facilities, 

and power sotlrces; 
(d) local construction materials; 
(e) local skilled labor; 
( f )  self-kelp resources, 

In addition to tlie basic informatign they provide, 
sanitary surveys are L ~ S C ~ L I ~  educational tools that ac- 
q ~ ~ a i n t  tcclinical personnel with tlie customs, beliefs, 
and interests of tlie people. l'l~is understanding of 
local concerns is esscntial for tlie successful devclop- 
mcnt of community participation activities. 

Because water supply and sanitation planning in- 
cludes such a wide range of activities, no single docu- 
ment covers all aspects of data collection and analysis, 
A good example of the levcl of detail that should be 
considered, however, is found in the World Healtli 
Orga~iization recommended procedures for general 
I~ealth project planning. In tliis approach, tlie bulk of 
data collection and analysis occurs after the terms of 
reference of thc project are determined and immedi- 
ately before tlie specific project objectives are formu- 
lated. A situatiun analysis phase is used to collect and 
analyze raw data in the following six categories: 

r population statistics and projections; 
r disease statistics and trends; 
r existing policies, programs, and priorities; 
r socio-economic conditions and trends (relevant fac- 

tors may include education, water supply and hy- 
giene, excreta disposal and sewage, local govern- 
ment, communications, and transportation); 

r healtli resource inventories and projections (rel- 
evant factors may include organizations, budgets, 
facilities, Iit~man resources); 

r current health technologies. 

Following the situation analysis phase, a problem 
projection phase brings together the population, dis- 
ease, policy, and socio-economic information into a 
final projection of liealth problems over the planning 
Iiorizon. This results in quantitative predictions of the 
incidence and severity of selected diseases on project- 

ed populations over desired time periods. 
Recent planning guidelines published by the Office 

of International Health of the U.S. Public Health Ser- 
vice provide a general discussion of environmental 
healtli planning, but do not give details regarding spe- 
cific variables or actual data collection. Nevertheless, 
the issues included in these guidelines cover many of 
tlie important planriing inputs, as follows: 

1. General environmental health assessnient 
issues: 
(a) sanitary survey, consisting of description of 

area, medical and sanitary data, and re- 
sources iwailable; 

(b) observation and monitoring activities, in- 
cluding sampling and surveying, criteria and 
standards, facilities and manpower, 



2, Rural watcr supply assessment issues: 
(a) invcnlory of commi~nities; 
(b) establishment of problem areas; 
(c) sanitary survey of existing waler supplies. 

3. Rural waslcwaler and excrctn disposal assess- 
men t issues: 
(a) census of existing facilities; 
(b) observation and ovcrsigh t activilics; 
(c) present and future capacity of facilities. 

4, General planning fact~~rs:  
(a) government support and commit~nent; 
(b) i!istitutional infrastructure, especially co- 

ordination between and among mi~iistries; 
(c) community participation, with particular ref- 

erence to willi~igness to participate, tlie capn- 
bilily to contribute to the costs, and the capa- 
bility of managing the system; 

(d) financial resources, botli ciomestic and 
foreign. 

Similar n~odels of data collection and asscssmcnt for 
cnvironnlcntal hcalth planning can bc found in tllc 
proccdurcs of a number of national and international 
organizations. Unfortunately, t l~cy cithcr do not deal 
specifically cvitli watcr supply and sanitation pro- 
grams or they ornit any discussion of data collection 
proccdurcs and actual field mcasi~remcnt. 

Appraisal procedures used by tllc niajor national 
and international devclopmcnt assistance organiza- 
tions usually constitute a formal revictv of an alrcady- 
forni~~latcd progmm or project proposal. As such, 
these appraisal techniques arc designed more to as- 
sess the scope and fcasibility of cxisting proposals 
than to formulate new ones out of tlic raw material of 
problems, policy objcctivcs, and data. Typical of these 
procedures are the appraisal techniques used by the 
World Bank, the U.S. Agency for International Devel- 
opment, and the British Ovcrseas Dc\~eloprncnt Ad- 
ministration to assess the technical and econon~ic 
feasibility o f  capital projects. I t  is usually clainied that 
appraisal proccdurcs sl~oulcl be used throughout tlic 
planning proccss and that the social, institutional, 
and human resource issues are important to overall 
project success. 11-1 practicc, the a ppraisal guidelines of 
tlie nlajor development organizations conccnlratc al- 
tiiost csc l~~si \~cly  on tlie tncasurenient and analysis of 
tecllnical and cconomic factors. 

I f  in fact i t  is in thc social, institutional and human 
resource developme~it a r rm that projects nos t  often 
espcrierlcc difficultics, and a niost plausible casc can 
be made that this is so, tliis arrangement does not 
n~altc mucll sensc. Appraisal procedures should give 
much more attention to social factors in j~ldging tile 
fcasibility of niajor capital projects. 'l'llis nced not rc- 
q~t i rc  the design of any conlples ncw social asscss- 
~ n e n t  qucstionnaircs. 'I'llc apprdisal p;ocess ~vould bc 
improved if, as  a ma ttcr of courscl, tllc following tlircc 
qi~estions tvcre asked of every project and tlie nn- 

EsfnOlislti~rg c l r r r c ~ ~ t  problerrr nrens is n key pnrt of progrnrrr 
p l n ~ t ~ r i ~ t g .  

swers to then1 sought with the same degree of persis- 
tence and energy applied to technical and financial 
matters: 

Wliat, i f  any, social, institulional or human rcsoiIrcc 
factors might get in the way of people doing tlie 
things locally whicll the project requires therii to do? 
Exactly what is the natitre of thcsc limitations and 
what is tlie rclativc degrce of scr io~~sness  of each of 
thcni? 
What, if anytl~ing, can and should be done to limit 
t l ~ c  effects of thesc factors on the acl~ievenlcnt of tlie 
objcctivcs of the project i ! ~  relation to its timetable? 

T l ~ e  above proccss should involve thc local institu- 
tions and individt~als concerned in thinking through 
tliesc issues for themselves and coming up wit11 their 
anstvers to the questions. In the social area, some kind 
of self-appraisal, which should be a continuous proc- 
ess, is vi tat. 



Cuideli~ics for Dala Collection 
Several points slioulcl be kept in minci in selling L I ~  

the dala collcclion and ancilysis pliasc of a cvatcr s ~ t p -  
ply anel sanilation plan. 1Zcmcmbcr that data collcc- 
tion is the proccss oi sclcclivc qucsliotiing and 
gradual u~idcrsl~i~ieling, I 1  is an inpit1 lo llic plan. I t  is 
not itself the plali, nor is i l  tlic subsctliitlnt yrojccl 
design. 'l'hc follo\ving g~lidclilics fat. data collcclion 
arc rccommcndcd: 

I .  Beforcall else, dcterniinc wliatqt~estions need to 
bc answered. Do not pose any questions tliat arc not 
necessary to dcvclop tlic program, 

2. Select data variablescarefullyand sparingly, de- 
pending on tlie typeof program beingplanncd. Avoid 
selecting so many data variables that the few impor- 
tant ones will be poorly asscsscci. 

3. Give most of tlie data collection cffort to the im- 
portant variables. Avoid the temptation to collcct a lo1 
of data on unimportant variables cvcn though tlic 
data tilay be casy to obtain. 

4. Collect only ctiough data to answer tlie ques- 
tions and to develop the plan. Do not collcct any data 
that will not be used in the plan. 

5. Use quantitative statements wherever these are 
appropriate. Whcrc\,cr specific dinicnsions, quanti- 
tics atid trends can be used they sliould be ~tscd and 
their S O L I ~ C C S  idcntificd. Vague gc~icralizations must 
be avoided, particularly in tlie area of h~tniati 
rcsoitrccs. 

. . I his ricccl to base tcciinical, financial and Iiitnian 
rcsourcc aspects of tlie plan on rcliablc quantitative 
data sho~tld not be ~lscd  as an cscusc for not niaking 
qualitative judgments in important social and institu- 
tional arcas. It  is t:uc that ciata of this kiricl can rarely 
bc csprcsscd in the form of nunibcrs, quantities or  
mcasurcmcn ts. I t  should bc recognized csplicitly tlia t 
social and institittional variablcs arc qualitative in na- 
turc. 'l'hcy should be discussed scparatcly from the 
quantitativc data and the sources of in forttiation on 
which survcy assessments of tlictii arc based sliould 
be described in considerable detail. Examples of arcas 
needing qualitative asscssmcnt of this kind arc tlic 
level of undcrstariding andlor s i ~ p p ~ r t  in the local 
community for a proposed plan, tlic cffcctivcticss of 
the conimttnications system bctwccn institutions and 
individuals conccrncd with thc plan, and thc re- 
so~~rccfulncss and overall conipctcnce of spccific insti- 
tutions involvcd, identifying areas of spccific 
wca kness. 

To onlit judgments on factors of this kind bccausc 
they are subjectivc and cannot bc measttrcd in meters 
and ccntinicters is to risk tlirowing out tlie baby with 
tlic bath water. Qualitative variablcs of grcat impor- 
tance must be included in the data collection process 
and idcntificd for what they are-sttbjectivc judg- 
ments. Indeed, it is a bad mistakc to try and pass off 
qualitative judgnicnts as quantitativc nicasurcs by us- 

ing social scicncc tcchniq~lcs. 11 is llililc casy but oilon 
tolally mislc,iding to tlisg~lisc ~licalitali\rc data ils iILlan- 
lilali\~c by reporling llic (ormcr as pcr~cnl~igc  re- 
sponses Lo iltlcslionnaircs. 

Setting Up tlic Data Collcctioti and Analysis Effort 
'I'hc follotving is a s~~ggcstccl (our-yoinl proccdurc 

for setting L I P  tlic dala collection and analysis phase ol' 
llic plan. 'l'lic general framework slioulcl bc applicable 
to most water s~tpply and sanitation program plali- 
ning. Some suggestions regarding spccific ciala nccds 
arc incluclcd: 

1 .  Refine the p r o b l e ~ ~ i  assessment. This involves 
dctcrmining tlic csact nature and magnituclc of the 
t'rublcrns initially idcntiiicd in step I .  For most watcr 
supply and sanitalion programs calling for new facili- 
tics, a sanitary survey is ncccssary. l'hc problcnis 
niust bc dciinccl in terms of the policics and objectives 
cstablislicd in stcp 2. For cxamplc, i f  only 50 pcrccnt 
of the current pop~llatio~i is scrvcd tvitli adccluatc tva- 
Lcr s ~ t ~ p l i c s  and i t  is national policy to provide cvcry- 
one with acceptable s~tpplics by 1990, tlicti the 
problcm, simply dcfincd, is to scrvc the remaining 50 
percent of thc population in the ycars remaining be- 
fore 1990. 'I'o rcacli this concltlsion, Iic~cvcvcr, i t  niap 
be nccessary to inventory existing cvatcr s~lpplics in 
ordcr to estimate thc n~ttiiber of people already rccciv- 
ing adequatc water. On tlic otlicr iiand, if the objec- 
tivc is to servc only 75 percent of thc population by 
1990, the problem definition is changed but tlie necd 
to inventory cxisting water sitpplics probably rcniains 
the same. Thc product of this activity should bc a 
problclli description that is sufficiently well-defined to 
allow a prccliction, and eventual nieasttrenicnt, of 
overall plan success. 

2. Project future needs. Projections of future nceds 
are necessary to determine tlic magnit~tde of proh- 
lenis both with and without tlie plan. Such projections 
sliould draw lieavily on tlie data already collected, but 
~lsually require extensive additional statistical analy- 
sis. In general, four types of future projections arc 
needed: 

(a) Demand projcctions: clianges in population 
growth, areal extent of systems, new arcas of system 
dcvclopmcnt, water usages, and pcr capita and lion- 
doriiestic water consumption; 

(b) Sctpply projections: cliangcs in water quanti- 
ty and qctdity, system accessibility, and systcni 
reliability; 

(c) Attitude projections: changes in public a tti- 
tttdcs toward scrvice levcls, water cot~si~mption, ex- 
creta disposal practices, water rates and sclf-lielp 
contributions; 

(d) I-lcalth projcctions: clianges in morbidity 
and mortality, especially wit11 regard to water-related 
and sanitation-related diseases. 

3. Determine available resources. Many different 
types of inputs are necded to prepare and in~plemcnt 



r.~i\liroli~iicntaI Iicaltli progratiis, SUCCCSS~LII programs 
require materials, cquipmcnt, moncy, ant1 Iiu~iian rc- 
suilrccs as well as an institutional infrastr~~cturc and 
commi~nity s~tpport .  I~ifi~rtiiatio~i sl i~l t ld be coIIcct~d 
on tlic availability of  rcsourccs likcly to be ~tscd  in the 
progra 111. 'I'ypical calcgorics of rcsourccs arc as 
folloivs: 

(a) Tcclinology: rangc of csisling technologies; 
dcgrcc to which tcchnologics arc t~ndcrslood by and 
acceptable to communtics; 

(b) Materials: availability of conslr~~ction matcri- 
als, s~lch  as pipes, cement, timber, p ~ ~ n ~ p s ,  and cn- 
gines; availability of opcratirig ~iiatcrials, such as 
fuels, sp'lrc parts, and chemicals; 

(c) Tools and c~iluipmcnt: types of 11and tools 
and nicc.Iianizcd cq~tipnicnt available for projcct 
construction; 

(d) Ht~nian resources: availability of managerial, 
technical, supervisory, and opcrtltional pcrsonncl for 
botli tlie ylan~lingand implctiicntation of tlic prograni 
and its s ~ ~ b s c q ~ t c ~ i t  operation; training institutions; 
training programs; 

(e) Ilistit~~tional s~tpport: existence of govern- 
ment agencies or other organizations capablc of LIII- 

dertakirig the planning, implementation, manage- 
ment, and administration of t l ~ e  program; availability 
of logistical support in tlie for111 of tmnsporl, c-.tpplics, 
anti main tcnancc; - (f) Com~i~uti i ty participation: local a1.c-eptancc of 
proposcci Ixogram; conimunity participalion in pro- 
gram planr~ing, iniplcmentation, and ~pcr~ i t ion ;  will- 
ingncss of pcoylc to provide contributions of nioncy 
and labor; 

(g) Finance: availability of don~estic funds from 
rcgular budget, spccial appropriations, national dc- 
velopnicnt bank; availability of cstcrnal funds frorii bi- 
lateral and mu1 ti-la tcral intcrnaticnal organizn tions; 
water ratcs, user fccs, and special asscssmcn ts. 

4. Suggest potential solutions. In tlic process of col- 
Iccting and analyzing data, possible courses of action 
or solutions to problems i~suallp prcscnt tl~cmsclvcs. 
It is ~iur~iial  for thc planner to approach a problcm 
cvitli a possiblc solution, or rangc of solutions, in 
mind. Thc initial plan for data collcction often is based 
on preliminary idcas the planner draws from key na- 
tional politics, tcchnological clioiccs, and resource 
limitations, alllong other considerations. New p ~ t c ~ i -  
tial sol t~ tions may arisc, Iiowcvcr, as data collcctioti 
procccds and subsequent collcctioti may nccd modifi- 
cations. The ylanncr sliould rcmain open to and cn- 
couragc new idcas during the data collcction and 
analysis pliasc. Nctv solutions or variations on thosc 
being investigated may be suggested by any of the 
following isstics: 

(a) 'I'cclinological issucs: lcvcl of scrvicc; piped 

ltal vcrsus communal cxcrcta disposal facilities; tlic 
role of conim~~nal  sliowcrs, clotlics-washing slabs, 
cattlc troughs, village incluslrics, and Iiomc garclcns; 
,lumber of projcct sites; dcgrcc of populalion covcr- 
age; phasing of construction; local man~~fncl~lrcrs  vcr- 
SLIS i~iiportcd ~ q ~ ~ i p ~ ~ i e ~ i t ;  labor-intensive versus 
capital-intensive systcms; 

(b) Financial issues: the qitcstion of water ratcs 
and special asscss~~icnts; the role of self-hclp; tlic need 
for cxlcrnal funding; 

(c) C o m m ~ ~ n i t y  participalion issucs: the nccd for 
a local wa tcr and sanitation coninii ttcll; local fclt nccds 
rcgirding Icvels of scrvicc, siting, and timing; 

(d) Institutional issucs: lcgal autl,ority; tlic adc- 
q ~ ~ a c y  of cxistilig organizations versus tlic establisli- 
mai t  of n IICW organization; designation of a lcad 
agency in programs involving Iiiorc than onc 
ministry; 

(e) Human resource issucs: present availability 
of, or training capability to produce, rcquired person- 
nel to design, construct, operate, maintain, and man- 
age thc proposcd system. 

Tlrefnilrrrc to ndcqtmtcl~~ nsscss dntn nrrd plnrr n})proprintc solrrliorrs 
to zonter suoulv ~~roblnrrs cnrr rcsttlt irr tlrc rtscrs corrtiir~tirra to 

I ,  1 ' 8  versus non-pipcd tva ter supplies; \\la tcr trca tmen t; folloro tlrcir prcviorrs Imbils. 
water distribution by communal standpipe, private 
yard standpipe, or inside 11ouse conncction; individ- 



a lvcs Sley 4: Generating Alter11 1' 

I lal ,~ collcctcel in tlic prc~\)ious slcp should bc ~tsccl 
lo I 'orm~~Ialo iiILcrliativc solulions lo tiill problcnis bc- 
ilig iid~lrcsscd. 'I'lic planncr riiay Ii;lvc begun llic data 
cclllcction pliasi* will1 olic or ~iiorc* ~os s ib l c  s i~ lu l io~is  
in ~ i i ind ,  C)Llicr ~ole*nt i~i l  sol~llions may Iia\~c i l r i ~ ~ 1 1  

cluring tlic COLISSC (1fc1alli c o l l ~ c l ~ o n  or analysis, Wlicn- 
cvcr potential allcrnalivcs bccomc apyarcnl, the plan- 
ncr s l i o ~ ~ l d  remain rcccplivc lo ncrv solutions so  lliat 
all rcasonLilblc allcrnL~livcs arc c~ns ic lc rc~i .  

Generaling allcrnali\lc solulions is not nl\vays a n  
c3,lsy task. I'rcssurcs of limc, limilalions of planning 
slaff and I ' L I I ~ ~ s ,  alici personal prcfcrcnccs may ~ L I L I S ~  

only tlic most obvious solulion lo be sclcclc~l a1 an 
cnrly stage of the planning y roccss tr~illiot~l any scri- 
ous consideration of possible allcrnali\lcs. Coniprc- 
hcnsi\lc walcr supply ancl sanilntion plL~tining rc- 
q ~ ~ i r c s  a broilel vic\v ilf ~0lc11liaI plans. In praclicc, this 
means tlial all rccilistic allcrnali\~cs slio~llcl 1x1 ~ ' O ~ I ~ I L I -  

latcd and tlicn assessed so lhat tlic best possi .)lc so1~1- 
lion can be sclcclccl. As i~idic~itccl above, some 
alternatives may Iiavc bccri considered or  may have 
a t~pcwcd  sponloncously during the early pliascs of 
plan p ~ ~ p a ~ a t i o t i .  'fo ensure that a rcasonablc. rangc of 
altcrnali\~cs is a\lailnblc for cornpLil~ison, allcrnativc so- 
lutions :;Iio~~Ici IIC)CV be ~c~ ic r a l c ' d  in a niorc forliial 
liianncr. 

a lves Guidelines for Generating Altern t' 
. . I Iicrc is l i t t l c~  guici,~ncc in planning litcralurc or 

opcmtional practices ol the major international dcvcl- 
oymcnt organizalio' s o n  nictliocis of forniulating al- 
tcrnati\~c rvatcr supply and sanitation plans. Plosl o f  
tlic existing literalure rcvietvs the technological 
choices o r  disct~sses tlic pros and cons of kc), planning 
issues. blore specific guidance is ~iccclccl o n  aclual 
niclliods of clc\lcloying altcrnativc plcitis to mcc' 
nccds. 

'She key tnpuls in allnost any cvntcr and sanitation 
program arc total CC)S~S, availalblc institutio~ial ancl I I L I -  . . nin1i ~ ~ S O L I ~ C C S ,  nnci conimuni ty participation. I otal 
costs, including boll1 capital and  operating conipu- 
~icnts ,  arc so  crucial in pl1~ti sclcclion that llicy m ~ l s l  
always be considered in formulatinp, [il tcrna tivcs. In- 
~ t i tu t ion~i l  and human r e s o ~ ~ r c e s  arc tlic priniary vclii- 
clcs for carrying ocrt a plan and must be iticludcd a s  
inputs. I f  llicsc resources do not exist o r  [ ~ r c  inned- 
e i l ~ ~ a l c  for llic tc1sk, pldli c i l t e rna l i~fc~  I I I L I S ~  ~ro\f ic ic  for 
tlicir creation or g r~rv t l i .  Conirn~~nit!~ participation is 
tlic essential inpul of tlic prngram bcncficiLirics. Willi- 
out the active s ~ ~ y y o r t  of con in i~~n i t i i~ s  in planning, 
implcmcnting, and  maintaining rvalcr and sanitalion 
facilities proGrams, plan allerna ti\fcs tlial rcclirire 
changes in people's behavior arc unlikely to succeed. 

A useful apyroacli to gc~icrating allcrnati\rcs is to 
first rcvicnr the c~\vcrall problem in terms o i  regional 
ncccls and tlic capbi l i ty  of go\~crnmcnt  or sonic ot1ic.r 

dcvcloprncnl cnlily l o  meet i l .  'l'liis rcvicw cc~~tlcl lakc 
tlic following I'orni: 

I .  Kcvicw llic problem clcfinilion (from slcp 3), 
2. Rcvic\v llic f i ~ l t ~ r c  walcr arid sanitation needs of 

thr! region (from stcp 3),  
3. Kcvicw the overall objcclivcs and specific largcls 

which Llic program must achieve (From slcp 2). 
4. Kcvicw tlic available resources, cspcric~lly tliosc 

involving inslilulional s i~~ )y i ) r l  01111 c ~ t n n i ~ ~ l i i t y  par- 
ticipation (from slcp 3). 

Once llicsc aspccls liavc bccn cc~nsiclcrccl, a list 
slio~lld be co~iipilcci i ~ f  all potential solutions dcvcl- 
oped el~tring tlic data collcclion and analysis slcp. 'I'liis 
listing and  llic a bovc ~ O L I ~  points slioi~ld be reviewed 
lopc*llicr to SPC i f  any major aspects of thc problem or  
of I'u'urc ncccis have not bccn i ~ i c l ~ ~ d c d  in the altcrna- 
tivcs. I f  so, cillicr makc a p r o p r i a t e  changcs in cxisl- 
ing allcrnativcs or develop new ones. 

'I'lic dcvclopmcnt of new altcrnativcs will be morc 
cficctivc i f  lhc following points arc ~ ~ s e d  a s  prclimi- 
nary g~~iciclilics: 

1. Meet all of tlie needs arising from the problem. 
'I'liis will provide a base to ~ l s c  in comparing altrrna- 
tivc plans. Do no1 be overly conccrncd witli costs or 
tlic availability of rcsourccs at  this preliminary stcp. It 
is better to entourage i ~ i ~ i ~ v a t i v e  ideas than to remain 
stallcd on what may appear to bc ovcrc\~liclming cur- 
rent problems. Uc conccrncd witli tlie overall logic or 
rcasonablcncss of an alternative. Mentally try to 
tiiodif)~ tlic na turc, six, and phasing of al tcrnativcs lo 
see i f  now ancl riiorc effective solutions can be found. 

2. Minimize costs without reducing benefits. 'I'liis 
will allow a straightforward comparison of altcrnativc 
plans. Review the various program inp~ l l s  to sec i f  
costs can be reduced tlirougll changes in program 
scope, in1 y lcmcn ta t ~ o n ,  timing. personnel, o r  nia teri- 
als. Both initial capital costs and r cc~~r r cn t  opera tiorial 
costs arc importanl in ultinia tc plan selection. Wlicr- 
ever possible, consider lcss costly non-structural altcr- 
na tivcs, such as health cduca tion, tecliriical 
assistance, and direct liolne owner subsidies as a sub- 
stitute for expcrisivc capital works. 'Try to reducc ini- 
tial costs by pliasing programs over distinct time 
periods and  by delaying less essential prograni com- 
ponents to Iatcr pliascs. In general, labor intensive 
mclliods of project implcmentalion are prcfcrrcci over 
capilal i ntc~isive approaches. Labor itilcnsivc nie tli- 
ods providc cniplopmetit, bt~ild LIP needed skills, use 
lcss iniportcd niatcrials, and  usually result in a morc 
undcrslandablc and readily acceptable Icvcl oi  
tcclinologp. 

3. Use existing institutions and  availablehuman re- 
sources. l'his will generally involve fewer institu tional 
changes and lcss program investment and rcsult in 
lower ovcrcill costs. Rcnicnibcr that any  major 



cliiingc~s ~~rop'sccl  in csisling ot.glinizalions lilicl~r 
lo ~iiccl frilslraling adniinisl~.~ili\rc incrliLi ci~icl  ~c)ssil7l!r 
even slrong poliliclil ~~csisl~incc. 'l'liis \ \ f i l l  rcqi~irc* pi- 
lien1 nncl ~ I c l ~ i i l ~ ~ I  i ~ x ~ l a ~ i ~ i l i ~ n s  Lwit.lggi\'e~i lo llic IocLiI 
~woplc invol\~ccl. 'I'licsc csplanalions slio~~lcl 17c1 l'ol- 
Io~rccl by a more inlcnsivc proccss of social education 
ancl cspcrt i l i~ i l l s  lo liclp bring aboul instilulic~nal 
cliangc in way occcylliblc lo local opinion bul a1 a 
rlilc consislent \villi llic plan's li~iicl~ilblc~. I f  c ~ i ~ l i n g  
insti 111 lions and Iiilmnn resources ,ire obviously inlid- 
cqitdc 1'111- n clcsircd nllcrnativc, ilcnlify llic specific 

- ~ircns requiring cliangc. For cxnmplc, 11 new \\,liter 
stlt~ply mai~ilcnancc itnit may need to bc cslablislicd 
or fillccri nc\\l licallli inspecto...; niay nccd LC) bc 
trained. 

3 4. Use prove11 riietliods or community participa- 
tion. Comm~lnity supporl for walcr lind sanilalion 
programs is absolulcly csscnlilil, b~ l t  social t~altcrns 
and  lraclitional Icvcls of communily in\~olvcnicnt arc 
liiglily variiiblc and cannul bc prccliclcd easily. Mclli- 
ods for obtaining commil~iity parlicipatioti that arc 
cffcclivc in one area may not work it- ;1110tlier. Dclcr- 
mine ~ , l i a t  p r ~ c c d ~ t r e s  for prc)~ii~)ling IocL~l si~pporl  
and developing communily Icadcrs have bccn cfl'cc- 
live in the pas1 and try to incoryoratc llicm inlo llic 
plan. Consider nc\v approaches lo commi~nity partici- 
pation only i f  all pas1 cspcricnccs have bccn unsuc- 
cessful or i f  the existing approach is ~tnsuilcci to tlic 
p't)poscd alternative. 

t\ final set of altcrnati\rc plans slioulcl be prcparccl 
from tlic vario~ts potential solulions identified here 
and in llic clata collection step. 'I'liis set of plans 
slioulcl be kept small in order to minimize tlic subsc- 
quent amount of analysis in the program appraisal 
and selection step. I t  is important to avoid presenting 
alternatives that arc very similar. 'l'lic general rctle is 
that each al terna tivc sliould reprcscn t distinctly dif- 
ferent approach or s l i o ~ ~ l d  differ substantially in 
scope, tiniing, or costs. Minor variations of approach 
or prograni dcsign arc best left for detailed consider- 
ation within a given altertiativc or, possibly, for later 
resolution during the implementation phases. An ex- 
aluplc of an issue warranting separate altcrnativcs is 
the question of whether to base a program on piped ol 

non-pi pcd water supplies. Conversely, an issue belter 
suited for consideration within a single alternative is 
\vlietlicr to use one type of Iiand pilnip over another. 

l'hc final set of alternatives probably slioulcl not 
csccccl more than tlirec to five potential plans. If the 
number is liiglier, insufficient though1 probably has 
becn given to selecting a realistic set of alternatives. 
Additional effort should be devoted to narrocvitig 
down tlic alternatives to a smaller set that can be prop- 
erly atialyxed before tlic final plan is sclectcd. In some 
cases, too few alternatives may be presented. Tl~is may 
mean that poterrtially worthwhile solutions liave becn 
missed. Tlie extrcrnc case would be tlic formulation of 
only a single plan alternative. This limits tlie ultiniatc 
choice to either accepting or rejecting tlie proposed 

progr1irii, Alllioi~gli so~iic t~rograliis niay rc~liiirc a 
specific type of nyprc~acli, in  prnclicc llicrc circ i~lniosl 
lilwLiys rclcvanl Lillcrnnli\~cs that can be clcvclopcd, 

Ilcscriplions of plari iiltcrnati\~cs slioi~lcl be corn- 
plclc iind conl1iili all inl'ormalio~i nccdccl lo aIlo\v full 
n~-~ilpsis ancl final sclcclion of llic plan. Eacli allcrna- 
live SI~OLIIJ be prescnlccl in a similar for~nal so lliat 
ci~mt~lirisons can be rcaclily made, A1 the Icasl, each 
lillcrnalivc clcscriplion SI~OLIICI iliclude llic follo\ving 
lopics: 

1. Overall dcscl-iytion of plan, including nalurc, 
size, localion, liliiing. ;3rcliminary dcsigli inelicalors, 
ancl costs; 

2. Description of implcmcntalion phases, includ- 
ing design, comm~~ni lp  mobilization, personnel train- 
ing, ancl conslruclion; 

3. Description of operational phases, inclueling op- 
eration, maintrnancc, and evaluation. 

Step 5: Appraisiiig and Selecting Programs 

After altcrnali\rcs liave been generated, their rela- 
live nierils should be assessed. 'I'lie basic purpose of 
tlie appraisal process is to assist decision-makcrs in 
selecting a program \\!it11 llie best possibility of suc- 
cessful implcmcntation and operation. l'liis invol\res a 
comparison of alternati\res to deterniitie wliicli hest 
satisfies llie objectives set 0111 in step 2, tlic prefer- 
ences of [lie affectecl comm~tnities, and tlie program 
reqctirements of tlie institutions likely to be involved 
in progralii sitpporl. Program appraisal is a nieasuring 
and balancing of tlie nierits of one prograni alternative 
against tliose of another. 

This process is rarely simple and straightforward. 
Major progranis liave a range of objectives anel several 
different interest groups to satisfy. Because program 
alternatives may differ greatly and tlie future effec- 
tiveness of each may be difficitlt to assess, tliere usual- 
ly is no clear-cut method of selectilig tlie best 
alternative. Program appraisal requires a good deal of 
sensitivity to tlie key issues in any given program. 
Then professional judgment about tlie types ofanalyt- 
ical procedures itsed to compare !lie effects of alterna- 
tive programs on these issues must be applied. 

Program appraisal deals witli both the planning 
process and tlic issues critical to ~tltiniate prograni 
success. 'rliere are three importank aspects of the plan- 
ning process. Tlie first is tlie initial organization of the 
planning effort, including collection of background 
informatioti, projections of pop~llations and service 
needs, and preliniinary formulation of tlie prograni 
concept. Tlie second aspect is tlie planning of the im- 
plementation or construction of tlie actual system. 
'I'liis includes engineering design, comni~~nity in- 
volvement, institutional support, financial costing, 
construction scheduling and all other factors neces- 
sary to establish tlie prograni. If several distinct 
pliases for prograni expansion are proposed, eacii 
pliase should be considered separately. 



'I'lii~ Lliis~I nspccl ol' llic picinning pr~)ccss  is clc\lclop- 
ing p roccd~ses  for l l i ~ *  r011li11c opilrnlion anci conducl 
of llic prugrmii, .l'liis incluclcs mclliods ol' idcnlil'ying, 
sclccling, [ind clcsigr~ing yrojccls as \vcll <is proscl- 
~ l u r c s  for O V C ~ ~ I I I  t71'ogr;ini budgclirig and ni~1ti~igc- 
nicnl, 13ccausc planning involves llic conlrol ol i l ip~lls 
o\l'r ~liil'cscnl lime P C ~ ~ O C ~ S ,  LiII llircc ,ispccls I I I L I S ~  he 
kept in mitic1 during lhc iipprais<il process. I:or cxam- 
plc, communily t7arlicipation is imporlanl during llic 
inilinl program formulLilion phase [is well as it1 lhc 
subscil~lcnl implcmcntalic)~~ ancl opc~ralion pliascs. 
I-lowc\~cr, conini~lnity appro\ltil o i  and in\lolvcnicnl in 
any one phase is no g~taranlcc ol' similar conimutiil!l 
rcst70nscsiii ~ i n y  otlicr y Iiasc. 'l'lic a ypraisL~l, tlicsc- 
lore, sIic)~~lci C I ~ S L I ~ C  tit11 only llial llic ~iecessary i l i p ~ ~ l s  
arc prcscnt bell tlial 1Iic)r also O C C L I ~  at llic riglil linic. 
, . 
I Iierc arc many areas of program planning llial lac- 

quire appraisal Lo c~ i su rc  succcss. Programs dcficicnl 
in oric or  tiiclrc key arcBas are likely lo fail, no matter 
Iiow tvcll-conceived Llicy arc in otlicr arcas. Fur csam- 
plc, a plan tlial is lcclinicLilly feasible and cconomical- 
ly sound bul is no1 accepted by tlic intcnrlcd ~ t s c r s  is 
destined to l'ail, 111) matter hotv tvcll its s!lstcms look 
on paper. Simiiarly, a lack of institulional s~1pt701.1 or 
trained personnel or cvcti cfl'cclivc rc\rcnuc collection a 

mcclianisnis arc  tlie seeds of tvca kncss tliLil will pro- 
duce, a1 bcsl, program incificicncics or, a t  \\rorst, oul- 
riglit program failure. Whilr. i t  is ciifficull to Linlicipalc 
all of tlic issues affcctirig program success, cspcricricc 
lias sliocvn a nuriibcr of rnajos arcas that commonly 
influence lhc outcome of tvatcr stlpply ancl sanitation 
planning. 

1:3clors in  Program Appraisal 
I;or appraistil p ~ ~ r p o s c s ,  llic key faclors in program 

success can be clnssificcl inlo Ioclinical, soci,il, poli li- 
cal, c c o l i ~ l i i i ~ ,  iinancicil, natural, physical and lcgLil 
calcgor.ics. Each allcrna t ivc should bc apptuiscd in all 
o i  tlicsc areas before iirml prugrani sclcctioti is made. 

'She I'ollo\ving spec' ~c iaclors s l io~~lcl  b~ c i~ns idcr~c l  
in llic apprai:,aI process: 

I .  'I'cchnical: 
general 
s~lppl;! \voter systcms 
sanilalion sys tcliis 

2. Social: 
pop~~ln t ion  
alliludcs to and knorvlcdgc a b o ~ ~ l  ~va t c r  sup-  

ply and sanitLilion 
comni~lnily cxpcricncc 
cnmmunity ~ C S O L I  rccs 
comniunity acccptaricc 

3. Governmen t and  Politics: 
sources o l  power and degree of stability 
government economic policies 
planning policies 3nd control of tlic economy 
govcrnmcnt servicos and facilities 
local government f~tnctions in relation to eco- 

noniic developmeti t 
nietliods of ccnlral tasation 
structure of political life 
itlipact of politics on management 

4. Economics and Finance: 
general economic setting 
Ievcl of economic developi?icnt and  twnds  
distribution of wealtli and size of gross nation- 

al product 
econo~iiic condition of waterlsanitation sector 
financial system 

5. Natural a n d  Physical Resources: 
natural-what water is available and  wliere 

source development methods 
clirna te 

pliysical-transport facilities and  systeni 
colnmtrnica tions 
housing 
technical services 
pollution problenis 

6. Legal: 
labor legisla tion 
institutional au tliorization 

'rechnical appraisal is a review of the overall tcch- 
nology of tlie proposed pliysical system. It is intended 
to answer tlie question of whether or not tlie alterna- 

H~.~lt/r  workcrs slro~rld disclrss tlrc yrojcct roitlr locnl rcsiderrts nrrd tive will supplyt1le desired level and  quality o f  serllice 
offcirrls. at minimum cost. A comprehensive tecli~iical apprais- 

al includes a review of teclino1og)r identification and  



sclcction, engiirccring dcsign, implcmcntation and 
operation, and overail costing as indicated by tlic lisl 
i l l  Table 18. Among the more important tcclinical con- 
siderations in water supply and sanitation arc tlic cn- 
vironn~cnlal factors of clin~ate, water quality, soil 
conditions, and site locations, and the engineering 
design fa(-tars of material strength, structural integrity, 
mechanical operation, and system capacity. Since cost 
is an essential feature of engineering design, the tech- 
nical appraisal must include a review of both the iunc- 
tional soundness and tlie costs of the physical system. 
Each individual alternative should, as far as  possible, 
provide a "least cost" solution for the method pro- 
posed. However, the existence of a large number of 
non-technical components in a program may make a 
full cost analysis impossible at this point. 

There are scveral ways to conduct technical apprais- 
als. Alternatives may be ranked according to one or 
more of the teclinical considerations indicated above. 
Wherever possible, both function and cost should be 
considered. In engineering analysis i t  is comnion to 
hold one constant and then minimize or maximize the 
other. The teclinical appraisal could rank the alterna- 
tives on the basis of cost for a given level of perfor- 
mance or on the basis of performance for a given level 
of cost. In practice tlic former is the more common 
engineering procedure in water supply and sanitation 
planning as programs are normally designed to pro- 
vide specified services at the lowest possible cost. 

No single charactcristic adequately reflects all tech- 
nical aspects of program planning. Table 18 is a check- 
list of the more important technical items that should 
be reviewed in the appraisal process. The purpose of 
such a checklist is simply lo help ensure that an alter- 
native is technologically capable of providing tlie de- 
sired service or product at minimum cost. In addition 
to the general background items conimon to both wa- 
ter supply and sanitation development, separate de- 
sign and operational characteristics t~nique to one or 
tlie otlicr of the systems also should be considered. 
The initial technical question in water programs is 
whether piped systems will have communal, yard or 
house connections. For sanitation programs, tlic ini- 
tial technical questions are whether comniun,rl or 
houscliold facilities will be built and whether water 
will be used in excreta disposal. 

Table 18. Checklist for Technical Appraisal 

Iyrogmni area: 
1. areal exlent 
2. existing watcr supply arid sanitation facilities 
3. types of water uses 
4. per capita water cotisttmption 
5,  project sites 

Population projections: 
1. total population 
2, population dislribution 
3. population in need 
4. population served 

Wr~fcr S~rpltlp lt~/'orrrrrlti~trt 
Initial concept: pipcd or non-piped sytcrns ( i f  pipcd, extent of 
communal, yard, and house connections) 

Systcni design: 
1. watcr sources 
2. transmission and pumping 
3. trcatnicnt 
4. storage 
5, distribution 
6 ,  wastewater disposal 

Systcm operation: 
1. quantity 
2, quality 
3. reliability 

-water source 
-system components 

4. asscssibility 
-operating personal 
-users 

5. wastewater disposal 
6. operation schedule 
7. maintenance scliedulc 

Initial concept: communal or Iiousehold; water-using or non-wa- 
ter-using 

System dcsign: 
1. superstructure 
2. pit or tank 

-structural integrity 
-treatment capabilities 

3, transmission facilities 
4. ultiniatc disposal site or drainagc field for wastewater 
5. method of trcatment or disposal of solids (fecl!s or sludge) 

Systcm opcration: 
1. reliability 
2. accessibility 

-maintenance personnel 
-users (including sniall children) 

3. capacity 
4. cnvirontncntal protection 

-ground walcr 
-surface w'ilcr 
-surface soils near facility 
-surface soils above drainage field 

5. operation sclicdulc 
6 ,  maintenance sclicdulc 



Table '19 is a cliecklist 01: tlie more imporlant yocial 
itenis to be reviewed in tlie appraisal process. Most of 
tlie social faclors, ~~n l ikc  the tecllnical factors, reqt:ire 
the planner to make silbjective judgments that are 
essentially rlualitative. If political and cco~io~iiic fac- 
tors are included ilnder the "social" heading, an ap- 
propriate general fornic~la for prograni appraisal is to 
say tliat the program selected must be tcchnically 
sound and socially acceptable. A program can fail on 
either score. A plan wliicli is technically sound but 
socially unacceptable and therefore unworkable is just 
as inadecluate as a plan which is socially acceptable 
but technically unsound. 

Table 19. Checklist for Social Appraisal 

I'ti~~rrlrrlioir (clhrric ,qrorr[rs! 
-type 
-distribtllion ant1 locatiori 
-pop~~liltion clii~ractcristics and density 
-ccononiic cliaractcristics 
-arcas and comrnuriitics of greatest need 

K~~itri~l~~(l,q~~, ~~Ilitrri/~~s tftri/ I'r~rcIic.t* T~1111flrd VVtrl~~r S I I / I / I ~ ~  t111tI Stfi111~fli~111 
Social Acceptance: 

1, water supply 
-responsibility 
-comniunal use vs, privale ilsc 
-distance 
-water tlscs 
-q~l"ity 
-qt~m~ity 

2, sanitation (excreta disposal) 
-location ' 
-privacy and niodcsty 
-scparaLiun of the sexes 
-anal cleansing 
-use o l  watcr 
-excreta re-use 

Felt needs: 
1. priority of rvatcr supply and sanitation 
2. lcvels of tcclinology 

Willingness to pay: 
I .  contributions during construction 
2. contributions during operation 
3. water rates, taxcs, and assesscnicnts 

Flet~ltli education: 
I ,  needs 
2. means for providing 

Co~ir~r~rrrtit!/ Eslrcric*rrcs 
1, local organizations 
2. local leadership 
3. local decision-making 

-planning 
-inlp~ellll~llliltii)ll 
-opera tion 

4. self-help efforts 
5. recent coriiniunity projects 

-Iicalth ciluca tion 
-water supply arid sanitation 
-ollicr 

1 .  leadership 
2, skilled pcrsonncl 

3, unskilled pcrsonncl 
4. co~~irnilrncrit to watcr and sanitation improvcmcnls 

1.  planning slagc 
2. Iniplcrncnlnlion slagc 
3. oucrational starc 

A major limitation on the planner's range of options 
is the resources likely to be available to Lhe program 
over tlie time period covered by the plan, I t  is irnpor- 
tant to stress tliat where, as is often the case, a short- 
age of mon7y means a shortage of hardware, tlie 
development approach to planning has a special con- 
tribution to make. If local people are involved in a 
project and taught to make i t  work, their sense of 
comniitnient can help compensate for many sliortages 
in plant and equipment. The choice of planning op- 
tions between labor intensive and capi tat intensive 
methods of project organization is meaningless until a 
decision has been made on the extent to which the 
project style will be expert-biased or user-biased, 

Step 6: Making New Programs Work in Practice 

In later chapters on community participation and 
human resource development, the subject of how to 
make progrdms work is treated in detail in relation to 
these special areas of planning activity. This discus- 
sion of step 6 describes in a general way tlie overall 
process of program implementation in terms of the 
things that have to be provided for, and in what se- 
quence, if any program is to work in practice as it is 
described on paper. 

In all cases there are six activities whicli must be 
carried out to establish a program. More than one of 
them may be done by the same individual or organiza- 
tion, or one activity ma;- bc performed by two or more 
organizations working together, but all six roles must 
be adequately filled. The six activities are: 

1. There must be someone to irrtruducc the new 
ideas which the program contains. 

2. There must be someone to buck tlie program po- 
litically and administratively as well as financially. 

3. There must be someone to s t ~ r  the program. 
4. There must be a yncormkcr for the program. 
5. There must be sonieone who will W V ~ C ~ U  the 

program. 
6. Arid ultimately there must be sonieone wlio will 

timiirtnirr the program's output. 

The effectiveness of program implemen ta tion de- 
pends on how carefully and comprehensively provi- 
sion is made for the performance of these activities. 

Although most of the information needed to decide 
who should be responsible for each activity has been 
discussed elsewhere, it may be useful here to sumnia- 
rize briefly tlie criteria which sliould be used in allocat- 
ing these responsibilities. 



Ititroduci~ig Ncw Idcas 
'I'his aclivily is no~*m~illy carried 0111 by experts, of- 

Len cnginccrs, and is pcrccivcd 11s hli\lin/: mainly a 
tccli~iicdl content. 'l'liis apprcjacli is fine as far ,is il 
goes, but i l  docs no1 go quilc far cnoilgli. In partict~lar 
i t  is importan1 lo consicier two ollicr flictors. First, the 
pcoplc who inilialc new tcclinical iclcas arc no1 always 
highly skillcci al prcscntirig tlicn~ lo non-lcchnical 
pcoplc. Sccclnd, mosl projects involve tlie introduc- 
tion of new idcas in tlic socio-political arca and gain- 
ing acccplancc for tlicsc often proves mosl difficult in 
prograni implcmcntation. 'I'his is particularly ~ ~ L I L '  i f  
llic i~iipact of thcsc new iclcas on local life and culti~rc 
has no1 been fully lhougliloi~l in licl\lancc. I1 will prob- 
ably be necessary to makc provision for rcpctilion ancl 
li~iic for absorption of nctv idcas so tliat t11c communi- 
ty rcsidcnls can become comfortable witli thcrn. 

In dctcrmining who is to introdt~cc nctv idcas witli- 
in the prop,rani i t  may often L7c ncccssary to consider 
what aclvicc andlor training 0~1gli1 to be given to lcch- 
nical experts in "prcscnting skills." I t  may be bcst to 
use a dift'crcnt type of cspert for communicating new 
idcas in t l ~ c  social arca. Most programs take thc social 
arca irilo account but i t  is still too often assumcd that 
technical cspcrts, without special training, arc highly 
effective co~iini~~nicators of both social and tcclinical 
material. Tlic vcrdicl in most cascs is, at bcst, "not 
proven. " 

Backing the Program 
'I'lic most important need as far as backing is con- 

cernecl is for local political support, not just adeqi~ate 
funding by some external agcncy. This means much 
more than allocating tlic local resources provided for 
in the plan at the time required. I t  must be determined 
in advance wlicther there is adeqt~a te lncnl zuill to over- 
come the limitations ancl problems that will arise as 
tlie prograni begins to opcratc. 

Providing adequate backing for the prograni must 
almost always be a joint activity involving a number of 
people and organizations. Despite tlie view l~eld by 
some people, adequate external aid injected into a 
given prograni will not, by itself, generate all the mo- 
mentum the project needs to succeed. 

Steering the Program 
This is essentially an administrative task to ensure 

that tlie flow of materials, training uf people, prepara- 
tion of paperwork and other details is coordinated and 
that tlie different parts of the program work together 
in hartiiony. This is another joint task for project man- 
agemcnt working with a local steering comniittee. 

Pacemaking Within the Program 
Tliere must be provision within the prograni for 

energizing its different parts. TIie people involved 
~iiust  be niotivated and the systems must be made to 
work by trouble-shooting wlieti parts are not supplied 
or other problen~s arise. This is tlie key senior expert 
role in program implementation. It requires tlie undi- 

vided, full-lime altcntion of someone wliclsc lcclinical 
knowlcrlgc and judgtncnlc~I abilily '1s a manager ~ i r c  so 
far bcyond reproach that lie or she can afford to be 
occasiorially c l~~i lc  unyclpular-a stale ol'affairs cvliich 
is iricvilablc within the paccmaking rolc, 

The dcvclopnicnlal approacli advocalcd hcrc im- 
plies lhal, as a project co~ilinucs, tlic pacemaking rolc 
sIii)~~ld transfer as far as possible from t11c cxpcrt(s) to 
the local countcrpart(s). As this Iiappcns, tlic cxpcrt 
can stvitch over lo s~lpport  the rcvicwing and steering 
activilics. A key mcasure of the cxtcnl to ~vliich thc 
dcvclopmcntal approach is working is wlictlicr or not 
pacemaking activity is assumed by local pcoplc after 
training. 
Reviewing the Program 

In tlic step 7 discussion of evaluation, it is argued 
that program revicw should as far as possible be pro- 
vidcd by rcgular fccdback mcchanisnis which are in- 
cludccl in llic plan froni tlic outsct. As far as possible, 
evaluation should seek to improve current project ini- 
plcmcntation ratlicr lhan help otl~er planners improve 
futurc plans. Tlicrc will probably be external review, 
in addition, which will be required by thc agency pay- 
ing for t l ~ c  program. 

Maintaining the Program 
Provision for maintaining tlie systeni established by 

a program is covered within the developmental ap- 
proach described abovr:. Local users should be 
equipped with tlie skills, the system and the will to 
carry out tlie necessary maintenance tasks for 
themselves. 

Step 7: Evaluating Programs 

Program evaluatiol~ involves measuring outputs 
against goals to see if tlie program has achieved what 
i t  set out to do. Evaluation can be applied at all levels 
of program operation from con~munity to national 
and even international. 

A useful definition of evaluation is "any act of ob- 
taining feedback on the operation and effects of a par- 
ticular program which helps to control and improve 
tlie program to more completely produce a required 
rcsult." The wording of this definition is deliberately 
chosen to shift the empliasis from the commonly held 
view of evaluation as being that of assessing the qual- 
ity of program and project planning and execution to 
tliat of controlling and improving the planning and 
operating processes. This definition of evaluation is 
used in what follows. In many situations, it is impor- 
tant to avoid the attitudes and feelings that are related 
to the "inspectiori" or fault-finding approach to evalu- 
ation. Many developing countries still have "inspec- 
tors" and systems that date back to colonial times. 
This tends to generate and perpetuate tension be- 
tween central and community units of organization. 

Guidelines and Procedures for Program Evaluation 
It is essential that the people implementing a pro- 





grmi be closely involvccl in dclcrmining tlic cri tcria lo 
be usccl in juciging its performance, 'l'lic process of 
determining cvaltla tion critcria sliould be an integral 
aricl early part of the planning process, not something 
tacked on at tile cncl. Evaluation techniques sliould be 
seen and used as  aids to improve the qlrality of dcci- 
sion-making within tlie progratii and not as security 
checks which inhibit ralhcr than cncoilragc initiative 
and problem solving, To tliis end, i t  niirst be rccclg- 
nizcd tlilit tlicrc arc diffcrcnt levels of evaluation, as 
wcll as diffcrcnt measures. 

'She pcoplc affcclcd by a program sliould be in- 
volved in designing tlic evaluation proccclurc and de- 
termining tlic critcria. 11 has already been noted that 
tlic planning slrategy sliould provide for as much cli- 
rect invol\rc~iicnt of local pcoplc ancl organizations as 
possible. 'Sliis particularly applies in tlie case of cvalu- 
ation critcria ancl how they arc dracvn up. 

'Shinking about tlic critcria to br usecl in rc\fic\ving 
progress and improving ycrformaticc is an important 
cxtcnsion of the learning process to \\rliicli pcoplc arc 
bcing cxposcd tlirough tlicir involvcmcnt in the plan- 
ning activity. I f  pcoplc arc in\rolvcd in deciding on tlic 
specific items that will be uscct to nicascrrc ancl judge 
tlic validity and cfl'cctivencss oi a project or a pro- 
gram, the cliances that they will cooperate in using the 
resi~lts tu iliipro\~c tlic planning and operating pro- 
cesses arc greatly increased. 

Evaluation critcria should be dcsigncd as early as 
possible and sliould incorporate \trays of mcasuringor 
judging realistic cspcctations of tlie bcncfits which tlie 
ilscr coninii~tiities have a right to see attainccl. Not 
only is program evaluation often based yurcly on ac- 
counting proccclurcs, i t  has often involved tlie nic~st 
priniilivc kind of accounting approach silcli as "liis- 
torical costing." Evaluation criteria tend to be tho~~gl i t  
LIP after everything else has been done, with cvalua- 
tion proccdurcs designed to fit w11atcvcr system and 
procedures Iiave alrcady been provided. 'Sliis tiicans 
that evaluation clata is collected st) long after tlie c\fcnt 
that while tlic results may bc interesting to know, they 
arc of no practical use in influencing results, making 
itiiprovcliicnts or guiding furtlier development of tlie 
services desired and provideel. 

Measures for Evaluation 
One of the major clifficulticr. in evaluation is mca- 

sirring tlie linkages bct\vecn watcr and sanitation fa- 
cilities and their intcrmediatc and ultimate bcncfits. 
'She failure of many evaluations to find anticipatccl 
bcncfits is probably duc to a lack o i  irtidcrstanding of 
tlicsc linkcigcs anel tlie conclitic)ns necessary for tlicir 
operation and mcasurcmcnt. 'I'hcrc arc three Ic\rcls of 
inipact that can be used as evalua t:on mcasurcs: 
a Initial stagc, itivol\ring \vatcr s i~pply quantity ancl 

rli~di ty ar~cl satiitary facility impro\~cmclits, as \\fell 
as grea tcr accessibility to and reliability of scr\ficcs. 

a Intcrniccliatc s t ~ g c ,  in\rol\ring tlie dcgrcc of ilsage of 
the facilitics, rcs~~l l ing  in immediate bcncfits, itsi~al- 

ly tinic and energy savings and itiipr~vcd liygictiic 
practices, 
Ultimate stagc, in\lolving the long-tcrni, clcsircd 
bcncfils of improvccl Iicalth, rcduccd hcalth costs, 
greater agricullural output, iniprovcd social wcll- 
bcing, and ~mprovcd cnvironmcntal quality.(l'hcsc 
arc frcqucntly difficult and expensive to nicasurc 
and rcclilirc long-term rccords kept in accorciancc 
with rigorous and wcll-designed definitions and 
categories.) 
Evaluation often distinguishes bctwecn the 

cliangcs that occtrr i l l  pliysical facilitics, bcliavioral 
p a t t ~ n s ,  and, finally, t~ltiniate impacts. Thcsc 
changes and tlie linkagcs between thcm arc sutnmn- 
rizcd in Figure 9, wi~icli classifics system o~~tconics  
into operation, performance, and ultimate impact 
nicasilrcs. 

As shown in Figitre 9, systcni opcration is thc im- 
nicdiatc, or direct, conscqucncc of projcct dcvelop- 
nicnt. This is an efficiency 1nc:asurc in cvliich alniost all 
of the project inputs and systcm oirtcomcs are i ~ n d c ~ .  
tlic control of tlic engineer. Tlic engineer's ininicdiate 
concerns arc for thc physical statcrs and functioning ol' 
tlie watcr and sanitation facilitics, which can be as- 
sessed in tcrnis of acccssibility, quantity, quality, and 
reliability. 'I'licsc factors can be assessed in stmight- 
forward physical units. 

Systetii pcrformancc, however, is a more complex 
conscqilctice of tlie use of facilities. This is an effcc- 
tiveness measurc in which tlic continuing LISC of tlic 
systc~ii by the comniunity determines its succcss. Pro- 
ject planners are directly concerned wit11 systcln pcr- 
formance, but wl~ilc thcy can specify tlic technical 
inputs for systcm opcration, they cannot control the 
use of tlie system by tlic community. To acliievc a 
high level of use of tlic facilities, healtli education and 
internal social interaction arc nccdcd to provide ticw 
kno~vledgc and generate new attitudes and behavior 
in tlie conimunity to bring aboilt proper care for ancl 
use of tlic facilities by families and individuals and 
adcq~rate support of tlic systcni by comniu~iity politi- 
cal and social insti tit tions. 

Performance 011 tconies arc tlie immcclia tc benefits 
of the project. They inclilcic both bclia\rioral and insti- 
ti~tional changes. The fornicr may consist of changes 
in water use, consu~nption rates, and defecation Iiab- 
its atid other sanitary practices, wliilc tlie latter niay 
include cliangcs in local conimittecs, support organi- 
zations, and maintenance procedures. The important 
point is that tlic cotistr~~ction of cvater and sanitation 
facilities is not sirfiicicnt in itself to produce systcni 
pcrforniancc bcncfits. 'Sliere niust also be health cclu- 
catic~~i plus actc~al itse of the facilitics plus a conimuni- 
ty response to the need for st~pport  of the systcni. if 
any c ~ f  these inputs arc missing, tlic linkages to the 
final impact stagc will probably fail to occ~u'. 

System impacts are tlic ultimate cutiscrlucnccs of 
projcct dc\~eloptiient. To tlie policy-niakcr, these are 
the long-tcrni bcncfits that water and sanitation pro- 



jects are intended to acliicve. Tliey can be classified 
in to liealtli, ccononiic, social well-being, and environ- 
mental quality benefits. Tlic essential cliaracteristic of 
tliese impacts is tliat they arc dependent on bcliavior- 
a1 and institutional changes occuring in the communi- 
ty. Under optimal conditions, long-term benefits may 
arise directly out of performance impacts without the 
need for additional itipi~ts or assistance. In most 
cases, liocvever, tliere will bc need for a variety of 
complementary inputs to allow tlie effects of tlie water 
and sanitation program to reacli the ultimate itlipact 
stage. 

# 

As mentioned above, systeni impacts are the true 
benefits of water and sanitation interventions. In tlie 
liealtli spliere, these map include reductions in fecal- 
oral diseases (cholera, typhoid, dysentery, ascaris), 
insect-borne diseases (malaria, filariasis, oncliocercia- 
sis) and skin arid eye infections (scabies, trachoma). 
Economic inipacts include decreased water costs, re- 
ductions in niedical expenditures, and increased agri- 
cultural productivity. Social well-being inipacts 
include greater convenience, improved social status, 
increased cotiitnunity involvement, and strengthened 
conimutiity institutions. And finally, environmental 
quality inipacts niay consist of i~iiproved surface 
drainage, Iiiglier quality ground water, and decrenscd 
rodent and insect populations. 

The qi~mtitative measurement of tliese benefits is 
not easy or inexpensive. This is largely because of the 
long time span over wliicl7 tile benefits are achieved 
and the fact tliat water and sanitation are only two of 
niany variables-economic, social and political-that 
also affect their achievement. Evaluation requires 
careful planning, keen observation, extensive re- 
corcls, much human involvement, great integrity and 
balanced judgment. It is a liiglily useful tool but it is 
only a tool by which to generate more reliable and 
~lseful decisions about resource allocations and tlie 
operating details of processes cvliosc objective is the 
acliievc:~~ic,-rl of a sustainable liigli quality of life for 
people-in tlie frame of this guide, for rural and st:.~all 
conim~uiity people. 
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CHAPTER SEVEN 
MAKING COMMUNITY PARTICIPATION WORK 

SUMMARY 

Community participation is one of the most impor- 
tant factors in determining the success or failure of a 
water supply and sanitation program. Social and cul- 
tural attitudes toward water supply and sanitation 
technologies will weigh heavily in determining 
whether the new facilities are used or simply sit idle, 
To ensure that the facilities are used and maintained, 
it is essential that community members be involved in 
the planning and execution of all projects. 

To achieve this goal, the national plan must have a 
community participation component that is c a r e f~~ iy  
designed and scrupulously carried out. This is not an 
easy achievement and will require a community par- 
ticipation strategy that is adhered to in all projects 
undertaken by a water and sanitation program. There 
are a number of different techniques that may be used 
to achieve effective comunity involvement and the 
community participation strategy should make use of 
those most appropriate to a given country and a given 
community. 

Community participation involves far more than 
contributions by community members of time, money 
and labor in building a facility. For community partici- 
pation to succeed, local people must be involved in 
decision-making. This will be a valuable asset to the 
project designers since local people will have much 
useful information and wisdom to contribute and 
since the ultimate success of a project depends on the 
extent to which the facilities are used by the comrnuni- 
ty. A community participation effort also affords an 

Comrn~lnity reside~zts often pnrticipte in roe11 cottstntctiort but 
other types of conrm~rtlity pnrticipntion nre needed also. 

opportunity for community education including 
health education, which may be essential to give vil- 
lagers the information and understanding they need 
to make intelligent decisions and to effectively use the 
facilities when they are completed.' 



CHAPTER SEVEN 
MAKING COMMUNITY PARTICIPATION WORK 

I'lanncrs arid economists know liow to develop 
sclicmcs and projects, health specialists know about 
tlic illnesses related to watcr supply and sanitation, 
arid engineers know liow to build systems, 13ut for 
planncrs, Iicaltli spccialists and engineers to know 
liow to plan, why to L I S ~ ,  and how to build watcr and 
sanitation facilities is not cno~cgli, Pcoylc riiilsl LISC 

them. 
The sclcial and culturn1 factors i ~ i f l ~ ~ c n c i ~ i g  people's 

reactions to clia tigcs in watcr silpply and sanitation 
tecliniil~~cs ~ i i i ~ s t  be i~ndcrstood bccausc tliesc factors 
~~ltiniatcly dctcrminc tlic acceptance and usc of the 
systems. The success or failure of watcr and sanitation 
programs depends on this ilndcrstanding. 'I'he Iiu- 
rnon dimensions must bc takcn into acco~ttit i f  
clinngcs arc. to occur in behavior patterns and traili- 
tional beliefs, if customs arc to bc cliallctigcd by ticw 
ideas, and i f  new techrioiogics arc to be accepted and 
used. 

'I'hc key to dcaling with social and cultural factors 
affccling a tvatcr s~lpply and sanitation progranr lics in 
c o ~ i ~ n i ~ ~ n i t y  participation. Successful comni~~nity par- 
ticipation will aid in tlic ciesign and construction of 
new facilities anci in thcir acceptance, use, operation 
and maintenance. 

The Need for Community Participation 

'l'lic coliimtiii~nity is tlic primary resource in tvatcr 
supply and sanitation programs and projects. 'l'ccli- 
nology is tlie facilitator to ~iiect community nccds and 
desires. I t  has littlc value unless it is used by people 
for their o w n  benefit. When planncrs or technicians 
cntcra cornni~~nity, they are not tlic experts-tlic pco- 
p1c wlio live thcrc arc tlie experts. 'l'liey Iiavc already 
dcfincd tlicir own needs and wants independently of 
outsiders and they Iiavc cstablislied thcir own set of 
priorities. TIicy i~nderstand lcadcrsliip systems, horv 
ciecisions arc niadc among families, and how gossip 
networks operate to accept or reject change, cvlictlicr 
it be a new kiriii of plow or a ticbv system for birthing 
babies, a new water supply or a new way to dispose of 
cxcrc ta. 

Anyone hoping to bring about change in a c o n i m ~ ~ -  
tiity ~ i i ~ ~ s t  value i t  as a group of people who already 
have a working system of technological and n a t ~ ~ r a l  
resoclrccs intimately tied with l i ~ ~ n i a n  organization 
and bcliavior. To use these resources, tlie planner 
t i i ~ ~ s t  observe tlic comm~~ni ty ,  obtain basic infornia- 
tion on liow it works, what i t  wants, what i t  needs, 
and what it believes that it needs. Every con~munity is 
different and the people in !lie cotnrn~~tiity do not 
always agree. But engineers, liealtli specialists, plan- 
ncrs and economists nitlst lcarn about thc Iiuman is- 
sues of change in a coniniunity before they can hope 

to introduce new tecl~nologies arid Iiavc them ~ ~ s c i i .  
Effective coniniutiily participation makes change in a 
conini~~nity a partnership of mutual rcspccl in which 
i~isiders and o~ltsiders participate in decision-making 
and action. Figure 10 shows tlic role of tlic sanitary 
engineer and the pilblic liealtll specialist, tlie econo- 
mist, tlie behavioral scientist, arid tlie cotiim~~nity, 
and the ways i r t  :l~hicli they interact in tlie process of 
planning an environmental liealtli program. 

Water s ~ ~ p p l y  and sanitati~>~i programs that do not 
involve tlie coniniunities for which systems are de- 
signed will almost certainly fail, In a village in Central 
America, government efforts from 1930 to 1944 and 
from 1958 to 1974 to impose latrine use liad a success 
rate of only 11%. I-Iowcver, in two otlier Central 
American villages, 65% and 85'6 of tlie villagers ~lsed 
latrines tliey built themselves under their own leacler- 
ship. An e:;i.reme example of non-acceptance by a 
community is illustrated by an East Asian and a West 
African city. In both cases, sewers were built but resi- 
dents did not clioosc to connect to them and tlie sew- 
ers are largely unused. 

Even niore disturbing, considering that ~iiost corn- 
niunities feel that they need water, is the frequent 
failure of recipient coninictnities of water s~tpply pro- 
jects to take responsibility for pitnip or fountain main- 
tenance. St'itistics indicate that 35 percent to 50 
percent of pump installations in developing countries 
are inoperable tliree to fivz years after tliey arc ptlt i n  
place. Potable, safe water is not always preferred over 
tlie traditional source. Wliere a germ theory under- 
standing of disease is lacking or rejected, motivation 
to change traditional water use practices may be lion- 
existent. Many villagers in Sri Lanka, Kenya, Bangla- 
desh and Latin America reject well water because the 
iron gives tlie water a disagreeable taste and turns the 
tea black. 

Successful design and iniplenientation of a water 
and sanitation program do not depend only upon suc- 
cessful community participation. Technical expertise 
and otlier services not available in the community 
must be provided by national, state, ancl local govern- 
ment or other institutions. The community worker 
cotid~~cting interviews and tlie technician designing 
and supervising installation of facilities are generally 
cmployces of tlie agency responsible for water and 
sanitation in tlie area. Otlier services wliich the agen- 
cy may provide are materials, water resource surveys, 
or well-drilling teams. 

There is no gclarantee of complete satisfaction, but 
through joint participation by tlie community and the 
planners, goals can be defined for an individual com- 
munity, Outside experts can be used efficiently as a 
valuable resource rather than a margillally useful 
expense. 





1 e 
ultinialc L I S C ~ S ,  tlic fii~al of c ~ ~ i i ~ i i ~ ~ n i t y  parlicipati~~i is 
to match tcclinology with the ~ ~ s c r s '  prcfcrcnccs and 
resource limilatioris. Satisfying Iiouscholdcrs' needs 
in '111 accc;~tablc manncl ancl at n cost Llicy arc willing 
to and can afford to pay must bc consielcrcd in the 
planning process. 

* 3 I lie means of corn~iii~nicating will1 a co~ii~iiu~ii ly arc 
really rather siniplc: observe, ask, listen, ask, arid lis- 
ten agai~?. Doing this cffcclivcly is somewhat more 
complicatcrl. "'Take mc to your leaclcr" is not cni3~1gli 
to make community participation worli. 

Approaches to Community Particip a t '  1011 

'The approaches to community participation can be 
diviclcd into categories tlial closcly corresl3ond with 
the f o ~ ~ r  planning ap\7roxlies discussed in Clia p ter 
Six: 

Approach 1. The expert designs and does it for the 
client. 

Approad1 2. The expert dcsigns and does i t  for tlie 
client but teaclics "them" how to 
maintain it. 

Approacli 3. Expert and client design and do 
jointly. 

Approach 4. Expert teaclics from tlie beginning 
and tlie client designs and does. 

Tliis is not s~trprising since tlie four. planning ap- 
proaches are based on tlie relative degree of coniriit~- 
nity involvcmenl in each. 'Slir: first t\vo co~iinittnity 
participation approaclies are tht. "do to" and "do for" 
approaclies. They correspond to planning "Approach 
1 - 'Tlie expert clesigns and docs i t  for tlie client" and 
"Approach 2 - l'he expert designs and clc~es i t  for the 
client but teaches 'them' how to maintain it." Both 
these approaches are characterized by tlic absence of 
any direct conimi~nitp participation in tlie decision 
process. Tliey cliffcr only in that in tlie "clo to" case, 
the program has been developed beforchancl, cvliile in 
the "do for" case, thc target groups arc s t ~ ~ d i e d  and 
programs are adapted to their special requirements, 
preferences and proble~ns. 

The opposite of these two approaches occurs in wa- 
ter and sanitation programs based on ttle definition of 
needs by the community itself and tlie organization of 
cooperative action to meet these needs. This "do by" 
approacli implies that the villages or tlicir leaders can 
identify tlieir conlmon problems, reacli a consenstrs 
on their priorities, and find suitable solutions wit11 
limited or no outside assistance. This approach has no 
corresponding planning approacli for tlie very good 
reason that i f  such an indepenclent approach can suc- 
ceecl, n o  outside assistance is required. TIie "do by" 
approacli is, with rarc exceptions, not possible be- 
cause of lack of resources, information or expertise. 

In most cases, a compromise is rcqttircd via the "do 
with" 'ipproacli which encompasses both planning 

cs~gn ant1 Y" 
and "Approach 4-Expcrl tcaclics from llic beginning 
aritl tlic client dcsigns and docs." In tliis case, plan- 
ners dcvclop tlic program togctlicr cvilii tlic commu- 
nity for wliicli i t  is inlc~idccl anrl iniplctiicnt i t  with full 
community participation at every point along tlie . . way. I his is the ~iiost  cffcctivc approncli to communi- 
ty participation, 

Con~munity participation is any proccss by wliich 
pcoplc arc involvcei in ~iiaking or i~~iplemcnting dcci- 
sions which affect tlicm. Many times, water s ~ ~ p p l y  
and sanitation programs involve tile community as 
contributors of manual labor and tliis is the f ~ ~ l l  cxtcnt 
of parlicipatioti, Wliilc tliis is certainly a common and 
valid lype of com~iiuriity participation, it is not the 
whole story. A bcllcr mcasl.rrc of coniniunitv partici- 
pation is the dcgrcc of involvcmcnt in decision-mak- 
ing. By viewing participation in this light, it beconics 
clear that community participation is an active con- 
ccpl that trcats people as an  intcgral part of thc proc- 
ess by wliicli dcvelopmctil takes place, not as  targets 
of a delivery system. 'rhis concept can be expressed 
with a siniplc question: Are things bcing done lo pco- 
ple orfor. tlicm, or are things being done 6!j people and 

~ U ' L I I  tliemsclvcs? 
Tliis is not to say that comm~~nit ies must do  every- 

thing alone in order for coniniunity participation to 
occur. Outside individua!r and groups will play a 
catalytic role and a highly supportive one. 'There will 
be somc activities that can only be carried out efficien t- 
ly by o~~ls idcrs .  Tlie emphasis s l i o ~ ~ l d  be, so  far as 
possiblc, on the comm~tnity learning by doing in a 
proccss tliat views tlie coni~n~tnity population as a 
valuable resource that should be given tlie opport~~ri i-  
ty to participate in solving mutually defined prob- 
lenis. Tliis requires tliat teclinical cxperts accept and 
respect the knowledge and attitudes of people toward 
their own water and sanitation problcnis. 

It is possible to go too far with this approach by 
Ictting communities makc decisions without adequate 
information on and undcrstanding of tlie issues at 
liand. In order to makc reasonable decisions, people 
must be awarc of the opportunities and options avail- 
able to tliem and understand their implications. Com- 
munity participation can be a way to facilitate this 
awareness, but i t  is nei thcr easy nor automatic. 'There 
arc several reasons that community participation of- 
ten does not work and somc prerequisites to help 
make it work. 

When agencies say that community participation 
docs not rvork, a closer examination of the situatiori 
often reveals that con~n~uni ty  participation was taken 
to lilcan only manual labor. People may have bccn 
asked to contribute labor for an  installation they did 
not fecl a necd for, did not ask for, do not ilnderstand 
how to use, and do  not understand why they should 
use. Water supply and sanitation facilities are often 
built with large amounts of local labor without the 
comm~tnity ever having been asked to participate in 



tlic planliilig of Ilic f,lcililics, No1 surprisingly, llic 
1.csir1ls arc ~ I S L I ~ I I I ~  facililics lhal sil itllc an11 cvcnlually 
ccasc lo funclion. 

Comln~lnity ~mrlicip~~lion m~ls l  involve ~norc  tliiln 
just lhc Icaclcrs of tlic communily. Iivcryonc sliould 
be inv~)lvcd, ilicluding minorilics, new rcsidcnls, 
wonicn, and all economic classcs, caslcs and ages. 
Many progmtiis Iiav~l failccl Ilcca~tsc only a few ycoplc 
Iiavc bee11 C ~ I I S L I I ~ C ~ ,  I1  milst be kcpl in tiiind, I I O W ~ V -  
cr, that insistence on cil~lal rcprcscnlalion of all scg- 
mcnls of tlic p~p~t la t io t i  may bc inci~~isislc~il will1 
political ancl cullural rcalilics, 

Women alicl yo~tng ycoplc arc partic~~larly impor- 
tant bcca~lsc of tlicir traditional roles in water supply 
and sanitation, I t  is ilsclally tlic women who will niain- 
tain, or fail to maintain, Llic ncw system. More impor- 
tantly, perhaps, they will be critical factors in incor- Wottrctr nrc oftctr tlre rl~tcrrrtirrirrg~fictor ns to ~lrc nccl~~ttnbilit!l ofn 
poraling new bcliavior patterns into daily lifc styles tuntcr srrpply s!lstcrrr. 
and in training tlicir families in improved personal 
hygiene. Younl; people arc increasingly imporlanl in 
community improvement programs bccausc they act 
as co~iimunicators with tlicir parcntsand may be more 
tolcrarit of clic~nge than tlicir elders. 'l'hc grcatcr tlic 
participation of the entire c o m l ~ ~ ~ ~ n i t y  in making dcci- 
sions and dcvcloping new facilities, thc greater their 
motivation to accept, use, oprratcand maintain Llicln. 

'The "do with" apprnnch to c t~n in i~~n i ty  participa- 
tion requires a great deal of cotn~i~~lnication d~tring the 
initial planning pliascs. Comniunication fosters cffcc- 
tive community participation in improving the use of 
currently existing facilities and in clioosing teclinol- 
ogies that are bcttcr than tlic prcscnt nielliod. It also 
liclps to ensure that the plan is compatible with tlie 
values, attitudes ancI institutions of the users. Com- 
munication call iiclp make the transition from "their" 
system to "our" system. It slioc~ld be kept in mind that 
it is easier to change teclinologies than to change be- 
havior, and it is more difficult to determine cultural 
acceptability than technical feasibility. 

Communication s l i o ~ ~ l d  not all flow in one direc- 
tion, from the users to the experts. The "do with" 
approach allows great opportclnity for educating tlie 
comn~unity to the probleliis it faces and tlieir possible 
solutions. Coliimunity members should learn from 
the experts at  tlie same time the experts are learning 
from tlie conimunity. Effective comni~~nication  pill 

allow the parties concerned to educate each otl~er and 
to change their values and attitudes so that a consen- 
sus is reached on the slic~pe the plan should take. 

The community slio~rld be involved from the plan- 
ning stage onward. Community residents should as- 
sist in the selection of sites, provide informatior! 
regarding reliability of water sources, help plan and 
be kept informed of the construction programs, and 
be consulted about the levels of service expected and 
the users' contributions in cash, materials and labor. 
In many rural areas, the community must also take tlie 
responsibility for operatioti and maintenance of tlie 
sys tern. 

Tltc cot~r~tturrit!y sllotrld Dc ittvolvcd it1 nll nspects c~fs!lstetrt dez~elop- 
ttrenl, ,tot jlrst cottstr~rctiorr. 

Community Participation at the National Level 
As noted in Chapter Six, community participation is 

p.>litical. In fact, it is tlie most political aspect of plan- 
ning bccause it directly involves tlie relations between 
the national governnient and its people. It can ilso 
change the relative roles of different levels of govern- 
ment. When communities begin to articulate their 
needs and learn to organize, they challtnge the stattls 
quo. Success in tlie eyes of tlie conimunity may be 
considered failure by tlie planners, partic~llarly if 
there was a bltte print which tlie planners do  not feel 
was followed closely enough. 



rccogli IZC a 110 lie 
inipor1,incc of community parlicipalio~i but lliis alone 
is not cnough. 'l'hcrc ~iic~st also bc a consislcnl aricl 
stablc naliorial policy on comtii~lnity participation. 
'I'liis sliot~lcl take tile form of a rc,ilislic comtiiunily 
parti{-  pat ion strategy to wliicli govcrnmctit and tlic 
c ~ ~ n n i ~ ~ ~ i i  tics 'ire coliitiii ttcd over a period of timc, In 
orclcr for oycratio~ial programs to make cffcctivo LISC 

o f  procedures workcrl out by conimunity parlici pa tion 
support programs, the whole approach and strategy 
niust be included as a part of tlic national plan, It must 
be incorporated into the budgct boll1 for activities at 
the com~iiunity lcvcl and for continuing training, re- 
search anci cvalt~a tion. 'I'hc barefoot cioctor sclienic in 
China did not cnlergc full-blown fro111 a mccting of a 
high lcvcl comn~ittcc in Peking. I t  rcsulted frotii a 
process of slucly and clisc~tssion of daily hcaltli prob- 
Icms tvilhin more tlian one million s t~ldy gro~lps 
across China and was based on cspcricnccs going 
back nearly fifty years. 'l'rue, a nioclel tvas p~lblicizcd 
by thc newspaper and radio, but tlic leadership did 
tiot require that tliis model be used. Instead, it asked 
local groups to study a number cif mocicls to see if one 
of them tvoulcl f i t  tliccommunity's own health needs. 
In China, tliis process gcncratcd coniniunily dyna- 
misru and self-rcliancc. 

'I'o create widcsprcacl p ~ ~ b l i c  cnthusias~ii ancl enlist 
continuing comni~lnity participation, tlic policy must 
receivc the support of the wliolc govcrnnicnt. I t  can- 
not be the policy of just one niiriistrp but must be 
supported by all ministries working at the co~iiniunity 
level. Coordination is needed at the na tional, provin- 
cial and district Icvcls, but i t  is essential at the coniniu- 
nity lcvel whcrc natiotial representatives converge to 
work dircctly with local pcoplc. The community par- 
ticipation policy slio~lld take into account csisting 
conitiiunity urgatiizaliotis and tlicir training 
progran~s. 

Most countries have a wcalth of cxpcricncc, good 
aticl bad, in comni~~ni ty  devclopmcnt, self-help, and 
othcr fornis of public pcirticipation. After careful anal- 
ysis of csisting resources, people ancl institutions, 
specific targeted training can be designed so that these 
resources can be mobilized. Using existing govern- 
mental pcrsonncl at ficlcl lrvcls is never easy. Rccog- 
nizing thc liriiitations, both political and administra- 
tive, to expanding con~munity participa tion, tlie 
benefits can far o~lttvcigli tlic costs when long-range 
ovcrall impact is considcrcd. 

I t  is important to ~~ndcrstancl lhcit village priorities 
for projects ivill vary widely. Fur some, water andlor 
sanitation \ \ r i l l  be rerl~lcsteci first; in others, a road, a 
health ccn ter, or a cooperative store may be top prior- 
ity. The kc)? to successful and continuing c o m m ~ ~ n i t j ~  
participation is a nationally approved plan for rc- 
spondirig tcl needs as csprcsscd by thc communities 
and builcling with them on their new awareness anci 
pride. 

For comn~unitics that do not feel water supply 

anc ~ o n  arc a 
nity, within community parlicipalioti programs, to 
conduct an education c'impaign on watcr supply and 
sanitation, Special instructional units rclatcd to pcr- 
sonal ancl e~ivi ro~imc~i l~i l  liygicnc should bc dcvcl- 
opccl as part of co~iiniutiity participation training. 

Prograrns for supplying water and sanitation to 
mcct basic ncccls s l i o ~ ~ l d  bc closely coordinated wit11 
cnvironnicntal control and priniary health carc pro- 
grams. 'l'hcrc sho~tld be a long-term national policy, at 
least i n  broad outlines, wliicli ideally will not change 
even witli govcrnmcnlal cliangcs and political sliifts 
in pow~cr, A close sliaring of plans arid objectives at 
the national lcvel sliould facilitate cooperation at the 
provincial, district, and village Icvcls. 

Ncw programs of niinislrics of hcalth in niost coun- 
tries liavc major componcnts aimed at increasing 
cotnrii~lnity involvcmcnt. Most already liavc trained, 
or arc i l l  tlic proccss of training, primary health carc 
workers wlio arc thp link bctwccn villagers and tlie 
official health systrnl. Planncrs and administrators 
s l i o ~ ~ l d  work closely witli community volunteers and 
healtli committees to dcsign and i~nplenietit projects 
in water sc~pply and sanitation, and to prepare niutu- 
ally supportive educational materials. 

Non-govemmcnlal groups have trained staff and 
volunteers wlio can add depth and breadth to watcr 
ancl sanitation planning and implementation. Recent 
international and national policy statements indicat- 
ing strong support of thc work of non-govcrnmetital 
organizations at tlic village lcvcl are a further indica- 
tion of recognition of tlie value of community partici- 
pation. Such a policy gives a franiework for 
incorporating tliese human resotlrces-trained staff 
and volunteers-into efforts for water supply and 
sanitation. 

Henltlr roorken nrc oftor n crit icnl jrictur itr corrrrttrrtrity 
itrzrolve~trort. 



M c a s ~ ~ r c s  lo implcnicnl the com~nunity parlicipa- 
lion policy should be consislcnl will1 llic objcclivcs of 
llic progmni, I;or inslance, in imylcmcnling water 
supply ancl sanitalicln progranis, s i~pporl  and subsi- 
dies slioulcl be available 10 allow response to ~ C L ~ L I C S ~ S  

from villagcs and to slrcngllicn otlicr comm~~ni ty  ac- 
tion and village cfforts, 'l'lic 111orc closely activitics arc 
linked to existing community organizations and to 
otlicr local groups working for comn~unity improve- 
nicnt, tlic bcltcr. 

Consistent policy will1 contin~ling S L I ~ V O ~ ~  fur colii- 
rnunity participation slio~rlcl c o ~ i t i n ~ ~ e  for a specific 
pcriod of tinic. Aftcr this pcriorl, acljustmcnls and 
revisions cCin be niadc based on a careful cval~lalion of 
succcsscs and failures to improvc anrl expedite llic 
ncxt pcriod of conlinuinr: activity. E\~aluation is csscn- . , 
tial for planning, implcmcntalion, use, lnaintcnance 
and further dcvclopmcnt c l f  progranis. I t  is one for111 
of dialog~lc in wliicli agency rcprcscnlativcs and plan- 
ners Icarn of tlic needs ancl resources of tlic comniuni- 
tics at tlic salnc tinic tlicy arc Iiclping pcoplc beconic 
awarc of alternative sol~ttions to nicct nccds. 

As noted in Chapter Six, participatory cvaluation by 
tlic community itself shoul~l  be an inlcgral part of tlic 
program dcsign and a mccliCi~iisni for learning, clioos- 
ing and strcngtliening community participation. Tlic 
co~iiniunity pcoplc arc involvcd not as s1111,i~~cts or L ~ I -  

jccts of research, but as gcnuinc participants in cacli 
stage of tlie cvaluation. 

'I'licre arc several ways to effect bcttcr coordination 
among ~i~inistrics and maxiniizc comm~rni ty participa- 
tion. First, a working panel ~iiadc LIP of field personnel 
froni ministries and voluntary agencies involved in 
watcr supply and sanitation progranis slioi~ld be cre- 
ated. Among tlic activitics of s~rcli a pancl might bc: 

resl-'onding to req~rcsts froni villages for water and 
sanitation assistance and deciding 011 the niost ay- 
propriatc follow-up; 
allocating funds (for supervisory volunteer person- 
nel) to cover costs of transportation, per diem, and 
special training; 
reviewing progress of on-going projects; and 
cooperating with tlie cfforts of a rcscarcli, training 
and cvaltration group and receiving continuink; in- 
formation 011 tlic rcsc~lts of stirdies anci evaluations. 

Seconci, a carefully designcd referral systeli~ sli*uld 
be developed to etistlre that reclilests for assistancc 
from conimu~ii ties are addressed appropriately and 
tliat suital$e action is taken regarding coti~n~unitics i l l  

which water and sanitatiun assistancc appears to be 
needed birt is not a community priority. Figure 11 is a 
diagram sl~ocving how s ~ ~ c h  a referral system miglit 
work. 

Third, water supply ancl sanitation seminars and 
workshops should be held in tlie training centers of 
the various organizalions, governmental and volun- 
tary, who arc engaged in comniunity dcvelopnient 
anci otlicr self-help activities. Special training ~iiod~tles 

S ~ O L I I L ~  be rlcsigrrcd for itsc al Lhcsc worksliops, 
'I'lic ~lcvclopmcnt ancl implcmcnlation of 'I cornmu- 

nily parlicipalion slralcgy arc of critical iniporlancc in 
the long-range succcss or failurc of watcr and sanita- 
lion progrnms, In 1975, the Worlci I-Icaltli Organiza- 
tion ancl the Uniled Nations Cliilcircn's Fund stitdied 
alternative appl.oaclics to meeting basic licallli nccds 
in nine dcvcloping countries: 13otswana, Costa Rica, 
I~iclonesia, Mexico, Scncgal, Victnam, Sri Lanka, 
Western Samoa and Yugoslavia. Tlic study concluded 
tliat social consiclcmtions niust bc takcn into account 
not only in designing tcclinology bill also in creating 
an acilninistrativc str~lcturc to Inanage tlic introduc- 
tion of lcclinology to tlic co~iimunity. 

Furtlicr, tlic s l~ ldy  found that in tlic nine co~rntrics 
sludicd: 

At llic village levcl, preventive and curative health 
scrvices tliat are aclequale in coverage and are suffi- 
ciently used by tlie population have been achieved 
where tlie popillation concerned Iias taken rrlnjor 
r.csyior~.sil)ilify with government support in tlie effort. 
Major responsibility implies a great deal of self-reli- 
ance not only in decision-making wit11 respect to 
priorities for health care but also in the provisi~n of 
resources (Iiunian resources, facilities, logistic sup- 
port and probably funds) needed to bring liealtl~ 
services into line wit11 defined priorities. 
'I'he greater the participation of tlie com~nunity in 
the developnient of primary health care services, 
tlie greater their motivation to accept and use these 
services. 

Tliese same conclusions should apply to water and 
sanitation progranis. 

Developing a Community Participation Strategy 
Go to the people. 
Live among them. 
Learn from them. 
Serve t11cn1. 
Plan ~r i t l i  tlieni. 
Start with what they know. 
Build on what tlicp haw. 

... in projects that are siniple, practical and 
economical. 

Y.C. Jamcs Yen 
Rlir.nl Rccorrslr~rctiott 

illllf Dcz~L~ll~~~lt:~~ltt 

Probably tlie most important of tlie national level 
activities described in tlie previous section is tlie de- 
velopn~ent of a conirnutiity participation strategy. Tlie 
foundation of that strategy must be respect fro111 the 
outsiders for the people of tlie conim~~nities. Villagers 
should be respected for their: 





I'ridc, Like a11 I i~~mans ,  comni~~nity rcsiclcnts lakc 
pride in thcmsclvcs, llicir families, and thcir 
comni~~nity. 
Intclligcncc. Even though tiicy may Iiavc received 
little formal education and may even be illilcratc, 
villagers have Icarncd a grcal dcal t l i r~~lgl i  tlieir 
SCI~SCS, t I i r~ )~~gl i  oral history, and t l i r ~ ~ ~ g l i  tlicir 
cxpcricnccs. 
Wisdom. Comm~~ni ty  residents know about tlicir 
environment and liow Lo survivc against great 
ocids. 
Logic. 'l'hcy are pragmatic and tlieir dccisions arc 
made according to thcir perceptions of tlic rcalitics 
of the framework they have spent a lifetime 
dcvclopi~~g. 
Altruism. They arc often willing to makc personal 
sacrificcs for tlie future well-being of tlieir children 
and otlicr faGiily membcrs ancl of tlieir coniniunity. 

There are thrce key decisions to be nradc in devel- 
oping a com~liunity participation strategy: who tlie 
major actors in community involvenient will be, wliat 
kinds of interaction with the communily will occur 
and liow this interaction will take place. In order to 
make tile first of these decisions, the available ht~nian 
resources for a comn~unity participation prograni 
must be assessed. 

Assessing Human Resources 
Involving comniunity members in project planning 

is difficult. While niany factors may lianipcr efforts to 
have tlre conmunity participate in project implemcn- 
tation, probably the most important inhibition to par- 
ticipation in planning is lack of relevant iriforniation 
and conimupication. Tlic community participation 
strategy will have to make special efforts to overcome 
this problem. The availability of paid staff and volun- 
teers trained in community participation tecliniques is 
crucial for Hie success of the program. Planning and 
implementing con~niunity participation strategies 
face man)' obstaclc<botli from within and without the 
community. Dedicated workers with skill in working 
witli community residents can d o  much to overcome 
thesc obstacles. 

A "do with" strategy of comnrunity participation 
requires a significant amount of time-consuming con- 
sultation with community members. Making opti- 
mum use of scarce resources requires tliat national 
water supply ancl sanitation agencies coordinate tlieir 
activities with othqr organizations that already have 
trained or trainable conimunity participation facilita- 
tors at the village level. These facilitators are usually 
experienced in promotion and extension activities and 
they are the crucial link between the agency and the 
coniniunity. They have been or can be trained in 
working with conimunities in planning environmen- 
tal health programs. 

There should be a national inventory of the human 
resources available and the institutional and other 

limitations within which they must function, 'l'liis in- 
ventory sl i i~i~ld seek 111 a n s w ~ r  tlic following thrcc 
~ ~ L I I ! S ~ ~ L I I I S :  

I .  Wliat past and present experience is there wit11 
community development, both go\lcrnme~ital and 
private? 

2. What is happening in tlie devclop~ncnl of a pri- 
mary health care system? 

3. Mow many trained people arc there, where are 
thcy, how much are they paid and wliat institutionsor 
other opportunities arc there for training ~~ntrailied 
personnel? 

Information-gathering is probably the single most 
important way to establisli a dialogue between com- 
munity residents and national agency personnel. 
This, in turn, stimulates community ~nvolvement. 
Planners gain understanding of the human and be- 
havioral factors tliat influence whether users will ac- 
cept, properly use, and maintain water supply and 
sanitation facilities introduced into their communi- 
ties. Both constraints to change and incentives for 
change can be explored during this time. 



I ~icse rlires 3een atiswercc :>ere 
should be a carefi~l analysis of llic existing resources- 
botli people and institulions-so tliat specific targelcd 
training can be developed as needed to niobilize these 
resources. 'Triiining should bc based on an analysis of 
tlie ways in wliicli existing resources can be useful in 
gaining community acceptance of and involvem~nt in 
a water si~pply and sanitation program. 

Interacting with the Community 
Probably tlie most usefcll tecliniqile for interacting 

with the community is gathering information for use 
in planning the water and sanitation program. This 
has merit on its own, because tlie information collect- 
ed will be useful in tlie planning process, and i t  cre- 
ates an entry point into tlie community for two.way 
comn~unication and education. 

The information gathered from tlie commilnity 
should be aimed at encouraging community participa- 
tion in and acceptance of tlie program. The types of 
information tlia t should be elicited include: 

1. Tlie needs of the community for water sitpply 
and sanitation improvements in relation to other de- 
velopment priorities as  perceived by the community 
members; 

2. Tlie desire of the comtl~itnity for sucli improSe- 
ments as expressed in ternis of willingness to pay for 
them through cash contributions and/or labor and 
materials; 

3. Tlie conimtlnity's preference for private or com- 
munal facilities. For example, do tlie latter represent 
opportunities for socializing or do they lead to crowd- 
ing and quarreling? What are the perniissible group- 
ings? By age, sex, lineage, ethnicity, or others? Can 
water be shared even i f  private sanitation facilities are 
preferred? 

4. The community's perceptions of health, sickness 
and nuisance as they are affected by water supply and 
sanitation practices; 

5. The community's attitudes toward convenience 
as  measured by latrine or standpipe location, abun- 
dance or capacity of water supply systems, and reli- 
ability of service; 

6 .  The community's water quality preferences in 
terms of color, taste, odor, temperature, and other 
relevant factors; 

7. The community's waler use preferences in rela- 
tion to drinking, cooking, bathing, washing of clothes 
and dishes, cleaning, and watering domestic animals 
and crops; 

8. The community's reaction to aesthetic features of 
sanitation alternatives sucli as s~lperstructtlrc color 
and materials or squatting plate or stool design; 

9. The community's preference for material (water, 
paper, leaf, stone, corncobs) for anal cleansing, their 
metliod of disposal of these materials and the reasons 
for their choice; 

10. The community's attitude towArd conserva- 

I . I O ~ ,  re-use or rcc,  lops, conipos 
izcr, aquaculture, stock and gardcn walering) of 
wasles; 

1 I .  'I'hc coniniunity organizalion lliat niiglit logical- 
ly assumc responsibility for a projccl and, i f  none 
exists, the customary way of forming one; 

12. The community's perception of the iniportance 
of local autonomy which might be losl if a liiglier 
authority provided funding, fee collection, construc- 
tion, opera tion and niain tenance of tlie improved 
faci1i:ics; 

23, Tlie comn~unity's reaction to people joining and 
supporting "unity and progress" groups; and 

14. Tlie community's confidence in local or visiting 
political and tecl~nical authorities. 

Tlie purpose of gathering this type of information is 
to get people to talk, not simply to answer specific 
qi~estions. Gatliering information about socio-cultural 
factors and materials required by engineers and plan- 
ners is an important part of the educational process for 
everyone involved. Not only do community members 
lcarn information-gathering techniques, but they also 
learn a great deal about their own community, its 
problems, and possible solutions to them. Planners 
and engineers get tlie information they need on pes- 
ceived and actual situations and on possible comniu- 
nity reactions to alternative solutions. 

As noted in Chapter Six, there is no single best field 
method for developing community participation and 
tlie dialogue necessary for making successful changes 
in tlie social system. The more sophisticated social 
science research instruments, designed primarily in 
the language and categories of the industrialized 
world, are not necessarily the best way lo determine 
attitudes and practices in water use and excreta dis- 
posal. A combination of techniques whicli involve ob- 
serving, listening and questioning, both structured 
and unstructured, is the most effective way to obtain 
reliable information on water and sanitation needs 
and to explore appropriate solutions. 

The field methods used to achieve tliis dialogue 
must be flexible enough to relate to local populations 
and organizations as well as to the overall situation 
and thc info~mation needed. An approach which 
takes into account the perceptions of tlie environment 
by the community people, as  individuals and as  a part 
of a cultural group, and the perceptions of experts and 
officials is best. The most useful techniques in deter- 
mining existing attitudes and practices, as well as  in 
designing more acceptable and effective programs, 
are those in whicli the local people are most involved 
in the identification of community needs and priori- 
ties. When problem-solving approacl~es are substitut- 
ed for or used in addition to a structured question- 
naire, the result is dialogue between community users 
and the facilitators and planners involved in project 
promotion and research. Much useful information is 
generated in addition to answers to preconceived 



qucslions, 
1:acc-to-face comniunicalioti raises awnrcncss of 

present \lrclclic.cs and ,iItcrnalivc opporl~lnitics, and il 
dcfincs tlroblcms anel priurilics, Ullimalcly, joint 
analysis by the co~iimunity ancl the tllatllicr leads lo 
grcaltbr unclcrslalidint; o f  ncccls, resources and ollcr- 
native solutions. Figure 12 illualralcs Lliis intcrcliangc 
in which clialogilc bccomcs a process of search ancl 
retrieval. 

I\ sLlrvcy rlucstionnai~*c alone is inadccluLilc to lhc 
task. Along tvilli community k~iowlcdgc, practices 
ancl beliefs, which survcy qucslionnaircs may reveal, 
tlicrc is a nccd for dclailccl information 011 incliviclual 
bcliavi~~r, ntlil~ldcs anel Iiopcs. Witliin tlic thrcc liiain 
approaclics ol asking q~ieslions, lislcning, ancl ob- 
serving, tlicrc arc a n~lmber of specific tcchniq~lcs that 
can be used in addition lo a qucslionnairc. 

1 .  Interviews. In most comm~1nity s t ~ ~ d i c s ,  in addi- 
lion to tlic basic survey qucstionnairc, structured in- 
terviews witli local Icadcbrs arc ~tscd.  A morc open- 
ended, ~~nstructurcrl intcrvicw can also be ~cscd to 
obtain useful information from comniunitv lcaclcrs 
ancl innovatclrs. Tlic dialogue rcsulling iron1 inter- 
views in comln~lnities gives leaders an opportunity to 
cxplain local needs and resources as thcy view them 
atid c ~ l l o ~ ~  OLI tsiders to learn about possible alterna- 
tives, including past projccts tliat were ~~nsuccessful. 

When used in these ways, tlic inlcr\licw becomes 
an exchange of i n f ~ r n i ~ ~ t i o n  and not just ?.I extractive 
process. 111 intcrvietvs \villi otlicr knowledgeablc peo- 
ple, such as  mid~vivcs, healers, and storckccycrs, 
new clues to problems, nccds and rcsourccs oftcn 
s~~r lacc .  This information is sonietinics nioro valuable 
than tliat obtained froni community Icadr!rs. Inter- 
viewing sclcclcd fanlilies or calcgorics of p ~ o p l c ,  such 
as niotliers, can be vcry ~ ~ s c f u l .  Interviews should in- 
clude women since thcy are knowledgeable a b o ~ ~ t  wa- 
ter use and responsible for training children in 
personal liygiclic ancl sanitation. Tlic most reliable 
answers to questions on sanitation will come frorii 
those wlio arc 1110~1 c011ccrned about sanitation. If, for 
cxa.iiplc, land tenure or cniploynient weighs heavily 
in unstructured parts of tlic interview, sanitation 
problcnis will get little attention froni tlie 
Iiouseliolder. 

2. Surveys. I f  sociological surveys art. nccdcd, tlicy 
should bc based on the results of  preliminary inter- 
views ancl prior oL~scrvation. In each case, tlic basic 
survey queslionn~irv sl~ould bc revised to include lo- 
cal terniinology ancl categories nicaningful to local 
people. Additions and modifications sliould be made 
to the cltlcstionnairc lo suit local conclilions. In ran- 
don1 saniplcs of households, carc nlrlst be taken to 
ensure that enough h o ~ ~ s e h ~ \ l d s  arc incluclcd and that 
they arc rcpresc~ilativc of thc social, ethnic, and in- 
come groups of tlic com:iit~nity. Usually, inforni~tion 
gained in ~ ~ ~ i s t r ~ ~ c t ~ ~ r e d ,  prcliniinary interviews can be 
used to sclect rcprescntative ho~~seholds.  

3.  Observation. Observation, which can br direct 

or indirccl, slructurcci or unslri~cturcc I 

for ~lndcrslanciing llic li~lman dimensions of ncccls. 
Public bcliavior, such as tlic number of (rips lo draw 
walcr and thc time nccdccl to do it, is much cnsicr lo 
observe ancl analyze than yracliccs within lhc privacy 
of llic home. I f  access to tlic home can bc g'iincd, 
information on water ~ l s c  Iiabits can be obtained 
llirougli direct obscrvation of dish\vashint;, clollics 
washing, and food preparation activilics, combincd 
with informal discilssion of walcr use and obscrvalion 
of habits of personal hygiene. Latrine use can be vcri- 
ficd tliro~lgli indirccl observation. Oulsidcrs should 
nole i f  pallis lo lalrincb arc well beaten or overgrown 
witli vegctalion, i f  rcct.ntlv used liygicnc material is 
present, or i f  l l ic~~c arc odors. 

S ~ r m ~ y o r s  slrorrld scck to idctrtifii the ittntcr sorrrcc itr lrse ntrd its 
qrrfllity ntld qlrntitity, 

4. Map-making. The preparation of a wall map, 
noting households, streets and community resources, 
particularly those being analyzed, is a11 extremely use- 
ful tool. Mapping is one of tlie first tasks recommend- 
ed to get an overview of a community. For instance, in 
Clian'Kom, Yucatan, tlie bi-lingu,ll students in tlie 
sixth grade social science class, working with their 
teaclier and the researcher, made a household survey 
and prepared a village map indicating lion~es with 
and without water and sanitation services. l'lie map 
continues to be used as  a basis for planning. The same 
approach has hecn t ~ s e d  successfully in Burma. In 
Quiclie, Guatemala, tlic community loca tcd places for 
shared standpipes by measuring distatices between 
hotncs witli a bicycle wheel and placing poles witli 
flags at mutually agreeable places to be checked by the 
engineer for feasibility. 'I'he choscn spots were placed 
on tlie village map. 
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Figure 12. A Dialogue Approach to Problem Solving 



5. I'arlicipant Observation. 111 p,irticiplinl obscr\,a- 
Lion, the rcse~a~.clicr li\~cs \villi L i~ ic l  p,~l*licipalcs in thc 
ilIiily lifcl ,illel L i c t i \ ~ i t i ~ ~  oI' tlicl pc~oplc bcing stu~licd,  As 
,i spcciCilizccl lcc'hnicl~~c~, plrlicipant obsc r~~ i t io~ i ,  
which cbticomp,issc~s i~bscrving, IisIc~iing, and asking 
cl~~cstions, usccl lo he consi~lcrccl priniLirily a n  nnlliro- 
pological niclliocl for ~~~ic le r s l~ i~ ic l i~ ig  foreign C L I I L L I ~ C S ,  
More and more i t  is being ilscrl as a tool for obtaining 
i~iior~iialion o n  bCisic I ICCC~S \vilhin n ci)mni~lnily, 'l'lic 
r c s c a r c l i ~ ~ ~ " ~  o\vn pcrccplion anel c ~ ~ ~ e r i c ~ i c e s  co~icli- 
tion thc collection lind inlcrprcl,itio~i of information. 
On tlic ulhcr hancl, non-local rcscarchcrs have some 
,iclvantnpcs sincc they ctili mninlain an allitudc of ig- 
norance that enables them to ask s i ~ i i ~ l c  ~1~1csliotis. 

I'articipanl obscrv,ition allo\vs the collection of in- 
iorniLition tliLit may cc~rrccl long-s1,inding bul crroncB- 
ous assumptions. For insl,~ncc, the L I S L I ~ I I ~  riccepteJ 
citlil~~rlc abi)ut Latin /\mcrica lias bccn the Icasl possi- 
ble contact with I i ~ ~ n i ~ i n  cscrcta, Lhc b c t t i ~ .  'l'his alti- 
tuclc sccmcd Lo climinalt~ rn~iti. of tlic possible 
apprupria tc tcclinologic~s, sucli  is coniposlinp, la- 
trines. tlinvcvcr, yarlicitmnl obscr\r,ition slucly of Snli 
I'cdro, G ~ ~ a t c m a l ~ ~ ,  I'oirncl that tlic villagers have a tra- 
ciitional Lcclinology oi re-~lsc of Iiuman cscrctLi such as 
is prcicticcd in more ~icl\oti~ciI and systematic form in 
Jayall, China, Korea, Victnrim nncl Inciia. Re-LISC of 
cscrcta is not discussed in public but i l  takcs place in 
incliviil~~nl houscliolrls in vario~ls forms s~ tch  as fcrlil- 
izcr for corn fields or coifcc plLints, or feeding oi  pigs. 

6. Behavioral Mapping. 'l'liis is a reliable and sim- Plarttros slrorrld rlcveloy rclinOls trhttiqtrcs for sttrd!yirrg lrscr 
plc tcchnicluc for observing atid recording specific be- Mmvior.  

liavior in relation to specific locations. For example, i t  
can be clscd to clctcrminc rclationsliips between water 
use and defecation patterns in order to identify possi- 
blc re-use alternatives for gray water and ctll turally 
acccptable locations for bathing, laundry, and latrine 
facilities. 'l'liis nictliod can be ~tscd by tlic sanitary 
cngincer anti the planner in discussing with the users 
alternatives that combine batliing arcns and cxcrcta 
disposal. 

7. Pictorial Analysis and Sorting. 'The director of an 
cxtrcnicly sircccssf~~l integratcd r~lral devclopnient 
project with a health coniponcnt in Colombia focttid 
that difficulties betcvccn tlic villagcrs and the planners 
wcrc solved by Ihc relatively siniple tecliniq~lc of pho- 
tographic sorting. Sclccted villagers wcrc askcd to 
sort photographs of the conini~~nity into catcgorics of 
needs and thcn to prioritizc thcsc. Altho~~gli  the vil- 
lagers each categorized the nccds and problcnis sonic- 
what diffcrcntly, thcrc was c~nsidcrablc agreenien t in 
the priority listing. When this same task was assigned 
to the planners, tlicy sorted Iliings in very different 
categories and, most sigtiificantly, their understand- 
ing of thc priority nccds of the village provcd to be 
vcry different from tliosc of the villagcrs. Comparing 
tlie two interpretations can give tlie planners greatcr 
~~ndcrstancling of tlic coninittnity's priorities, pcrliaps 
il1~11:iinating the rcasons for lack of interest in a watcr 
and sanitation progam and pointing out the nced for a 

comni~~ni ty  education effort. 

8. Oral History. This method involves recording 
answers to open-ended questions on a single topic or 
specific iopics. With good rapport and sufficient time, 
material collected in this manner lias higli validity and 
allows niasimtlni freedom to the person responding. 
Historical material, including political implications 
and system failures, on past programs can be secured 
in this way. Tliis technique is partictllarly useful with 
the elderly to gain valtlable insight into local 
institu tic~ns. 

9. Informal Listening. lnfor~nal listening can add 
new insights. Listening to women wasliing at tlie riv- 
er, for example, may indicate that group laundering is 
not a preferred activity, as  rnany assume. Listening to 
statements that are not answers to structured ques- 
tions can help solve the problem of not knowing the 
right questions to ask to gain tlie most useful 
information. 



Gatliering information, wliatcvcr l~clinic1~1cs arc 
uscd, is only part of tlic process of slimulating dia- 
logt~c to idcri tify conimunity ncccis and assess allcrna- 

I tivc sol~llions in a problcni-solving appr~~icl i ,  Equally 
iniporlant is contin~~ing consultalion will1 tlic conimu- 
nity, through group ~ ~ S C L I S S ~ O ~ S ,  task fcrrccs, comniu- 

1 nity meetings and within liomcs, to get everyone 
involvcd wilh the new facilities. 'I'liis type of consulla- 
tion will also makc clear to tlic planners wlietlicr or 
not community education is ticcdcd and, if so, in wliat 

- specific arcas and what tccliniqucs might be most 
successful. 

- A Model Strategy for Community Participation 
As noted earlier, an integral part of an cnvironmen- 

tal health program plan is a well-defined community 
participation strategy tliat includes tlie specifics of 
who, what, wlien and how for comniunity involve- 
ment. This strategy s l io~~ld be developed carefl~lly to 
meet the needs of the co~llitry in wliicli it  u,ill be uscd. 
The model strategy presented here is inconiplete in 
the sense tliat it focuses primarily on the "wliat," 
"wlicn," and "how" aspects .jf tlie strategy wliicli are 
aspects tliat S I I O L I I ~  vary less froni country to country 
than tlie "who." Tlie model is presented in two parts. 
First, there are specific s~lggestions regarding tlie 
points in the program development and implementa- 
tion process at which tlie coniniu~iity ~Iiould be in- 
volved and the form tliat involvement s l io~~ld  take 
("when" and "what"). Second, a ~iiethodology is prc- 
sented for introducing and reaching agreement on tlie 
teclinologies to be used ("how"). 

Tlie community should be an active participant in 
all phases of the water and sanitation program: plan- 
ning, design, construction, operation and mainte- 
nance, and evaluation. The role of tlie conimunity in 
eacli of these phases should be as follows: 

1, Planning 
Need Determination. It is essential for the 
plaliner to gather infurniation in the commtl- 
nity on liow tlie community operates, wliat i t  
needs, what i t  believes that i t  needs, and what 
i t  wants. 
Need Response. Projects sliould be initiated in 
response to need. Work should be initia tcd 
only with tlie support of tlic community. This 
does trot mean that i f  tlic comniunity does not 
think it needs an improved water si~pply or 
sanitation facility, tlie planner sliould siniply 
leavc and go on to another comni~~nity. Bcfore 
a community can make a rational j~tdgment as 
to wliat it needs and what kind of system it is 
willing to use ancl support, i t  must havc adc- 
quate information on and understanciint; of its 
p r ~ b I c ~ ~ i s ,  their causes, and options for their 
sol~~tion. This will nflen require a substantial 
conimunity education effort itivolving meet- 
ings, training sessions, educational tnaterials 
and otlier aids to bring tlic people to tlie point 

tliat they can make intclligcnl decisions, 
Choice of Technology. After a project lias been 
f0~11ici 10 be tcclini~ally feasible, llic communi- 
ty musl decide wlicllicr' i t  is culturally fcasiblc 
alld will fill its nccds. Uascd on knowledge 
acq~~irccl tliro~~gli dc~i i~~is l ra l io~is ,  sl id~s,  vis- 
its, talks, and otlier cducalion efforts, commu- 
nity mcnibcrs n i ~ ~ s t  dccidc how, or if, they can 
pay for, use, operate ancl ~naintain the system 
~cndcr discussion, I I  thcrc still sccnis to be a 
lack of ~lndcrstanding of tlic tcclinology being 
considered, i t  can be introduced on a trial or 
demonstration basis at one or lwo sites if this is 
tcclinically possiblc. 

Rate of Implementation. Inclividual communi- 
tics sliould have a voice in wlien tlie design 
and construction of the system occur. A pro- 
ject agrcenicnt or contract detailing tile rc- 
sponsibilities of tlie comniunity and tlic 
national agency, including labor, materials, 
and money, should be developed. Timing of 
project implementation should be in accor- 
dance with migration patterns, plarlting, liar- 
ve:jling and climatic cyclcs, and possible 
delays sliould be considered. 
Committee Responsibility. The community 
should organize a locally belcctcd comniittec 
or cooperative to plan and oversee the commtl- 
nily's invc;lvenicnt, i f  sucli a strc~ctctre does not 
already cxist. This should be done according to 
locally accepted procedures. Responsibilities 
should include: calling and conducting nieet- 
ings to inform tlie community about tlie pro- 
ject status anif to elicit tlie cooperation of 
community membcrs; organizing the volun- 
tary labor force and maintaining records of in- 
dividual labor contributions; arranging for 
cc~nimunity "helpers" to participate in feasibil- 
ity studies, census-taking, proniotion, educa- 
tion, training and evaluation; petitioning the 
relevant governments for autliority to collect 
niaintenance fees; obtaining all legal authori- 
zations needed; selecting community mem- 
bers to be trained in facility maintenance; 
collectilig maintenance fees, maintaining re- 
cords, and filing periodic reports on these ac- 
tivities; and preparing a contract that details 
coniliiunity and agency responsiblilities. 

2. Design 
Level of Service. 'I'he co~nniunity should de- 
cide wliat level of service it wants and can 
afford, both curretitly and in tlie foreseeable 
future. This decision sliot~ld be based on spe- 
cific designs and attached price tags prepared 
for the conini~~nity. Care should be taken that 
socio-cultural factors related to practices and 
preferences are taken into account in develop- 
ing proposed designs. 



1,ocation of I:acility, 'I'lic conirnu~lily s1io~1IcI 
ilccidc wlicrc walcr dislribulion oullcls a~icl 
\vnslc elisl~osal l'acilitics arc placc~l, 'l'liis is pcr- 
h a t ~  llic rnosl clynamic aspccl of co~nmuni:y 
parlicipalion, A prcliniinary niap should bv 
rlrawn and llic planner s h o ~ ~ l d  accotnpariy tlie 
villagers l l i ro~~gli  llic c o ~ i i ~ i i ~ ~ ~ i i l y  placi~ig flags 
lo indicalc llic cvcnlu,ll posilioni~ig of llic in- 
stallalions. 'I'liis co~~lei require two or llircc 
lrips lo llic comm~~ni ty .  For installalion ol' 
houscliold f'licililics sucll as pillio slanclpipcs 
or Ililrincs, women slio~~lcl be involved in ilc- 
ciding on llic mosl clficicnl Iocaliun lo maxi- 
niizc LISC of (lie new lccli~iology and rcusc of 
\vaslc. Disc~rssio~i ol' prcsc:nt ~ ~ s c s  atid prac- 
liccs and bclilivio~.ial changes nccdcd for cl'fcc- 
tivc home ~ii~i~iagcnicnl  shoulcl be a part of lliis 
~'rc)ccsS. 

3, Construction 
Labor. I f  pussiblc, llic cc)mmunity sI10~1ld pro- 
vide tlic volunteer or pair1 ~~nskillccl labor 
nccdcd lo inslall the walcr syslcm and sanita- 
lion facililics. A formula s l io~~ ld  be dcvclo~~cd 
lo relate w~)mcn and children days Lo "man" 
clays arid rccords of incii\~idt~al Iiouseliold con- 
tributioris including food, Iiospitality and 
Iiousitig sliould be niaintaincd. 
Materials. 'I'lic project slioulcl LISC locally avail- 
able constr~~ctioti materials such as rock, sancl, 
\vood anel gravci gatlicrcd by the comm~tnity. 
Labor-in tcnsivc constr~~ction techniques 
should be cniploycd lo lower tlic cost of out- 
side resources. 
Houseliold Installations. Mo~~scliolcl installa- 
tions, such as latrines, arc somctinics installed 
complclcly by i~idividt~al families cvitli lecli~ii- 
cal assistance available as nccdcd. Sonic com- 
munities work together in teams on individual 
installations. 

4. Operation and Maintenance 
Technology Selection. 'Scclinologics requiring 
minimal maintenance that can be provided by 
tlie community itself s l i o ~ ~ l d  be given priority. . . I raining, s~~pcrvision and evaluation should 
bc a cot1 tinuing process. 
Maintenance Responsibility. At least ttvo indi- 
viduals should be icie~itificd by the committee 
as responsible for maintcnancc of the facilities. . . Iliis p r c v c ~ ~ t s  a monopoly by one person 011 

tlic responsibility for maintenance and ~ I I L I S  
control of tlie systc~ii.  'S~'ai~litig in operation 
and ~iiai~itcnance of tlie facilities sliould be 
provided initially and as neeclcd thereafter. 
Care of Facilities. I-lo~~scliolds, espc~cially the 
women in theni, sIi0~11d be trained in daily 
care of their own new facilities, including dis- 
cussion of lio~~seliolcl tvatcr storage problems 
and main tcnancc of snni tary facilities. 

Villnsc rootrrctr slrorrld ldny n kc!/ role irr d~~ciclitrg rolroc to locntc R 

/Rcility, 



Maitilcna~icc Cosls. ,411 I~llp~aollrililc~ niliinlil- 

I l l l l lCC1 l'l'~' s I I O L I I ~ I  111' ~ ' I l ~ l r ~ l ~ l I  0 1 1  11 111011l111\' 1711- 
siv l'or tvlilclr si1~~11Iy l i ~ i ~ l  s,i~iil~ilic)~i 1'i1cilili~s, 
'I'lii~ ~ i i~ i i~ i l c~~ i , i~ i i~c~  f1.111ei slio~~lcl r c~ i i~ i i~ i  it1 l l l i l  

~ ~ o ~ i i n i ~ ~ n i l y ' s  LI 'C*~ISLI I ' !~ ,  I:CCS S I I O L I I L I  1111 ( $ ) l l i ~ ~ l -  
lbcl by ~i cl~lsign~~lc(.l rncbnibcr of tlic rqorn~iiillclc 
tvlio Illis bcvn lrailiccl in siniplc ciccou~iling, 
Mliinlcn1incc ~'c~coreis s l io~~l i l  be revietvce1 reg- 
~11~1rly 17s progrlini slI11'l' or by llic l'cicililLilor CIS- 

signpit lo  llic loclil Iic1lllli ccnlcr. 
Projcct llislory. A ~ ~ s c f u l  lcclinicl~~c is 11 "vii- 
ILigc book" clcsrri bing llic pl;inning and cxccu- 
lion 01' llic projccl ivilli pIioli)gra~I1s anti 
n1irrali\~cl \vriltc~i by tlic plli~itivr ancl Liic mcm- 
bcrs i n  the coniniiltcc. I 1  slioi~ld rcliiI1i~i i l l  111e 
cornrii~~~iity l i ~ i ~ i  be LISCLI  f~)raciclilio~i~il pr01110- 
licln. I t  scrvcs as constanl rcminclcr of pasl 
contribulions and l'cllurc conimilnicnts. 

5. Evaluation 
I'rojcct Review. 'l'lic evaluation crilcria and 
sclicdulc sIii)~~lcl be' disc~~sscd will1 tlic coni- 
munily and tlieir conlribu tions included in llic 
c\~aluatioti plan. Conim~~ni ly  members should 
parliciyatc ill rcvictvs ancl evaluations of the 
success or failt~rc of llic projccl and niakc sug- 
gestions for cliangcs and improvcnicnts. 

Oncc lhc "wlicn" and "\vliat" of c o n i ~ n ~ ~ n i t y  parlici- 
patio11 have been dccidcci, tlic stralcgp s l i o ~ ~ l d  define -. I I I I ~ O  lliis participation is to occur. Ilierc arc infinite 
possibilities for combinations in tlie "liow" area, just 
as tlicrc arc in "\vhcn" and "wrliat." 'l'lic model sc- 
clitetice of project implcmcnlation ciescribcd licre is 
one way in tvliich tlic order of bclsincss of comniclnity 
participation might proceed. It should be rcviscci as 
local conditions warrant, making use of tvliiclic\~cr 
tccliniclucs clcscribed earlier sccm most likely to be 
cffcctivc. A procedure of this type should bc tlic back- 
bone of tlic ~ o ~ n n i ~ t n i l y  pCirticipation strategy and 
s l i o ~ ~ l d  bc followed by everyone working witli com- 
niunities o n  wa tcr and sanitation projects. Figure 13 
sliow~s tlic model sequence grapliically. Eacli stcp is 
nunibcred in accordance with tlie steps i n  Fig~trc 13. 

I .  'The "cotitact" witli conimunitics ntay occur in 
tlic field when fLicilita tors discuss wa tcr supply and 
sanitation cvi t l i  licalth promolcrs and/or with lcaclers 
in the conimunities. Or, tlie contact map occur in the 
national agency's branch officc when coniliiunity 
leaders anel lienltli promoters inqirire about tvatcr arid 
sanitation improvcmcn t possibili tics. 'They may be 
aware of the csistcnce of tlie program officc from radio 
announccments, i ~ ~ o r d  of mou tli communication, or 
from having sccn or Iieard about projccts coniylctcd 
by tlic office. 

2. Whether the contact is made in the community or 
in tlie brancli program office, and whetlier tlie'com- 
munity ltiembers or agcncy personnel initiate the dis- 
ctlssion, there is still a need for investigating tlie 
extent of perceived need for water and sanitation im- 

j~rovi~1iii11ils 011 ~ ' o ~ i i ~ ~ i ~ ~ ~ i i l ~ ~ - ~ i i I c *  h i ~ ~ i ~ ,  'l'I11.1 invc~sli- 
~;lilio~i sliot~lcl iilcc~lly L I L ~  ~~~irric~cl o ~ 1 1  willi llic p;irlic.i~~~i- 
lion l '  i con~nl~lnily lcciIcrs i n  lige~ii~y 
~ l ~ r ~ ) n ~ i e I .  I:licilillilors unelcr lhc g u i ~ i ~ i ~ i c c  of  111c pro- 
gr,irii lca~ii's coriimuni1)l organi;l,iilion spccialisl 
W O L I I L ~  1~ ~'x~cc'lceI 10 liavc CI priniary role. 'l'hcy ~ i rc  
niosl awarc of  aviiilablc cx~crn~il  rcso~~rccs  cincI ca11 be 
c s p c c l ~ ~ i  to be 1110~1 fciliiiliar \villi llic ~oni111~11iil)f's 
social anci gclologic condilions, as cvcll as witli prc- 
v i o ~ ~ s  c o ~ i ~ ~ i i ~ ~ ~ i i l y  ~xpcric11ccs i n  con i~ i i~~n i ly  orgLi~ii- 
zalicln and ~lcvclopnicnl ~re)jccls. 

3, 'I'lic "join1 Uascliric Sludy" (JBS) ol' pcrccivcd 
aricl observed communily ncccls arid rcsourccs slio~lld 
be pla~incci willi coni~nunity Icadl:rs ancl i n v ~ l v c  1I1cir 
contrib~~lion 01' timc in inlcrvictving anci Iiaving dis- 
c~lssions willi other communily members. 'l'llis dia- 
logue or problem-solving approdeli is essential for the 
s~lcccss of tlic projccl to iclcnl~fy nccils, problems and 
possibbl ssolulions, 

4, S t r ~ ~ c t ~ ~ r c d  S L I ~ V C Y S  clcvcl~ped by tlic program 
team can be LISCC~ to collect inforniCitian on cxisling 
walcr sources, Iicallli c~)nditions, available local malo- 
rials and geologic conditions. Information on prcvio~ls 
community participalion expcricnce in projecls such 
as scIioo1 bclilding, roaci constr~~ctio~i,  and Iicaltli clin- 
ic cstablislinicnt arc cxa~iiplcs of inforniation valuablc 
for interpreting the community's potc~itial for partici- 
pation in a water or sanilation projcct, Information on 
attitudes, beliefs and prcfcrcnces must involve opcn- 
ended interviewing wit11 a significant portion of heads 
of liouscliold (at least 15 percent), ~nidwives, pliarma- 
cists, school tcachcrs, religious leaders, and Iicaltli 
promolcrs. 

5. Analysis of tlic results of the joint investigation 
by ilgency personnel and community leaders should 
bc carried o ~ t t  in an infortiial gathering, preferably in 
tlie community, where conilnunity leaders will feel 
more cotnfortable in contribtlting to tlie disciission 
witli original arid personal insiglits. 

6. Expected o ~ ~ t p u t s  of tlic analysis arc inforniation 
tvliicli will be important for agency evaluation of alter- 
native tcclinologies and of conim~tnity capacity 'ind 
willingness to participate; cnnimtlnity insiglils into 
tlie onvironniental sanitation situation and health ini- 
plications, as cvcll as increased confidence in tlie in- 
ten tions of program personnel; and qitantita tivc da ta 
for latcr evaluation of the program's implenientation 
and projcct impact. 

7, l'he findings sliot~ld be presented to tlic co~iimu- 
nity by leaders in a niccting of all community nicm- 
bcrs. Program pcrsonncl (planner, community 
organization specialist and facilitator) slic~uld be prc- 
sent. Tlie presence of the program engineer is not 
crucicil, but it will providc legitimacy to tlic results and 
allow bettcr answers to the qi~estions of community 
menibcrs about teclinical components and alterna- 
tives, Suggestions of conimunity nielnbers could also 
providc information to the engineer for altering de- 
sign options. 
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Water Supply and Sanitation Technologies 

Slides 
I'rototypc 
Dcnionstraticln 
Visits 

INFORtvlAL 
INTERVIEWS 

JOINT DEFINITION 

Comniitmcnl 
TECtlNOLOGY Rcsponsibilitics 
COMI'ONENTS Sanctions 

TATION' L( JOINT DEFINITION 1 - .-.-a. I C EDUcn I IVN 
COMPONEE(1' Objectives 

Method 
Evaluation rn'lMITMENT JOINT IMPLEMENTATION 

I JOINT EVALUATION I 
Iniplcmcntatinn 

-1 , - 
Source: Elmendorf and Buckles, "Sociocultural Asp 

Supply and Excreta Disposal." 1 



I y procccc. 1c 
loms, Lhc commu~iily as a wliolc slioulcl select a com- Cormal agrccnicnl lias bccn s~~bmillctl to llic agc~icy's 
niillcc ( i f  one docs not cxisl already) by wlialcvcr brancli office. 
tileans lratlilion ancl cuslom rliclale L C  organize aclivi- 
tics and call mcclings for discussion of tlic projcct. 

9, A Icw days aftcr lhc gcncral mccling, when in- 
fornial discussions among individuals will have liad 

- time to allow any misconceptions or doubts to bc ar- 
tic~~I,ilcd, a niceling bcttvccri llic facililalor and [lie 
communily lcadcrs to C I ~ S C L I ~ S  oplions slio~llcl bc held, 
'I'liis will allow for planning a visit by tlic lcclinical 
componcnl of tlic program team to assess tlir fcahibil- 
ity of tlic op lion sclcctcd (wells, gravity systems, pub, 
lic or privcilc w a l ~ r  lap c ~ n n ~ c l i o ~ i s ,  co~iipostirig , 
lalrincs, or convcnlional pit lal~incs, privalc andlor 
public facilities) by tlic community. Visits by comrliLr- 
11i1y Icadcrs to projects in process or co~iiplclcd rnoy 
providc tangible visclal aids for explaining different 
options. 

10. A visit by teclinically skilled program personnel 
to dctcrminc tlic lcchnical feasibility of the option se- 
lected by tlic corn~nu~iily s l i ~ ~ r l d  bc l l ior~t~gli  and ac- 
curate. 'I'lie delineation of cxpccted community cosls 
is of primary imporlancc. A positivc rcsponsc on fca- 
sibility and lhc inclusion of costs will be intcrprctcd by 
comni~~nity mcnibcrs as a com~iiitnicnt on tlic part of 
tlic agency to provide resourccs for project itnplenien- 
tatio~;. TI;C agency sliould not cokniit itself unless Protot!yl)~~s of rrtrfirrrilinr tcdrrrologicr; trmy br f i rs t  t c s t r~ l  nt ylrlrlic 
implcnicntation can bcgin almost i~~ i~ i i ed i a t e l~  or ijlflces slrclr ns t l lc locnlsclrool. 

within a reasonably acceptable time period agreed 
upon with community leaders. 

11. At the first assembly, tlic entilr . ~ v u n i t y  
shoulcl bc present for viewing of slides, a pruiotype 
dcmonstralion, or guest appearances by leadcrs from 
co~i~munities wlio have already participated in the 
program. 'I'lie mect. ig should include a thorough dis- 
cussion and repetition of expected conim~~nity contri- 
butions and agency contributions. 

12. I f  tlie comni~~nity is unsure or unfamiliar with 
tlie teclinology, a prototype should first be construct- 
ed in tlie school, the health center, or in a ccntral 
gatliering placc, or in the Iiomc of a community leader 
for uf;e on a trial basis. If tlie teclinology is already 
understood by thc c~mmunity nienibcrs, this is not 
nccessary. 

13. The second asscmbly of tlie entire community 
provides a forum for discussing the teclinology arid its 
extension thro~~gliout the comnit~nity. Members of 
lllc program's technical and social team should be 
present. A plan sliould be developed for organizing 
community contributions and participation in healtli 
education as wcll as construction activities. 'rhc plan 
sliould inclucle an estimate of expected time, money, 
and material contrib~~tions (already agreed upon) a:id 
expected timetable for completion. 

14. A fornial conimitment to tlic agreed-upon plan 
should be submitted in writing to the agcncy with 
indication of agrecmcnt by a significant niajority of 
tlie community (80 pcrcent is suggested). 

.. C i  
Cottirtrutrit!/ trrectirrgs drorrld be licld t o  ~iiscuss lire project nrtii i ts  
inrplenterr tntioti .  



I U I I I I ~ L I ~ I I ,  ion 
'I'wo caw s l ~ ~ d i c s  will b~! clc~cribc~l liere of Iiow new 

tcch~ lologics were in lroducccl Lo rum1 cotnm~~nilics in 
two cliffcrcnl parts of the worlcl. Ncitlicr of tlic casc 
s t ~ ~ d i c s  corifornis precisely 10 tlic niodcl comm~~ni ly  
participation strategy just prcscnlctl, but in both in- 
stances corn~ii~~niLy involvcmc~it playcd a critical role, 
'I'lic casc stuclics arc i l l  tcnclcd to give somc rcalily to 
tlic concct7ls of comm~lnity participation tliat Iiavc 
been tlic s ~ ~ b j c c t  of this chaptcr. 

Sat1 Pedro La Lagi~tia, Solola, Guaiernala 
A pilot project for tlic introcluction of anaerobic bio- 

gas was begun in tlic tc)wn of San I'cdro Ida I,aguna in 
1977 ~vitli the assistance of the Cualcmalan private 
voluntary c?rg,lnization CEMA'I' (Ccntro dc Est~~dios  
Mcsoanicricanos Sobrc 'l'ccnologia A p ropiada). San 
Pedro is a traclitiot~al Mayan c o n ~ m ~ ~ n i t y  in lhc CcntmI 
Wcstcrri I-liglilancis of Gualcmala. Sharing a common . . l a ~ i g ~ ~ ~ i g c ,  Izutujil, ancl a common cultural tradition, 
lhc poy~~l~ i t ion  is principally agmrian b ~ ~ t  is rapidly 
utidcrgoinl; mc~d~rnization. 

Situatcd at 1,564 mctcrs above sea Icvel o n  the shore 
of a volcanic lake, tlie commt~tiity is located 160ktii by 
road (five I I O L I ~ S  by autornobilc) from the capital city. 
Forty kilonictcrs of tlic road arc nearly itiipassablc 
ciuring the rainy season frorii May to Scytembcr, 
Average annual rainfala is 150-300mm and tempcra- 
t ~ ~ r c s  range iron1 4°C to LL°C depending on tlic Iiours 
of st~tiliglit ancl tlic wincls blowing from Lake Atitlan. 

'rhc pop~tlation in 1976 was 4,872, with an annual 
growth ratc of 2.4 ~c rccn t .  'The crude birtli ratc is 33 
per 1,000 \vonicn of cliild-bearing agc, wliilc the in- 
fant mortality ratc is 116 per 1,000. Among the cliicf 
causes of death arc gastro-intestinal discascs rclatcd 
to contamination of tlic water s ~ ~ p p l y  and poor envi- 
ronn~ental and personal hygiene. 

Population density is high, with 603.6 persons per 
kni'. Tlic majority of tlic Iiouses are concentrated in a 
small arca in the town center. They arc niade of mud 
and stonc and are traditionally built witli only two 
rooms-onc for cooking ancl tlie otlicr for sleeping. 
The cro\vdcd conclitions pcrniit little space for la- 
trines, and tlic rocky soil furtlicr discourages cscava- 
tion of pit privies. 

Commercial crops produced locally arc coffee, on- 
iu~is, and avocados. blost farms arc s~iiall and clo not 
aII~)iv fartiicrs to earn even a subsistcncc living. Half of 
the procl~lctivc male popula tion is employed seasonal- 
111 c)n large plantations near the P,icific Coast wlicrc 
k f f c c  or cotton is pickccl for a wage of LrSS.90 - 
USSl.10 pcr clay. 'l'l~c annual family incomc is ap- 
prosimatcly USS250. 

E.vistitg Minter. tlttd Srrrritirtiott i-',acticcs ntrd 
7i1clrttolo~ics 

-rIic first iti1prc)ved water supply was introduced by 
the national go\?ernnient i n  1952. A second source was 
tapycd in 1970 as a result of' local initiative. 111 the 
satiiple of the population inicrvie\vcci, 35 perccn t re- 

porlccl liaving acccys to 'I private tap conncclion; llic 
rilniainclcr use p ~ ~ b l i c  taps and tlic lake, l3vcn t I i ~ ) ~ ~ g l i  
laboratory Icsts Iiavc dcniorislralcd liigli levels of con- 
ta~~iirialion of llic water S O L I ~ C ~ S  by ~~atliogcnic organ- 
isms, most 01' tlic s,implc pop~~lation itifcrvicwcd 
bclicvcd walcr q ~ ~ a l i t y  to be good i f  the watcr looks 
clean. Clcal~lincss of tlic watcr is 1101 perceived to be a 
problem cxccpl ivlicn bathing and \vasliing clotlics in 
the lake. 

Families arc c~~rrcnl ly  paying US$.30 pcr month for 
tlieir watcr, and most do not bclicvc this is too ~ i i ~ ~ c l i ,  
I'roxiniiiy and abundance arc tlic  nus st important per- 
ceived advatitngcs of the present watcr sclurccs. 'l'he 

. time ancl cffort c. pcnclcd carrying watcr is considered 
to be litllc and tlic majority of tliosc intcrvictvcd re- 
ported no problcms obtaining watcr from the piped 
system ur the lakc. Iiowcvcr, over half of tliosc inter- 
viewed arc willing to spcncl a .,niall amount of nioncy 
and contrib~ttc labor to obtain a bctlcr cluality or closer 
source 01 water. 

An average of four to seven water carrying trips arc 
made per day using j ~ ~ g s  witli an average capacity of 
12 liters to carry from 37 to 72 liters of water per family. 
Tlic water is stored it1 earthenware jars in tlie home 
and is drawn for use witli bowls. While the socializing 
associated with the water carrying task is given a posi- 
tive value, 37.5 perccnt of those interviewed reportxi 
problems rclatcd to sharing the public tap, wliicli re- 
sults in crowding, loss of tinic, and quarrcis with 
neighbors. Also, tlic ~iiajority of tlie women (72.5 per- 
cent) prefer washing clollies alone cvcn t h o ~ ~ g l i  tlic 
citrrcnt practicc is to wasli clothes in tlie company of 
otlicr ~vomcn at tlic lake. 

Currently, 11.2 perccnt of tlic population Iias acccss 
to latrincs; the rest of the pop~~latiuii continues to 
defecate on the ground i n  tlie fields or among tlic 
coffee plants. 'The first prograni promoting latrines 
was carricd O L I ~  between 193C ancl 1944 when tlic na- 
tional govcrnmcnt niade latrine installation c c ~ ~ ~ p u l -  
sory. Littlc cooperation was obtained, Iio~vevcr, ancl C 

in 1958 a second promotion was attctnptcd with the = 
support ot local Icadcrs. 'The sccL>nd prograni was 
Inore successf~~l duc  to tlic LISC of demonstration mod- 
els in tlic lionies of cot i in i~~~i i tp  leaders. Between 50 
and 60 latrincs were built at a cost to beneficiaries of 
US$S-10 cach. t-Iotvever, rcsults were only Ilcliicvcd 
as long as both Iiuman and material rcsour:cs were 
available and promoters were engaged in pro~notirig 
latrine installation, Involvcmcnt of thc promoters in 
litcracy and cooperative exletision projccts lei1 to 
eventual abandonnient of tlie latrine installation pro- 
gram. Many of tlic pit latrincs constr~~ctcd at tliat tinic 
were nc)t rc1ocatcd due  to space limitations and tlic 
difficcllty of cscavaling tlic rocky soil, A third attcriiyt 
to in t rod~~cc  pit latrincs in 1974 proviclcd niaterials but 
no proniotior~. I t  failccl cctmplctcly. 

In the sample populatioti intcrvic\vcd, latrincs tvcrc 
cited as a priority ticcd as often as fertilizer and second 
only to money. Most would like individual latt.inc~s, 
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bul 32.5 percent arc willi~ig lo LISP a public or sliarcd 
facility. Kctisons cited by onc tliirit of tlic r c s p ~ ~ i d c ~ i t s  
for 1101 I~avin); alrcatly 5ol\lcd tlic sanitniion problcnis 
arc Iilck , ) f  skills or initinlivc on the par1 of llic comnlu- 
nily ilsclr; anothcr third of tlic r*csyoncIcnls citcil lack 
of cooperation among llic pcoylc tlic~iisclvcs; and 
somc rcspondcnls cited a lack of space. 

sourcc available to llic~ii. 'l'lic construction of Lliis cx- 
pcri~iic~ital prolotype was considcrccl crucial for ils 
demonstration cffcct. 

CEMA'l"s work in biogas latrines began will1 an 
incluiry into tlic basic nccds of thc rural a-nei ~iiarginal 
urban populations in areas affcclcii by tlic I ~ c b r ~ ~ a r y  
1976 eartlicluakc in Cualeniala. As rcconslruclio~i pro- 
graliis wcrc clcvclopccl, tlic IICCCI for c o ~ i s t r ~ ~ c l i ~ i g  low 
cost kitclicn and sanitalion facilities in adelition lo 
mininiuni slicltcrs cvas rccognizccl. In an atialysis of 
f,iilurcs in latrine conslructio~i ylc)granis, CEMA'I' 
found tliat cunvcntional privies arc ~~nproductivc, 
tlicy conflicl tvitli implicit fertilizer reuse practices of 
defecating in the ficlds, tlicy contaniinatc tlie sur- 
rounding arcas in some sitcs, and tiicy cost consiiler- 
able time and 3ncrgy with no visible rewards. After 
investigation of a\lailablc niatcrials and nceds, i t  was 
dcterniinccl tliat tlic objccti\lc sliould bc to dcvelop a 
tcc1inolog)l which woulcl save energy cvliile produc- 
ing agric~~ltt~rally i~seful by-products. 

Since con-tposting is bcconiitig increasingly com- 
mon in Cuatcniala and academic institutions arc ex- 
perinienling tvith anaerobic and aerobic proccsscs, 
CEMAT dctcrniincd tliat dcvelopnient of a fertilizer- 
producing privy would bc tlic most uscful facility for 
excreta disposal in rural areas. A study of different 
niodels t l io~~gli  discussion with CETA (Centro de Ex- 
perimentacion en Tecnologia Apropiada) and witli tlie 
Low Cost Housing Croup of McCill University sug- 
gested a prototypc eventually used witli modifica- 
tions in Sa~ i  Pedro. A prototypc anaerobic biogas 
latrine was built in tlic tofirti park of San Pedro under 
the auspices of the ccimniunity leaders. Figure I4 lists 
tlie cl~ronological order of events as tlie proiect dcvel- 
oped. Materials cost US$GOO, skillecl labor cost 
USY;300, and construction was conipletcd in approxi- 
mately four months. Two young boys maintain tile 
facility, and 30 persons per day usc i t  at a cost of 
US$.03 per person. 

A major tclchnical disappointnicnt was tile small 
amount of biogas produced, due either to a crack in 
tlie structure or tlie relatively low ambient tcmpera- 
t~ l re  of tlic site. This had sonie effect on tlie population 
and on the San Pedro community's committee, who 
did not believe it possible that biogas could be pro- 
duced from agricultural waste and human and animal 
excreta. For instructive and experimental purposes, a 
small digcstcr wzs built of barrcls and filled with ani- 
mal dung and agricultural tvastc. It produced biogas 
after a month and played a useful part in convincing 
tlie inhabitants of San Pedro of tlic potential encrgy 
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Corrclrrsiclrrs 

I t  is too early to say whether tlic CEMA'r program is 
effective or not. I t  can be noted, howcver, that tlic 
request for tcclinical assistance came from tile peoplc 
of San Pcdro. In responding, CEMAT niaclc a con- 
scious effort 10 involvc the pcoplc t l i ro~~gli  tlicir Icad- 
ers in designing and implementing tlie program, 
Demonstrations and Icarning by doing were tlic key 
tcclini~lucs, as local niasons and carpentcrs built tlic 
prototypes with indigenous niatcrials. Failurcs s~lcli 
as the Icaky tank wcrc sccn as part of tlic learning 
process. An iniportant consideration wlicn evaluating 
tlic community participation strategy used is tlic fact 
that pcoplc had to sce tlic innovation in operation 
before they would believe that it was capable of pro- 
ducing fertilizer or biogas. 

Ekali I, Cameroon 
This case illclstratcs the principle that in comni~~nity 

development one f r e q ~ ~ c n  tly rea ps results where an- 
other lias socvn. Ekali I liad becn the site of intensive 
work by Canaclian missionaries for nearly four years. 
This work, aimed at resolving tlie long-standing es- 
trangement of tlic older and younger generations that 
had led to a sizeablc out-migration of youth, liad con- 
tributed to unity of purpose, a wide degree of partici- 
pation across agc and sex catcgorics, and n vigorous 
cadrc O F  Iradcrs. 

Counting a number of dependent hamlets, Ekali I 
riumbers about 1500 inhabitants, the central lian~lct 
Iiaving jc~sl over 400. This village gave a very positive 
responsc to the educational and conim~~ni ty  organiza- 
tion efforts of a coniniunity dc\wlopment project. Not 
only dicl the health coniniittce organize easily, but 
soon took the initiative for planning successive local 
projects: three springboxcs in tlie central hamlet, onc 
each in tcvo of tlic pcriphcral hamlets, over sixty 
ho~~scholds  with wcll-conslr~~ctcd, well-used latrines, 
and a functioning village pharmacy for simple drc~gs 
and supplies. 

By 1978, two years after thc end of tlie project, the 
com~nittcc was planning the construction of a water 
tower with a pump and gravity distribution to a cen- 
tral standpipe. Additional springboxes in pcriphcral 
hamlets cvcrc also in the plans, Clearly, tlie health 
conimittce had taken on a life of its own and cvas 
functioning as a comniunity planning mechanism. 
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CHAPTER EIGHT 
DEVELOPING HUMAN RESOURCES 

SUMMARY 

Of all t l~e  resources needed to i~np l eme~~ t  water 
s ~ ~ p p l y  and sanitation programs, human resources 
(people) are probably the most important, Witl~out 
the proper mix of human resources, the program will 
fail. Human rcsource development is a critical part of 
any water sitpply and sanitation program and re- 
quires assessing human resource needs, designing a 
training program and implementing a training 
program. 

T11c type of 11un1a11 resources needed will vary from 
country to country and program to program. A de- 
tailed listing of the people needed and tlte training 
required to produce them must be developed. Deci- 
sions must be made about the specific tasks which 
trainees must perform and a training program de- 
signed so that they are able to carry out these tasks on 
the job at the concl~~sion of training. 

There are several options for types of training meth- 
ods to be used. The selection of a training n~et l~od 
depends on the education and experience of thc train- 
ers, the capabilities of the trairlecs, the tasks for which 
they must be trained, and the resources that are avail- 
able to devote to training. A metl~od that depends on 
task analysis as the basic training approacl~ is the most 
likely to be s~~ccessful. Training should be carefully 
designed to transfer the precise information and skills 

Hlltrmtt resources nre esssetttinl to zunter slrpply ntrd snrritatiott 
developtttetrf projects. 

that the trainees need in the most effective possible 
manner. This means that trainers tnust be carefully 
selected and may themselves need training before the 
training program is undertaken. Training programs 
require effective training leadership and supervision. 



CHAPTER EIGHT 
DEVELOPING HUMAN RESOURCES 

1 l ~ ~ n i ~ i n  rcsourcc clc\~clupmcnl iri watcr supply and 
sLi~iitcition is llic process of dclcrmini~ig hocv best lo 
~ ~ r o c l ~ ~ c e ,  assign, and ~ ~ s c  people in the rigiil numbcrs, 
riglit places, ancl \villi tlic riglil knocvlcdgc atid skills 
lo fulfill rci1~1ir~d f ~ ~ ~ i c t i o n s .  'I'lic I~itcr~igcncy 'I'ask 
Force on I-Iuman Rcso~~rccs Dcvclopmcnl for tlic In- 
ternational Drinking Walcr Supply and Sanitation 
Dccaclc recently ndoptcci b ~ ~ o a d  definitions of Iiuman 
resuurccs ci~id 1111 nid 11 ~ C S O L I I ' C C  d c \ ~ c I i ~ p ~ ~ i c ~ i t  as 
follocvs: 

'I'lic tcrm " l i ~ ~ m , ~ n  rcsourccs" is i r~tcndc~l 
to include y o ~ ~ t l i  CIS well as aclulls, women as 
cvcll ,is men, yrvvidcrs o l  services as well as 
cons~~mcrs ,  paid cmploycos '1s \vcll ,is \ ~ o l ~ ~ t i -  
tccrs. I t  incluclcs clccision makers and miin- 
agcrsl ~~ launcrs ,  tcchnicinns, scientists, 
rcscarclicrs, cli~rical and accounting staff, 
skilled alid clnskillcd IaL~o~~rcrs. I t  ~ I ~ C I L I C ~ C S  
not only tliosc cvlio help to create facilities, 
but tliosc ~ v h o  upcratc and mainlai~i them 
and t l~osc \vho supporl, monitor and control 
tlic q ~ ~ a l i t y  of tlic services, It i~iclc~dcs a vnri- 
cty of typcs of cciucators and trainers. I t  in- 
cludes people working in otlicr programmes 
wliicli support the water supply atid sanita- 
tion sector. 

Tlie tcrm " l i ~ ~ m a n  rcsourccs develop- 
ment" (HRD) means more than tlic educa- 
tion and traitiil~g of people. It inclucles their 
employment, st~pervision, cotilin~~ing c d ~ l -  
cation and training, and occupational wel- 
fare. Tlie Dccaclc HRD process should 
c~nbracc planning, skill development and 
training, and human resource managcn~cnt, 
with all three harmoniously gcarccl to the 
acliievenicnt of specified goals. 

Wl~cn  one considers all tlie typcs of resources neccl- 
ed to carry oc~t a water supply and sanitation pro- 
gram-funds, ccl~~ipmcnt, supplies and people for 
management, planning, design, constructioti, opcr- 
ation, maintenance, anci consumption-it is obvious 
tliat no matter h o ~ v  nit~cli money, cquipmcnt and Ilia- 
tcrials tlierc are, nothing will succccd without tlie 
proper  nix of liunian !sources. Even t l io~~gli  liuman 
resources are criticall) important, all too frcqucntly 
little attention is paid to then1 in water supply and 
sanitation programs. Unlike otlicr resources, liuniLin 
beings cannot be stnred and pulled from a wareliol~se 
on demand. Pcople must be traincci and nio t i \~~tcd  to 
iniplcnncnt programs at tlic proper time and place. 
Human resource dcvclopn~cnt must be an integral 
part of tvatcr supply and sanitation program p!anning 
and operations, Tliis will help ensure that an adequate 
q i~mt i ty  and quality of pcoplc will be available to sup- 
port and implement water supply and sanitation pro- 
grmis and projects. 

?'he major goals of overall water supply and sanita- 
tion human resource development are to: 

1. Promote the developn~ent of educational and 
training delivery systems to provide the proper mix of 
people needed for planning, design, construction, op- 
eration and maintenance. Tliis means maximizing the 
use of existing in-country educational and training 
institutions, supplementing them with other efforts as 
described below. 

2. Make human resource planning a basic compo- 
nent of every water supply and sanitation program 
and project. This means that human resource plan- 
ning begins at the same tilnc as planning for financing 
and selection of alternative approaches and designs as 
described in Chapter 6. Institutional development will 
onlv bc as  effective as I i~~marr resource development 
is. 

3. Tap the resources of similar training activities at 
the international, national, regional and local levels in 
orclcr to proclt~ce an effort tliat is as cost effective as 
possible and is coordinated with other liunian re- 
source dcvelopriient work. 

4. Develop trairiing that is practical and effective 
based on the performance of the trainee on the job. 
Co~iipctency training will scrve two major groups of 
people: new hires coming into the organization and 
existing personnel needing in-service training. It will 
incluclc all personnel in the system such as managers, 
supervisnrs, skilled and ~inskillcd workers. 



'I'hc 1ii11iiari resources syslcm is a sub-system of wa- 
lcr supply and siinilalion dcvclop~iicnl. I f  is corn- 
priscd ill' tlic institulions a n ~ i  organizalions involvcd 
in l>lanning (or, rccl.i~iling, lrairiing and ma11al;ing tlic 
pei~plc nccded in watcr supply anrl sanila tic~n p ro- 
grams, I t converts policies ancl ~~csourccs in  to person- 
nel capable of planning, cicsigning, conslr~~clinp,, 
operating, maintaining and managing walcr supply 
and sanitation projccls. 

For tliis s ~ ~ b s y s t c ~ i i  10 f~~~ic l i c )~ i ,  llicrr niust be a con- 
sla~it flow of informalion, resources and clccisions bc- 
tween govcrnmcntal cntitics, cd~tc~itional and 
training organiza tions, scrvicc ,111cl pr~fcssiu~ial orga- 
nizations, voluntary groups and llic users of tlicsc 
l i ~ ~ ~ i i a ~ i  resources. l'hc flow bctwccn thcsc groups is 
llic lifcbloocl of the watcr supply and sanilation 1111- 

man rcsi)iIrcc dcvclopnicnl proccss, F i g ~ ~ r c  15 dia- 
grams ~licsc fli~ws between lhc watcr sul.7ply and 
sanitation scctor and llic training scctor at f (3~1r  levels 
of decision-making. 'I'ablc 20 indicates the scope of tlic 
11~11ii~in rcsourcc cic\lcloynicnt process wit11 respect to 
planning, training and LISP. 

Co~iccplu~lizalio~i, (icsign, c o ~ i s t r ~ ~ ~ l i o ~ i ,  operl~lio~i 
at ~d mainletlance of wnlcr supply and sanitcilion Sacili- 
tics cary co~isidcmbly from c0~111lry tc) coi~~ilry,  fro111 
nii~iistry lo minislry, and t'roni organizalion lo orgini- 
zalio~i willii~i a coi~nlry dcpcncling on wlicllicr a na- 
tionrill regional, ~lislricl, town, village or individual 
houscliold cfforl is planncd. I t  is no1 possible to devise 
a single Iiuman rcsourcc clcvclopmcnt syslcm lo p ro- 
vide personnel spccific lo llic needs of all llicsc cases, 
I li~wcvcr, lhc same gcncrCi1 approacli lo I~unian rc- 
source dcvclopnicnl can be i~scful rcgardlcss of llic~ 
specific circumstances i~rider tvliicli a program is bc- 
ing carried 0 ~ 1 1 .  . . I lie prciccss of human rcsoLIrcc dcvcIop~i~ent call be 
diviclcd into tlircc stagcs: assessing Iiuman resource 
nccds, clcsignin!; training programs, and implcmcnl- 
ing training programs. Each ol' tlicsc stages will bc 
disci~sscd in  1~1rl-I. 

Figure 15. Water Supply and Sanitation Human Resource Development Proccss 
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- rul;ll \v,llcr supp ly  nli t l  

saliili~lio~i progt;~~~i~iiilig, 
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/ I'lntinis); a n d  pmgrnsa~ing 
I Coordi~iation 
I Mo~iitoring i111~l ~ v n l ~ ~ i ~ l i o t l  

l'<cscnrcli nnd ilcvclopmcnl 

Assessing Human Resource Needs 

I ilrgcls X Ic,~tiis or ~cr \~ iccs  or 
fncililics of Y comyosilio~i in 
opcrt~lioti hy liliie 1' 1 

. . I he reason for duing a liunian resource nccds as- 
sessment for a water supply and sanitation program at 
cvcry level-national to villagc-is to clcarly dcter- 
ruinc the minirntrm basic tasks that must be per- 
formed to ensure the s ~ ~ c c c s s  of the prograni and to 
scc tlial the right number of peoplc with tlic necessary 
knowledge, sk11l and motivation can be provided. 'Thc 
principal elcnicnts of such an assesst:icnt arc (1)  a 
clrar and specific dcscripti~)ti of the proposed or exist- 
ing prograni defining its scope, slratcgics, activities 
and targets; (2) a listing of tlic specific projects tliat 
colnposc the program by sequential titiicframc stagcs; 
(3) a list of all the tasks and f~inctiotis that l i i ~ ~ s t  be 
pcrfornicd broken d ~ w n  by position in  order to define 
tlic number and typc of pcoplc th'it the projects will 
rcquirc during each of their stagcs; (3) a set of job 
clcscriptions to stat down tlic knotvleclgc, skills and 
motivations that cacli of tliose pcoplc must have in 
order to perform cffcctivcly; (5) a11 analysis of whcrc 
in tlic labor furcc of tlic cocintry and each comniunity 
affected by tlic prograni either already traincd skilled 

peoplc can be fo~lnd or whcre suitable candidates for 
training can be recruited; (6) an educational and train- 
ing plan for the country, or each operational ~ u i i t  of 
the prograni, tliat will most cost-effectively provide 
the needed training on a continuing hasis. 

In recent years r n ~ ~ c h  attention lias been given to 
assessing hunian resource nceds as the fo~~tidation 
stage in effective human resource development for 
tlie health sector. Many developi~ig countries liave 
already begun to do this kind of work. A systematic 
approacli should be ctsed. Healtli sector approaches . 

are ~lsually applicable in water supply arid sanitation, 
and any of tliese can be corisulted. Other approaches 
have been designed specifically for water supply and 
sanitation. I f  none of tlicsc are available, labor minis- 
tries ~tsually have a nietliodology that can be adapted 
to fit water supply and sanitation. A partial list of 
sources useful for human resource neecis assessnients 
can bc found on the "Sources" page at the end of tliis 
chapter. 

Whatever resources may be available for a formal 
needs ossessrnen I and wlia tever the p rocess of getting 
i t  donc, i t  will be useful to keep tlie following in mind. 

Soilrce: A ~ l i ~ p l c i l  irt1111 'l..ld, I l t l I l ,  i111iI A.  kIi~ii,i, /l~~i1/1/1 ~ ' ~ I ~ I ~ I / I I I ~ v L ~ I ~  l J / i ~ i ~ ~ i ~ i ~ * y ,  \ V i ~ r l i l  I I C ~ I I I I ~  C ) r@~~i i zn l io~ i ,  Gciicva, Ic)78. 

S lraincil tli~rs(11111~~1 of 
Y lyl?c by li~iic '1'. 

X ~111ils of service of 
st~ecilieil cluillily ~lcli\~crcii 
lo ii pnrlictllnr poplllnlion. 



'I'lic lypc of I i ~ ~ n i ~ ~ n  rcIsoilrcc3 nccclcd for w~iLcr si111ply 
iincl sLinitalio~i Ilrogr~ims r l 1 1 ~ I  ~ I ' C I ~ C ~ ~ S  will vclry fro111 
~iiilion~il clown lo villagc Icvcls, Job lillcls will inr*luclc 
1wrsunncl it1 calcgol*ics ritc+h iis Liclmi~~~islriitii)n or 
1ii~in~igc1iic1i1, pri~fessio~i~il, silb-~rofcssio~ial, crafls- 
m~iti allel Iciborcr who will be assigncd LI host ol' lcclini- 
cal anel non-tccli~iic~il lasks. I'ersoris will1 the silmc job 
tillc in cliffcrelil organizLitiolis or a1 dil'l'crcnl lcvcls of 
llic same organizati~~n have elltile cliffclrcnt job 
clcscri ylicms. 

OrgLiriiz,ilionLiI responsibility for r~1r~i1 walcr SLIP- 

plies alr~l  sLi~iiILilion varies from coi~ntry Lo country, In 
nations cvitli strong govcrn~ncnls Li~id  well-clcvclopcd 
inl'rastructurc, p ~ ~ o p l c  at llic nLitional, provincial, dis- 
lrict, cily, tocv~i, village, alicl fLimily lrvcls implcnicnl 
diffcrcnt nst'ccts o f ~ i  \vator supply and sanillilion pro- 
grnni. In other counlrics, i t  niap bc left to each prov- 
ince or clistricl to run its own rural water s~tpply a n ~ l  
sLinilation proglam and to assist persons at tlic villagr 
atid family Icvcls. In ~01111~  parls ol' the world, i t  may 
be the village Icacicrs' responsibility to develop a vil- 
lage watcr supply and scc Lo its opcralion Litid up- 
keep. In ~ircas witli wiclcly dispersed iLimily ~lnils, tllc 
licacl of tlic family or LI j i r o ~ ~ p  of families ~ls~lal ly pro- 
vides for wLitcr ci~id scitiilation. Applying new lccl~nol- 
ojiy to S L I ~ J I  tvatcr s~tpply or ~atiit~ilioti will rccluirc 
tliat all pcrso~is involvccl will1 installalii~n, o!lcration 
and mc~intcnancc acquire tlic knowlcdgc and skills to 
kcell the syslcm opcralio~i~il. -lSliis nudicncc may 
range from well-traincd personnel in a program con- 
trollccl by a national govcrnmcnt to persons will1 no 
knowlcdgc or skill in watcr s~tpply and sariitatioli. -. I lie size, complcsity, and level of sophistication of 
water supply and sanitation syslcms in a country will 
vary widely. 'l'lie relevan1 people will have Lo be edit- 
catccl ancl trained to illrite diffcrcnt lcvcls of knocvl- 
edge and skill to niatcli tlie [ask rcq~tircmcnts of the 
systcnis. Exatnination of 'I'ablc 21 illustrates this 
point. I-lere arc listed most of tlic profcssiotial ur social 
c a t c ~ ~ r i c s  of tlic pcoplc wlio ~ i r c  tlic human rcsourccs 
of a nation's watcr supply and sanitation systcnis. 
Categories 1 tlir~ujili 11, for tlic most part, function at 
the natiotial and provincial levels with some located i n  
cities and a few reaching to the town Icvcl. All of them 
arc medium to high lcvcl professionals. -l'l~cy must bc 
both generally atid technically well cducatcd ycoplc. 
Sonic night  be acicqua tclp cduca tell at sccondary 
schools but most would ncccl college 01. tcclinical 
school educations as tlic founciation on \vliicli to pcr- 
form the tasks tvhicli cvould be in  thcir job 
descriptions. 

Categorics 12 through 22 for the most part functic)ti 
at the city level atid below, witli only a few at national 
and provilicial locations anci ~liost at tlic town and 
villcip,c Icvcl. l'\vo clitcgorics rcacli a11 tlic way l o  the 
fatnilp Icvcl. 'l'lic calcgvrics from 23 lo 30 I'unction at 
the villLigc and family lcvcls witli onlv two ,it the to~vn 
Ic\~cl. l ' l i c~  pcoplc in calcjiorics 23 to 30 ~voulcl have to 
be rcsicicnts of the community in which tlicy pl'iy a 

Eoryorlc ir~z)olz~dl, it~cl~l(Ii)~,y ~~~rrr~rllrrit!y IIICIII~ICYS, rrlny rrccd 
trnirrirr,y ill 11si11,y 11 I I L ~ ~ L ~  7 0 n t ~ l ~  systcrrl, 

role in providing safe watcr ancl waste disposal. Many 
of them, wliilc "cxpcrls" on tlicir comtii~~nilics arid 
the ~lllimatc dctc!rmincrs of silcccss or failure of cnvi- 
ronmcrital IicL~llli aclivitics, wo~rlcl Lypiccilly be illitcr- 
atc or have liliiitccl primary scliool or secondary 
school educations. Everyone i l l  categories 1 to 32, i f  
they hLid riot already reccivccl it, wo~tld need to liavc 
training in adelition to wliatevcr education tlicy may 
liavc had. For example, cnginccrs in a naliotial water 
authority need training i f  tlicy arc assigned to rural 
programs ancl ncccl tlic knowlcdgc aticl skill to train 
village bicycle repairers on the maintenance of hand 
pitnips. Likewise, i f  licads of cxtcndcd families nccd 
knowlcdgc or skills rclaling to tlicir cvatcr supplies, 
then llicy s l i ~ ~ l l d  hc!comc trainees. An asscssriicnt of 
li~lman rcsourccs slioulei considcr tlie organizational 
lcvcls involved and lhc categories of persons in each 
Icvcl. 

In addition to tlic types of talcnt ncedcd, tlic Ii~unan 
resources asscssmcnt nii~st take illto account possible 
existing sources for tlic workforcc needed. 'Traditional 
sources, such as ~~niversitics, colleges, technical and 
trade schools atid related organizations, should be in- 
ventoried. 'l'licse sourccs can be expected to providc 
prcdclcrmincd numbers of trailled people at set 
times. Establislinicnl of watcr sc~pply and sanitation 
programs niay not conform to thc time at which this 
workforce will be available. I f  not, altcrtiativc plans 
t i i ~ ~ s t  bc dcvclopcd. 

One problem that is widespread in developing 
countsics is that, L ' \ ~ c ~  t11c1~1gl-1 tlic human rcsourcc 
dcvclopmcnt system may provide sufficient numbers 
of pcrsun~iel, t11c salary structure in gotlcrnliient, 
\vlictlier national or local, frecluently docs not entice 
adccluatc numbers of qilalificel pcoplc to accept posi- 
tions. 'i'his is cspccially true of high lcvcl tcchnical 
positions. Often this nleans tlial in-liuusc training atid 
advancement of existing cn~plopccs arc rccluircd. 



In any'  sizeable water supply and sanitation pro- ways in wliich people are assigned, used and super- 
gram tlie assessment of human resources l~eeds  vised also need to be watched and adapted to new 
sliould be an ongoing process because many factors conditions and new operating experielice. It is in 
that determine tile need for people with specific these ways that li~iman resource development pro- 
knowledge and skills are constantly changing. At the ceeds and operating programs retain tlieir vitality and 
same time, the sources of people and tlieir educational improve their ability to meet the needs of tlie people 
and experience levels are also changing. Finally, the who are dependent on tlieir service. 
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A 1111 111,111 rcBsoicrc('s n s s e ~ ~ s ~ ~ i o ~ i l ,  ilS L I ~ S C L I S S L ~ L I  
obuvc, will inclii-otc tlic lypcs ,inel numhvrr c ~ f  44llccl 
t'cuplc Ilia1 will hrl nccdccl to el11 a11 tlic tasks which arc 
rccli~irccl 10 pI,i~i, build, otlcralc nncl maintain wnlcr 
supply ,ind s,inillilion s;lslcms. 'l'lic dvvclot~mcnL aricl 
rcplenishmcnl of this cstcrisivc array of quolificcl pco- 
plc rc*iluircs botli cducalion atit1 lrailling. It lias d- 
ready bccri notccl thal llicrc arc a riumbcr of 
prufcssional calcgorics ('l'nblc 21, Catcgorics I to I I )  
that must be b a s 4  on extensive college oi* tcchniccil 
school cclucnlion. Education in this co~itcst is yrc-cni- 
ploymcnt cdi~c~ilion pre>viJcd in ~.cgular sessions of 
acaclcmic lypc instilulions wlicrc s~lbjccls arc lIii~gli1 
rvilh broacl co~cragc  of history, llicory, and the gcncr- 
alizations that arc rcquircd 10  cical with any aspect of 
tlic ~iialcrinl. 'l'lic method of instruclion is ~lsilally by 
Icclurc ancl laboratory ~ ~ s i l i g  tcxtb~oks and otlicr in- 
structional mntcrials with tlic stucicnl's acliic\rcmcl~t 
nicLisitrccl by graclcs wliicli norniallp clistrib~itc in a 
bell-sliaycd curve ranging Irom F to A. 'l'lic applica- 
tion of this cclucation lo the ycrformancc of the tasks 
rcrlctircd of cmployccs working in  water supply arid san- 
itation systc~iis usually requires aclditiolial training. 

I-lowcvcr, niosl of llie pcc)plc that arc tlic h ~ ~ ~ i i a ~ i  
rcsourcrs on ~vliicli safc watcr and wastc disposal sys- 
tems clcpencl, particularl\~ those in small towns and 
rirral areas, comc from local groups tlial liavc very 
mltch lcss or even no Iormal education (Table. 21, 
Catcg~)ries 12 to 32). All oi' lIi(\sc p c o ~ l c ,  if tliey ‘ire to 
pcrforni cffcctivcly, niust rccci\lc training '~ftcr tliey 
arc employed. 

'I'he statc of dc\rclc)pn~cnt of botli education and 
training rclcvant to the rcquircmrnts of water supply 
and ~ a n i t ~ ~ t i o t i  programs and projects varies ~vidclp 
from i :)LI 171; y to coi1111ry in tlic 'l'liird World. Over the 
pIlst two decades, n i ~ ~ c l i  progcss lias been ntadc in 
clcvcloying the nccdcd educational cat~acity i r i  col- 
lcgcs and ctiginccring scliools to clcal with tlic prob- 
Icnis o f  cnvironmcntnl sanilation. 'l'his dc\vclopmcnl 
has ir~qucnlly becci rclatcci lo the intrc~ditction of 
large modcrn \ ~ d t c r  dticl sewage systems that serve a1 
Icasl sonic of (lie main cities-alllioul;li incomplctc- . . ly-in most co~tntrics. [ Iiis educational infrastructure 
gro\vlli is iniportanl alicl slio~lld be supporteel and 
niain!ained. However, the focus of this program 
guide is on s~nall town and rural water supply and 
sanitation systcnis. Attention will tliercforc be direct- 
ed toward tile dcsign of cmploymcnt-relatcd training 
systems wliosc purpose is to directly meet tlie need 
for ta-k-related knowledge and skills. Attention will 
atso be givcn to liow such training may be linkecl to an 
interact with more fornially organized educational 
processes. 

A series of simlllc qucslions sliould be the focits of 
plonliilig c~ i i~ loy~ i i e~ i t - r c la l cc l  training in Iiuman re- 
sources clcvclopmcnl: Wlial nccds to be done? Who is 
Lo clo il? Wlic~i do  llicy ncccl to do i t ?  Wlicrc riiusl i l  be 
done? Wha1 arc the conscqucnccs i f  i l  is not clone? 
Although llicrc arr many more logistics qucstio~is to 
sclllc in implcmcnling silcli traininl;, satisfaclory an- 
swers lo tlicsc clucstions will assist in clcfining filncia- 
nirlilol training ncccls. 

If  tlicsc qtccslions arc adclrcsscd a1 each slcp in tlic 
process, operating syslcms sliould not fail as n res~1I1 
of unqualified or ins~rfficicnt pcrsonncl, and opcr- 
ation atid niaintcnancc yroblcms should bc attended 
to more cffcctivcly. 

Once construclioti is finished, local pcoplc arc ~tsu-  
ally rcstlonsiblc for operating slnall town and r~lral 
systems, Tlicsc pcoplc must bc involvcd in tlie plan- 
ning and dcsign pliascs and share in decision-making 
on liow tlic systc~ii i v i l l  be opcratcd, maintained, atid 
maliagcd. As the cxamplcs in Table 22 indicate, ni'iny 
people affect thc comniunity workcrs' ability to pro- 
vidp safc watcr in sufficielit q~tmt i ty .  Often local pco- 
plc hire, pay, train, or authorize tliesc workcrs, and 
they too should be involved in decisions a ffccting pcr- 
sonncl nccds, assignment aiid titilization. 

Oticc a rural watcr supply or excreta disposal sys- 
tem is complctcd, it oftcn docs not take long for one or 
more of the following problems to occur: 

1. Workers fail to use new equipment correctly. 
2. Workers perform below the desired performance 

level. 
3. V;orkers lack tlie basic performance capablity re- 

c-;~lired to operate and maintain tlie sy;:zm. 

C~~ristrcrcfiore is otcly otrc nrcn it1 zirlciclr trnirritt~ is trecdcd. 



T a b l c  22. Exainplcs of 171anning a n d  Design Dccisionu Ncgativcly Affecting 

Millistry A constructs 
wells, installs Iiarid 
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spnrc parts. 

Opcra l ion  a n d  Maintcnancc  

'frc,~lnicnt t7roccss rcquir's 
hy~x~cl~loritc which h,15 
Lo bc sliippctl in I r o m  
allothcr ci~untry. 

~ ~ I I I I I I I ~ I I , ~  or 
1)~si~q11 1 >tlcisio~t 

Ministry U rn,~i~it;iins l i i ~ l i ~ l  l.ut11111s 
but Ilas no authoriai~tior~ to 
rciluisilioli !qlarc parts i111~l  110 

- I- I \ / I I I I ~ ~  \ ,vi//~ / { ~ S I I / / [ ~ ~ /  111 

No pl'ln to rcortlcr hyl,ochloritc 
accorrling to shippi~~g sclicilulcs; 
pcrso~incl not Lraincd in 
cstinialirifi futurc nc~clls. 

1 ~ i l l l d  ~ ~ L l l l l ~ l S  ~ l r c ~  11111 lllilill!ai~lci~; 

\~ill;rgcrs p~1s11 oII' 
slab  nil Lrsc btrckc~ts. 

I 1y)~ochltrritc runs IILI!  

onil \valilr is riot 
,iilccluatcly trc'itcd. 

Puniping stations arc 
located far from 
operator; all stations 
nianually rcstnrt. 

I 

I:rcqui*n! poivcr o ~ r t ~ ~ g c s ;  
opcr,itor lills 01i1y liriiitcil 
triinsportation to rciich 
p~~~iipil ig statiori to rt31rtart 
pumps; pcrsonricl riot tr,iincll 
to anticipate triinsl?orttilion 
riccds. 

Long pcriods with no 
pumping until operator 
gets to pumping station; 
occasionally no wo tcr 
andlor ncgativc pressures 
in distributiori system. 

Sniall catclimcnt biisins 
with tl,~nis c ~ ~ ~ d  
hypocliloritc Iccdcrs 
arc IOciltc~I far 

Local person I~ircil to clc,in 
intakc ind operate hypocl~lilritc 
fcc~lcr is inadcquat~*ly 
paid and docs not 

Frcqucnt pcriods oC 
110 clilorinaticr~i and 
oric typhoid outbreak. 

from uscrs. I monitor systcnl. 
I I 

I Irinbilitj, to get sparc 
p;lrts or replaccnicrit 

I ciluiprlicnt to keep 
pliint run~iing. 

Process units ariri 
ccluipn~cnt of latest 
technology arc 
obtained froni sou~.ccs 
in many countries. 

4. Workers take too  long to  d o  tlieir work .  a s  lack of spa re  ports  o r  supplies,  n o  available 
5. Workers' l i t rnover rate is high.  transportat ion,  o r  inappropr ia te  n ianagcment  

6. Next Iiiglicr levcl in t h e  sys tem is i tnresponsive policy. 

to problenis a t  a lower  level (no o r  little suppor t -  3. Lack of   no ti vat ion a n d  incentive-the worker  
ive supervision).  d o e s  no t  w a n t  t o  perform, i s  no t  rewdrdcd for 

performing.  

Trade agreements vary with 
cacli gi~ver~i~i ic~i t ;  lack oi 
foreign currency; varying 
import rcstrictiotis. 

Problenis like this  tiiay bc  avoided if training is incor- 
porated in thc  prograr~i  p lan ,  Training slioitld include 
testing of workcrs  to dcnions t ra te  t hey  ore capable of 
carrying o u t  assigned tasks  a t  a n  acccptablc standilrd 
of performance  within the  appropr ia te  time. 

All tclo oflen, t raining is just a reaction to a failure in 
a par t  of tlic sys tcm.  Someth ing  o r  so tnconc  fails, s o  a 
shor t  lived training effort is institittcd to prcvcnt  thc  
problem from repeating.  Th i s  is not  a gooci way to 
approach training. It m ~ ~ s t  b e  a systematic process 
systcniatically carried ou t .  'I'hc training plannci  
shou ld  recognize tlic following possible causes  for 
large o r  sniall sys t cm failttrcs: 

1. Lack of skill o r  knowledge-the worker  d o c s  not  
k n o w  Iiow, wlicn,  o r  liow well to  perform. 

2. Managemen t  barriers-tlic worke r  is prevented 

System opera t ion  training can  lielp workers  wi th  
knowledge  o r  skill deficiencies. T o  deal  wi th  manage-  
m e n t  barriers o: lack of motivation a n d  incentives, 
different training uni ts  wou ld  licive to  be des igned for 
program o r  project managers .  ' 

f rom ~ e r f o r m i t i g  by  mat iagement  prol;lcnis such  Trflirri,rg slrolrld irrcrcnse tlrc skill nrrd krrotol"n,yc of tlre zoorkcrs. 



-...-.---.. 
Ucforc 11 specific training progr~itn ain bc* clcsignccl, 

m~lcli i~iforni~ilion must bc collcclcil ilnd clccisions 1.c- 
lating to llic dola be maclc. A clclailccl csposilion of llic 
progmm or project in wliicli 1' trainees arc to pcr- 
form niust be t l i i l  starting point. Job titles and dcscrip- 
tioris for tltc projccl are fundamental since training 
t i i ~ ~ s l  be dc\~cIopcd SO that all trainees can surely pcr- 
form the tasks 0~1tlincc1 in their job descriptii~ns 10 111~' 
lcvcl of pcrformLince rcquirccl by tlic job, not j~lst in 
tlic training siluation. I f  job descriptions do no1 exist, 
tlicir production s l io~~ld  bc the first order ol'busincss. 
The location of tlic trainers or training center is impor- 
tant in planning a program for peoplc in a given gco- 
graphic area, Information on w.,rker t~~rriovcr rates 
map point to problems in managcmcnt policy and to 
the needed frccl~lcncy of training. Inforniation about a 
new technulogy or about an cxistitig one being cx- 
panded shoilld affect tlic q~~ali t i ty and cluality of llie 
proposed training. Information on the type of trainees 
(ncwly hired pcoplc or cxisting cmployccs being up- 
graded, for cxatiiylc), and tlicir kno\vlcdgc and skill 
Icvcls is ncccssary to cicfinc the scope, dcptli of dclail 
and a n i o ~ ~ n t  of practice that slio~tld be incorporated in 
the training program. Infor~n~ition on performance 
deficiencies of other pcoplc with similar jobs is I?-eful 
in designing the training sequence. 

Us~~ally, the tiiost cost effective way to dcsigti a 
training system is to make additions or to change an 
existing system. Most people are willing to accept new 
ideas and mctliods that are not too different frotii 
those tlicy arc already i~sing. When nctv training units 
or systcms arc contemplated, as m~lcli ~ t s c  as appro- 
priate should be niadc of existing educational pro- 
grams and training systems. Tliis riot only reduces 
costs bc~t enlists a larger number of persons and re- 
sources in the training effort, l'ablc 23 s~tggcsts possi- 
ble sources of itiforniatio~i on training from \vitIiin a 
country whicli slioclld be investigated. 

oped training ~n~ilcrials for wlilcr supply ancl ~ s ~ i ~ i i l d -  

lion. In many cliscs, tlicsc malerials can be translLitcd 
into ollicr languages, or can scrvc as a moclcl lo dcvcl- 
op nc\v malcricils. Anyone developing a training pro- 
gram slio~tlcl review as many cxisling mnlcrinls as 
possible bcforc developing nc\v ones. 'l'ablc 24 slio~vs 
sources of information abo~11 :iucIi materials. 'l'licsc 
organizalions Iiavc a large number of abslracls ol' 
training milcrials and tlicy all arc able to provide in- 
fortnatioli abo~lt a specific subjccl. 

'I'ablc 25 lists publications on several rural water 
s~lpply and sanilalion training progmtils. Informalion 
of this sort can bc very ~ ~ s e f i ~ l  in  planning '1 new train- 
ing cfforl. 

Existitrs cducntiotral progrnttrs s l ro~r ld be rrsed as ttrtrclr ns possible 
itr tvntcr ntrd sntritntiotr t r ~~ i t r i t r g .  

Table 23, Sources of Information on Training Assistance Delivery System 
Capability Within a Country 

Ministry (Department) of 
I-lcallli 
Public Works 
Environment 
Natural Resources 
Rural Dcvclopnicnt 
tlousing 
Women's Affairs 

Or,y~titi,-tttior~ 10 Coittttct 

Ministry (Dcpartmcnt) of Education 

i 
Spccializcd training for rural watcr supply and sanitation workers 

. . ~!/ / JL~ of lJrti,yr~ttits 

Vocational Training Centers 
Vocational Education Program 
Rum1 Training Ccntcr 
Radio o r  'TV Training Programs 

Professional organizations in rural water supply Specialized training for rural water supply and s.initation workers 
and sanitation field; private volunteer orpanizations I 
International Labor Organization Spccializcd training for skills development 

Specialized programs in tilanagenlent 

World tlcalth Organization Spccializccl training for rural water supply and  sanitation workers 
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Table 24. Sourccs of Information About Training MBterials 

l~~fi t r~t~~l l i t t~t  AII~I//II/J/~* 1111 

Training ~ii~itcrials avililablc in English, 
I:rcncli, nnil Stliinisli (or llic walcr supply ficlil 

W~!cr supply and sani1atir)n 
training miilcricils 

General training niatcrials 

Watcr supply and sanitation 
tcclinical notes (see full listing 
in Appcridix B) 

WI 10 Inlcrnational Kcfi*rcncc Ccnlrc for 
C~~mniunily W'ilcr Supply 

P,O, Ijox 140 
2260 AC Lciilsclicndani 
Ncllicrltitids 

Nationill W'itcr Well Associ'ilion 
500 W. Wilson Ijritlgc Road 
Worlhington, Ohio 430115 U.S.A. 

Anicrican Water Works Association 
6666 W. Quincy Avcnuc 
Denver, Colorado 80235 U.S.A. 

Water Quality Instructional 
Resources Information Systcni (IRIS) 
SkIEAC Inforniation Rcfcrcncc Ccntcr 
1200 Chambers Road 
Culu~nbus, Ohio 43212 U.S.A. 

Secretarial 
Intcragcticy 'Task Force on HRD 
International Drinking Watcr Supply 

and Sanitation Decade 
El-ITSIWHO 
121 1 Gcnc\la 27 
Switzerland 

British Association for Commercial 
and Industrial Education 

16 P'irk Crescent 
London, WIN 4AP 
England 

Development Information Ccntcr 
Agency for International Dcvclopnicnt 
Washington, D.C. 20523 U.S.A. 

Tr;Sle 25. Existing Training Programs and Publications 

I--- Orpnrrizrlliotr 11ct11s ,~iu~i/lt/~/i* 

I LO 
121 1 Geneva 22 
Swilcrzl,ind 

EHTSIWI-I0 
121 1 Gcneva 27 
S~vitzcrlanil 

--- -- 

- CENTAIYOR niatcrials for skills training (task analyses and 
and training niatcrialh) 

- kloiiulcs for cmploynblc skills (task analyses and 
training niatcriiils) 

- Modules for training rural walcr supply workers on how to 
niakc task analyses i 

- Training materials (job aids) for 
rural watcr supply workers 



Possible Tra~t i lng  Strategies . . I licrc arc ninny striitcgics by tvliicli a training sys- 
tem for watcr supply ancl sanitation programs miglit 
be 171.11 tugellicr. Each will niost likely differ bccausc of 
tlic cliffcrcnccs in tlic situation, at. well as  tlic diffcrcnt 
backgrouncls ancl inclinations of tlic persons or teams 
tliat cIiooso the strategy and plan tlic training. Among 
tlic processes \vliicli slioulri bc ~ ~ s c d  in for~nulating a 

I training strategy arc: 

1. liz~dr1f7li* 1-i~rlililiorls 7(1/1i~/1 ii~~li~r*rrrirr~* 1111* 11~1~11 \i~r. 
/r,clirrirrg, s ~ ~ c l i  as: performance problcms; introclucticln 
of new tcclincilogy; addition of nc\tr personnel; up- 

I , gmding csisting pcrsonncl. 
I 2. Dir!qrriwc 1r.uirrirlg rrc~~lis by a~iswcring s ~ ~ c h  qucs- 

tions as: In cvliat subjects can training improve pcrior- 
I mancc? 7'0 wliat cxtcnl can training improve 

performance? Is i t  the hcst way to do so? Wliat should 
bc tlic aims of training? At what knowledge level 
s l i ~ u l d  trai~iing start? Wliat s ~ ~ b j c c t  contcnl s l i o ~ ~ l d  
training include? 

3. Dci~1011 n ii~l>i,yr I for.  1 ruiir iirg bascd o n  such q ~ ~ c s -  
tions as: Wlio ncccls training? tlo\v many people nccd 
training? What is tlicir prcscnt pcrformancc levcl? 
Wliat is t l i ~  clcsircd end  of training performance Icvcl? 
Wlicrc sliould tlic training be carried out? When 
should tlic training bit carric~l o ~ ~ t ?  Wlio sho~l ld  clo tlic 
training? 

4. Corr..ill~.i. 1/11> yrc~bl~~rrrs of iirr~ll~~lrtcrtliit~~y li*(~irrirr,q i l l -  

cludirig: sclcctinl; the 11.aining coordinator; sclccting 

ancl traini~ig llic ins l r~~clors ;  sclccling the training fa- 
cilities; securing training crl~~iptiicnl,  supplies, aicls, 
instr~~ctional and rcfcrcncc materials; oricrili~ig and 
convincing govc~*~ i~ i i cn t  officials, village officials, fam- 
ily Icadcrs, iincl otlict+s of tlic nccd and bcncfils of tlic 
training program (they tii~~st ~lndcrstand tlicir place in 
tlic training and tlicir obligation to incorporate tlie 
trai~iccs into the opcrotion and niaintcnancc of watcr 
and sanitation systems); allocating funds, niatcrials, 
time, and \vo~.kcrs to maintain the training prograrn; 
clcsignating nianagcnicnt's responsibility to handle 
problems cncountcrcd in t5e training program. 

5. Br nzc~ir.~ of )wssili/r I r.ni/rirrg d ~ l i z ) ~ * y  ~!/~lr*/~rs .  'l'lierc 
arc many training delivery systcnis tliaL meet tlic rc- 
quircnicnts w: icli cmcrgc froni looking at questions 
likc those lislc cibovc. I'ablc 26 displays kcy informa- 
tion on tlic nature and  apylicatinn of tlie   no st frc- 
qucntly uscd systcnis. Tlicy range from traditional, 
largcly classroom, instruction delivered through 
sliort-tcrm courscs provided at universities o r  trades 
training centers, through correspondcncc courses 
which may be modclcd for contcrit and method on tlie 
short courses or usc self-paccd materials, to systenis 
bascd on sclf-paced traitling materials and  on-the-job 
training. A more detai!ed discussion of the typcs of 
instructional mctliods that are associated with several 
of tlicsc systcms will be uscful to allow the training 
systcni developer to broaden his o r  her options in 
training systcni design. 

Table 26. Possible Training Delivery Systems 

illl~tc~rii~ls 
Ncc~lni' 

L?L, /~I~I -~ , I I  
S!/S/~*~II 

A \ l \ ~ / i t i ~ t i o ~ ~  'rr11i111~r 
NL*~~I/L ' I~  

Short-lc~rni 
cot~rscs al a 
u~iiveristy 

Short-term 
co~lrscs a1 a 
lr,ldcs trai~iilifi  
cclilcr, ~ i a l i o n a l  
p rov inc i~ l ,  ~iislricl 

Corrcspon~~cric~~ 
cot~rsc 

Sclf-p.~ccJ 
training 
n i i ~  tcrials 

On-Llic-job 
trainitig 

~ ' I I / ~ O I I ~ I /  

'For liniitcd number of 5eltc.r educated strongly molivnlcd indivicluals. 
- 

a 

192 

Yes 

Ycs 

No 

No 

Yes 
No 

/ ' ~ ~ i l i t ~ ~ . i ~ ~ l  

13ooks, rn,i~iuals, 
, i ~ t c l i ~ ~ - \ ~ i s u a l  -----I + tritiriing aids - 
bl;~ri~~als, job aids, 
a~~~lio-\ris~~~ll 
Iraining ~il ls ,  
cyt~ipnicnl 

Ct~ii!!spcln~litig 
instrttctor work- 
boc~ks, job ailis 

Sclf-tlc~ccll 
~ii,llcrials, nianajicnrs 
or itislruclors 
\vho know lie\\* to LISC 

such ~~l,ilcri,ils - 
job ,lids 
loll aids 

\'~//II~+* C1111ily 

(.I 

r I 

, 
, 

, 

+. 6' , * 

6 t ! * 

, 
,' 



I .  Sclf-Pacctl. 
Self-pacccl mlitcri,ils 'ire dc\lclr)pc-el Iincl field-lcslccl 

so llicil workcrs at a specific Ic\rc! oi  compclcncc cat1 
ctsc thc rni~tcri,ils individ~~al ly.  Aftcr working tlicir 
cvay t l i ro~~gl i  the ~l i~i tcr i~i ls ,  ~i iost  \vurkcrs will h,ivc 
,iccc~mplisliccl llic objecti\lcs of tlic lrnining program. 
Scvcrc~l mcclili t!lpcs c , ~ n  L7c LISCL~,  S L I C ~  d s  pritit ~ii~itc*ri- 
als, slides, nudin tcipcs, sliil(:/tapcs, \~iclei) tapes, over- 
head tralisparc~ncics, o r  niotion pictures. 'l'licchvicc~of 
nicclia dcpencis on thcl nicdia cq~lipnicnt ccit7abilitics 
of the delivery systcni. 'l'hc choicc of the mcthod 'inel 
tlic specific matcrials clcpcnds oli the Ic~lcl oi literacy 
arid cducatiun of the trainccs. Most types of nicdia 
will not bc  s~litablt. bcca~rsc of local ccluipmcnt limila- 
tions. Mcitcrial can bc as simplc a s  a series of prinlcd 
pictures and an auclio tape ~ v i t l i  instructions for pcr- 
sons \vho cannot read or as  complicatccl as a complctc 
a i ~ d i o l \ ~ i s ~ ~ a I  systcni. 'l'hc morc remote the trainccs arc 
from population centers, tlic morc liniitcd the choicc 
elf communication metliods. Wlicn the ivritlcti word 
alonc is used for sclf-paced instr~tction, tlic ~iiatcrinl 
must be ~ ~ I i - c ~ t ~ t a i n e ~ l  self-csplanatory. 

. . I rainccs often have some o i  tlic kno\vlccigc atid 
skills required but are also missing some. 'fo a\loid 
rcpc'iting ~natcrial already in tlie trainees' repertoire, 
cliagnostic tcsts arc included to determine tile lcvcl of 
conipclcncc trainees have and indicate rvliicli moci- 
~ l l c s  can bc  skippeel o r  must be \vurkcd tlirough. A 
cliagnostic tcst is often accompanied by a tcst "prc- 
scription" tvliich relates a ~ i i ~ ) e l ~ ~ I e  anci its learning ob- 
jcctivc to cacll tcst item. Ii trainccs clo no1 meet an 
objective, they can go back arid r c s t ~ t d ~  thc matcrial 
pertaining to the kno\\rlcdgc or skill deficiency. 

Sdf-paced modules can be adaptccl for L I S ~  un- 
clcr a variety o i  conclitions. A traitling prograni based 
011 self-paced materials saves time and  provides flexi- 
bilitv to both trainem and supervisors. 'I'raining niatc- 
~eials in the self-pacccl format pcrniit adaptation to 
niany ways of training ciclivcry. 'l'hc degree of sophis- 
tication cat1 be cliangccl to suit vario~rs Ic\lcls of 
workers. . . 

1 he  creation of srlf-pacccl niaterials ancl systcms . . is far from simplc 01. cheap. Iliis fine mctliod of in- 
struction is uslilblc in most situations only i f  complctc- 
111 dc\*clopcci ancl tcstccl niatcrinls co\lering exactly the 
Icarning ~ t t i i t  req~lirccl fur t!ic spcciiic systc~ii  have 
alrclicly been clcvclopcd at somconc elsc's cost, arirl 
can be acquirccl in the nrcdcd quantity at a pricc thc 
training budget will lillu\v. 

2. Trainer-Assisted Self-Paced. . . 
1 his tvpc of self-paced Icarning uses trainers . . who arc the ~ O C L I S  of i ~ i i ~ r n i a t i ~ t i  transfer. I h(!y ~1111- 

trol the time, place, cclntcnt, and methods used in 
training. Many ciecisiclns are bascci on tlic trainer ratli- 
er than tlic trciinccs. 'I'hc selection of trainers is very 
important bccattsc this type of traitiitig can bcconic 

rigiel cincl i~iliiL>it Ilic* L I W  of ollic~r ~~ifcctiv(! lcar~i i~ig 
tccliniqilcs. 

In trainer-assisted self-paced Icarning, tlic trainer 
scrvcs a s  manager of thc process. 'I'hc training rnatcri- 
als arc tlic sci t i~c a s  tliosc used in a self-p'lcecl pri)gram. 
, , I hr traincc in a s c l f - p ~ ~ e d  program ~\turks alonc and 
~ i ius t  repeat ~lriils or  seek o~~tsicIe  liclp o n  a troublc- 
some point. 'l'hc 11.~1incc in a trainer-assistcd scli- 
paced progra~ii w i~ rks  i r i  tlic presence o(a  traincral~ii  
c'in get almost immediate a;,sistanco. Onc  advanlagc 
of tliis nicthocl ovcr traditional training mctliods, 
w l ~ c r c  tlic same material is prcscntccl by different 
trili~\i!rs, is that the s~lbjcct nialtcr is uniformly prc- 
scntcci to all trainccs. 'l'liis ensures that all graduates 
will fully master the knowledge ancl skills. 

In programs of tliis type, a Icarning mctliod is 
~ l s cd  ~vliicli is ccononiicallp and niclliodologically 
most cfl'icicnt for tlic training intended. 7'hc trainer's 
role is one of managing thc Icarning process by clarify- 
ing, motivating, encouraging, and assisting trainccs 
to cxtcnd tlieliisclvcs to othcr training matcrials. .. I rainecs who Icarn quickly can complctc morc matcri- 
a1 in a ?!t i i t  of time because t l~cy  'Ire not in a lock-step 
set Ly t11c Iraincr or tlic slower traincc. ?'he slowcr 
traincc call takc aclditional tiriic to s tudy thc matcrial 
and not hold LIP the class. 7'rainccs can interact one- 
on-one with thc trainer atid rcccivc assislancc inimc- 
diatcly, whereas in the conventional classroo~ii tliey 
perhaps will not seek help bcca~lsc of shyness or fear 
of appearing slow. I'rainccs can sliarc equit711icnl 
since tliey may work on nioclulcs a t  cliffcrcnt times. 
Diagnostic tcsts and prcscriytions liclp stagger the 
trainees' progress. 'frainccs ~v l io  master the r c q ~ ~ i r c d  
objcctivcs and modules can citlicr g o  on to more ad- 
vanced studies or use supplcnicntary niaterials to 
strengthen tlicir knowleclge ancl skills. 

Otr-! l r~- jub t r n i ~ r i ~ ~ g ,  ns irr tlris In t r i~reco~rst r~r r t io~r  projcc!, is o{!or 
zvry L ~ / L Y ~  izul. 



'I'hc Lraini~r-lissistc~i self-paccJ mclhocl is bcst 
used w h c ~ i  groups c ~ f  lrainccs nccd siniilar [raining 
and wlicli their work tasks use simil'ir si~pplics and 
cili~ij.~mcn~, lhc training can be givcn at one location; 
and trl~inccs ncc~l  a lrai~icr because of deficiencies in 
basic education, lack of sclf-confidence, lack of moti- 
vation, and lack of good study habits. A wcll-prc- 
pared trainer who can scrvc as a model and niotivlitc 
trainees woi~ld be an cxccllc~it cl i~icc.  

'Slic traincc who moves quickly tlirough training 
niay help liis peers who need assistance. 'Srainccs acl- 
ing as  peer Lraincrs reinforce llicir knowlcdgc and skill 
while working wit11 others. Silicc llicy liavc just fin- 
ished 11ie training, peer traincrs may be able to diag- 
nose trainees' problc~ns niorc accurately and quickcr 
than the traincr. Also, trainees who nccd help niay 
not feel as  "threatened" by peer traincrs and bcttcr 
communication can bc establislicd. An exan~iplc of 
tliis approach is givcn in an article by Austin and 
Balchclor (see list of sources at ctid of chapter). 

3. On-the-job. 
On-the-job trainirig is very effective in transfer- 

ring skills and knowledge. I t  is most effective witli 
trainees who learn new skills from a more skilled per- 
son, sucli as an experienced craftsnian, tlieir fathers or 
senior tribe members, and are not accustomed to be- 
ing trained in formal groups or by leaving tlieir home 
communities. Tlie suitability of tliis method depends 
on availability of trainers and on the effectiveness of 
information transferred per illlit o i  cost. Since on-the- 
job training is similar to natural learning it is higl~ly 
iecommended for village and family systems. 

Training in rural water supply and sanitation, 
whatever the instri~ction method, should be coordi- 
nated at tlie national, provincial, village, and family 
levels. The larger, more organized systems can assist 
tlie smaller ones and the smaller systems can provide 
feedback on tlieir problenis and efforts at tlie village 
and family level. Tlie choice of training method de- 
pends on local training needs and the extent of local 
resources. I f  well-developed task analyses are avail- 
able, it is easic~r to select appropriate delivery systems. 

Task Analysis Approach to Training 
Traditionally, persons with professional education- 

al qi~difications have prepared workers for jobs in 
rural water supply and sanitation fields. Usually they 
select subjects relevant, but not specific, to the work 
bcing done and cover these areas completely, includ- 
ing history, theory, dcsign, econoniics, and opcr- 
ations. Often, the operation and maintenance 
material is general and is partici~larly weak i n  teaching 
diagnosis and decision-~i~aking. Many rural water 
supply and sanitation programs have had serious 
problems because, after training, trainees lack practi- 
cal skills. 

The design and construction of rural water si~pply 
and sanitation systems dictate evcry operational and 
maintenance task. Efficient and effective operation 

~lck.cncls up011 the syl;lct~ialic tab~~lation of each of 
lhcsc lasks so lhcp can all be incorpc~ratccl it1111 Llic 
[raining program ancl supcl*\liscd 011 the job. 

'I'hc dcfi~iilion of tasks requires conlribulions by the 
pwplc working o n  design, cquipmcnl selcctio~i, con- 
struction, opcralion, and mainlcnancc of the system. 
'She cantribulions of all thcsc people arc bcst cclordi- 
natcd by someone knowlcdgcablc in doing task analy- 
ses aricl relaling them to job pcrformance. 'Sliis talclit 
is tilore likely to be foi~nd in national or provinicial 
organizations but rural water supply and sanitation 
workcrs can bc trained in thcsc skills, I t  is csyccially 
important tliat the people responsible for opcralion 
and maintenance conlributc lo the task a~ialyscs. 'I'his 
way, tlicy arc a part of tlic training s)7stem dcvclop- 
niental process and the ~iiatcrial uscd for training and 
operation is tl~eir own. 

The tasks performed in rural water supply and sani- 
tation operations arc aboui tlie same regardless of 
wlicther tlic system is national, provincial, villagc, or 
faniily. Once task analyses and training are developed 
for a system, they can be used anywhere with modifi- 
cations to fit tlic workers to be traitied. National and 
provincial programs should be encouraged to develop 
task analyses and related training nioclules and share 
them witli small town village and faniily systems. 

Task analysis based training is carefully designed to 
assure the traincc acqitires the skills and knowledge 
needed to operate and maintain specific water supply 
or sanitation systems. Each task is defined and ana- 
lyzed to ensure it is specific to the system's operation. 
Extraneous material not directly related to the oper- 
ation of tlie system is excluded. 

To devise a training system relevant to tlie trainees' 
task pcrformance, it is important to decide if tlie prob- 
lem is a lack of skill or knowledge and not a manage- 
nient or motivational deficiency. Questions to 
determine tliis might include: 

1. Is tliere a problem? 
2. Is it a performance problem? 
3. What is the performarrce problem? 
4. How will we know when the problem is solved? 
5. Should we allocate resources to solve it? 
6. What are the possiblc causes of tlie problem? 
7. What evidence bears on each cause? 
8. What is tlic most probable cause? 
9. What general solution is indicated? 

10. What arc the cost, cffects, and development 
time of each? 

11. What are t l ~ c  limitations on implcmcliting each 
solution? 

National or provincial organizations could answer 
these questions sufficiently to plan a training pro- 
gram. If they have problems, they usually know per- 
sons or organizations to help them. However, niucli 
assistance may be needed at the community level. 

Table 27 contrasts some of the major attributes of 



Tablc 27. Co~nparisori of Typical Edu~~i t io~i /Trai~l i~ig  Pliilosopliy and thc Task Atialysis 
Appro* cli to Training 

typical educationltraining programs and tlie task anal- 
ysis training program described here. Eacli of these 
points should be considered carefully, and teclinical 
and management control should be placed in hands 
that liave den~onstrated capability in tlie task analysis 
approach to training. 

It is not easy to find experienced persons to lead 
task analysis based training. Until each region or 
country trains the number of people required, i t  will 
be necessary to sliare what talent is available through 
international agencies and programs and to make 
wide use of the products of new in-country leadership 
training efforts. 

I ~ L ~ I I I  

Contc~it ol 
st~bjccl i i r ~ ~ i l  

- 
Dcsi~;~i*vrs ,itiiI 

dcvclopcrs 

Validillion of 
course of 
instruction 

Inslruclionnl 
mctiitr~l 

Traincc 
ac l~icvcni~~nt  
standards 

Some Additional Points to Keep in Mind 
1. I t  is ~tnwise and often disastrous for the design- 

ers and iniple~~ienters of training to leave as soon as 
traitling has occurred. Training design and implenien- 
tation sliould be carried o ~ ~ t  by people with a long- 
term coniniitnient to tlie program. This means 
involving community residents and other local people 
wlio can be expecterl to stay in the area. At the village 
and family level, training will often be carried out by 
volunteers or people selected by village officials or 
family heads. 

2. When the water supply and sanitation facilities 
arc planned, designed, and constr~tcted, many deci- 
sions are made which affect tlie sliort- and long-term 
training needed by those wlio will operate and main- 
tain them. 'The people who do the planning, design, 
and construction of national, provincial, village, or 
family syste~ns vary tremendo~tsly in their knowledge 
and skill. A national system may have access to 
trained personnel, but tlie family system may seek out 
a neiglibor or priest for advice on water supply and 
sanitation problems. 'l'hese designers, whatever tlieir 
level of competence, will select equipment that helps 
determine tlic tasks required of the operation and 
maintenance personnel. 

System designers will place equipment in locations 
tliat affect opera tion and maintenance. Tlie equip- 
ment may be a combination of domestic and imported 
items. Imported spare parts and supplies may require 
long lead times in clearing import requirements and 
customs and may not be maintained in adequate sup- 
ply. Local regulations governjng water supply and 
sani ta tion development may hinder opera tion and 
maintenance. Tlie builder may liave followed the de- 
sign drawings religiously, or he map have deviated 
from them without noting tlie clianges. These kinds of 
actions will affect the tasks tliat must be performed to 
operate and maintain tlie facilities. Training will have 
to take account of them. 

. . 
/,1//1it.i11 / : ~ / I ~ I ~ ~ I / / I I I I / ~ ' ~ ~ I ~ I I / I I , ~  / I / ~ / I ~ ~ I ~ I I ~ / I  

l3r1 '1i1 ~ o \ ~ t ~ r , i g t *  of liistory, 
(11, w y ,  fiicls, , ~ n d  
g i ~ ~ ~ ~ ~ r , ~ I i z ~ ~ l i i ~ ~ i s  

I'crson rvith Iiigl~vst ilcgrcc 
t~v ,~ i l ,~blc  (l'hl) is bcst) 

Notic or by pccrs (usuillly 
of s~iriic dcgrcc Icvcl) 

Usually Icrtt~rc, tcstbooks, 
'11 set timc and pl,lcc 

'Trainees ~listribtrtcd over 
n o r ~ i i ~ i l  bell sliapctl ct~rvc--1: to t\ 

Contttttrnity cdttcntiort itt using the cotnpletcd fncility is very 
inqortntit. 
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?ir.*.k /Ir~r~l,t/siz A/~/rr.rnrc.lr 

'Llsk t~~iiilysis lo ~lclcrniitii* 
tiititcri,il cssctilial for conipctenl 
l~sk twrfi~rrn;ltice 

Subject miiltcr cxycrl, 
inslructio~i~~l tcclinologist or \~ocaliotial traiticr, 
ati i l  practicing skilled rvorkcrs 

Practicing sltillcd workers and 
lrainccs wlio must mcct sct 
standards of tinic, quantity, and cluality 

Variiiblc, to mc19t conditions 
i111rl limitations of trainees, fuiiiis and availability 
of trainers 

All  trainccs brought :o 
tircdctcrniiticd mastery lcvcl 
pcrforniancc 



3. In sclccting \vorhi~~os to ccil.ry oill rlicsc l,islcs, i t  is 4. A [raining progr~itii m ~ l s t  c~v i~ lu i i t~  tr,~inccs clur- 
ncccssary to clc~tcrrnirii~ how ~ i i , i~ iy  of tlicm llic cvork- in): tlic training i~roccss iincl on  llic job after training, 
curs ctin pi~tfor~i i ,  'l'lii~ ~ i i o r ~ ~  c-o~iiplt~Li~ Lliil ctipLi13ilily of 'I'liis ~issurc~s llial illc troinc~c is able to lranslcr Llic 
new workers a! ontry, tlic less training nccdcd lo brinh skills anel knowlcclgc oblCiincd in trzining Lo the job. I t  
them ilp to the dcsirccl st,itiJcird. 'l'hc less skillcd t lic can ,ilso help in efforts lo improve Ilic 11,ailiing given 
I I P M ~  worki~rs, thi* niorcl c i~mprchc t i~ ivc  Clnel I i~~igthy to subscilucnt trainees. 'l'lic following crito.ici may be 
the trLiinin,: progr'im ~iiirst bc. ~ ~ s c c l  to cvalualc a worker's ion-the-job ycrformancc: . , ,  . 

As muCli as possible, c,lrcft~I consiclcration slioul~l 
bib given to defining tlic cnlry Icvcl rccluircmcnls ol 
each training program. Scvcrlil points s1io~1Icl 11il kiq1l 
in mind when dcl'ining cntry rcclt~iri*niivits: 'I'Iic~g1'i*a1- 
clr knowlcclgc and skills v~iry among t l i c~  train'cs in a 
gro~tp ,  tlic grc'ilcr tilt probCibility of losing or boring 
sonic, ~ I I L I S  ~ ~ ' ~ ' ~ ~ t i l l g  a diff ic~~lt  situ,ition lor tlic instrtlc- 
tor. Failirrc cinci clropoul ratcs incrccisc; molivalion is 
Iocv. 'flic narrower the range witliin ~vliicli knocvlcdge 
ancl skill vary ~ imo~i) :  the tr'linccs, Ilic greater the 
probability of motivating llicm since they all will pro- 
gress at about the samc rnttl. 'l'lii:; helps to ctisurc t l ~ ; i t  

the trainccs will reach tlic desired ~ e r f o r ~ i i a n c c  Ie\leI 
and alsv liclps tlic trainer nian'igc tlic instruction bct- 
tcr. 'l'lic tlsc of rcmcclial training materials to help 
traitices reach a desired pc r f i~ r rn~~ncc  lcvcl is an csccl- 
Icnt way to overcome the cffccls of variation in capa- 
bilitics among trainccs. 

Diagnostic testing uftcn helps establish tlic kno\vI- 
cdgc and skill Icvcls of trainees. I f  diagnostic testing 
sliocvs a significant number of trainees lacking in one 
area of ktio~vlcdgc or  skill, this material s l i o ~ ~ l d  be 
included in tlie training program. I f  only a few train- 
cBcs arc defiriclit, iriilivicl~lal rcmcdial pr:lgranis can bc 
used. I f  tlicrc is no way toevaluate the trainccs bcforc- 
lianci, the trainer ~ ~ 1 s t  be alert for skill or k n o w ~ ~ d g e  
dcficicricics and takc corrective action as  soon as  
possiblc. 

Elaborate tcsts a12  not needed 10 identify trainee 
capabilities. 'I'rainl~rs should set goals in tlic form of 
'asks that tlie trainccs will bc able to p r r h ~ r m  after . . 

lining. I licsc ~;oCils can then be used to determine 
~ra incc  compctcncc. A trainee's kno~\rlcilgc and skill 
can be nicasclrcd through q~lcst ions and  observations. - .  lliis is probably tlie bcsl nictliod to use with sniall 
numbers of trainccs such as in a faniily ot village 
program. 

r Ikttcr water c1~lality 
r Morc s,ilishclory laboralury tcsts 
r I.,ongcr system opcl*alion 
r Lotvcr ~i ia intcna~icc costs 

LtIu'cr S L I ~ ~ I Y  costs 
r Less down-tinic of ccluipmcnt 
o Morc frequent meeting of regulatory require- 

ments 
r Iniprovcd relations witli water users 
r Inipro\~cci morale of workcrs 
r L,owcr worker turnover 

Putting a Successful Training Program Togetller 
From the foregoing, i t  is clear that the planning and 

organization of any training program, especially onc 
for rural water supply and  sanitation, is a coniplcx 
process requiring a considerable range of knowledge 
and  cxpcricncc. In the past twcnty years, tlicre lias 
been ~ i i~ t c l i  tlicorelical and practical study, field obscr- K 
vation and analysis clircctcd at determining wliat fac- 
tors heavily affccl tlie sLIccess of training programs. 
Success, in tliis context, is ensuring tliat trainees ac- 
quire tlie knowledge, master the job-relevant skills, 
and  liavc tlie motivation that makes it possible for 
them to perform tlie tasks their jobs require invariably 
(because livcs niay be at stakc), promptly, and  to full 
stalidards of conipctcncc in s t~c i i  a way tliat tlie u.jidr 
o r  sanitation system in which tlicy work delivers the 
lcvcl of service it was designed to providc. 

Among the more important factors which hcavily 
affect the succcss of training, it lias been found, are 
tl i i~sc s l i ~ ~ w ~ i  in Table 28. As can be seen, these factors 
opera tc, with many varia tions, across tlic spcctruni of 
physical facilities, funding, training resources, train- 
er-traillee qualities and cliaractcristics, rclations be- 
tween work supervisors and training, and trainee 
motivation aspccts vf tlie proccbss. Tzken together, 
these factors enipliasize tliat training pVngranis are 
social enterprises that happen in a political and orga- 
nizational environment that includes many interact- 
ing parts and relationships. 

WL*II-tmined locnl zi~ork~yrs cnrr rrr~derlnkc rrrnr fi~irly w~/dristicntrrl 
prc~jccts s~rclr ns n storagc lrr~rk. 
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Table 28. \:actors That Affect the 

bfi~jor I'it1.111r 

Lucatio~i 

I1li)fsickil faciliti~!~, supplic~ 
and ~~~lu iyn icn t  4~\~tiilLildc 
for traitling 

I:itnils avail.ihlc 

l'raitiing rcsourccs '~vaila blis 

Instructor ilitalily 

'l'riiincc prc~rciluisitcs 

t\ttituJc 11f  triiinccs' superior 
toward trainins 

Supcrior's support for 
trainees' training 

17cwartls avi~ili~blc to triiincc 
bccausc~ of tr'titiing 

- 
Succcss of Rural Water Supply -- and Sanitation Training 

\'itrii111011 

Gcograpliical loc,llion of 1r;lincc1s 
Acccssibility ol' Iriii~iing sill* lo trnin~1cs 
Acccssibility 111' Irtii~iccs [ I )  inslruclot' 

At ;I ccntr,~l Iraining site 
At tlic crnpl~~yriic~nt silt1 
Necdc~l spccializcd ciluip~iicnl 
Ncctlcd safcly cq~~iprncnt 

I:roni water supply dnd siinitation orgariiziltion 
Fro111 o~rlsidc tlic organization 
Unpaid volunteer suppurl 

Instruclional materials 
t\udio!visual ciluipnicnt 
Suyplics 
13q~1ipn1cnt 
Trnining 111 systctii Iocillioli 
Transtlorla tion 

Technically co~iipclctil 
Elfcclivc in com~iiitnications and use of various media 
Motivates tr~inccs 
Uses rote Ic,lrning, 1101 inspiring 

Mr1!\1 meet t~rcrcilui~ites o f  training course: 
a ,  rcailing Icvcl 
b, math Icvcl 
c. subject arca hackgroilnd 
d. nianucil experience and skills 

I<cniciticll training available i f  ~ locs  not mcct ~ rc rcq~~is i t cs  

Encourages anil activcly seeks training 
Will support tr'iincc.tr,iincr i f  he finds opportunity 
.l'raitiitig OK on iIn occasiotial basis (once per yeiir for onc wcck) 
Will pcrniit training on Ic,itlc tinic 
No inlcrcst-tr;linitig is waste of titiic 
Ignores training 

I-lighly supportive-will usc organization's funds 
for training costs and pay trainees during training 

Will pay training cost-traitice must take titiic off 
Will allow trainee to be paid while training, but trainee must p.1~ 

for course and transportation 
Trailice Ilia)' go on Icavc time iind pay all his orvn costs 
Trailice niust do training 011 his own time 

Incrcascil p l y  

Iticrciiscil status: 
a ,  niorc responsibility 
b. ~rivilcges 

Public recogliilic)n 



Most (11' ~ l i c sc  I;ictc)~~s li,ivc bccn clisc~~sstlcl (11 ~iiorc 
or. less g r ~ a l  Ic~it;lIi c~l l '~ ' r~~ly,  Ilowe~vcr, i l  is \vorlIi- 
wliilc to cnipliiisizc liow imporlLinl llic rc~llilionsliips 
in flicl lir(! L7y rcc.Lilliiig lI1i1 following poi~ilu 

'I'lic Ii)clilion lincI mohilily of lrliint~cs is i1iij7orL.1nl 
\vlicli ~lc~csiclirig \vliclllicr I f )  l,ikel thtl lluinccs lo l l i i l  

Lr1ilning or. tlic~ tr,ii~iing to tlic l~~~ i inccs ,  At llic villligc 
l i ~ i c l  f l ~ ~ i i i l ) *  l(~vcls, lrl i i~ii~ig L I S L I ~ I I I ~  hlio~~lcl 1 x 1  l l ~ k c ~ ~ i  to 
llic lrLlinc~cs, livcn in Ilirgcl progr~i~iis,  Ll*liiliin): prob- 
ably s I ~ o L I I ~ I  be tli kcn to llic t l ' l~i~iccs ~ C C ~ I L I S C ~  01' cost, 
lilliluclcs ol superiors, Lind ollicr fliclor.s, 

I'rcrcq~~i,sile~s lor inslruclio~iiil progrllliis ,ire influ- 
c~icccl by l l i f l  subject ,irc1as to be co\~crcd,  tlic Ivlirning 
liL7ililics of the? lrailicc~s, ancl tlic 1rLlinccs1 Icvcl of c1x- 
pc~~icncc. I~cmuclial pr i~grams may he nccciccl. 'I'lic in- 
slr~lclic~lial pr~ogrlilii o r  mclliocl sclcclcei for implcmcn- 
Lilion will, in pnrl, depend on ho\v long truinccs can 
spend at the' l rd i~ i i~ ig  bile, Iiorv 1011g llic trainer can 
sp i~nd  \villi llic trairiccs llic s!rslcm site, nncl Iiorv 
~ n ~ l c l i  moncy is livailablc. Inslructor qualily ancl a\lLiil- 
ability is cri~cial. O n c  of the most imporlanl dclcrmi- 
nants of trliining clildlily ancl SLICCCSS is tlic , i l t i l~~eic 01' 

llic workcrs, ~ i i~ in~ igc r s  ,111d supcr\,isors in cncourag- 
ing workcrs, allocving them lo lakc trainilig, a1-d re- 
~vnrding them for completing training. 

'1.0 pi11 all LIiis togcllicr ancl produce a suc.ccssful 
training componcnl for tvalcr S L I ~ ~ I Y  a11d sanit,~lion 
progranis ~ v h c r ~  LIicy arc ~i iosl  ~icecleci in llie l'liird 
World co~lntrics \vill c o n t i n ~ ~ c  to require great abilily, 
skill, and  dedication from those wlio arc cIia11~1i~cd 
by the coliiplcxil\* ancl iniportancc of tliis task. 

Imylcmenting Training Progralns 

. .- 
training. I t  is cssc*ntial ior task-ori~:ntcd training. 'She 
tcam lcncicr should be an  inslructional technologist or 
a \~oca1ii~nlil trainer who h1is liad cxpcricncc in the 
environmental field, i f  possiblc, or in a rclatcd field 
r cq~~ i r i ng  similar lino\vlccigc and skills. I 1  is clifficull to 
find a water sclpply and  sanitatior cxpcrt with suffi- 
cient background in task anLilysis ancl training dcliv- 
cry systcm organizlition to head a project. The team 
lcadcr must bc well-\lcrscd in task analysis and in 
training program clc\~lopmcnl .  t l e  or she ~ii~lst be 
able to work ~vcl l  \villi tlic Iiiany subject-matter cx- 
pwts rcqi~ired tc) cuvcr the progralii topics. I1 is rvcll to 
have ficlcl workcrs vcrify the practical ~~sc fu lnes s  of 
the content and  presentation of tlic topics wliicli w b -  
jcct-matter experts come u p  wit11 and  make adjust- 
ments tvhcrc necessary. Depcncling on the nature of 
the training ma tcrials, the team may need the scrviccs 
of writers, graphic artists, artists, draftsmen, audio 
experts, photograpliers, proofreaders, typists, print- 
crs ancl other spccializcd persons. . . 

!lie tcam apprvacli is most Feasible at a regional, 
na tional or in tcrnational le\rcl. 'I'his reinforces tlie 
need for close cooperation among groups ellgaging in 
training systelii dcvciop~iienl.  Pcrsons working a t  the 
provincial, village and family levels mcst be involvcd 

i l l  clc*rliii~i jloillls such iiS li19k i l l l l l ly~i~,  fh1lcl l r i t l l ~  01' 

miile!ri;ils, iincl ft*~!~lbilclc UII  ~ y ~ t c l ~ l i  c!fl'i~c-ti\~i~ni~ss, I ~ L I L  
llic~ o v ~ ~ r ~ i l l  c l c v i ~ l o ~ ~ ~ i i e ~ ~ i ~  I I I L I S ~  llel 111 tlic~ l i i ~ ~ i i l s o f c ~ ~ ~ i ~ l i -  
fic!rl ~,elrsons will1 ~.cso~~rc.i!s n~aililbli~ for I l l i t  rli~\lcloj7- 
me111 lnl  ~~rocc*!;s, 

Matiaginji a Training Program 
'I'lic basis of any  1rciining prol;rLim is LIlill 1111' worlc- 

crs lrliiriccl 111ust bc able lo provielc 11 slifc and ~ ~ o l a b l c  
willcr suppljr lo llic consclnicrs or lo proviclc aclcq~lalc 
sanitlilion services, 'l'liis means tlic workcrs I ~ I L I S ~  be! 
able to ycrform lo llic sta~iel~irds set by llic program 
under ; r I I  conclitions, 'l'cclinical and ~ii~inagcrncnl con- 
trol of t l ~ c  program niusf rcsl with pcoylc wlio Iiavc 
llicsc c)bjcclivcs in mincl. Such pcoplc arc not clasy lo 
find in most r:~~lnlrics.  

'Slic clcvclopmcnl of '1 training prc.)gram will be Iian- 
dlrd ql.lilc cliffcrcntly by pcoplc in tlic lradilional cdil- 
calional world and llio!;c with a task arialysis 
apyrox 'h.  'l'lic sanic holds trc~c for lhc group tliLit 

controls the management of the training dclivcry sys- 
tem. 'l'ablc 29 summarizes sonic of Llic basic pliilos- L 

opliics embraced by various groups tlial riiiglit 
nia1iagc a l ra i~ i i~ ig  system. Ustlally, tlic blclid of tal- 
rnl ,  funds, and politics will dictate wlial nianagcmcnl 
systcri~ will be used. Wlierc yossiblc, one slio~lld try to 
maxiniize lhc use of LIic task analysis approach lo 
training, 

Trnittitrg cntt tnkr placc nt n cetrtrnl site, ott flre job, or botlt. 
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lIic~~rr)*, l ~ ~ i t l  g i~11t~r~11 , ~ j i l i l i e ~ ~ ~ l i o ~ ~ ;  I'~XL*LI 11111~1 1 ~ ~ ~ ~ 1  ~ r l ~ ~ c ~ i ~  l'or i l t l l iv i~ry. 

ilc~livory ly I I I~~~ I I I~~  \\fit11 11i~;Iit~hi t ~ ~ q o ~ t l t ~ ~ ~ i i t ~  t ~ i ! g r ~ ~ t ~ s ,  
(;r,~cli~~); 11y l r t ~ ~ l i t i o ~ i , ~ l  1ior1i1~11 t l l h l l ' i [ ~~~ l Io~ i .  

'1'r1lillillg ~ ~ ~ ~ ~ l l l i h h ~ ~ l ~ l ~  \ v ~ l l ~ t l  I ' l l l l l ~ t i  ~ ~ ~ i ~ i l i ~ l l l t ~ ,  
bu l  l7riority Is IIIW, 

'l'ry 10 \ \ l~rht* r  111 IISL* Ills l l ~ i i t ~  I'II~ l t ' i l l~ i i~i} ;~ 
Ohli~ininy, I ~ c . l ~ ~ l c * ~ ~ ~ i ~ s  dc~grt~t~s is 01' h igl i t~r priorily 11it111 $kil l  r l ~ ~ ~ c * l o p ~ i ~ t ~ ~ i l ~  
11' l r , ~ i ~ i i ~ i ~ ;  i ~ t ~ l l i l ~ ~ i ~ ~ ~ e i ,  s i~~ ic l  liiglic~r It lvi~I pc r !~ i~~ i t i c l  h t + l ' ~ r i ~  Io\+~L*~ lc1t1co1 

~ l l ~ r s ~ l l l l l l ~ i ,  

'l',~sk ,111i11yst~s ~ l i ~ t t ~ r ~ ~ i i ~ i c ~  c t ~ ~ ~ s ~ l  01' ~ ~ ~ ~ ~ I I ~ I I I , ~ I I L U  ~ l ~ ~ l ' i c i ~ ~ ~ i c ~ i ~ * s ,  
I,uc,~l t i a r s ~ ~ ~ . ~ ~ i a I  wrlrkir~g with crulsielc~ consulliinls t ~ r l i ~ l y ~ t ~ ,  tlcsijin, ~ i c ~ v c l ~ ~ p  

,lncl i n i ~ l c r ~ ~ u n l  Lr,~ining clclivcry syslil~ii a 

Subject ri~,~tlcl. b,~sctl on rcsults (11' lank t ~ ~ i I ~ I y ~ i s ,  
V i~r io l~s elclivcvy ~ n v c l ~ ~ ~ l ~ i s n ~ h  usccl lo t~vi!rco~iic Icri'i~I cons l r i~ i~ l ls  ol' timc, 

~ilacc, ,111t1 l,~Ii*~il. 
'rr,linillg e ~ l l l ~ ~ l ~ c t c ~ ~ ~  by ~ l c b l ' 5 ~ l l l S  t ~ l l i l ~ i f ~ ~ ~ ~  ill iIK't1 e l l '  ~ ~ ~ l r f ~ l ~ l l l i l l l l ' ~  C~t! f i~k' l l~y. 
'rwining i~oncluc-l~~cl lo niclcl scl ~i i i~! ; lcry rct l~~ircnicr i l .  
' I 4 r l~ i~ i i~ ig  ~ ~ o ~ i c l ~ t ~ l c ~ ~ i  i l l  niost cost-cfl'i~clivt* nianncr, 

- 
Table 30. 

Corttrlcl 

El II'SIWI 10 
121 1 Gcticvil 27 c- Switzcrlancl 

Caribbean 13,lsin Water Managcmcnl I'rojcct 
12AMO/WI 10 
P.O. Box 508 
Hridgclo!vn, Barbados 

Environnicnlal Protection Agency 
Cinct~it~ati, Ohio 45268 

i' 

; dfficc of Drinking Water, 
' Environmental Prolcctiori Agency 

Washington, D.C. 20460 

East-West Ccntcr 
1777 East-Wcst Road 
1-lonolulu, I-lawaii 9684F USA 

Wl-10 Pulications Ccnlcr USA 
49 Slicridan Avenue 
Albany, N c v  York 12210 

Information on Training of Trainers 

l l r~~i l~~i~/  

M a n ~ ~ a l  on "Tri~ining ~ ) f  'l'raincrs": 

Describes includes program instructor for guide, water traincc supply nislcrials, agencies to visual put on aids, tlicir ,lnd own suggcstctl program; 
implcnicntntion procedures. 

Instructor's Manual and Planning Guide 
for Trainers, 1978; 

A Guidr for Tralnitig M a t i ~ ~ i i l  Dcvelopcrs, 1980. 

- 
I3asic Instructional Tcclinology, 

Pnrlicipant Rcfcrcncc Manual. 
EPA-43011-79-010, November 1979; 

Basic Inslructional Technology, 
Staff Guiric Rcfcrcncc Manual, 
EPA-43011-79-009, November 1979; 

Advanced Inslructional Tcclinolag!~, 
Participant Rcfcrcncc Manuo!. 
EPA 431)ll-79-012, November, 1979; 

Advanced Instructional Teclinology Staff Guidc. 
EPA-43011-79-011, November, 1979. 

Instructor Dcvelopnicnl Workshop, 
Instn~ctor's Manual; 

Instructor Dcvclopnicnt Workshop, 
Participant's Handbook; 

Instructor Training Seminars, 
A Manual lor Statc Training Supervisors. 
August 1979. 

Manual on Hclpirl,y Pcofrlr Lt3artt: A .ModlrIc for Tni~rers. 
Includes: Manager's Guide, Text, Exercise Uook. 

Etlucational I--lancibook for I-lealtli Personnel, 
J .J .  Guilbcrt, W i d 0  Offset, Publication 
Nunibcr 35; 1977. 



S c l t i ~ ~ g  'I'raininl; Priot'ilics 
l'riorilitl:; t'tlr lr1iining C L I I ~  only l-tcl si!l lil'li~r ,I  i l t ~ l L i i l i ~ c l  

,~~i~i lys is  of , I  n(ln11)ilr of L~clors is nilllIc, MLlny ol' Ihcstl 
t'l~t*lors (11 r c~~~i ly  lilivo l~ei*ti c l i~~ i~sso i l ,  'l'lioy i~ ic l~~c l i~ :  

I ,  WliLit 11rc~ l l i c l  ~-ic~rfor~ii~~~ic.i~ prol-tli*~iis? 
2, Whicli oncl.s , ~ r i ~  iqCi i~si*cI hy: 

a Skilllk~iorvlccljiil clcficiclncics? 
a MLinligi~~iic~nl clcll'icicncics? 
a M o t i ~ ~ i t i o ~ i l i ~ i i ~ i ~ ~ i l i ~ i ~ / ~ i l t i l ~ ~ e I ~ ~ ?  

3. Wlitil ililc~r~i~il l i ~ i e l  c ~ l c r ~ i ~ i l  rcsoLIrccs 11rc 
Livriilliblc? 
c Pilncls 

IJc'rs0~1~1c~I 
a I~licililics 
a 'I'rciining programs 

4. Wlicit s ~ ~ p ~ ~ o r l  will Ilicri- b~ l'or Ihe cl'forls? 
5. Wlio ~ i i ~ ~ s t  supporl llic cfforl? Is succcss in 

trLiini~iji necessary lo juslil'p expi*ndili~rcs? 
6. Wliicli ilfforts will he of grcnlcsl L-tcnclil in tcrms 

of: 
a Inipro\lccl knowlcdgc <incl skill 
a I nipri)vcd riia n1igcmc~i l 
a Impro\,cei ~iiotivalio~i, incen tivcs, arid 

'1 tlit~lclcs 
7, Which require inlcraclion with other agencies 

(villcigc, pr~vincial, ~ i~i l i~)~i r l l ,  inler1ialiona1)? 
8. Which require recrcriting of new personnel, 

reassigl)nicnt of personnel, or upgrading of 
persolinel? 

9. Who will, and who will not,, s i~pport  tlic cffort? 
Can tliosc againsl the cffort bc pcrsuaciccl 
ollicrwisc? 

10. Is a cluick, ciraniatic cffort rccluircd lo impress 
otlicrs? 

1 I .  What time is a\failablc to carry out tlic training? 
In gcncral, priorilics nii~st beset bascd r111 some 
conibination 'of: 
a Necci for improved pcrformancc. 
a Rcso~lrccs available 
a Political rc:alitics 
a Need for succcss in training 

Recently, a regional projcct in the Eastcni Caribbc- 
an wc~i t  t l i ro~~gli  tlie above analysis. Training coor- 
dina tors fro111 ten Eastern Caribbean countries 
de\~clopcd a system of worksliccts to analyze tlieir 
priorities, gather information from cach country, and 
work up a master plan for a two-year training effort. 
'Sliis plan included training to be conducted at tlic 
water system site, in local tradc-training centers, in 
other Eastern Caribbcan countries, and out of tlic rc- 
gion. 'l'liis basic approach coi~lci bc used in setting 
priorities in any lraining prograni. 

Selecting and Training the Trainers 
In most situations, tlie pcrsunncl selected to do tlie 

training will nut be full-time trainers. 'They will niosl 
likely be people with tecklnical expertise in tlic subject 

11rilil bul will1 I i t t I i ~  c~xpcriclici~ in lrLii~iiliji oll~c~rs, 1)ro- 
visiotis mild bc lllaelc for 11n cfficiilnt  nil c!~fcrlivc 
Iriiining 1vo~;1'111ii lo j ) r c ~ w ( ~  t ~ ~ ~ i i ~ i c r s  for Llivir e1~1ti~~s.  
'I'llr conlcril of [his tr'iining sIio~1Ie1 bit b1is~iI 011 CI task 
Li~illlysis of whaL llic lrliincr mllst clo. 11 ~ ~ 1 0 1 1 1 ~ 1 ,  i f  at all 
tx)ssihlc~, incl~~rlc supcrvisccl praclicc in tt.ainirig, 'l'liis 
is cspcciolly L ~ L I C I  W I I C I I  lriiinirig involvcs villLigc ariil 
family workcrs. One mcmbcr of tllc worker grottl:, 
froni cach village or fatilily lo L-tc triiincd slio~~lrl be 
sclcclccl 11s lhil lmincr. 'l'liis person : ; I ~ o L I I L I  be well- 
vcrsctl ill thc lcchnical aspccls ol' the syslcm, br ac- 
ccplablc 10 llic rest of  his co-workers as a lraincr, ancl 
liavc llic polcnlial and pcrsonalily to bccomc a Lrain- 
er. 'l'lic following list includcs niariy of thc tasks (there 
niay be otlicrs) that a lraincr n i ~ ~ s l  perform, I-lis or her 
entry capability i ~ i  each of tlicsc arcas must bc consid- 
creel in sclrcting a polcntial lraincr: 

1.  Communicatrs at llic lcvcl of tlic lrainccs 
3, uses task analyscs 
3. Uscs training guicics, job aids, training aicls, anci 

audio-visical equipment (w1:crc I?iorc sophisti- 
catcd.training niatcrials arc available) 

4. ?\/lotivalc:; trainccs 
5 .  Clarifies points and assisls trainccs 
6. Evalualcs trainee pcrformar~cc 
7. Assists in devclopnient of inslructional sc- 

clc~cnccs, job aids, and oll~cr niatcrials 
8. Accepts feedback froni trainccs and training staff 
9. Allocates lime for preparation of training, Lrain- 

ing scssio~is, and ~ O I I C J W - L I ~  

'I'hc importance of this list, or one like it, will de- 
pend on tlie level (national, provincial, village, or fam- 
ily) to which potential trainers will be assigned. Sonie 
of tlie qicdities can bc perfected by training and prao- 
tice, but others arc? a part of one's owti personality. 
'She trainers selected shoulci have tlie liiglicsl ratings 
and denionstrate llie most promise, 

117 many cases, trainins of trainer wurksliops for 
local personnel generate a more effective training staff 
because tlie persons iire attuned to local problems at:d 
can relate better to their peers, and their peers to 
them, tlian can a stranger from outside. In many 
cases, local, provincial, and national autliorities are 
Inore inclined to appoint tlieir own people as traincrs 
than to recruit trainers from tlie outside. 

A nunibcr of organizations now have progranis and 
niatcrials of dcmonstratcci effectiveness in iniproving 
tlic capability of a country to train its own traincrs. 
Table 30 lists persons to contact fcr information and 
~i~atcrials on tlicsc programs. Serious considoration 
s h o ~ ~ l d  be give11 lo implementing portions of tliesc 
progr~lms which apply or can be adapted for tlic water 
supply and sanitation field. 

In the past, all too often tlie principal trainers sclect- 
cd, frequently froni other countries, for central train- 
ing systems have been one of the following: 



I ,  C ~ O I I ~ I I I ~ ~ I I I I S ,  ~~~~oI '~!ssors ,  or ~ ;ov (* r t~~ t~ io~ i l  171~0ll15- l i n ~ c  i i ~ i l i l ~ l ~ l t ~ ,  jac!rsonnol i~\lililnhll* lo ~ i l i ~ k t !  ( l l l r ~ t i ) ! , ~ ~ ~ ,  
~ i 0 1 1 ; i l ~  \\~l10 ,1rit Iookitij; I ' o ~ ~ I  ~ i 1 i ~ ~ l I i 0 1 1   villi ii l i l l l i l  bcnc!lils L O  lllc t7r0firi1111 il  ( : I I ~ I I I ~ s ~ ' s  i11"' I ~ I ~ I L I ~ ' ,  ~111~1  ( . I L ~ -  
l t * i ~ i ~ i i ~ i p ,  iiclivily lo j~~s l i fy  1 1 ~ 1  lrip, lrinir!nIs lo l l i i l  progri~ni i l '  ~ h i l n g i * ~  i\ l*i1 no1 n l i ~ c l i ~ ,  

2, Silvc!r;il c1xpc!I'l con~tt i l i l l l l~,  'I'llis tlliltly linii!~ 
Il!iil.I~ 10 C'OII fIii'lit.lg ii(.i\1i(X1 i11ic1 sills lrlii~iiti~; I ~ ; I L ' ~ <  
i119~~~ild Of t l l O ~ i 1 1 ~ ;  11 i l ~ l t ' i 1 ~ 1 ~  

3. Wi!Il-~~i!sl.)c~Lcd, ~rilll-tl~~i~lil'icld ilxpc;+ts ~llioscl 
suggcslions i l r l *  loo so~?hislicl~tc~r1 lor local condi- 
l io~is  c ~ ~ i ~ i  lit~iiliilii~t~s. 

4, Wc~ll-~+ohpi!clc~~i, \$.oll-cltti1liI'icd cspilrls who iirc 
~ I I !  of toilcli cvilh tlii~ Iillcsl l ~ a i n i r ~ g  li~i:hniil~~i!s+ 

I S  [il  '111 ~ ~ c ~ s s i l ~ l c ~ ,  lry lo iivoicl ol' llii* alx)vc~, 

Monitoring and Evaluating the Training I'rogram 
I30111 inlcrniil and cxlcrtiril cvaluLilion mitsl he cLile- 

ricd O L I I  lo c ~ i s i t r i ~  IIilil lIic training progranl is doing 
ils job, 'l'lic:sc eva1u;rlions sIii)~~Ici itivolvc pcoplil no1 
a!-~oc-ia led wilh llii '  dcvi~lopti~c~tit  arid i~nplcmcn talicln 
oi the lrainint; prograni. 

Inlcrnal cvLllua1i(~~i rlclcrmincs i f  the lrainin!; cicliv- 
cry system is provieling Ihc lrainccs willi llic ncces- 
sary knowlcrigc and slcills lo overconic pcrformancc 
clciicicticics. Aspccls ol  [his cvlilunlion might includc: 

. . l o  wliril cxlcnl was tlic task analysis approach 
uscd? 
I lorv ni~lch limp was rcquircd by lraincc!s lo com- 
plete training? 
Wcrc Ilic proper prcri~quisilics prescribed for thc 
lr'lining? 
Did trainers perform in a nianncr consislent witli 
thc tiinnngcnic~nl plan of lhc Lraini~..; clclivcry 
systcni? 

Extcrnnl cvaluatioli dctcrmincs i f  the training dcliv- 
cry s y s t ~ n i  is ~~roc l i1~i l1g  t rai~icrs  C V ~ O  perfor111 nl tlic 
clcsig~icd slandarcl. Aspects of this c\lalualion niiglil 
include: 

I-lo~v ivcll do  trainees bclic\lc tiicy arc able to pcr- 
inrm 011 111e job? 
Wliat a,.iditional training tvas nccdcd by tr~iinecs 
after 'irl [iring on the job? 
I-Iow \vcll did tlic triitning progratii prepare then. 
for the job? 
Wha 1 porliotis of tlie training propram were niusl 
rclcvant to thcir job? 
Wliat tasks C ~ L I S ~  tlic 1110st ~Iiific~tlty? 
I-low much improvement do  superiors scib in tlic 
traillccs' performance on the job? 
1-low docs the superior cval~tatc tlic pcrtornia~~ccl 
of thcsc trainccs coniparcd to prcvioi~s groups of 
trainees? 
In what arcas were /.he trainees still inadccluatc in 
the view 01 the si~perior? 

I luman IZcsourccs Ilcvclopti~cnl 
1 ~~1111~111 l'(!soLtl'iqi@S i ~ 1 1 ~ i 1 ~ O ~ 7 1 1 1 ( 1 1 1 ~  is LI f l ~ l l ~ ~ i l t l l ~ l l l ~ r l ~  

011-goi1ig r i ~ q ~ ~ i r c * ~ i i i ~ ~ i l  cr~tci~il  lo llir* 11~1si~- l~ io-~~I iys i~ :~ i l  
~ I I L I  ~ o ~ i o - c ~ t I ( i t ~ ~ ~ i l  P ~ ~ C C S S C S  itivolv~~ci it1 w;~li*r SLIO lly 

r #  1 a n d  sariildry wlislc clisposlil acliviliils, 'I'lioh~ i l ~ l i ~ t l i i ~ s  
lor Iiunian Camilii~s (incl conimt~niliils, scilti 11s living 
cli,l~iging social orgCiliis~ns, ~ i r c  likc llicl  b1lsic pllysio- 
logic,il proccsscs wliicli, lo livil, vcrlcbrCilo a ~ ~ i  mClls-- 
inclu~ling mlin- ~ i i ~ ~ s l  cotisla~illy pcrlorm, J L I S ~  CIS wn- 
lcr is an  absolulcl pliy~iologic~il ticccssily (or intlivici- 
~ l a l  l i ~ ~ t i ~ a ~ i  l i l ~ ,  SO, in a larger sense, a walcr supply 
syslcni, wilh ample ~1~1dtililii!s of safe walcr, is a sur- 
vival ricicssily I'or cvcry Irvcl of Iiuninn corii~iiunily. 
Simili~rly, jusl a s  vcrlcbralc animals must cxi3rclc liic 
pliysicnl and clicmical waslc products gcncratcd by 
their acq~risilion and  LISC of eticrgy, SO l l i ~  cotilm~11iily 
~ n ~ ~ s l  ciispc>sc of ils cxpc~iclcd a ~ l d  lrcqucntlp dangcr- 
o ~ t s  solid and liq~ticl waslc malcrials, Water and sani- 
talion systctiis arc  bio-physical bccaclsc pcoplc, wlio 
form llic cells of tlic co t i i~ i i~~n i ly  organism, arc livi~ig 
in(livic1uals ~ 1 1 0  LISC pliysical materials in tlic biolog- 
ical processes on which Llicir bcing dcpends, 

Walcr and sa~iitation syslcms arc also socic)-cultural 
becausc, at  llic social Icvcl, tiinn lias developed com- 
munilics with thcir functioni~ig organization and in- 
lcractitig rclatiotiships and willi llicir cultural content 
of knowledge, lilcralurc, art, scict~cc, and valucs. 
Modern communities arc possible because water and 
sanitation syslcnis liavc madc i t  fcasible for popula- 
tio,rs lo grow aticl bc conccntratccl ancl for 1ccli1i~10gp 
ancl cultirrc lo expand atid flourisli. 

Walcr, waste, man, atid comniunily arc lied togclli- 
er  in (lie dy~iamic  flows which wcavc biological and  
social life logctlicr as necessary inleracting parts of 
both the bio-pliysical and socio-culturC~l cnvironmcnts 
that i ~ n d c r l i ~  :ilc 10lal Iiuman ccosystcm. Man's cs- 
panding knowledge and  understanding o l  these pro- 
cesses (hyclrological cycle, organic matter cycle, 
eliscase transmission, social and political organim- 
tiuti, p ~ ~ b l i c  fit~alicc, n i~~nagcrnenl  atid control), to- 
gcllicr with Iiis actions a s  designer of systcnis and  
pcrfortncr of specific tasks, make it increasingly possi- 
blc for him both lo managc the processes atlei LI :r- 
stand tlie l imi~s  of his power to manage them. 

Education atid trnining are the twin means to pre- 
pare t 1 1 ~  I I L I ~ C  t iu~nbcr  o i  corn yctcn t pcoplc ~iccclce~ to 
make it possiblt- for all com~nunitics,  cvcntually, to 
have thc betietits of safe wcllcr atid sanitary waste 
recycling or  disposa!. 

'I'lic results of tlic internal and external evaluation 
arc used as  feedback to inipro\rc the [raining progmni. 
I'rioritics I'or making cIititiges sliould bc based on cost, 



CHAPTER EIGHT 

A~iiong the books that \vill be most useful Lo those 
planning a tr'iining program in cn\rironmcntal health 
arc Grri~l~'litr~'s fat' H~~1r1111 h/ l(~t t l lo~(v~r lJll7t~trift,y, P. 
I-lornby, ~ 1 1 ,  nl., Ccnc\la: Worlci I-lcalth Organization, 
1950; blc~nlt 11 h~l(7t1/101ilt~ fJIr7trt~it~g: lJt~itrci;~1~~s, klc~tlroris, 
Isstrcs, 'S.L. t-Iall and A. Mcjia, Gcticva: World Hcalth 
Organization, 1978; hlr7trla)nvt. Dci~~lo~lttrct7t nriii Tr17it:- 
iit'y for. 1 1 1 ~  111f~~t~t1~7liotrnl D r i t r k i t ~ ~  I'V(11cr S I I / I ~ J ~ ! /  r~trri Sntri- 
latiorr D~lcnri~~,  A. I<cdchopp, Geneva: World Healtli 
Orgwiizatio~i, 1980; S~r,y,yc~stcd S lq ls  it1 Dcziclo~l~ttrerrl o f n  
Nut iotull 7't*r7itrir1~ Dcliil~'t'!/ S!/:;lc9tt~ f Wntct./lrJfl~lci(~r7tct. 
Sc~ctor.)--A Cltc~cklisl r r r ~ l i  Crtirle, Kikswijk, 'I'lic Ncther- 
lands: J .K .  Dcnshnm and Neil E. Carefoot, WHO In- 
ternational I<cfcrcncc Centre for Comni~lnity Water 
Supply, 1978; Ittslt~rrclor's A~lnt~rrnlnttri IJlntrtritrg Griiricfi)r. 
'I'mitritr~ of 'Tt.rritrc~r.,s, 13riilgctown, Barbados: Caribbran 
13asin Watcr klanagcmcnt I'rojcct, 1975, ancl r\ Grriric 
for. 'l't.nitritr,y hlntrrrnl Dezrcllolrc*r.s, Bridgetown, Uarbados: 
Caribbean Basin Watcr Management Project, 1980; 
"Traincc 11,;olvcmcnt in 'I'hc 'Training Process," John 
El. /\itstin and Dale I3atchclor, !c~rrrtrnl A I ~ I L J ~ * ~ C L ~ I I  Wntc2r 
I21or.k~ tlssorir~liotr, June 1982, pp. 299-303; Rnsic SfmtcP- 
,q!/ l?oc-rrtt~~~trl, Inlragcncy Task Force on Hutnan Rc- 
sources Dcvclopmcnt For thc International Drinking 
Watcr Su yply and Sanitation Dccadc, Geneva: World 
I Icalth Organizatio~i, Environmental I-lcalth Tcchnol- 
rlgy and Support, 1982. 

RELATED TECHNICAL NOTES 
CHAPTER EIGHT 

1-111.3.M. Z\/lctliods of Operation and klaintcnancc 'I'raining 

I-11L3.I'. I 'lannin~ 0pcratic)n arid Mainitlnancc 'I'raining 

1-111.3.1.1 Implcmc~i t in~  Operation and klaintcnnncc 'l'raining 

I-IR.3.1.2 Evaluating Operation and hlaintenancc 'I'raining 

Also sec eacli tcclinicai note in the "0" Scrics (Operation and Maititenancc). 'Tlicse will assist with tlic task 
analyscs to bc carriccl 0111. 



CHAPTER NINE 
ECONOMICS OF WATER SUPPLY AND 

SANITATION PROGRAMS' 
\ I  

SUMMARY 

T11e third essential aspect of water supply and sani- 
tation programming is economic and financial. This 
includes providing for the capital investment of de- 
sign'and construction, of paying for operation and 
maintenance of the completed system, as well as un- 
derstanding the basic eco~~omic principles which bear 
on the feasibility and timing of the program. 

Funds for capital construction can:come from the 
beneficiary communities themselves, \from national 
government and non-government sources, and from 
international donor organizations. Planning the eco- 
nomics of water and sanitation programs and projects 

, involves consideration of four basic economic princi- 
ples: demand, supply, costs, and benefits. Applica- 
,tion of these principles will affect the economic 
character of the water and sanitation program and the 
individual projects it entails, 

Once the system is constructed, the users probably 
will have to pay for service to defray operation and 
maintenance costs and perhaps to cover a portion of 
the capital and interest of the construction costs. It is 
usually not practical or desirable for the operation of . 

L' I 
water supply and sanitation systems to be fully subsi- >:' 

dized by government. Rate establishment and collec 
tion are often critical to the on-going success of a 

' . Cnpitnl i~lirest~trcrrt h corlstrlictiott is o~rc btrportn~~t fnctor.bt tire 
system but are some times very difficult matters from a ecollolxics water sllPp15 s y s l ~ l ~ a , ,  
social, policy viewpoint. The key considerations in rate ,I I ,  

establishment and collection are adequacy of rev- 
enues to meet operation and maintenance costs, fair- 
ness to,,the users, and the ability and willingness of 
the community to pay the rates. 

., . . . . -  . 
' I I  
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CHAPTER NINE 
ECONOMICS OF WATER SUPPLY AND 

SANITATION PROGRAMS 
'So be s~~ccessfaI, a water supply and sanitation pro- 

gtarli niust take into account tlic economic and finan- 
cial aspects of program developnicnt and iniylemen- 
tation in addition to tlie otlier factors already ciis- 
cusscd. Economic and financial analysis and 
operations of tvater supply and sanitation projects, 
including the establishment and collection of charges 
for water and sanitation service and tlie comniunity's 
acceptance of and willi~igness to pay for serviccs, re- 
quires understanding not only of sonie basic cco- 
noniic principles but of social considerations. Crcative 
leadcrsliip is necessary to make water supply im- 
provements function to tlie satisfaction of all in- 
volvcd: consunicrs; local communities; local, regional 
and national funding and administrative organiza- 
tions; and participating bilateral and multilateral 
funding organizations. 

Sources of Finance 

There are tlirec sources of funds for water s~tpply 
and sanitation projects: the communities, doniestic 
sources and foreign sottrces. 

Community Sources 
A community wliicli wants to improve its water 

stlpply and/or sanitation system may decide to fi- 
nance tlie wliole project tlirougli its share of the cen- 
tral or local government budget. This invcstnient may 
then be rccovcred tliro~~gli a rate structilre of charges 
for tile service or through taxes that are independent 
of the rate struciurc but exist within a framcwork of 
social objecti\les. 

The initial itivcstment niay include' a large amount 
of local labor and materials. Part if tlie labor may be 
contributed without cliargc by local residents. Some 
of the wealthier residents may pay others to do their 
sharc or donate a sum of money directly to tlie organi- 
zation tliat is ilnplementing tlic project. Materials also 
may be provided by residents frce, under cost, or at 
cost. 

Coniniunity financing is most common and most 
practical in rt~ral areas, including villages and small 
towns, where it niay be possible to create a mutually 
supportivc organization without too ~nucli expense, A 
central organization in cliargc of water sttpyly may 
givc some rcsourccs, including people and cquip- 
nient, to assist the creation of a conimunity organiza- 
tion to oversee a water supply or sanitation project. 
'Thesc rcsourccs do not need to be very great. 

project or program basis, or provided through a cen- 
tral organization responsible for these activitics 
throughout tlic country. If there are rcgional org?ni- 
zations, tlicse also niay bc funded directly from tlie 
national budget or tlirougli the central organization. 
In sonie cou~itries, sucli as Sri Lanka, tvater supply is 
under tlie Ministry of Local Governnient 'ind Housing 
Constr~lction, but sanitation is a function of tlie Minis- 
try of Healtli. In Thailand, on the otlier hand, there 
are two divisions of tlie Ministry of Public Works, one 
of wliicli is in chargc of sanitation and tlie otlier of 
rural water supply. 

In addition to appropriations, some countries have 
special revolving loan funds to finance water supply 
and, in rare cases, sanitation projects. 'The expectation 
is that investments will bc recovered so tliat the re- 
volving fq~nd can lend to additional comrnunitics. One 
of tlie problenis s~lcli funds often have is default by 
local governments or otlier organizations in charge of 
collecting rates. Tliese groups are somelimes unable 
to collect enough moncy to kcep the oi1eration sol- 
vent. Under conditiotis of default, I n m  funds are 
eventually depleted. If loans are made by a branch or 
agency of the national governmel~t, tlic amounts 
ocvcd may be forgiven under tlie pressure of poiitical 
leaders from the area where collection has failed. 

Grants by central and local governments are also an 
important source of financing. These grants may be 
one- time allocations to cover capital costs, or they may 
continue indefinitely covering part of operation and 
niaintenance. 

Foreign Sources 
'TI-liere are two broad categories of international fi- 

nancing sources. Tlie first is donors tliat provide limit- 
ed funds and people for studies, researcli and logistic 
support but not funds for project implementation. In- 
stitutions in this category are the World Healtli Orga- 
nization, the Pan American Health Organization and 
the like. The second type provides funds for both 
studies and implementation of projects. Institutions 
in this group include tlie World Bank, thc United Na- 
tions Development Program, and various bilateral 
agencies, such as the US. Agency for International 
Development and other national development 
organizatiolis. 

Within each of these two catcgories, tliere are three 
types of foreign funding sourccs: 

Domestic Sources Bila tcral national government agencies 
Tlic primary source of non-comniunity domestic hlultilateral organizations 

funds is ttic national budget. Appropriations for :va- Private, nonprofit and other types of private scctor 
ter supply and sanitatioli niay be madc directly, on a ir~stitutions 



The coiuitries which have bilateral programs and 
are most interested in providing funds for large, medi- 
um and small investments in water supply and sani- 
taiton are: 

Belgium Netherlands 
Canada Norway 
Denmark Sweden 
France Switzerland 
Germany United Kingdom 
Japan United States of America 

Each of these countries has an agency which provides 
funds, technical assistance, personnel and sometimes 
commodities for both studies and implementation of 
projects. Contacts with these agencies are made 
through the embassies of the respective countries. 

The multilateral agencies wl~ich provide funding 
both for studies and implementation of projects are: 

to costs. There are many ways to balance benefits 
against costs, but for rural water supply and sanita- 
tion projects the best way is the least cost or cost 
effectiveness app~oach. 

There are two kinds of socio-political options that 
have important economic consequences and should 
be understood before proceeding with economic anal- 
ysis of a project: rural versus urban emphasis, and 
advanced versus appropriate technology. With regard 
to the rural versus urban consideration, i t  is important 
to emphasize the differences that may occur between 
what political leaders say and what they do. Political 
leaders may state, sometimes emphatically, that the 
water supply and sanitation needs of the rural areas 
are more important, or at least as important, as urban 
needs. Study of actual budget expenditures may 

' show, even so, that a larger amount of money is spent 
on urban projects. This is sometimes justified by as- 

The World Bank serting that since urban areas are more congested and 

United Nations Development Program communicable diseases spread more rapidly there, 

United Nations Children's Fund the debilitating effects are felt more acutely in cities 

The Asian Development Bank and towns. What may also be true, but not stated as 

The European Development Fund \ 
often, is that political leaders are more sensitive to 
large blocs of votcrs or other types of political power 

Among the private, nonprofit and other private sec- in urban areas. Disaffected masses in cities and towns 
tor organizations, the following provide limited re- can make their voices heard more easily in national 
sources for study and research purposes: and international arenas than distant rural communi- 

\(I , 
Rockefeller Foundation ties spread over the countryside. 

Ford Foundation The economic consequences of the urban versus 
Kellogg Foundation rural issue lie in the fact that, first, investment re- 
International Development Research Center sources available to the government are limited and 

(Canada) choices for their expenditure must be made. Second, 
Water and Sanitation for ~ ~ ~ l t h  Project (WASH) the methods of economic analysis are not very helpful 

in choosing among similar type of projects in water 
WASH Project was established and funded by supply arid sanitation. Third, there may be wide dif- 

the United States Agency for International Develop- ferences in the cost per capita, or cost per gallon per 
ment to provide information and technical assistance capita per day, of water for an- urban and a rural 
to developing countries as part of the official U.S. dweller. 
contribution to the United Nations ~nternational The situation with regarc1 to sanitdtion is even more 
Drinking Water and Decade lg81- difficult. The tendency is to leave the primary respon- 

, 1990. sibility for installing sanitation tacilities in rural areas 
I to households andTcommunities. Often, there is no .- 

Economic Considerations in Program Planning , specific location for excreta disposal in or near the . 
There are four economic concepts basic to water residence. Local and central governments sometimes 

, supply and sanitation programs: deriiand,,,supply, colisider subsidizing the cost of latrines a: an incen- 
I / 

'costs and benefits. Costs and benefits are critical to the tive for their installation. In urban'areas;' however, 
type of economic analysis that water supply and sani- there are usually public authorities that undertake the , 

tation programs require. Tlieir application will have provision of waste disposal. 
great impact on the outcome of economic program- Due to such factors, rural areas typically receive 
ming, fewer resources in water supply and sanitation, Ef- 

Water supply and sanitation projects are "invest- forts to organize rural comli~ui~itics and pool their .I 

ment" type projects. This means that creating a water resources, such as money, labor and materials, lor 
supply, sanitation, or solid waste disposal system- improvements in water supply and sanitation are of- . 
whether a series of wells or a group of pit latrines- ten effective. Nevertheless, policies that increase the 
results in a capital asset that provides benefits over a flow of investment to the rural sector will be needed if 
period of time. A project format for investment deci- rural water and sanitation needs are to be met. 
sion-making allows costs to be quantified periodically, The second socio-political option with important 
usually every year. This, in turn, relates the source ecotromic consequcnces is advanced technology ver- , 

- .  , - and destinatiog of funds to the expected benefits and sus ippropriate technology. In providing water sup- 
$ , , 
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scliedi~le showing 11otv mucli of a product or service 
will br used at different vrices and at different times. 

appro print^* teclrrrolog~ rrsirt~\. sititylc systcrr~s s u d  ns tlris lmtui 
p~rttlp is uslmlly n bctter clroicc ill rlrrnl nrens tlrnir rirorc adr~nrrct.ri 
teclrnolo~\.!y. 
ply in rural areas, this question somelimes appears as 
a choice between a piped water system to each resi- 
dence and communal hand dug or drilled tvells. T11cre 
are no pat financial or econon~ic formtllas to guide this 
decision. The availability of resources and tlie specif- 
ics of each project will determine the level of technol- 
ogy to be used. 

The ilioice of technology is closely related to thc 
importance given to support programs sucl~ as human 
resourcc development, community particip~tion, and 
health education. De-emphasis of support programs, 
c.specially in rural areas, accompanied by use of ad- 
vanced teclinology, may result in a lieavy waste of 
resources even before a project is conipleted. The 
ttjchnology used can be effective only if it is accompa- 
nied by support programs to operate and mainlain 
water supply or sanitation systems. 

With the limitations of economic analysis firmly in 
mind, economic considdrations that are uscfttl in pro- 
gram planning can be described. The four concepts 
already mentioned-demand, supply, costs and 
benefits-will be described follo\ved by a discussion 
of the economic tradeoffs involved in making pro- 
gram planning decisions. 

Demand 
Demand, in economic terms, can be thought of as a 

Thc demand for a servicc ovcr time may be affcctcd by 
cl~anges in price, production capabilitiesand incomes. 
This introduces the idea of elasticity. Demand for a 
particular service is said to be elastic of price if the 
quantity demanded is affectcd by a change in price. 
Income elasticity of demand is a measurement of 
changc in t11c quantity of a service demanded 
(bought) with changes in income receivcd by the buy- 
er. High income elasticity nleans tliat chat~ges in buy- 
cr inconic upward or down~viird result in correspond- 
ing increases or decreasrs in the quantity of a service 
demanded. 

Demand for water in rural areas is different from 
tliat in urban areas. The monetary cost nf obtaining 
tvater in a rural area may be very Icw, or even zero, if 
tlie time and eftort expended to obtain water is not 
considered. An arlditional aspect of demand for water 
in rural areas is tlie availability of alternate sources qt 
lower monetary cost even tl~ougli such sources inay 
involve more effort and time. For low-income rural 
dwellers, if  the cash cost of a nearby water supply 
goes up and there is another lower in price or even 
free, but farther away or more polluted, the desire to 
conserve the small cash flow of the family may force 
family members to travel greater distances to bring 
water. The demand for water in rural areas is very 
clastic of price. 

Income changes also affect the demand for water in 
rural areas. At low lcvels of income, each additional 
unit of inconie is important. Altlic.ugh water is also 
important, tl~erc are competing uses for available 
money. At a given price, it can be expected that more 
tvater will be consumed as income rises. At some 
point of water consumption, the portion going to non- 
essential uses increases, At higher income levels, 
there is a higher income elasticity of demand. At high 
levels of income, the amount of water demandcd is 
more responsive to thi. nrice of water than to changes , 

in income because much ot the water is going ior non- 
essential uses. If the price is high, the high-income 
user rnay curtail some of the non-essential uses. But, if 
the price is too low, the temptation to excessive use 
may lead to waste. 

T i e  price of water can bc used to regulate the de- 
mand for water. This is true not only of water for 
drinking and daily consumption needs bu't also for 
agricultural, commercial and industrial uses. 

There are two other aspects of demand fur water , 
that s l io~~ld  be mentioned. 'These are tlie ability and 
willingness of consumers to pay for water. Thc ability 
to pay applies to the lowest income groups in rural 
areas who have many needs competing for the small 
amount of money available to them, If payment for 
waler is a serious financial burden, families will not be 
able to afford it. 

The willingness to pay for water is a completely 
different matter and cuts across income groups. Will- 



ingncss to pay is very m ~ ~ c l i  a matter of custom, habit, 
cultural norms and historical prcccdcncc. A strong 
ncccl for tvater csyrcsscd by a population docs not 
necessarily mean people arc willing to pay for i t  direct- 
ly. In some socicties, peoplc believe that watcr is a 
frce, natural good or that the governnicnt s l io~~ld  pro- 
vide i t  free. Under such conditions, govcrnnients 
would bc well advisccl to i~ridcrtake intensive educa- 
tional canipaigns csplai~iitig tlie costs and bcncfits of 
cvater supply to convitlce tlie consumers that sonic 
payment for watcr should be niadc. 

If  the probleni of ~villirlgness to pay is not rcsolved, 
initial ir;vestments niay not be recovered and re- 

large cost variations among soulccs of the same type, 
depending on the size of the population, the quantity, 
quality and means of conveyance of tlie water to tlic 
consumer. 

While variations in d e m a ~ d  result fro111 the price 
charged for water, variations in supply are deter- 
mined by the levels of service and tlicir costs. A major 
consideration in determining wliicli supply s l io~~ld  be 
chosen is tlie cost of a particular level of servicc. In 
addition to considering tlie least cost alternative for a 
predeterniined quantity and rluality of tvater, deter- 
mination of service lcvels requires a choice from the 
following: 

sources needed fcr operation and maintenance niay 
not be forthcoming from users. Deficit financing in 
developing countries witli high investnicnt require- 
ments for water supply cvould probably be inflation- 
ary and would alniost certainly be politically 
iniyossiblc. 

The demand for sanitation facilities may be even 
less than for tvater. Tlie population may usc nearby 
bodies of bvatcr or wooded areas for cscreta disposal at 
no monetary cost. Some comniunities may have in- 
vested in pit or water-seal latrines. Demand is difficult 
to cieterniine since i t  is a function of tlic priority given 
to it  by the family head, tlie household's recognition 
of the connection between diseasc and excreta dispos- 
al, the income of tlic lio~~seliold, community aware- 
ness and pressure for iniprovenicnts, and tlie 
availability of monetary and other incentives from the 
government to undertake improvements. 

I t  .; probable that thc demand for sanitation in rural 
areas is quite price and income elastic. As the cost of a 
pit or tvater-seal latrine gocs up, if income is constant, 
thc demand for Iatrines will decrease. As incomes in- 
crease, givcn such other factors as awareness, cdua- 
tion and price stability, the demand for latrines will 
increase. Otlicr factors causing increased demand are 
convenicnce, status, and thc dcsirc to be modern. 

Supply 
Wlierever tlierc are human communities, tliere is 

some sort of tvater supply. Since human life is impos- 
sible without water, tliere is never a sitt~ation of iero 
supply. Even in desert or near-desert areas, thrlre is 
some means of obtaining watcr at human settlenicnts. 
In such sitttations, tliere is a delicate balance between 
cvater supply and consumption which may be serious- 
ly upset during periods of drought. 

When community water supply needs are studied, 
often thc major requirements are an iftcreflse in the 
q~lantity of prese~i:ly clvclilable water and an iiirprove- 
~ ~ t c t t t  in the quality of present and future water sup- 
plies. Tli~r amount of water provided and distributed 
per capita Iias a direct effect on the cost per capita and 
the total amount of invcstrnent reqttircd. In rural arcas 
of the developing world, consumption may range be- 
tween 20 and 60 litcrs per capita per day or less. 

There are substantial cost variations in water from 
surface and from groundwater sources. There are also 

Community wells: With Iiand punips 
Individual family With hand punips 

wells: 
Piped water with Dispersed among 

puljlic taps: neighborhoods in rural and 
~trtran areas, along roads or 
at gathering places such as 
markets 

Piped cvater with In-house: single or 
individual house multiple connections 
connections: Outside: itsually single 

yard or patio tap 

The choice by decision-makers in deciding on a sin- 
gle or a combination of service Icvels must be influ- 
enccd by social as well as economic and financial 
considerations. If only hot~se connections are pro- 
vided, poor residents who are not able to afford either 
the connection or the monthly charges may be dis- 
criminated against. A subsidized type of payment for 
the water might provide an equitable solulion. How- 
ever, tlie subsidy tvould need to apply to the initial 
connection charge as ,well as to the montlily 
payments. 

There is no formula to determine service levels. 
Chances are that a mixture of service levels using, i t i  
some areas, a combination of hand-dug and drillcd 
wells witli individual or com-nunity tanks, and, in 
otlier areas, houseliold connections with plumbing; 
yard connections, and public community taps, will 
best meet both cost and service level considerations. 

Tlie supply aspects of sanitation in rural areas are 
even more complex. Difficulties arise in attempting to 
predict the demand associated with different popula- 
tion groups, different service levels, and the least cost 
alternatives. For example, tlie installatiol. of pit and 
water-seal latrines and septic tanks in a rural area may 
be the responsibility of individual households. These 
in vestments would be household decisions but could 
involve public subsidies. 

o n  the other hand, a bucket latrine collection sys- 
tem or a piped sewage system falls within the domain 
of the public sector. If a community has a mixture of 
wastewater and excreta disposal systems wl~icli are to 
be upgraded, say, from bucket, pit, water-seal latrines 
and septic tanks to piped sewerage, it is extremely 



difficult to cleterniinc the most econoniical systcni to 
be supplicci. Demand forecasts and cost levels will be 
very different from each other. 

I f  the community has a strong awareness of the 
different benefits of each service level, the demand for 
piped sewerage by households with septic tanks may 
be quite low and sensitive to prices. On the otlier 
hand, in areas with bucket latrines, the desire for a 
piped selvage system niay be strong while the cie- 
mand is low since the initial cost and montlily pay- 
ments may be too liigli for low-income residents. Per 
capita water consumption in a given area is an addi- 
tional problem. The higher the cons~~mptioii of water 
per capita, tlie greater tlie justification there may be 
for a piped sewage system since the wastewatcr must 
be handled in some way. Another situation arises in 
low-income areas whcre low per capita consumption 
of water causes disease. These unhealthy conditions 
would certainly be improved by piped setverage. 

'Shc supply of an appropria tc wastcrvater and excre- 
ta disposal system cannot be determined just by cost 
or service levcl. I t  is crucial to estimate, predict and 
categorize tlie demand, nnnlyte tlie prices and costs 
associated with individual dctnands, and whenever 
possiblc determine elasticity of the demand as aids in 
choosing thc least cost alternative. 

Costs 
'I'he costs of providing water supply and sanitation 

services can be divided into primary and secondary. 
Prilr.ary costs are related to Ian~l, labor and capital. 
Depending on the type of systcni, land may or may 
not play a significant part in cost calculatio~is. An in- 
crease in comliirlnal hand-dug wells with hand 
p ~ ~ n i p s  niay usc land that has no otlier productive use, 
Similarly, a pit or water-seal latrine built behind a 
residence i~iso niay not withdraw land lroni another 
use. On tile other liand, water diverted from a river, a 
series of ponds and a treatmcnt plant niay require 
large amounts of land that iiad other productive uses. 

Labor is another primary cost item. In many waler 
supply and sanitation schemes, a substantial amount 
of conimtlnity labor is i~tilized. Kegardless of whethcr 
tlie labor is paid or voluntary, its value sho~lld bc 
reflecteci in the ccononiic analysis during project 
preparation. 

Capital consists of the pliysical items required by 
the water supply or sanitation systcni. 'Sliis includes 
all tlie needed materials, supplies and equipment. 

Secondary costs are "s~lnk" costs, taxes c ~ ~ r c l  the 
costs of the clcbt incurrcd to finance the project. In 
many cases, there niay bc no previous monetary in- 
vestment in a tvatcr supply but substantial sums may 
have bcen expcndcd in gctting water frolii a lake or a 
river. No mattcr 11ow sniall ancl r~~dinicritary the ini- 
tial investment was, i f  iniprovcmcnts or cxtcnsions to 
an existing water supply or sanitation system are 
planned, the initial costs incurre< are LIie "sunk" in- 
vestment. For example, suppose a conimunity of fifty 

houses lias ten bucket latrincs tvhich cost a total of 
U.S. S2(111 to build 20 ycars ago. Now each family is to 
have pit lntrinc in its back yard. In calculating tlic 
cost of the pit latrincs, the sunk cost which was in- 
currcci in the building of the bucket latrines niust bc 
included. 'l'axes are treated as costs in a project finan- 
cial analysis of a project but as a transfer payment in 
economic analysis. 

TIic third typc of secondary cost is tlie repayment of 
capital and intcrcst. In countries where water is con- 
sidered a free good or as something to be providcd by 
tlie government frec of charge, this is an important 
and serious cost t c ~  society. I f  the govcrnment is un- 
able or un\villing to charge the consumer for water, 
there eventually niay be a lack of resources for oper- 
ation and maintenance of tlic system. In some cases, 
tlie system may completely detcriorate and be aban- 
doned. As in the case with taxes, the dcbt cost item is 
trcatcd differently in econoniic analysis than in finan- 
cial analysis. In tlie former, i t  is considered a transfer 
payment and is not included in tlie economicaccot~nt- 
ing of true resource allocation. In tile lattcr casc, i t  is 
trcatcd as a financial cost or outtlotv of funds. 

All costs occur in three stages: prc-project, project, 
and post-project. i l l r ing the pre-project stage, com- 
mon activities are initial planning studies, engineer- 
ing, economic and social fcasibiity studies, and design 
of Lhc system. 

Pre-project costs may range between 2 and 10 per- 
cent of total project cost. It is important to note the 
niajor determinants of these costs. The first is Iiow 
carefully and extensivcly cacli aspect of tlie project is 
analyzed and refined. The second determinant is 
wlietlier tlie professional work is done by local profes- 
sionals or expatriates. The use of exp'ltriates always 
increases the cost. 'T'his is also ati important factor in 
tile project stage. 

If local institutions are used with littlc or no expatri- 
ate participation, there niay bc substantial cost sav- 
ings. The amount of foreign technical expertise used 
depends on the size and tcchnological complexity of 
tlic project, the supply of !ocal experts and local wage 
levels. Very often, donors tvlio are undertvriting part 
of tlic cost of a water supply or sanitation systcm 
r e q ~ ~ i r e  the usc of technical assistance and sometinies 
supplies, material and equipment, as well, from tlie 
donor country. 

Thc project stage involves construction, training, 
institu tiotii~l development, community orgal~ization 
and evaluation. Wliile most pre-project costs and 
some project stage costs arc one-time expenditures or 
expenditures that are not frequently incurred in the 
post-project stage, the costs of tlie post-project costs 
are essentially recurring outlays. 

When the watcr sitpply or sanitation system lias 
bcen coniplctcd and delivereel to the managing orga- 
nization, tlie post-project stage begins. During tlie 
pre-project stage, a ntrmbcr of critical activities t l~a  t 
will occur in tlie post-project stage should be 
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considered. projects. Resources are not usually available for de- 
Perhaps most important is the financial, adn~inistra- tailed baseline studies of communities about to re- 

tive and professional capability of the managing orga- ceive suc l~  projects. Without community-specific 
nization which will operate the system. Thcre are two data, scant national and regional statistics are usually 
cost issues of spccial concern. The first is the organiza- applied to tile project area. There usually are few re- 
tion's internal stnlcture and its ability to maintain fi- sources for post-project evaluation and estimate~, 
nancial accounts. Second is the institution's ability to rather than specific res~~l ts ,  are used to assess project 
collect user rate funds for operation and maintenance. impacts. Evaluation of health benefits is possible only 
If consumers refuse or avoid payment on a wide scale, tvherc there is a health evaluation plan using exten- 
the only way to keep the system operating may be sive data collection and enough people, money and 
through subsidies. This will require raising general equipment to carry it out. 
tases or i t  will be highly inflationary when multiplied 3. Social Benefits. In many developing countries, 
for many systems over long periods of time. certain services are available to small portions of the 

pcople in rural towns and villages. In rural Paraguay, 
Benefits tl~erc are villages where only 10 to 15 percent of the 

Benefits frOni.watcr supply projects Ilouses, and most of the businesses, \lave access to 
are economic, health and social. Most benefits are ob- electricity. r n  some E ~ ~ , ~ , - J ~ ~ ~ ~ ~  conlmunities, only a 
vious but are difficult, if not impossible, to quantify. few of the ~loLlses may have pit latrines or 

Economic Benefits. There are three aspects of wells. I t  is not unusual for the highest income families 
waters~lpply projects for which i t  is easier to measure in a rural area to provide themsel\res rvith electricityl 
cost than direct benefits. A water project may more and better drinking and home use water, and 
improve water quality, increase the quantity avail- sanitation facilities, ~~~~~~i~~ of an  existing water 
able, and make water more accessible. supply system or a new system that replaces or aug- 

Direct costs can be water quality im- ments existing traditional supplies has two kinds of 
provement tvithout serious problen~s. That improve- social benefits. 
ments in tvater quality contribute to better health is The first benefit is a more balanced distribution of 
not seriously disputed. I t  is quantifying the health justice. water and sanitation projects should 
improvement which creates problen~s. To place a spe- Serve the needs of the entire commLlnity. A water 
cific monetary value on longer lives with more healthy project that provides piped rvater to a few 

and greater as  lives households, to public standposts, clothes washing 
more sick and decreased is very areas, and public bath houses but makes no provision 

difficult. for the rest of the population may lead to social 
Increased quantities of water present a similar prob- friction, 

lem. People adjust quickly to using more water for The second type of social benefit, again difficult to 
many PLlrPoses, especiali~ if ~ r e v i o ~ l s  quantitieswere measure, is the effect of a water supply or sanitation 
low. Improved health may follow more water con- system on income and asset distribution. Income dis- 
sumption but the relationship is difficult to prove and tribution is affected since a healthier population rvill 
even more difficult to assess in money terms. In some be able to work better more productively over 
situations, increased quantities of water make ncrv or longer time per day over a longer life-spn tiIan if , 
expanded cottage or r~lral industries possible, thus water supply and sanitation services were not r 
contributing to income expansion. available. 

The decrease in the time and effort required to fetch 
water because it  is more accessible also requires indi- 
rect measuren~ent of benefits. Especially in rural 
areas, women and children, who are the primary 
drawers of water, save a substantial amount of time 
and effort when the tvater source is made more acces- 
sible. This time and effort call then be ~ l scd  for more 
productive activities. 

2. Health Benefits. 'l'here are ttvo major problems 
in assessing and quantifying llealth benefits. 'The first ? 
is thc low reliability of mortality and morbidity stati~j- 
tics, especially as related to watcrbornr diseases and 
to the q ~ ~ a n t i t y  and quality of drinking tvater available 
to a specific population. Changes in health in rural 
communities are the result of many interrelated fac- 
tors. Mcasuren~ents of these changes is always vory 
difficult. 

The ~ c o l l d  problem is rdatcd to meas~lring tllc TI:crc nrc Itcnlth nttd solirti hctlcfifs of i~,tyvovcd zuntct. stq,/,lics ns 
I~ealth effects of specific water supply and sanitation roc11 ns ccotto~ttic ottcs. 

- - 
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Tradeoffs 
Tlie decision-making process for water and sanita- 

tion programming requires tradtng off supply, dc- 
mand, costs and benefits against each other to reach 
the best solution. These tradeoffs occur in the plan- 
ning, design a l ~ d  iniplementation pliases of a project. 

1. Planning. Tlie urban centers of developing coun- 
tries usually depend on an existing organization for 
water supply and sanitation scrviccs. Such clrganiza- 
tions have a li~iniber of options i f  thew is G shortage in 
supply: (a) suffer the sliortclge indefinitely, (b) cliange 
the supply tlirougli expansiuns of tlic existing system 
or throilgh new systems, or ( c )  introditce niieasures to 
decrease consumption. 

In rural areas, the effects of both neeti l k , r  and cttst of 
water are felt more ilrgently by the users. 1 his is espe- 
cially so if tliere is no local organization for solving 
water suppl!? and sanitation problems. There is d tcn  
no viable alternative to establishing J local organiza- 
tion to identify problenis, scarcll for solutions and 
implement projects with the participat~on elf the benc- 
ficiaries. This approach has social, pspchcrlogic il, and 
econolnic benefits. Solutions imposed by oil15iders 
will result in wasted resources i f  the local population 
rejects tlie solution as not its own or LS one ~ v l ~ i ~ l i  the 
cotnmunity docs not want to support. lZural organiza- 
tions, too, must consider the three options. 

The "no action" option is not w i tho~~ t  costs 0;. bc\t~c- 
fits. The likely results are worsening health condi- 
tions, water shortages and disc,~se epidemics, all of 
which affect the income, assets and general ~vclfare of 
the population. 

Changing the supply, the second option, most like- 
ly will involve changing the existing system in some 
manner. It can be expanded via neli or improved 
surface or groundwater supplies. I he tradeoffs in- 
volved are both social and economic. Even if treat- 
ment of surface sources is niore economical than 
ground water, an existing preference :or ground wa- 
ter might be sufficient reason to choose this alterna- 
tive. Not doing so may prove to be a waste of 
resources if the water made available from a source 
unacceptable to the community goes unused. 

Anc)tIicr possible cliange in an existing system is 
improving productivity and efficiency of both existing 
hunisn resources and capital stock. !mprovements in 
the quality of skilled and semi-skilled people requires 
training and the payment of reasonable and accept- 
able wages to avoid personnrll loss to the private sec- 
tor or foreign labor markets. 

Improving tlie efficiency of copital stock can im- 
prove capacily in a variety of ways. Leakage before 
and nftcr treatment may Iosc large qtlantities of water. 
I t  may bc much better to increase the capacity of an 
existing system by minimizing losses from leaks than 
to search for new surface or groundwater sources. 
Although lcaks i i i  the system prior to treatment are 
costly, leaks r\rnich lose treated water ?re costlier since 
resources have been spent on treat~nent. In smaller 

systems, there r l ;  , .llvo watcr loss by leaks in 
pipcd s y s t c ~ t ~ ,  I.). 'iiiouk i,tiproperly niaintaincd 
hand pumps. 

Evaporation of watcr fro,n stlrface sources niay pre- 
sent a difficult problem. Tlie rate of evaporation is 
influenced by both air and water tcniperat~~re wliicli 
relate to tlie intensity and length of exposure to solar 
energy, and to wind and humidity. Altl~o~lgli at- 
tempts have been made to reduce evaporation 
through the spread of special films on water surfaces, 
neither tlie cost, availability, nor effectiveness.of these 
procedures are sucli tliat they are very useful. 

Another source of loss of surface water is scepage, 
especially in unlined eartlicn irrigation and drainage 
canals. The combination of liigli evaporation and 
seepage in these canals over long distances may lose 
50 percent or more of the water leaving the source. 

Increasing tlie water supply tlirougli cloud seeding 
has becn tried in a number of developed as tvell as 
developing countries. Cloud seeding in Thailand and 
tlie Philippines in 1980 gave some positive results. 
'The advantage of this type of weather manipulation is 
tliat, especially for large systen~s, the cost is relatively 
low and the benefits, if the resulting rain can be con- 
trolled, are high. However, unpredictable factors that 
niay produce undesirable results may create serious 
problenis. Flooding and the ensuing damage may 
more than cancel the benefits. 

In the sanitation area, the range of available services 
includes bucket, pit or water-seal latrines and simple 
piped systems. 'The planning alternatives lie in the 
choice of service levels affected by the water supply 
system. Bucket and simple pit latrines do not require 
water for their operation. Wa ter-spa1 privies need 
small amounts of water while septic tanks and piped 
sewage systerns require increasingly large amounts of 
water. 

The main problems with the social and economic 
benefits of sewage treatment are similar tct those en- 
countered with industrial pollution affecting air, wa- 
ter supplies and land. Many developing countries 
seek accelerated economic growth in the short- to me- 
dium-term at the expense of serious long-term cumu- 
lative pollution. Thus, expensive treatment may not 
be an attractive alternative to decision-makers al- 
tliough it probably should be. 

The following example niay help to focus tlie prob- 
lem of appropriate planning procedures. In a sniall 
residential developmer~t on the fringes of Sanro Do- 
mingo in 1980, the sanitary installations of most of the 
houses were linked directly to an aquifer under them 
to avoid the costs of a septic tank or another form of 
latrine. I t  is difficult to estimate the social and econom- 
ic loss from damage to health that could result from 
connecting the sanitary installations of some 100 

I .~ 
houses to the aquifer directly underneath them. Sev- 
eral of the area wells had already become unusable 
before the last section of the houses was completed. 

The regulation of demand for water supply is quite 



important in clei~cloping countries. I t  may be essential 
to conserve csisting supplies to acliicve a rational dis- 
tribu tion of resources. Cliangcs in demand can occur 
tlirotlgli pricing or rationing of tvater supplies. Pricing 
i s a  nieans of deniand intervention. I t  niay be based on 
metered or non-me tcred wa tcr ra tcs. 

The second way to change deniand is to restrict tlie 
L I S ~  of tl.,e existing supply. This niay be effective, but 
only in the short terni. Rccent obscrvatiol~s in rural 
areas of Sri Lanka ilidicate that prolonged periods of 
restricted use, such as one to two hours a day, is not a 
socially and politically desirable long-term policy. 

2. Design. In clcsigning water s~lpply and sanita- 
tion projccts, the tradeoffs can be classified as follows: 

Technology: Advancccl vc::;us Appropriate 
Materials: Local versus Imported 
Labor: Free versus Paid 
Design period: Long versus Short 

Despite tlie vogue begun by "Intermediate Technol- 
ogy" (ITDG) and the "Sniall 1s Beautiful" movcnient, 
organizations in charge of tvater supply and sanita- 
tion in developing countries should not automatically 
reject all aclvanccd tcclinology. For systems in large 
urban popillations centers, the most advanced tech- 
nology witli some modifications may be the best solu- 
tion. The situation is draliiatically different for both 
concentrated and dispersed rural populations. The 
best tcclinologics for tliesc populations niay already 
exist. Slight or even major modifica tions to existing 
systems often can be made incxpe~isively tvithout re- 
sorting to the advanced teclinology ilscd in developed 
nations. The most approporiate technology in a rural 
area is determined by :ts sanitary effectiveness, tlie 
amount of comniunity acceptance and the capability 
and tvillingncss of the peoplc to undertake its oper 
ation and niaintenance. In ternis of materials, prefer- 
ence sliould go to maximum use of local niaterials. As 
tlie level of teclinology increases, so may the require- 
ment for imported materials and equipment. 

Labor is a very irrzportant factor in tlie cost of water 
supply and sanitation projects. In rural areas with 
below market wages, labor niay not be as costly but if 
labor costs an ;it market wage rates, they will be a 
significant co: :omyonent. The length of tlie design 
period for a system 7 .  ;y be a subject of controversy, 
depending on the po!icics adopted by the government 
and by the institution in charge of water supply and 
sanitation srrvices. This is usually related to a combi- 
nation of politics and the availability of resources. 
Substantial cost savings mly result from a short de- 
sign pcrlod wliicli also may be morc expedient politi- 
cally. Long design periods may requirc a quantity and 
quality of .esource, that the development institutio~s 
cannot mobilize. 

1 3. 1mpletneni:tion. Both water supply and sanita- . 
tion projects involve sorl:e combination of coverage 
and suppust programs. Coverage programs involve 
tlie expansion of water and sanitation facilities, wliile 
support prOgrai;ls include development of institution- 

al and human resources neccled to operate and main- 
tain tlie facilities. Appropriate timing in iniplenicnting 
these progratiis is critical if resources are not to be 
cvasted. An cnipliasis on one type of program at the 
expaise of the otlicr niay endanger tlie rntirc effor.t. 

4. Service Levels. There arc four arcas in wliicli 
alternatives should be considered: 

Quantity of tvater, including the classification 
of beneficiary groups. 
Quality of water, including safety and physical 
and chemical characteristics, witli attention to 
taste preferences of users. 
Availability of tvater on a continuous basis 
througliout the year. 
Axessibility in terms of ti;ne, distance, and 
effort involved in fetching water. 

As far as quantity is conccrned, it is possible to 
classify the users in any specific area according to the 
level of service planned. This nieans that houses witli 
piped connections tvould have higher lcvels of water 
consumption, wliile houses served witli public taps or 
hand pumps have lower levels per capita. 

There are fctv generally accepted tradeoffs in water 
quality. Cost and water quality are very much related 
but international organizations tend to emphasize wa- 
ter quality standards, especially coliforni bacteria 
counts, often overlooking the cost of meeting them, 
Many developing countries consider the quality levels 
established by tlie World Health Organization to bc 
too rigorous because the cost of meeting them is too 
Iiigli. Such attitudes need to be very carefully exam- 
ined if the health of people is to be given Iiigli valt~e. 
Availability and accessibility of water involve definite 
tradeoffs in costs and benefits which were discussed 
in earlier sections. 

I . .  

. . 
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Establishing and Collecting Water Rates 

The process of establishing rates for water and sani- 
tation services involves a number of complex finan- 
cial, economic, social and political problems, What 
may be economically viable in the long run may not be 
politically expedient in the short term. While raising 
water rates niay be a requirement for financial sotlnd- 
ness, the political costs of such increases may be so 
high they are impossible to implement. There are two 
policy decisions that must be made before rates can be 
established. First, is tlie system to be self-supporting 
or subsidized and, second, are rates to be a flat 
amount or variable. 

Water Subsidies 
In many developing countries, especially those in 

which water traditionally has been considered a free 
good, governments have been obligcd to heavily sub- 
sidize water supplies. Over the past decade, institu- 
tions involved in operating water systems have 



attempted to increase tlie awareness of political lead- 
ers about a number of critical problems arising from 
subsidization. The first and most important difficulty 
is that developing nations tliat depend on foreigt I fi- 
nancing for water stlpply developnielr: i;nd tlia t for- 
eign funding agencies are definitely in fCtcor of a self- 
support i r~ alternative. Donors do not necessarily 
object to a lifeline (low quantity) supply to low-income 
conzumers over the short run, as long as the system . 
generates enough rcvenues to service tlie initial in- 
vestment c ~ n d  has sufficient resources remaining to 
operate, maintain and expand the system. 

The second important problcni is the inflationary 
pressures of heavily subsidized systems on tlie econo- 
my. If long-term subsidization of the low-incomc pop- 
ulation is adopted as a pricing policy, then a decision 
must be made as to wlletlier tlie subsidy will be fully 
or partially recovered from higher income users or 
whether general taxcs will be used to fund the subsi- 
dy. Care sliould be taken in setting rates for higher 
income consumers to lessen rcsistance to a policy with 
incomc redistribtttion consequences. If tliere are no 
subsidies, low-income users may have to spend a dis- 
proportionate amount of their disposable income on 
water. 

Water Rates 
The first issue in considering pricing policies is 

whether or not to install meters. It is not enough to 
show tliat meters will provide enough revenue to cov- 
er the cost of meter installation and, more important, 
will make the system a financially viable operation. 
The meters also have to be acceptable to tlie users. 
They must be niade aware that meters allotv each 
household !o pay only for water consumed. Other- 
wise consumers may disconncct or otherwise disrupt 
tile functionitig of tlic meters, or even disregard them 
completely and refuse to pay. 

Water from public standposts can be metered just as 
house connections are. However, this metering 
tvould be for purposes of measuring total demand 
since standpost users would be charged a flat rate, 
probably subsidized. In some cases, when public 
standposts, with or without nietcrs, are completed, a 
grace period of no charge or a very low charge is 
followed by slowly increasing the rate per family, 
thereby decreasing subsidies, People must know in 
advance that this is going to happen. 

In rural areas, especially those with low population 
densities, piping water to houses from central sources 
is costly and so muat carry high rates. Althougli diffi- 
cult to iustifv from economic and financial stand- 

1. Incremental Block Pricing. This alternative is 
useful where water conservation is a critical factor. As 
the qi~mtity of water used increases, so do tlie :.i~tes. 
'1 Iicy can increase either in accordance with 1111: pro- 
portional increase in water used or can go even high- 
e-, depending on how important conservation is and 
whether some sort of rationing is intended for us\~rs of 
very high quantities. A low price can be established 
for a lifeline (low quantity) supply. Incremental block 
pricing is the opposite of declining block pricing. 

2. Declining Block Pricing. Under this pricingalter- 
native, a ratc is established for a mininiun~ am9unt of 
water. As t11:~ quantity of water used increases, t!:~ 
rate charged for eacli additional block decreases. This 
is similar to the pricing of electricity i l \  some countries 
where large users of power, such as i~,idustries, pay a 
much lower price per kilowatt used than small users, 
such as residences. In areas w h ~ r e  system expan- 
sion is likely to be a serious problem because of con- 
straints on surface and groundwater supplies, de- 
clining block rates should be avoided. On the other 
hand, this alternative could be considered in areas 
with extremely low current water use and no serious 
constraints on system expansion or where supply is 
abundant and tliere is a desire to stimulate economic 
developnient by encouraging small industries with 
high water uses. 

3. Constant Rate Pricing. Under this pricing alter- 
native, the rate charged for every unit of water used is 
constant. Although this has been pcpular in r~rany 
urban areas of developing countries, it is not a$pro- 
priate for areas where wide ~'~riations in income are 
tlie norm. 

4. Flat Rate Pricing. This is one oi the a1 tcrnatives to 
metering. In thc absence of meters, a flat  charge may 
be established re~ardless of the quantity used. Or, the 
quantity of water made available to consumers may be 
rationed to rc:strict consumption to Ihe maximum 
extent. 

5. Property Assessment Tax Pricing. This also is an 
alterriativc to metering. Water rates are established as 
an additional tax on property ancl collected as part of 
property taxes. By passing on the responsibi1it)l of 
payment to the property owner rather than the water 
user, there may be some income redistribution effects ' 

which disappear, however, as these costs are passed 
on to the waler users. On the other hand, unless the 
tax rates vary widely taking into consideration the 
value of the properly ancl the consumption capacity of 
the userstthis may not be a fair system. 

poir~ts, 'piped water maj. fulfill critical social and 
health needs. One solution to the financial dilemmas 
involved in such rural systems is the close involve- 
ment of the commttnity in project development. La- 
bor and materials provided by the community will 
reduce the need for outside resources and so hold 
rates down. 

If variable rates are to be used, there are six possible 
kinds of pricing structures: 

6 ,  Differential Seasonal Rates. In countries where 
substantial variations in water supply occur at differ- 
ent seasons of the year, it may be necessary to influ- 
ence demand for water during water-short seasons. 
This is accomplished by increasing the rates for a set 
period and then returning to regular ratcs at the end 
of the period, It is important that the consumers are 
informed a long time in advance as to why and how 
this pricing system is to operate. ,' , 



Sanitation Rates 
It is difficult to establish pricing policies for im- 

provcments in excreta disposal services other than for 
sewer systellls for large urban areas. In a recent study 
in Sri Lanka, in~proven~ents in excreta disposal were 
calculated to cost about US $131 per family. Funding 
was estimated to be 12 percent through subsidies by 
the central government, 40.5 percent through contri- 
butions in labor and materials by residents and 47.5 
percent from international donors. Improven~ents in 
excreta disposal througl~ simple methods such ac pit 
and water-seal latrines are not suitablc for traditio ~ a l  
economic analysis. Not only is quantifying benefits 
difficult, but the determination of options and the 
prices associated with each option is difficult to estab- 
lish. This is especially true for communities that suffer 
from a high disease rate due to fecal contan~ination 
but do not attribute i t  tn a lack of excreta disposal 
facilities. 

The initial investn~ent in sin~ple excreta disposal fa- 
cilities is high compared to the cost of operation and 
maintenance. Assuming that a bucket latrine is not a 
desirable option, the next two alternatives, pit and 
water-seal la trines, have relatively low operating cost. 
This may be borne by the family, except in the case of 
public latrines where maintenance is paid for by pub- 
lic funds. 

For sanitation improvements, the important aspect 
is not establishing a rate or price for the in~provement, 
but allocating the necessary contributions in an equi- 
table fashion. The community and the individuals 
have to generate the resources for the operation, 
maintenance and eventual replacement of these 
facilities. 

Rate Collection 
It is not sufficient to establish rates-they have to be 

collected. In many developed countries, this is not a 
problem. There may be resistance to high rates by 
particular groups in a society. Certain industry groups 
or even homeowners may uisagree with what they 
perceive to be tlnjustifiable high water or sewerage 
rates and work toward lotvering them. However, 
once a consensus is reached, the rates are usually 
paid. 

In developing countries, water is often considered a 
free good or an aspect of tribal or communal rights 
that 110 not extend beyond a traditional boundary. The 
sharing of water with outsiders and the idea of having 
to pay for it, even in cleaner form or nearer people's 
homes, may require a substantial effort in educating 
the users about the purpose of the payments. 

The type of rate established may not have any con- 
nection with the users' willingness to pay. In Sri 
Lanka, for exarnple, where water rates consist of a tax 
levied on property, difficulties arise not only from 
resistance to paying the taxes but also from extremely 
low assessments of the properties taxed. Further, the 
assessments and the taxes do not consider inflation, 

even though the costs incurred by the water supply 
authority spiral as a direct result of inflation. Since rate 
collection is ineffective, the authority and otliel orga- 
nizations involved in water supply have all beconlc 
dependent on some form of local or central govern- 
ment subsidy. ' 

Installation of meters, unless undertaken with the 
agreement and acceptance of potential consumers, is 
no guarantee that the rates established will be collect- 
ed. I f  the meters installed are not properly serviced 
and repaired when broken and read at regular inter- 
vals, non-payment will be encouraged. 

In the final analysis, one of the most critical deci- 
sions is whether or not to cut service for non-payment 
of bills. This hpplies both to metered and non-metered 
situations. If the government does not enforce rate 
colcction when it is being resisted by a community, it 
must consider an educational campaign if it is truly 
interested in an efficient allocation of resources and in 
recouping tile investment. Otherwise, the govern- 
ment will be involved in a vicious circle of subsidies. 

Analysis of rate collection procedures has to consid- 
er whether the sale of water, for example, will be on 
an individual or communal basis. In rural ;Ireas, water 
can be sold wl~olesale to a community which, in turn, 
sells it on a retail basis to individual households and 
other institutions according to one of the rates 
discussed. 

One action which might assist in the collection of 
established rates is the dissemination of information 
abotlt the process by which the rates were deter- 
mined. If subsidies or cross-subsidies are involved, 
informing the consumers may reinforce their sense of 
obligation to pay for water used. If social fairness and 
income distribution effects are built into the rate struc- 
ture, public awareness of the issues involved might 
help overcome the opposition of high-income groups 
which may be disadvantaged by these policies. 

Connection fees for water supply and for sanitation 
systems are often too high for low-income people to 
pay. A cross-subsidization scheme can be considered 
either among different income groups in the same 
location or between two separate communities in the 
same country. Connection fees are usually a one-time 
payment bdt they can be covered by slight increases in 
the monthly charges for water supply and/or 
sanitation. 

The most appropriate approacl~ to collecting rates 
begins wit11 a series of questions to determine how 
important the new facilities are to the users. Once the 
priority level is established, a survey can be used to 
find out how much the local community would be 
willing to',pay for the service. The survey might in- 
clude a series of real and hypothetical methods of 
obtaining more and cleaner water, each associated 
with costs and methods of rate collection. Prior to the 
survey, an information campaign to explain the differ- 
ent ways of establishing rates may be needed. 

Th'e financial and economic feasibility of water sup- 



ply' and sanitation facilities is closely tied to social 
.- factors such as acceptability. The feeling that the ser- 

vice to be received is important and worth paying for, 
and that the amount of money being charged for it is 
fair, nlakcs it much easier to collect fees. In the ab- 
sence of these circumstances, collection is difficult in 
any type of rate system. 

The economics of water supply and sanitation ser- 
vices are complex and important. Those who bear 
leadership responsibilities for the health and well-be- 
ing of their communities have an obligation to be well- 
informed on these matters and to be persistent and 
creative in applying that knowledge to the practical 
problems of their communities. 
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ACIDITY-The degree of presencc of chemical com- 
pottnds that buffer a watcr against a rise in pH. 
AERATION-The process in w11ic11 water is brought 
inlo contact with air in order to improve the water's 
physical and chemical characteristics; used in both 
water and wastewater treatment. 
AEROBIC-Occurring only where free oxygen is 
present. 
AESTHETIC-Having to do witi~ water cl~aractcristics 
related to the human senses but not directly related to 
health, such as odor, color or taste. 
ALGAE-Tiny green plants suspended in surface 
water. 
ALKALINITY-The degree of presence of chemical 
compot~nds that buffer a watcr against a drop in pH. 
ANAEROBIC-Occurring where no free oxygen is 
present. 
AQUIFER-A wa ter-sa turn ted geologic zone in which 
water moves or is stored. 
BACTERIA-One-celled microorganisms, some of 
which are l~armless and some of which cause disease. 
BAFFLE-A wall or screen which redirects water flow 
in a tank or basin. 
BIODEGRADABLE-Readily decomposed by bacte- 
rial action. 
CATCHMENT-A surface from which rainfall runoff 
is collected; common catchments are roofs and espe- 
cially prepared ground areas. 
CHLORINATION-A water treatment process in 
which bacteria are destroyed by the addition of the 
chemical chlorine. - 

CHLORINE DEMAND-The amount of clilorine re- 
quired in the disinfection process to disinfect water. 
CHLORINE RESIDUAL-The amount of chlorine left 
over in water after the chlorine demand has been met. 
CLARIFICATION-The process of removing sus- 
pended matter and other forms of turbidity from 
water. 
COAGULATION-Thc pracess of chdmically com- 
bining small particles suspended in water; used in 
water and wastewater treatment. 
COLIFORM BACTERIA-Bacteria found in the intes- 
tines of man and animals; a' coliform count is often 
used as an indicator of fecal contamination in water 
supplies. 
CONSTITUENT-A part or component. 
CONTAMINATION-The presence of cl~emical or in- 
fectious impurities, such as bacteria, that may be 
harmful to health. 
DIGESTION-Decomposition of organic matter by 
bacteria. 
DISINFECTION-The process of killing bacteria, vir- 
uses and parasites in water. 
E. COLI-A type of coliforni' bacteria present in the 

intestines of man and animals, tlie presence of which 
in water in sufficient quantity indicates fecal 
con!amination. 
EFFLUENT-Settled sewage. 
ENDEMIZ-Present in an area all of the time. 
ENTERIC VIRUS-A virus that is found in the intes- 
tines and can cause illness in humans, 
EPIDEMIC-Attacking many people in an area at the 
same time. 
ESTUARY-A lowland area where river waters meet 
tidal waters from the sea. 
EUTROPHICATION--The process by which bodies 
of water become richer in aquatic plants such as algae 
because of increases in dissolved nutrients. 
EVAPORATION-Loss of surface water to the air as 
the surface water is heated by the sun and rises to the 
atmosphere as vapor. 
EVAPOTRANSPIRATION-The amount of water 
transferred from the soil to the atmospher: by evapo- 
ration and transpiration. 
EXCRETA-Liquid and solid humfir. body wastes. 
FECAL-Having to do  with solid human or an~mal  
wastes discharged th rou~l i  the bowels. 
FECAL-ORAL CYCLE-The process by which fecal 
material gets into the mouth, usually through lack of 
adequate personal hygienic practices and sanitation. 
FECES-Solid human or animal wastes discharged 
through the bowels. 
FILTRATION-A water treatment process that re- 
moves suspended matter and bacteria by running the 
water through soil, fine sand or an artificial filter. 
FL,OCCULATION-The process by which very small 

--particles in sewage or water are brought together 
through r!iemical, phvsicc~i or biological action. 
FLUORIDE-A compound that contains the chemical 
element fluorine. . 
FUNGICIDE--Any substance (usually chemical) used 
to kill fungi. 
GROUND WATER-Water that is stored or moves 
below the ground's surface. 
HEAD-Water pressure expressed in terms of the 
depth of water necessary to create the pressure. 
HERBICIDE-Any chemical used to destroy plants, 
especially weeds. 
IMPERVIOUS-Not allowing liquid to pass through. 
INDICATOR ORGANISMS--0rgonisms w h ~ s e ' ~ r e s -  
ence in a water supply is used to assess the degree of 
fecal contamination; E. coli is the most commonly used 
indicator organism. 
INFECTIOUS DISEASE-An illness caused by micro- 
organisms which are transmitted f: 5.11 one person to . . 
anotlicr by some means. 
INE[LTRATION-The process of water passing from 
:he surface, through tlie soil and into groundwater 



rcscrvcs, losing its impi~ritics as i t  flows. 
INSECTICIDE-Any substance (usually chcniical) 
used to kill insects, 
INTAKE-The point where water enters a water sup- 
ply or treatnient system. 
ION EXCHANGE-The cliemical process in which 
ions (electrically charged atoms) are transferred be- 
tween a solid and a liquid; widely used in water soft- 
ening and wastewater treatment where metals are 
present. 
LEACMATE-A liquid solution formed when water 
passes through solid wastes or soil and extracts solu- 
ble or suspe~~ded  substances. 
METABOLIC-Having to do with the process in or- 
ganisms of breakitrg food down into simpler sub- 
stances or waste matter. 
METHANE-A colorless, odorless, flan?mable gas. 
METHEMOGLOBINEMIA-A condition caused by 
nitrates in water wliicli produces a blood disorder in 
babies causing llie~ii to turn blue. 
MICROBE-A microorganism. 
MICROBIOLOGICAL-Having to do with micro- 
organisms. 
MICROORGANISM-An organism so tiny that it can 
only be seen with a microscope. 
MORBIDITY-Having to do with illness or disease, 
especially the rate at which people become sick. 
MORTALITY-Having to do with death, especially 
tlie rate at which people die. . 
NITRATE-A very stable oxidized form of the chemi- 
cal element nitrogen. 
NITRITE-one of tlie forms in whicl~ the chemical 
element nitrogen occurs; it is less stable than nitrate 
but more stable than ammonia. 
NITROGEN-A chemical element occurring naturally 
in the environment in many different forms; its most 
stable form is nitrate, its least stable is ammonia. 
PANDEMIC-Epidemic over a very large area. 
PATHOGEN-An organism or substance that can 
cause disease. 
PERMEABLE-Allowing liquid to soak in or move 
through. 
PESTICIDE-Any chemical used to kill weeds, in- 
sects, and other pests. 
pH-A measure of how acid or alkaline a liquid is; 
solution below 7 is acid, above 7 is alk a 1' me. 
PHOTOSYNTHESISThe formation in green plants 
of substances, chiefly sugars, from carbon dioxide and 
water caused by the action of light on the chlorophyll 
in the plants. 
POROSITY-A soil's ability to store water. 
PRECIPITATION-A water treatment process that 
separates a suspended substance from the water by 
changing it into a solid form. Also, condensed water 

vapor that falls from the air 3~1cl-i as rain, or is deposit- , 

ed on tlie ground, such as dew. 
PU'I'RESCIBLE-Capable of rotting. 
RECHARGE-A natural process by wliicl~ water is 
added to a source to form a balance between inflow 
and outflow of water. 
RUNOFF-The part of precipitation that flows along 
the ground into surface water or through the ground 
into ground water. 
SCHMUTZEDECKE-A thin slime whicli forms on 
the top of the sand in slow sand filters; it contains 
forms of microscopic life that filter out and kill most 
pathogenic organisms in water. 
SEWAGE-All washwater, excreta, and water used to 
flush excreta tliat flows from a building or buildings 
through a sewer pipe and into a septic tank, cesspool, 
stabilization pond, or sewage treatment plant. 
SEWERAGE-A system of sewer pipes and the asso- 
ciated treatment processes that moves wasliwater, ex- 
creta, and water through pipes and into a septic tank, 
cesspool, stabilization pond, or sewage treatment 
plznt. 
SLUDGE-Ma terial that accumulates at tlie bottom of 
a settling or sedimentation basin; it is semi-solid but 
still very liquid. 
SPRING-Water flowing naturally from the ground 
onto the surface of the land or into a body of surface 
water. 
SURFACE WATER-Water tliat collects or flows on 
the surface of t l~e  earth, such as rivers, ponds and 
lakes. 
TOPOGRAPHY-The surface features of a land area, 
such as hills, rivers and roads. 
TRANSPIRATION-Similar to evaporation except 
that tlie water loss comes from stored water in plants; 
vapor leaves plants through small pores in the leaves. 
TURBIDiTY-Cloudiness in water caused by very 
small particles of suspended matter. 
VECTOR-A carrier, especially an animal or insect, 
that transfers an infectious disease from one person to 
another. 
VIRUS-A very small infective agent that causes dis- 
ease in man. 
WATERSHED-The area of ground over which rain- 
fall flows into bodies of surface water. 
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Human Resources 

HR.G How to Use Technical Notes 

HR.l Overview of Water and Sanitation System Development 

Methods 

HR.2.M Methods of Initiating Community Participation in Water Supply and Sanitation Programs 

Planning 

HR.2. P Con~n~uni ty  Participation in Planning Water Supply and Sanitation Programs 

Implementation I 

HR.2.1 Community Participation in 11:lplementing Water Supply and Sanitation Proirams 

Methods 

HR.3.M Methods of Operation and Maintenance Training 

Planning 

HR.3.P Planning Operation and Maintenance Training 

Implementation 

HR.3.1.1 Implementing Operation and Maintenance Training 

HR.3.1.2 Evaluating Operation and Maintenance Training 

Rural Water supply 

RWS.G Overview of Rural Water Supply 

Methods 

RWS.1.M 

Planning 

RWS.l.P.1 

RWS.l.P.4 

RWS.l.P.5 

Design 

RWS.l.D.1 

Methods of Developing Sources of Surface Water 

Planning How to Use Sources of Surface Water 

Conducting Sanitary Surveys to Determine Acceptable Surface Water Sources 

Selecting a Source of Surface Water 

Choosing Where to Place Intakes 

Evaluating Rainfall Catchments - .. , " -  . .." -., 

Designing Structures for Springs 

Designing Intakes for Ponds, Lakes and Reservoirs 

Designing Intakes for Streams and Rivers 

Designing Roof Catchments 

Designing Small Dams 

Construction 

RWS.l.C.1 Constructing Structures for Springs 

RWS.l.C.2 Constructing Intakes for Ponds, Lakes and Reservoirs 

RWS.l.C.3 Constructing Intakes for Streams and Rivers 

RWS.l.C.4 Constructing, Operating and Maintaining Roof Catchments 

RWS.l.C.5 Constructing Small Dams 

- A. 



Operation and Maintenance 

RWS.1.0.1 Maintaining Structures for Springs 

RWS.l.0.2 Maintaining Intakes 

RWS.1.0.5 Maintaining Small Dams 

Methods 

RWS.2.M Methods of Developing Sources of Ground Water - 

Planning I 

RWS.2.P.l Planning How to Use Sources of Ground Water 

RMfS.2.P.2 Selecting a Method of Well Construction 

aWS.2.P.3 Selecting a Well Site 

Design 

RWS.2.D.1 Designing Dug Wells 

R W S . ~ . D . ~  Designing Driven Wells 

RWS.2.D.3 Designing Jetted Wells , 

RWS.2.D.4 Designing Bored or Augered Wells 

RWS.2.D.5 Designing Cable Tool Wells 

Construction 

RWS.2.C.1 Constructing Dug Wells 

RWS.2.C.2 Constructing Driven Wells 

RWS.2.C.3 Constructing Jetted Wells 

RWS.2.C.4 Constructing Bored 'or Augered Wells 

RWS.2.C.5 Constructing Cable Tool Wells 

RWS.2.C.6 Maintaining Well Logs 

RWS.2.C.7 Testing the Yield of Wells 

RWS.2.C.8 Finishing Wells 

RWS.2.C.9 Disinfecting Wells 

Methods 
- 

RWS.3.M . , Methods of Water Treatment . *- - . - ._.__ ,.__, ""  . -. A. , - 

Planning 

RWS.3.P. 1 Determining the Need for Water Treatment 

R W S . ~ . P ~ ~  Taking a Water Sample 

RWS.3.P.3 Analyzing a Water Sample 1 ,  

RWS.3.P.4 Planning a Water Treatment System 
- .I 

Design 

RWS.3.D. 1 Designing Basic Housel~old Water Treatment Systems 

RWS.3.D.2 Designing a Small Community Sedimentation Easin 

RWS.3.D.3 Designing a Slow Sand Filter 

RWS.3.D.4 Designing a Small Community Disinfection Unit 

RWS.3.D.5 Water Treatment in Emergencies 

. > 
- - .  
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Construction 

RWS.3.C.1 Constructing a Household Sand Filter 

RWS.3.C.2 Constructing a Sedimentation Basin 

RWS.3.C.3 Constructing a Slow Sand Filter 

RWS.3.C.4 Cnnstri~cting a Disinfection Unit 

Operation and Maintenance 

RWS.3.0.1 Operating and Maintaining Housel~old Treatment Systems 

RWS.3.0.2 Operdting and Maintaining a Sediment'ition Basin 

RWS.3.0.3 Operating and Maintaining a Slow Sand Filter 

RWS.3.0.4 Operating and Maintaining a Chemical Disinfection Unit 

Methods 

RWS.4.M Methods of Delivering Water 

Planning 

RWS.4.P.1 Choosing Between Gravity Flow and Pumps 

RWS.4.P.2 Choosing Between Community Distribution Systems and Household Water Connections 

RWS.4.P.3 Selecting Pipe Materials 

RWS.4.P.4 Selecting a Power Source for Pumps 

RWS.4.P.5 Selecting Pumps 

RWS.4.P.6 Manufacturing Hand Pumps Locally 

Design 

RWS.4.D.l Designing a System of Gravity Flow 

RWS.4.D.2 Determining Pumping Requirements 

RWS.4.D.3 Designing a Transmission Main 

RWS.4.D.4 Designing Comm~inity Distribution Systems 

RWS.4.D.5 Designing a Hydraulic Ram Pump 

Construction 

RWS.4.C.1 Installing Pipes 
" .  - . liWSi4iC.2 installing Mechanical Pumps . - . 

RWS.4.C.3 Installing Hand Pumps 

RWS.4.C.4 Constructing Community Distribution Systems 

RWS.4.C.5 Constructing a Distribution System with Household Connections 

Operation and Maintenance 

RWS.4.0.1 Detecting and Correcting Leaking Pipes 

RWS.4.0.2 Operating and Maintaining Mechanical Pumps 

RWS.4.0.3 Operating and Maintaining Hand Pumps 

. RWS.4.0.5 Operating and Maintaining Household Water Connectiolis 

Methods 

RWS.5.M Methods of Storing Water 

Planning 

RWS.5.P.l Determining the Need for Water Storage 

- - 



Design 

Construction 

Designing a Household Cistern 

Designing a Ground Level Storage Tank 

Designing an Elevated Storage Tank 

Constructing a Housel~old Cistern 

Constructing a Ground Level Storage Tank 

Constr~tcting an Elevded Storage Tank 

Operation and Maintenance 

RWS.5.0.1 Maintaining Water Storage Tanks 

Sanitation 

SAN. G Overview of Sanitation 

Methods 

SAN.l.M.1 Simple Metl.lods of Excreta Disposal 

SAN.l.M.2 . Simple Methods of Washwater Disposal 

Planning 

SAN.1.P Planning Simple Excreta and Washwater Disposal Systems 
Design 

SAN.l.D.1 Designing Slabs for Privies 

SAN.l.D.2 Designing Pits for Privies 

SAN. 1.D.3 Designing Privy Shelters 

SAN.l.D.4 Designing Aqua Privies 

S M , 1  .D.5 Designing Bucket Latrines 

SAN.l.D.6 Designing Compost Toilets 

SAN. 1. D.7 Designing Sumps, Soakage Pits and Soakage Trenches 

Construction 

SAN.l.C.1 Constructing Slabs for Privies 

SAN.l.C.2 Constructing Pits for Privies 

SAN.l.C.3 Constructing Privy Shelters 

SAN.l.C.4 Constructing Aqua Privies 

SAN.l.C.5 Constructing Bucket Latrines 

SAN.l.C.6 Constructing Compost Toilets 

SAN.l.C.7 Constructing, Operatins and Maintaining Sumps, Soakage Pits, and Soakage Trenches 

Operation and Maintenance 

SAN.l.O.l Operating and Maintaining Privies 

SAN.1.0.4 Operating and Maintaining Aqua Privies 

SAN.1.0.5 Operating and Maintaining Bucket Latrines 

SAN.1.0.6 Operating and Maintaining Compost Toilets 

Methods 

SAN. 2.M Methods of Combined Washwater and ~xcreta  Disposal 

- 
-- 



Planning 

SAN.2. P.1 

Design 

S,\N.2.D.l 
I 

3AN.2.D.2 

Planning Combined Washwater and Excreta Disposal Systems 

Estimating Sewage or Washwater Flows 

Determining Soil Suitability 

Designing Subsurface Absorption Systems 

Designing Cesspools 

Designing Septic Tanks 

Designing Sewer Systems 

Designing Stabilization Ponds 

Designing a System of Two or Three Stabilization Ponds 

SAN.2.D.7 Designing Mechanically Aerated Lagoons 

SAN.2.D.8 Designing Non-Conventional Absorption Systems 

Construction 

SAN.2.C.1 Constructing, Operating and Maintaining Subsurface Absorption Systems 

SAN.2.C.2 Constructing, Operating and Maintaining Cesspools , 

SAN.2.C.3 Constructing Septic Tanks 

SAN.2.C.4 Constructing Sewer Systems 

SAN.2.C.5 Constructing Stabilization Ponds , 
SAN,2.C.7 Constructing Mechanically Aerated Lagoons 

SAN.2.C.8 Constructing, Operating and Maintaining Non-Conventional Absorption Systems 

Operation and Maintenance 

SAN.2.0.3 Operating and Maintaining Septic Tnrtks 

SAN.2.0.4 Operating and Maintaining Sewer Systems 

SAN.2.0.5 Operating and Maintaining Stabilization Ponds 

SAN.2.0.7 Operating and Maintaining Mechanically Aerated Lagoons 

Methods 

SAN.3.M Methods of Solid Waste Management 

Planning 
\ 

SAN.3.P Planning Solid Waste Management Systems \, I> I . 

Design 

SAN.3. D.l Designing a Landfill 

SAN.3.D,2 Designing a Composting System 

SAN.3.D.3 Designing a Solid Waste Collection System 

SAN.3.D.4 Designing a Biogas System 

Construction 

SAN.3.C,4 Constructing a Biogas System 

Operation and Maintenance 

SAN.3.0.1 Operating and Maintaining a Landfill 

SAN.3.0.2 Operating and iihintaining a Composting System 
. - 

-LA-_ 

226 



SAN,3.0,3 Operating a Solid Waste Collection System 

SAN,3.0.9 Operating and Maintaining a Biogas System 

Diseases 

D1S.G 

Methods 

D S l . M . 1  

DIS.l.M.2 

Planning 

DIS. 1. P 

Methods 

DIS.2.M.l 

DIS.2.M.2 

DIS.2.M.3 

DIS.2.M.4 

DIS.2.M.5 

Overview of Disease 

Means of Disease Transmission 

Methods of Improving Environmental Healtli Conditions 

5 3 

Planning Disease Control Programs 

Methods of Controlling Schistosomiasis 

Methods of Controlling African Trypanosomiasis 

Methods of Controlling South American Trypanosomiasis 

Methods of Controlling Enteric Diseases 

Methods of Controlling Onchocerciasis 



Absorption ficlds, advantagcs and disadvantagrs of, 99- 100 
Aeration, for watcr trcatmcnt, 75 
Acrobic ponds, 102 
Africa, 24 
African trypanosoniiasis. Sap Sleeping sickticss 
Agcncics, necd for conini~tnicatio~i in pla~ining, 126 
Agcncics, in-country, rolc in progFqni planning, 125-26 
Agcncics, international: as financ~ng sources, 205-06; rolc in 

program plan~iing, 125-26 
Agency for International Dcvclopmcnt, U.S., i 
Amebic dysenlcry, 18, 19 
Anaerobic ponds, 102 
Appraisal tccliniqucs: cconomics, 147; factors in, 147; Icpl ,  

147; politics, 147; of program planning, 142; rcsotlrccs, 147; 
social, 147, 149; tcclinical, 147-48 

Aquifcr. See Ground rvatcr 
Arabian peninsula, 24 
Arboviruscs. SLY! Yellow fever; D C I ~ ~ L I C  
Arca landfill, 107 
Argentina, 44 
Asbestos (ccmcnt), lor rvatcr pipcs, 81 
Ascariasis, 30 
Austin, John H., i 

Bacillary dyscntcry, 18 
Baniboo, for rvatcr pipes, 80 
Bcliavioral mapping, for h~lnian  rcsourcc dc\:clopni~nt, 168 
Bcncfits: direct costs in program cconomics, 310; health, in 

program ccononiics, 210; social, in program ccononiics, 210 
Bilharziasis. Set Scliistosomi,isis 
Biocliemical oxygen rlernand (BOD), of wastewater samplcs, 

102. 103 
~lack.flies, 19 
Bogota River, 8 
Boiling, as  watcr trcat~iient, 72 
Brazil, 24 
Bromine, 72 
Bucket deposit and collcction, for cxcrcta disposal, 90 
Bucket punip, 68 
Bury and covcr, for cxcrctn disposal, 89, 95 

Caribbean: 24; sanitation scrvicc, 6; water supply, 6 
Casc s t ~ ~ d i c s ,  in comtiii~nity participation, 175-79 
Cast iron, for water pipcs, 80 
Ccsspools, a s  sanitary ficlds, 96 
Clianlett, Emil T., i 
Chcniical discascs, waterborne, 17-18. St*cnlso Discascs, \\rater 

qua!ity; Discascs, watcr constlmytion 
Chcni~cals, other, 42 
Chemicals, toxic, 42 
Childrcn, rolc in planning, 160 
Chile, 44 
Chlorinc, for pi cline test, 81 
Cliloritiators: di fuscr, 74; dripfccdcr, 74; for watcr treatment, 

74 
P 

Cholcra: 18, 27; and water-related diseases, 7 
Clarification: rapid sand and filter, 75; for water trcatnicnt, 75 
Cliniatc factors: evaporation, 55; interception, 55; precipitation, 

55; transportation, 55; and watcr sourccs, 55 
Coliform count, 40 
Colombia: 3; and access to safe walcr, 8 
Community acccptancc, of prognnis, 157-59 
Conimunity members, as primary rcsourcc in programs, 157- 

95 . - 
Community particigalion: approaches to, 159-60; case sludics, 

175-79; and coor ~nation among agcncics, 162; dcfincd, 160; 
and experts, 157; and financing sourccs, 205; modcl strategy 
for, 169-74; at national level, 160-62; need for, 157-59; nccd 
for respcct of, by cxpcrts, 157; as political, 160-62; stratcgy 
development of, 162-64; summarizcd, 155 

Community water trcatnicnt. SEC Watcr trcatmcnl, community 

Crr11ipo:;ting: 108-10; as aerobic Loilct, 92-93 
C(~nc~c tc ,  for walcr pipcs, 81 
Conditioning, aclvanccd watcr trcatmcnt, 74 
Conjunclivitis, 29 
Consunicr sanitation costs. Ser Sanilation ratcs 
Cunsumcr ~ ~ a t c r  costs. SW Watcr ratcs 
Costs: in program cconomics, 206; 209-'10; factor: in watcr qual- 

ily stqn~iards, 44; of water trcatmcnt construction, 75; of 
walcr trc~itmcnt operation, 75; o f  rvcitcr trcalmcnt in plan- 
 ling, 75 

 cub^, 11 

Datrl c o l l ~ ~ t i o n  and a~ialysis: available rcsourcc dctcrmination, 
143-44; tonnal generation of alternative sol~~tions,  145; future 
niscris prnicctivn, 143; guidclincs for, 143; for problcm as- 
scssmen\, 143; proccclurcs for, 143-46; in 7rogram planning, 
140-45; tor solutions to problcms idcnti icd, 144; types of, 
nccded, 141 

/ 
Decision-m,iking, traclcoffs in, 21 1-12 
Dcniand, it1 prognm economics, 306, 207-08 
Dcnguc, 17, 19, 22-23 
Dcpartmrrit ol Treasury, U.S., 38 
Desalination, for watcr trcatnicnt, 75 
Dc\fcloping countries: as  invcst~iie~its, 10; life cxpcctaucy in, 7; 

and safv water access, 3 
Dcvclopnic~n\, planning,  sing groups for, 137 
De~'clopmcnt, IJrograni: altcrnativcs, guidelines for, 145-46; 

approaches to, 134-36; data analysis and cclllcction, 14045; 
goal formulation in, 137-40; Ii~ltnan needs in, 134; necds ap- 
proacli, 134; and riccd fur community involvcmcnt, 136-37; 
and problcm icielitification, 133-36; supply approach, 134 

Diarrlicns: 18, 28; and access to safe watcr, 11; causes of, 7; and 
inadcq~~atc  sanitation, 3; and unsafc watcr, 3; rvatcr-rclatcd 
disrasc, 7 

Diff~~ser,  ~IiIori~i~itor ,  74 
Disrasc control, vi'i fecal-oral cyclc intervention, 15 
Diseasc intervention, rluring transniission stagc, 15 
Disease prcvcntion, and w a l ~ . r  quality standards, 33-45 
Discase symptoms. S n  Diseases 
Discase transmission: 19-30; prcvcntion of, in program design, 

16; i n d  water +uppl 16-18 
Diseasc, trcatmcnts. &; Diseases. See also Discascs, cxcrcta- 

related; Discascs, hygiene-rclated; Discascs, insect vcctor; 
Discascs, microbiological; Discascs, sanitation-related; Dis-. 
eases, watcr contact; Diseases, water-rclatcd; Discascs, wa- 
ter quality 

Diseases: and acccss to safe watcr, 3; clicmically induced, 17- 
18; germ thcory of, 15, 37; insect vcctor, 17; by water con- 
sumption, 17-18; by watcrcontact, 17; and watcrquality, 11; 
by water site, 17  

Discascs, excrcta-related: 18-19; classified, 18 
Discases, I~ygicne-related: control of, 19; scabies, 19; sunima- 

rizcd, 19; trachoma, 19. See nlso Discascs, sanitation-relatcd 
Discases, inscct vector: 19-24; African t~~ypanosomiasis, 17; 

control of, 20; dengue, 17; malaria, 17; rivcr blindness, 17; 
sleeping sickness, 17; summarizcd, 19; and rvatcr site, 16; 
yellow fcvcr, 17. SLY RISO Diseases, watcr-related 

Discases, niicrobiological, I f ,  18-19,27-30; cliolcm, 18,27; diar- 
rheas, 18, 28; dysenteries, 18, 28; cntcric vir~tscs, 18; a11d 
fecal-oral cycle, 18; Guinea worm, 28-29; hepatitis, 18; tecli- 
nique for cval~tating, 39-40; typhoid fcvcr, 18, 27-28 

Discascs, sanitation-relatcd: 19,29-30; ascariasis, 30; classified, 
19; cotijunctivitis, 29; flukcs, 19; hookrvorms, 19; shigcllosis, 
29; scabics, 30; summarized, 19; tracl.loma, 23-30. Sa also 
Distlascs, liygienc-rcla tcd 

Diseascs, walcr contact: 17-20, 24-30; Guinea tvortn, 17; scliis- 
tosoniiasis, 17, 24-27; summarizcd, 19 

Diseases, waterquality: chemical, 17-18; gcrni, 17; 18-19; sum- 
niarizcd, 19 

Diseascs, water-related: cholera, 7; diarrhea, 7; Guinea worm, 
7-8; incidcncc of, rvorldwidc, 8; origins of, 16; summarizcd, 



13; lypcs of, 16-10 
I~isinfcclanls, chemical: bromine, 72; ciilorinc* 72-73, 74; io- 

dine, 72 
Disinkclion: clicmical, for watcr trcatni~nl,  J, 72 73, 74; nlo- 

torizcd, for rvalcr trcatmcnl, 7.5 
Disposal, ani~lial manure, mctliods of, 1 10- 1 2 
Distx~sal, excreta: by aqua ?rivy, 91, 92, 9.1; by I~clrcd hole 

Ialrines, 91, 94-95; by h ~ ~ c k c l  d ~ ~ o s i l  and coII~ '~ t i~ ln ,  90; by 
bury and cover, H9, 95; by cl~cmic~il punip-out lctii~*ls, '1.7; b? 
cornpost toilets, 92-93; by incinc~alion tuilcls, 93; mclliotl~;, 
r,lnkcci for rural use, 93-95; by oil-fl~~shcd loilcls, 93; by ovc1r- 
hanging toilel, 89-90, 95; by pit privy, 90-91, 94; slab;lizalic~i 
ponds, 101-04; by vaull privy, 90-91, 94; by rvalcr-scalcd 
privy, 91, 93; rvilhoul rvalcr lransporl, 89-95 

Disposal, i nd~ ,~ l r i a l  wastes: 113-17; combining rvastcrvaler dis- 
charge, 116; ~ n d - o f -  ipclinc lrailrncnls, 117; in-plant ac- 
lions, 116; m s l , i c i l r a ~ ~ r ~ ~ ~ c r s ,  1 16-17; problmis 0 1 ,  1 13-15; 
solulions for 115-17 

Disposal, solirl tvastcs: collcction rcq~~ircnicnts for, 105-16; 
composling, 108-10; cullural and soci,il consi?crations, 97; in 
developing counlrics, 104-13; carllirvolam tccding, 1 12-13; 
goals and objccl~vcs of, 1041; inc incra t~i ,~~,  106; recovery (if, 
106; sanitary Ianeifills, 106-OH; sumliiary of methods, 113; 
types of, 10h-13 

Disyosal, t ~ ~ ~ s t e s ,  cicfincd, 89. Sri~nlso Systems, rvastcdis wsal; 
Disposal, rvastcrvator; Disposal, s~,liel rvastcs; ~ i sposa t ,  ani- 
nial matlui 2; Disposal, excreta; Disposal, industrial rvastcs 

Disposal, waslcrvalcr: co~ii~iiunity-rv;Jc, 101-04; Iioc~schold, 
89-101; nonscrvcrccl, 95-1 03; on-site, 95-103; sanitary fields, 
96-101; stabilization ponds, 101-04; systems for, 95-103; tcch- 
nclog~cs for, 95- 103 

Distribution, wdtcr supply: layo~lt of, SO; and prcsscrrc, 79; 
standposts, 77-78; system design of, 78-79. S~>enlso Systems, 
rvalcr s~rpply 

Domestic use, of available tvatcr, 49 
Dracontiasis. Set Guinea worm 
Drarv-rvclls, 7 
Drip-fccdcr, chlorinator, 74 
Dunham, Daniel, i 
Dysentery: 28; amebic, 18, 19; bacillary, 18, 29; sliil;cllosis, 29 

Earthwvrm feeding, for solid waslc disposal, 1 12-13 
Economics, program: 205-16; benefits in, 206, 210; costs in, 206, 

209-10; demand in, 206, 207-08; a s  invcstmcn ts, 206-07; prin- 
ciples of, summarized, 203; socio-political options, 206-07; 
supply of, 206, 208-09; lradcoffs, 211-12. SL'L* n150 Finatici~ig 
sourccs; Dcvelopnicnl programs; Devclopnicnt, Iit~nian rc- 
sourccs; Programs, comrn~~ni ty  participatron; Programs, rva- 
ter supply; Programs, sanitation 

Electricity, for pumping, 67 
Elephantiasis. SLY filarinsis 
Endemic conditions, defined, 18-19 
Enteric viruses, 18 
Environmuntal Health Association, National, i 
Environmental Protection Agency, U.S., 38 
Environmental Services Corp., i 
Epidemic conditions, defined, 18-19 
Evaluation, of training programs, 201 
Evaporation, of rvater, 54 ' 

Excreta disposal. Ssc Disposal, cxcrcta 

Facultative ponds, 102 
Fec'il-oral cycle: and disease tmnsniission, 15; microbioldgica~ 

diseases, 18 
Field rvaiuntion. Sec Sanitary survey 
Fir ures, list of, vi l if ariasis, 19, 23-24 
Filter, rapid sand, for water treatment, 75 
Filter, slow sand, for watcr treatment, 73 
Filtration, as watcr treatment, 72-75 
Financing sourccs: community, 205; domestic, 205; foreign, 

205-06 
Flukes, 19 
Flouridcs, 42 
l:unds, available for rvater treatment planning, 75 

Gliancli, h/lahalma, 9 
Germ theory, of discnsr t r a ~ i s ~ ~ ~ i s s i o n ,  15, SLIL* nlso Diseases, 

microbiological 
Clvssary of terms, 217-19 
Goal forniulation, for program planning, 137-40 
Go\rcrnmcnls. Sas Agcncics, in-country; Agcncics, local; Age"- 

cics, intcrnaliollal 
Gravity florv: 78; for pumping, 67 
Ground catchmcnls, 60 
Ground watcr: 54; sanitary surveys of, 57-59 
Groundrvatcr clc\lclopmcnt, rvalcr wells, 62-66 
Gro~lndrvatcr sourccs, obtaining infor~nalion on,  58-59 
Guatemala, 10 
Guidelines: for data collcclion and analysis, 14 1-42; fol ~cncra l -  

ing altcrrrative progranis, 145-416; for problem idcnlihcation, 
134; for program planning data collcctio~i, 143; use of, in 
practice, 136 

Guinca worm: 17; prevalence in ilcvcloping nations, 7-8; rvatcr- 
related cliscasc, 7-8 

Hcalth: and productivity, 7-9; and watcr supplies, 10-11. Sec 
nlso Diseases; Health in developing countries; Hcallli, cnvi- 
ronmcnlal; Mortality 

Health in developing countries: and tvatcr q ~ ~ a l i t y  standards, 
33-45; and water-related diseases, 13-3 1; and rvalcr supply, 
3, 12 

Health, cnvironmcntal, program aclivilics, 134 
Health problems, solution as  con~bincd approach, 11 
Hcaltli programs, coordinati~il with rvalcr supply and sanila- 

tion p ropms ,  161 
Hcpatilis, 18 
Honduras, 10, 11 
Hookworms, 19 
Houscliold watcr trcatmcnt. Sec Watcr treatment, Iiouschold 
Human nccds, to be accoriinic~datcd in programs, 134 
Hunian rcsourcc dcvclopmcnt: 181-202; community intcrac- 

tion rvitli planners, 165-69; for decision-making, 184; dc- 
fined, 183; design of training prosrams, 188; qoals of, for 
programs, 183; infor~nation co lect~on, 190-91; ~nformation 
collcction, types of, 165-69; relationship to systems dcvclop- 
mcnt, 201; sutnmarizcd, 181; training prograni strategies, 
192-94; three stages of, 184-201. SSL~ nlso Community partici- 
pation; Information collcction; Training programs; Training; 
Training program implcmentatioti 

Human resources: assessnicnt of, 164-65; categories required 
for programs, 187; defincd, 183; a s  local rvorkforcc, 186; 
necds assessment, 185-87; and organizational responsibility, 
186 

Hydraulic ram pump, 68 
Hydrologic cycle: cliangcs of tvatcr quality in, 54, 55; of tvatcr 

sources, 53-55 
Hygiene, and water quality, 1 I 

Incineration, of solid wastes, 106 
India: 3; acccss to safe rvater, 9; and Guinea worm, 7 
Indicator organisnis, 40 
Industrial rvaste disposal. Ssc Dis >osal, industrial waste 
Industrial wastes: pollution prob ems and solutions, 115-17; 

types of, 115 
1 

Infections, sourccs of, 7-8 
Information collection: field mctliods, 165-69; for human re- 

source dcvclopmcnt, lechniqucs for, 165-69; for training pro- 
grams, 190-91 

Intakcs. S n  Surfacc walcr development 
Intakcs, surface watcr: direct pumping, 60, GI; gravity florv, GO, 

61-62; infiltration, 60-61 
International Dccacle for Watcr, goal of, 52 
International Drinking Watcr Supply and Sanitation Decade, 

Unitcd Nations, 1 
Interviews, for human resource developnicnt, I66 
Iodine, 72 

Kenya: 3, 10; and acccss to safe watcr, 8-9 

Laboratory atialyscs: 37, 41; colifortii count, 38 



Lakes, \vatcrslicd of, 56-57 
Lamb, Janics, i 
Landfills. See Trcnch landfills; Arca landfills; Sanitary landfills; 

Mound landfills 
Latin America: sanitation scrvice, 6; water supply, 6 
Latrincs: 5; bored I~ole, 91, 94-95 
Leaching pit, for septic tanks, 99 
Lifc cxpectancy, in developing countries, 7 
Listcning, informal, for I~uman rcsourcc dcvclopnicnt, 168 
Low-prcssure system, for scptic tanks, 101 

Maliler, Halfdan, Dr., 8 
Maintenance, of watcr systeni, 82-83 
Malaria, 17, 19, 22 
Malnutrition: and children's dcatli, 3; and diarrhea, 7 
Manure, animal, disposal mcthods, 110-12 
Map-making, for human resource development, 166 
Maturation onds, 102 
Membrane f ilter counts, 43 
Membrane filter tests, 40 
Middle East, 24 
Monitoring, of training programs, 201 
Mortality: causes of infant, in Third World, 7; children, 3; in 

developing countries, 3; infant ratc in Third World, 3, 10, 1 I; 
infectious disease, 3; malnutrition, 3; water quality and in- 
fant, 10-11 

Mosquitoes, 17, 19 
Most-probable-number technique, 40, 43 
Motor-driven pump, 69-70 
Motors, fossil-fueled, for pumping, 67 
Mound landfills, 107-08 
Mound system, septic tanks, 100 

National Demonstration Water Project, i 
Necds approach, program dcveloprnent, 134 
Needs assessment: ot human resources for programs, 185-87; 

national, 133 
Nitrates, 42 

Observation, for human resource development, 166 
Observation, participant, for human resourcc development, 

168 
~nchocerciasis. See River blindness 
Oral history, for human resource development, 168 
Orihel, Tbomas C., i 

PAHO, 8, 10 
Pan American Health Organization. Sec PAHO 
Paraguay, 11 
Pasteur, Louis, 15 
Pathogens. See Germ theory 
People. Sce Human resources 
Personncl, for water treatment planning, 75 
Pesticides, 42 
Philippines, 92 
Photosynthesis ponds, 102 
Physiographic factors, in water sources, 55 
Pictorial analysis and sorting, for human resource develop- 

ment, 168 
Pipcs, and line test, 81 
Piping, water: 78; asbcstos ccment, 81; conc;ete, 81; bamboo, 

80; cast iron, 80; and grading, 81; plastic, 81; stcel, 80 
Planning. SCC Program planning 
Planning procedurcs: policy, 139; program plan, 139; project 

plan, 139; st~ategy, 139 
Planning, water treatment: cost of developing, 75; funds avail- 

able for, 75; maintenance and operation costs, 75; and pcr- 
sonnel availability, 75 

Plastic, for water pipc, 81 
Policy: in-countr , 161; international, 161; need for consisten- ? cy, 162; need or national, in planning, 161-62; non-govern- 

ment agencies, 161 
Politics: in-country bureaucracy, 126; of planning at national 

level, 160-62; in program planning, 125-27 
Pollution, industrial, 115-17 

Positive displaccmenl ump, 69 
Prccipitntion. Sce Rain f all 
Privy: aqua, 91, 92, 94; pit, 5, 90-91, 94; vault, 90-91,94; water- 

scalcrl, 91, 93. Sru l~lstl Disposal, excreta 
Probleln identification: potential solutions, 144; in program 

planning, 133-37, 138; in programs, 133-36 
Productivity: and health, 7-9; and water supplies, 10 
Professionals, necd for communication in danning, 126 
Program activities. and cnvironmental hea\th, 134 
Program design: n~odels for, 128-32; rcsources and limitations 

model, 130-31; selection of, 128-32; training dcveloprnent 
process model, 132; typcs of, 127-28; thc "wheel" model, 129- 
30 - - 

Program dcvclopment. Scc Development, program. Scu nlso 
Programs; Proeram dcsign; Program planning 

Program evaluation: 150-53; economic in~pacts, 153; environ- 
mental quality impacts, 153; guidelines for, 150-52; measures 
of, 152-53; perforrnancc outcomes, 152; social well-being im- 
pacts, 153; system impacts, 152-53; system outcomcs, 152; 
system performance, 152 

Program implementation: 149-50; administrative steering, 150; 
and human resources, 183-87; introduction by experts, 150; 
niaintenancc, 150; political backing, 150; revicw, 150; steps 
in, 149 

Program planning: alternatives, guidelines for, 145-46; apprais- 
al procedures, 142; appraisal and selection of, 146-49; assess- 
ing available resources, 144; as community learning, 159; 
data analysis, 135, 140-45; data collection for, 135, 140-45; 
data collection guidelines, 141-42; data presentation, 135-36; 
differing perceptions of country and agencies, 125-26; differ- 

ply; Programs, sanitation 
Programs: community acceptance of, 157-59; guidelines for, 

134; and human needs, 134; use of sector studies, 133-34; 
national needs assessments of, 133-36 

Programs, community participation. Sce Community participa- 
tion. Sec nlso Human resource development 

Programs, sanitation, coordination with health programs, 161 
Program selection, appraisal techniques, 146-49 
Programs, water supply, coordination with health programs, 

161 
Public health board, 37 
Public Health Service, U.S., 38 
Pumping: 78; by electricity, 67; by fossil-fueled motors, 67; by 

gravity flow, 67; by solar energy, 67; by wind energy, 67 
Pumps: energy sources for. 66-70; a s  power sources for water 

production, 66-70; types of, 68-70; for water production, 68- 
70 

Rainfall: 56; direct catchment sys!cms, 57 
Rainfall catchments: 59-60; ground, 60; roof, 59-60 
Recovery, of solid wastes, 106 
Regulatory procedures: laboratory analyses, 37, 41; sanitary 

surveys, 37, 38, 41 
Reid, George, i 
Resources, available: community participation, 144; financing, 

144; human, 144; institutional support, 144; materials, 144; , 

tecl\nology, 144; tools and equipment, 144 
Resources and limitations model pro ram design, 130-31 
River blindness: 17,19,21-22; cause o f ,21; prevention of, 21-22 
Rivers, watershed of, 56-57 
Rohlich, Gerald, i 
Roof catchments, 59-60 
Roundworm. Sce Ascariasis 
Rural Water, Institute for, i 

Salvato, Jose h, i i Sanitary fie1 s: cesspools, 96; septic tanks, 97-101; and soil 



cliaracteristics, 98-100; for wastcwatcr disposal, 96-101 
Saniti~ry landfills: area type, 107; niounds, 107-08; trench, 107; 

typcs of, 106-08 
Sanitary surveys: 37, 38, 41; of dircct rainfall catchment sys- 

tems, 57; of groundwatcr sourccs, 57-59; of springs, 57; of 
watershcds, 56-57 

Sanitation programs. Scc Programs 
Sanitation rates, collcction of, 214-15 
Sanitation services: Caribbean, 6; connection fccs for, 214-15; 

Latin America, 6 
Scabics, 30 
Schistosoniiasis: 17; control of, 25-27; transmissiotl of, 25-27 
Schiller, Everett, i 
Scctor studies: for sanitation programs, 133-34; for watcr sup- 

ply programs, 133-34 
Scdimcntation, plain, for water treatment, 73 
Seepage pits, for scptic tanks, 99 
Senn, Charles, i 
Septic tanks: with absorption field, 97-98,99-100; disposal alter- 

natives for, 100-01; lec~ching pit for, 99; low-pressure system, 
, 101; mound system, 100; with seepage pits, 99 

Shiffman, Morris, i 
-Shigellosis, 29 
Sleepin sickness, 17, 19, 20 
Snow, b r. John, 15, 37 
Sobsey, Mark, i 
Socio-political options, of prograni econoniics, 206-07 
Solar energy, for pumping, 67 
Soil characteristics, im ortance in sanitary fields, 98-100 
Solid waste disposal. &c Disposal, solid rvastc 
Solid wastes, materials defined as, 104-05 
South America, 24 
Springs: 56; development technology for, 61-62; sanitary sur- 

vey of, 57 
Stabilization ponds: aerobic, 102; anacrobic, 102; for comniuni- 

ty wastc disposal, 101-04; facultative, 102; maturation, 102; 
photosynthesis, 102; requircnicnts for, 102-03; tcclinologics 
of, 101-04; typcs of, 101-02 

Standards, water quality: application to drinking watcr, 42-44; 
chemical contaminants, 42; cost factors of, 44; Department of 
Treasury, U.S., 38; and disease prevention, 35-37; for drink- 
ing, 40-41; evaluation of, 40-42; history of, 37-38; internation- 
al, 38-39; Interstate Quarantine Acts, 38; membrane filter 
tests, 40,43; most- robable-number technique; 40,43; phys- 
ical and aesthetic c g aracteristics of, 42; toxic chemicals, 42; in 
watcr program planning, 36-37, WHO, 33,3839, pnssitir, 103 

Steel, for water pipes, 80 
Step-wells, as infection sotlrces, 7 
Storage requirements, water, 79-80 
Storage, water: in cistcrns, 76; consumer usefulness, 79; in 

elevated tanks, 78-79,80; in gro~lnd tanks, 79; a s  water treat- 
ment, 71 

Strategy: for community participation, 162-64; model for com- 
munity participation, 169-74; for t~aining programs, 192-94 

Subsurface soil absorption systems. Scc Sanitary fields 
Supply, in program economics, 206, 208-09 
Supply approach, program development, 134 
Sur ce water: 54; intake structures, 60-61 
Surveys, sociolo ical, for human resource development, 166 
Systenis, waste f isposal: 87-117 anaerobic biogas, 176; commu- 

nity wide, 101-04; of excreta without water, 89-95; solid 
wastes, 106-13; summarized, 87; training for operation of, 
188-89; wastewater, 95-103; with water, 95-'.04; without wa- 
ter, 89-95 

Systems, tvatcr supply: 49-86; and community partici , 
83; defined, 51; development of, 52-53; distribution Pion ayout, 
80; facilities, 82; materials for, 80-81; necd for, 51; opcration 
and maintenance, 82-83; steps to development of, 49, 51-53; 
source and distribution method, 52; training for operation of, 
188-89 

Tables, list of, iv 
Tanzania, 44 
Task-oriented, training program, 198 
Team approach, training program, 198 

Tcclinical notcs, for "Walcr for t l iu  World" series, 221-27 
I'cchnologics: anacrobic biogas, 176; chlorinators, 74; as  facili- 

tator in programs, 157-59; pumps, 68-70; socio-political cco- 
nomiq options, 206-07; of stabilization ponds, 101-04; for 
wastcwatcr disposal, 95-103; of watcr distribulion syslcms, 
criteria, 78-79; of watcr source dcvelopnicnt, 59-70; of walcr 
wclls, 62-66 

Thailand, Ministry of Hcalth of, 91 
Third World: infant niortalit)~ ratc, 3; WHOsanitation survcy, 6 
Toilcts: chcniical, pump-out, 93; compost, 92-93; incincrat~on- 

ty el 93; oil-flushed, 93; overhanging, 89-90, 95 
Trac ! onia, 29-30 
Tradeoffs: in dcsign, 212; in in~plcmcntaljon, 212; in planning, 

211-12; in scrvicc levels, 212 
Traditions, and effects on watcr sourccs, 11 
Trainers: qualifications of, 200-01; sclcction of, 200-01 
Training: need for, of people, 188-89; selcctirig llie trainers, 200- 

01; setting priorities of, 200; systcm opcration, 189; task anal- 
ysis npproach, 194-95 

Training and development process niodcl, prograni dcsign, 
I q m  
1 JL 

Trainin program implcmcntation: task-oricntcd, 198; tcani ap- 
pro?cf, 198 

Train~n programs: designing of, for liunian resources, 188; 
and fi iagnostic t c s t in~ ,  196; evaluation of, 201; impact on 
families, 195; informat1011 collcction for, 190-91; goals of, 188- 
89; long-term conimitmcnt to, 195; management of, 198-99; 
monitoring of, 201; on-the-job, 194; perfornianco cvaluation 
criteria, 196; remcdial, 196, 198; self-paced, 193; strategics 
for, 192-94; success factors, 196-98; systems niainlcnancc, 
195; trainees' mobility, 198; trainer-assisted sclf-paced, 193- 
94; worker selectio~i, 196 

Transpiration, 54 
Treatment plants, for water, 75 
Trench landfills, 107 
Tsetse fly, 17, 19 
Typhoid fever, 7, 18, 27-28 

U.N. Scc United Nations 
United Nations, International Drinking Watcr Supply and 

Sanitation Decade, 1 
USAID. Scc Agency for International Dcvelopnietit, U.S. 
USPHS. Scc Public Health Service, U.S. 
USSR, and Guinea worm, 7 

Viruses, enteric, 18 

Waste disposal. See Disposal, waste 
Wastes, industrial. See Industrial wastes 
Wastes, solid. Sce Solid wastes 
Wastewater: BOD strength of, 102; defincd, 95; quantities, by 

fixture, 95-96; types of, 95-96 
Wastewater disposal. Sce Disposal, wastewater 
Water, access to safe: Colombia, 8; in developing countries, 3; 

India, 9; Kenya, 8-9; socio-economic effect of, 8-11; in Third 
World, 5-7; WHO statistics, 6 

Water characteristics, physical and aesthetic, 42 
Water consumption, human, and disease, 17-18 
Water contact, human, and disease, 17  
Water disinfection, chlorination, 40-41 
Water distribution. See Distribution, water 
Water, inadequate supply and disease, 3 
Water production, umps, 66-70 
Water quality stand)ards. SEE Standards, water quality 
Water quality: correlated to infant mortality, 10-11; and dis- 

eases, 11; and hvgiene, 11 
Watcr rates: 212-15; constant rate pricing, 213; declining block 

pricing, 213; differential seasonal rates, 213; flat rate pricing, 
213; incrctr~ental block pricing, 213; property~assessmenl tqx 
pricing, 213; subsidies of, 212-13 

Water-related diseases, and health in  levelo oping countries, 13- 
31 

Water retrieval. See Watcr source development 
Water site, and insect vector diseases, 17 
Water storage. See Storage, water 



Writer S I ) L I ~ C C  i l c ~ e l i ~  ~111~111: 59-70; preferred 'I'liirii Worlil tccli- 
nology, 59; rainfal calchmcnls, 59-60; of springs, 61-62; sur- 
face walcr, h0-62 

I 
Watci sources: accessibility, I I; climate factors, 55; grot~nd tva- 

Icr, 53; and Iicallli liazarcls, 17-18; and hydrologic cycle, 53- 
55; identification, 53-56; lakes, 56-67; physiographic factors, 
55; prccipitalion, 55; luinfall, 56; rcliahility, 1 I; rivers, 56-57; 
sanitary S L I ~ \ ~ C Y S  of S I I ~ ~ J C C ,  56; selection of, 59; springs, 56; 
surface lakes, 55-56; surface streams, 55 

Watcr supply programs. SCI* Progra~iis 
Watcr su ~plics: Caribbean, 6; community dcvclopmcnt of, 56- 

62; ~ i ~ i c  1 discasc Lransmission, 16-18; distribution of, 49; and 
domestic LISC, 49; and fanlily ~ icvcI i )~nie~i t ,  10; nnil licaltli, 5- 
12; impact of, 10-1 1; 1-alin America, 6; p1iysiol;rapliic factors, 
55; and socio-cconomic cfl'ccls, 105; source of, 49; storage of, 
49; treatment of, 49; in urban areas, piped, 5; i~scs  of, 51, SL'C 
nlso Syslcms, water supply 

Walcr s ~ ~ p p l y .  SLIP Syslcms, watcr supply; Watcr supplies 
Wiltcr lrcalriicnl: 43, 70-75; defined, 70 
Wcitcr trcalmcnl, community: acralion, 75; chcniical disinfcc- 

lion, 74; clilorinators for, 74; clarificalion, 75; condilioning, 
74; desalination, 75; molorizr!d disinfection, 75; plain scdi- 

mcntation, 73; sl 3 
Watcr LrcatmcnL, cmcr Tcncy, 75 
Watcr treatmcnl, liousc!ii~ld: boiling, 72; chcniical disinfcction. 

72-73; filtration, 71-75; storage, II 
Watcr trcatmcnl planning. Src I'lannin~, walcr lrcalnicnt 
Wells: bored or augured, 62, 65; cable-toc~l, 62, 65; driven, 62, 

~ ro~ lndwa lc r  dcvclopmcnt, 62-66; hand dug, 62-63; 
64; Iiydrau for p ic percussion, 62, 65; jetted, 62, 64; rotary cirillcd, 62, 
66; shallow, 5 

"Wheel" model, program design, 129-30 
WHO: iliscasc cstiniatcs, 7; guidclincs for problem idcntifica- 

tion, 134; infant niorlality cstirnatcs, 7; liitcrimtioiinl Stnirrlnrris 
for D r i i r k i i i ~  Wntr r ,  38; sanitation standards, 5; standards for 
stabilization ponds, 103; statistics, 5; 'Third World sanitation 
survey, 6; watcr quality and sanitation standards, 5, 33 

World Hcaltli Organization. Sce WHO 
Windmills, for p~~n ip ing ,  67 
Women: role in planning, 160; role in walcr bearing, 5, Y, 10 

Yellow fcvcr, 19, 22-23 
Ycmcn, 44 


